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1. Introduction  
 
EtherCAT (Ethernet for Control Automation Technology) is an Ethernet-based fieldbus system; it is suitable 
for both hard and soft real-time computing requirements in automation applications. 
The two-axes position control system is developed to illustrate the EtherCAT performance and target on 
motion control application, it integrates SubDevice side FOC (Field-Oriented Control) control algorithm, 
CANopen over EtherCAT protocol and MainDevice side PLC (Programmable Logic Controller) program. This 
document will introduce how to build-up entire hardware, software environment and how to manipulate the 
PLC-based dashboard for demonstration. As illustrated in below figure, the EtherCAT MainDevice side is a 
PC/IPC and consist of real-time capable NIC, TwinCAT MainDevice and PLC demo program. 
 
�z Real-Time Capable NIC and Driver  
This is mandatory equipment in order to guarantee short data update time (also called cycle time) and precise 
synchronization (jitter < 1us). 
 
�z TwinCAT MainDevice  
This is run on a real-time sub-system which created by TwinCAT developed environment on Windows OS, it 
is in charge of the EtherCAT network topology build-up, configuration and cyclic process data transfer. 
 
�z PLC Demo Program  
This is a pre-developed procedure based on TwinCAT engineering (XAE) environment, then run on TwinCAT 
MainDevice, it provided a visible dashboard for user manipulation. 

 
Figure 1-1 
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The EtherCAT SubDevice consists of a single motion axis. This axis includes an EtherCAT SubDevice 
Controller, a Motion Controller, a three-phase inverter, and a three-phase BLDC motor. 
 
�z EtherCAT SubDevice  Controller  
It is responsible of EtherCAT communication, such as EtherCAT datagram encapsulation/de-capsulation, 
EtherCAT commands performing and distributed clock mechanism build-up. The AX58101(2) is an EtherCAT 
SubDevice controller ASIC and used to handling these matters as mention above. 
 
�z Motor  Controller  
It is a 32-bits embedded system and in charge of handling to EtherCAT state machine, CiA402 device profile 
protocol and FOC motion control loops, here we use STM32F303RE to do this. 
 
�z Three-Phase Inverter  
It is a half-bridge power inverter and used to driving three-phase brushless DC motor, here we use ST X-
NUCLEO-IHM08M1 expansion board to do this. 
 
�z Three-Phase BLDC  
�+�H�U�H���Z�H���X�V�H���0�7�0�¶�V���%�/�����0�����'���(�������������������P�R�W�R�U�� 
 
The furthermore software/hardware structure diagram for EtherCAT MainDevice/SubDevice side has depicted 
as below. 
 

 
Figure 1-2 

 
�z SSC Stack  
This stack is used to handle ESM (EtherCAT State Machine) and frame communication, which is created by 
SSC tool and free download for ETG members only. 
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�z ST Motor Control Stack  
This software stack is provided in STM32 motor control SDK, the position and FOC control loops are 
illustrated as below. 

 
Figure 1-3 
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2. Requirements  
 
Before starting to setup the environment, we should prepare some software and hardware. Of course, they 
are all running based on general desktop PC with windows 10 / 11 operation systems. We list software / 
hