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Q1-Series PACs Debugging Tutorial V3.0  
 

Overview 

This manual is just for the simple debugging of Q1 controller of V3.0 on the CODESYSV3.5 
SP13/14 platform, as the software and hardware of Q1 controllers will update anytime, the manual 
will also be updated from time to time. 

 

Files contained in the document 

 

File name File description 

Q1-series PACs Degugging 
Tutorial.pdf 

Operation procedures 

Q1test.pro Test program 

HCQ1-1300-D-V301.package  Device description file required by Q1 controller 

HCFA_X3E_ESI.xml Description file for X3E Series 

  

  

  

  

  

 

Version Updates 

 

V1.0   Nov. 19
th
, 2018 

V1.01 Dec. 11
th
, 2018  Update the description file installation in Appendix A 

V1.1  Dec. 18
th
, 2018  Update Wiring diagram̕Add Trace 

V2.0 Jul. 1
st
, 2019      Update the Linux platform of Q1 controller, high-speed IO and remote 

extension modules  
V3.0 Apr.7

th
, 2020     Update local extension, high-speed input/output, communication library.etc 

 

Disclaimer 

 

We have tested the content described in this manual. However, mistakes are inevitable, and there 
is no guarantee that it is absolutely correct and fully meets your needs. And the manual may 
change without notice, and your improvement suggestions are also welcome. 

For any questions, feel free to email̔wujingwen@hcfa.cn 
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Q1-Series PACs Debugging Tutorial 
The Q1-series PACs are the  multifunctional standard  controller based on  CODESYS programming and 

debugging platform.  This manual  will introduce how to test Q1 -series PACs on the COD ESYS platform, 

including how to use the  local high -speed input and output, Q series couplers and remote extension I/O  

(currently introduce digital And analog input and output), single -axis and two -axis motion control . 

Compared with the V2.0, the main chang es are as follows. Refer to Appendix D for the version view 

method . 

Items  V205εHardware 2.0ζ V301εHardware 3.0ζ 

Power supply terminal  
No mounting hook  With mounting hook, firmly stuck  

GND: Close to DIN rail ι 24V: Close to indicators  

Local extension  Not  supported  Local extension power:  Max. 16W  

Terminal block  Only parallel crimping pliers  Not defined, meet the requirement of wire 

diameter  

COM. port  N/A  Add the guide plastic sheet  

High -speed I/o  
8-ch high -speed inputs, no 

high -speed output  

8-ch high -speed input, a dded 8 -ch high -

speed outputs  

Serial communication  2-ch RS485 2-ch RS485ιadded 1-ch RS232 

Modbus  Support Modbus TCP  

Support M odbus  RTU 

Tree-type for communication function, as 

shown below

 
The test platform consists of  Q1 controller,  EC cupler εHCQX-ECζ, digital I/O εHCQX-ID/OD16 -Dζ, 

Analog I/O εHCQX-AD/DA04 -Dζ, X3E series servo drive εSV-X3EA010A-A2-ECζ and X3 series servo 

motor ( SV-X3MM010A -N2LA), the wiring diagram is shown below χ  

 

 

 

  

 

 

 

 

 

 

 

 

 

24V 
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ᵖ 5ƛƎƛǘŀƭ Lκh ƳƻŘǳƭŜιCƻǊ ŎƘŀƴƴŜƭ ŘŜŦƛƴƛǘƛƻƴ ŀƴŘ ǿƛǊƛƴƎΣ ǇƭŜŀǎŜ ǊŜŦŜǊ ǘƻ ǘƘŜ ŘƛƎƛǘŀƭ ƛƴǇǳǘ ƳƻŘǳƭŜ ŎƘŀƴƴŜƭ ŀƴŘ ǿƛǊƛƴƎ

  

 
Digital out put module channel and wiring  

· EC coupler module needs the customized network cable, and the 

customized network cable and adapter are provided with the EC coupler.  
EtherCAT IN  

EtherCAT OUT  

Note  
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ᵗ !ƴŀƭƻƎ Lκh ƳƻŘǳƭŜ 

Analog input module channel and wiring ε24VDC needs to be connected at the top of analog modul e as the load power 

supply ζ 
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Analog output module channel and wiring ε24VDC needs to be connected at the top of analog module as the load power 

supply ζ 
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ᵘ 9/ ƳƻŘǳƭŜ ƴŜǘǿƻǊƪ ŎŀōƭŜ 

After completing the wiring  and power supply, add the PLC program in CODE SYS to debug the module and 

servo drive . 

1  /ǊŜŀǘŜ /h59{¸{ ǇǊƻƧŜŎǘ 

After installin g the CODESYS softwar e, find            on the desktop. Double -click the software to find the New 

Project in the startpage or find File Ɋ New Project in the  menu . 

 
The user can select the desired project type, enter the project name and path, and then click "OK"  

2 {ŜƭŜŎǘ ǘŀǊƎŜǘ ŘŜǾƛŎŜ ŀƴŘ ǇǊƻƎǊŀƳƳƛƴƎ ƭŀƴƎǳŀƎŜ 

According to the default guidance of CODESYS, select the target device and the programming language 

of the main program PLC_PRG.   Then install the Q1 main unit or you cannot select the correct target 

device. Refer to Appendix A for the installation steps of the new device description file .  

 
 

 

 

 

 

 

1 

Target device  

Select programming language  

1 2 

Project type  

Project name  

Save path  

Project description  
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3 9ǎǘŀōƭƛǎƘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǿƛǘƘ vм ŎƻƴǘǊƻƭƭŜǊ 

The default I P address of Q1 controller Port1 is: 192.168.188 .100 Subnet mask: 255.255.255.0 . Modify 

the IP to the same network segment in the PC network adapter εDefault IP address of Port 2: 

192.168.88.xxx   Subnet mask χ255.255.255.0ζ 

 
Double -click DeviceʐScan network . After scanning to Q1, select the device and click OK . 

 

1 

2 

3 

2 3 

4 

1 2 

3 
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The correctly added device is shown  as follows . 

 
4 /ǊŜŀǘŜ t[/ tǊƻƧŜŎǘ 

A standar d PLC project, including libraries, tasks and programs, and you can also add tracking to real-

time monit or the variables in the program . 

4.1 Add Library  

If a project needs to use an external library, users are required to install the library files . Double -click 

Library Manager  on the left , enter the library file manager, find the Library  repository  ʐ lqvwdoo ʐ wkh 

oleudu| iloh wr eh lqvwdoohg ʐ OK, to install the library file . 

 

1 

2 

3 

4 
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CODESYS can identify the library version automatically and support switching between multiple versions 

of library files. If you need to uninstall, just select wkh oleudu| iloh wkdw qhhgv wr eh xqlqvwdoohg ʐ folfn wkh 

uninstall button.  

 

The installed library can be found  in the Add  library . 

 
 

4.2 Task setting  

Tasks can be managed in the task configuration. A new standard PLC project will automatically g enerate 

a cyclically executed task. The task is automatically associated with PLC_PRG. The default Interval  is 4ms, 

and the Priority is 1  and the PLC program can compile and execute only when called by the task . Right -

click the Task Crqiljxudwlrq ʐ Add Object  ʐ Task, define the task name to complete the creation of a 

new task . The d ifferent types of tasks can be created up to 100, according to the priority order set by 

the user, the smaller the number, the higher the priority.  In the case of the same priority,  they are 

executed  according to the order in the task configuration.  
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For the new PLC program created by the user, you need to manually configure and call the task, 

otherwise the program will not be executed . Double -click Mai n Wdvn ʐ Add Cdoo ʐ Select the PLC 

program to be called and click OK . 

 
4.3 PLC programming  

To add  a new POU (Program Organization Unit) . Right -folfn DssolfdwlrqʐDgg RemhfwʐSRX/ Enter the  name , 

select the block type, support six programming languages, select  Structured Text (ST) to write example  

programs . 

 

Task priority  

Select Type  Set Interval  
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Double -click PLC_PRG to enter the programming interface.  From top to bottom, there are Variable 

declarati on window, M ain program window  and M essage window . The errors, warnings in comp ilation and 

compilation information will shown  in the M essage window.  

 
The example program writing is shown as below:  

Variable declar e 

Main program  

Message window  
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First, declare the variables that need to be used in the program in accordance with the IEC61131 -3 

programming standard ,  

The variable d eclaration : Variable name: Variable data type: = Initial value; The initial value may not be 

given, the variable has a default initial value, single - line comments are made through "//", and Chinese 

comments are supported, but the cursor position may displa y incorrectly, so  English comments are 

recommended to use for the time being . 

In the variable declaration window , press Shift+F2  to show the dialog box  of  Automatic Declaration, 

where the name and type must be entered.  

 

ScopeχVariable scope  

NameχVariable name  

TypeχVariable data type  

Object χVariable application  

Initialization χVariable initial value  

AddressχMapping between variables and external hardware points  

Flags: Variable type can be set to Constant,  

Retain  and Persistent  

Comment χComment, format (*content s*) 

 

 

 
 

Write the example  program in the main program window. The correctly declared variables can be called 

by F2 in the main program window. Pay a ttention to the calling type.  

 Variable: Single variable, need to be decl ared  

 

 

 

 

 
 

Module call: function call, no need to  

declare  

Comments  

Variable declar e

Shift F2  

F2 
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Example  call: Function block statement, need to be declared  

 

 
Write the example program according to the above rules χ 

 
4.4 Add Trace to monitor Program Variables  

Right -click Application ʐAdd Object ʐTrace. Trace will appear in the tree menu on the left  after 

successful adding.  

      
Double -click to enter the Trace page for configuration   
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Click the configuration button in the upper right corner of the Trace interface to add and delete 

moni toring variables and set the sampling period . After opening the Trace page, add and delete 

variables through the add/delete variable buttons in the lower left corner . 

  
Click the Task followed by the sampling cycle on the left menu, drop down to select th e Main  Task for 

example.  

 
After completing the basic configuration of Trace, you need to log in the program and run it normally 

before you can download and start the trace (Start Trace) anywhere on the Trace interface and observe 

the variable running tra ce. Otherwise, the item  is gr ey by default and cannot be selected  
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5 tǊƻƎǊŀƳ ŘƻǿƴƭƻŀŘ ŀƴŘ ƻƴƭƛƴŜ ƳƻƴƛǘƻǊƛƴƎ 

5.1 PLC program compil ing  and download  

After the PLC program writing is done , the program needs to be compiled before downloading . The 

buliding  command w ill check the grammar and the POU must be added to the Task, or not compiling. 

Select the Build ʐ Build , the compiling result  will show in the message window after executing the 

compile command, and the information that needs to be viewed can be displayed separately by 

selecting errors, warnings and messages .  

 
5.2 Log in and run ning  

Build /re build  current application  

Compiling results  
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When no errors  in compiling the program, we can log in. F ind the login - in icon   in the toolbar and 

enter  into  the program online monitoring . 

 
A dialog box pop -up : The downloaded application will replace the existing  application in the PLC . To 

continue to  download ? Then click "Yes" . 

 

After logging in successfully, click  to run the program.  

 
The operation interface of the program is as follows . 

 
Start Trace to collect the running Trace of the variable . 

Running status  

Variables/program online  

ίꜛỗῘ  
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 Right -click anywhere on the Trace page to pause or start th e trace . Move the mouse to observe the  History 

trac e and the scroll wheel can zoom in and out of the trac e waveform . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3 Online monitoring  

After the program logged in and run  successfully, the actual value of the variable will display on both th e 

main program window and the declaration window .  If the user wants to monitor multiple POUs at the same 

time, gather the vari ables that need to be observed  dqg ilqg YlhzʐWatchʐWatch  1 in the menu bar, and 

the progr am will automatically create M onitoring List 1. And 4 monitoring lists can be created.  
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Choose  M onito r 1, click the empty column, you can directly call the variables or global variables in differe nt 

POUs by clicking the index, or you can click  on the right to expand to add the variables that need to be 

monitored online . 

 
 

After the configuration complete d, you can view the real -time value of the variable through the "Monitor 1" 

under the message  window during the normal operation of the program, and assign values to the current 

variable. You can manually add or delete the monitoring variable even during the normal operation.  

 
After logging in , you can enter the value you want to write in the n ext cycle in the preparation value. This 

ope ration can be completed in the Variable declaration window, M ain program window and M onitoring 

window.  After inputting values, choose Debug ʐ Write values to write the correct value. In CODESYS, users 

can assign values to variables in two ways : Write value (Ctrl+F7) and Force d value (F7). The value written by 

force d value will be identified on  the left, which can be restored by releasing the value.  

 
5.4 Reset function  

In debugging, if the user wants to reset the p rogram, there are  three reset methods: Reset warm, reset cold 

and reset origin .  Three methods can be selected in the "Online". After clicking execute, a dialog box will 

pop up for confirmation. The effect of different instructions on different types of va riables defined in the 

program after execution is shown in the following table . 

 

Online watch  
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Note χ XχRetention value      OχInitial value  

Online 

instruction  

VAR VAR RETAIN VAR RETAIN 

PERSISTENT 

Warm reset  O X X 

Cold reset  O O X 

Initial value reset  O O O 

Download  O O X 

Online change  X X X 

 

 

6 .ǳƛƭǘ-ƛƴ ƘƛƎƘ-ǎǇŜŜŘ Lh ŘŜōǳƎƎƛƴƎ ŘŜǎŎǊƛǇǘƛƻƴ 

Q1 controllers are built - in high -speed input and output, and the high -speed input and output ports can also 

be used as general  input and output . 

6.1 As the general input/outpu t 

The wiring for general input/ output  can refer to digital input/output module, supporting PNP/NPN.  First, 

you need to install the corresponding description file in the device manager. For the detailed process, please 

refer to Appendix A . After the install ation complete d, make sure that Q1 controller can communicate with 

CODESYS normaoo|/ dqg folfn OrfdoGhylfhʐDgg Device. 

 



 
 

21 

 

 
The wiring method of the local IO in this mode can directly refer to the wiring method of the digital input 

module. After adding  finished , you can monitor the current local IO status or perform test output under the 

General I/O mapping on the right . 

Pleased note  that when there is no program test, the IO refresh cycle needs to be selected as: Always in the 

bus cycle task, otherwise th e IO with unmapped variables will not be refreshed, and the current IO  will be 

refreshed with the program variables if the program variables are mapped.  

 
6.2 As the high -speed input/output  

When the  local IO is used as a high -speed input port, the wiring met hod is as follows χ 

1ζWiring for high -speed input εtake channel 1 as the example ζ 
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High -speed input supports PNP and NPN, wiring method depends on the input type of the encoder .  

For the input signal of PNP type, connect 0V to the common  terminal; If NPN type, connect 24V. A nd 

the common terminal is internally connected . 

2ζWiring f or high -speed output εNo high -speed output function temporarily,  will be improved ζ 

At the same time, you can add General IO , but for input (output), only one input (output) method can 

be selected.  When using the high -speed input, you need to install the dev ice description  file contained 

in the folder: The file in HIS_Counter_Drv and LocalHSInput.xml. Refer to Appendix A for the installation 

steps . After the installation complete d/ OrfdoGhylfhʐDgg Ghylfhʐto add high -speed IO in 

LocalHSInput . 

 

Channel  Port  Port  Channel  

hsi_cnt  
X0 X8 

hsi_cnt 4 
X1 X9 

hsi_cnt 1 
X2 X10 

hsi_cnt 5 
X3 X11 

hsi_cnt 2 
X4 X12 

hsi_cnt 6 
X5 X13 

hsi_cnt 3 
X6 X14 

hsi_cnt 7 
X7 X15 

X0 

X1 

Common 

term inal  
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After adding, click LocalHSInput ʐAdd Device to add the high -speed input channel. Max. 8 channels 

can be added. Refer to the following table for corresponding relationships χ 

  

 

 

 

 

 

 

 

 

 

 

 

HCFA added the corresponding library files for high -speed IO, so you need to install hcfalib.compiled -

library before use . After the installation complet ed, find the  fun ction block named hsi_ref in the library 

file. Add this function block to the main program and enter  the corresponding port to use high -speed 

input . A brief description of the function block is as follows : 

Channel  Port  Port  Channel  

hsi_cnt  
X0 X8 

hsi_cnt 4 
X1 X9 

hsi_cnt 1 
X2 X10 

hsi_cnt 5 
X3 X11 

hsi_cnt 2 
X4 X12 

hsi_cnt 6 
X5 X13 

hsi_cnt 3 
X6 X14 

hsi_cnt 7 
X7 X15 
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Right -click in the main program and add  Action to the  Add Object. In the pop -up dialog box, select 

Function Block Diagram (FBD) as the programming language . 

 
Define the variables that need to be use d in the function block in the Variable declaration window of the 

main program as follows χ 
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Find his_cnt in t he global variable in the newly -added Action, and configure the channel that to be used . 

 

 
After the configuration complete d, set the corresponding parameters to make the counter work in 

different modes. For the description of diff erent modes and test results, please refer to the attachment . 

HCQ1- Input test .xlsx 

The high -speed input is temporarily an internal test function. If the test results are different or there are 

any problems during the test, you can directly contact the HCFA Technology . Please wait for the 

subsequent official release of the official version. There are no functional blocks and test reports for the 

high -speed output.  
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7 !ŘŘ ŜȄǘŜƴǎƛƻƴ ƳƻŘǳƭŜǎ όƛƴŎƭǳŘƛƴƎ ƭƻŎŀƭ ŜȄǘŜƴǎƛƻƴύ 

The Q1 controllers of  V301 version suppo rt  local IO extension on the right s ide with a maximum power 

of 16W . The following table shows the power of extension modules supported by Q1  controllers. εData 

are calculated as  10% to 15% rise, because the metal sheet transmission bus current signal will  produce 

a certain resistance over time, thus consuming part of the power ζχ 

Item  Model name for modules  Power  

1 LocalEtherCAT Device 16W 

2 HCQX-EC-D 1.344W 

3 HCQX-ID16-D 0.78W 

4 HCQX-0D16-D 1.32W 

5 HCQX-MD -D 1.032W 

6 HCQX-AD04 -D 1.044W 

7 HCQX-DA04 -D 1.056W 

Right -click DeviceʐAdd Device, select EtherCAT  M aster  SoftMotion  in the dialog box to add the device.  

                
After the addition complete d, select the correct network card and download it to Q1 controller (log in in 

Q1 controller ). It is r ecommended that the user select the network by name so that the program can be 

matched on more devices (the Mac address of the network port of different devices is different)  
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After  login, right -click EtherCAT_Master_SoftMotion to scan device. It is  recommended to add the 

device by scanning the device . But you  also can choose to Add Device. 

  
If an unknown device appears in the scan device dialog box, the user needs to check whether the 

description file used matches or not. The correctly scanned m odule is displayed as follows χ 

 
Copy all the devices to the project to complete the module  adding . It is important to note that the Q1 

controller of 3.0 version supports local ex ten sion. When manually adding, you need to add 

LocalEtherCATDevice to add other  modules.  

8 /ǊŜŀǘ aƻǘƛƻƴ ǇǊƻƧŜŎǘ 

8.1 Add SoftMotion project (without adding remote extension  modules ) 

Right -clcik DeviceʐAdd Device ιselect EtherCAT  M aster  SoftMotion  to add devices.  

 
Local extension  
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Right -click EtherCAT  M aster  SoftMotion  to add device, At  this time, you need to add the servo drive 

that needs to test in the slave station, select S V-X3E to add device.   

               
Right -click on the added slave station SV -X3E and select Add SoftMotion CiA402 Axis . Click OK when 

dialo g box pops up.  
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Right -click SM_Drive_GenericDSP402, selec t Refactoring ʐUhqdph ɎVPbGulyhbJhqhulfGVS735ɏ/ dqg 

modify it to Axis1 so that the relevant axis variables can be called in the PLC program later . 

 

 
 

After renaming, a dialog box pops up, select "OK" . 

 

 
 

The system will automatically complete the mapping of the axis variable after renaming, click "OK" to 

complete the axis renaming . 

 
 

8.2 Modify EtherCAT master station information and communication parameters  
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Double -click the added EtherCAT master station. First, you need to select the network adapter for 

communication. Select ɒBrowseɓ on the right of  source address, select the network card ECAT1, and 

click OK . 

 

 
 

 

Modify the enco der parameter settings in Axis1 . For X3E series servo drive,  17-bit encoder, and the 

increment is 16#20000 . 

 
8.3 Single -axis motion co ntrol instructions  

Create a new POU and name it PLC_Motion to write single -axis motion control instructions. For specific 

steps, refer to section 4.3 and the motion control instructions are  shown  as follows χ 

 

1 

2 

3 
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Add  Motion project in CODESYS ,  EtherCAT_Task will automatically generate in task configuration . 

 

The user needs to manually set the EtherCAT_Task parameters, otherwise the synchronization cycle will be 

lost during the subsequent axis operation . Double -click Application ʐTask Configuration ʐEtherCAT_Taskι

Call PLC_Motion  here. For specific steps , refer to section 4.2 and  set the priority to "0" .  

 

Variable declarations  

M ain program  



 
 

32 

 

After modifying the  hardware setting, log in and run the program . When  the servo drive and axis 

operate  normal, double -click PLC_Motion  .  

               
 

 

 

 

 

 

 

 

 

First enable the axis, set bPoweron to TRUE . 

EtherCAT master error  
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After enabling Axis1, set bJogfw to TRUE to positive jog ging , and set bJogbw to TRUE to reverse 

jog ging.  For editing and using other axis function block s, refer to CODESYS Online Help: 

https://help. CODESYS.com/   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://help.codesys.com/
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Appendix A  Installation of Device Description File  

The library files required by Q1 controller and its extension  modules are currently packaged into a 

package. Users onl y need to double -click the Package Manager and follow the instructions to install the 

files , as Method 1.  If the user wants to install the XML file separately, please refer to Method 2 .  

Method 1 χ 

1. CƛƴŘ ¢ƻƻƭǎ ʐtŀŎƪŀƎŜ aŀƴŀƎŜǊʐLƴǎǘŀƭƭΣ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǇŀŎƪŀƎŜ ƳŀƴŀƎŜǊΦ 

 
 

 

 

 

 

Select Custom ized  installation  to make it easier to view the files in the installation package,  then select 

Next.  

 
2. ±ƛŜǿ ǘƘŜ ŦƛƭŜǎ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ǇŀŎƪŀƎŜ  ƛƴ {ŜƭŜŎǘ /ƻƳǇƻƴŜƴǘǎΣ ŀƴŘ ǘƛŎƪ ǘƘŜ ŦƛƭŜǎ ǘƘŀǘ ƴŜŜŘ ǘƻ ōŜ ƛƴǎǘŀƭƭŜŘΣ ŀƴŘ ŎƭƛŎƪ 
bŜȄǘ ǘƻ ƛƴǎǘŀƭƭΦ 
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3. /ƭƛŎƪ CƛƴƛǎƘ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴΦ 

 
Method 2 χ Take Q1 controller as an example  for d evice description file installation , the rest of the 

description files are provided in the folder εIncluding general I/ O, X3T servo drive, high -speed counting ζ 

1. CƛƴŘ ¢ƻƻƭǎҦ5ŜǾƛŎŜ wŜǇƻǎƛǘƻǊȅ ƛƴ ǘƘŜ ƳŜƴǳ ōŀǊ 


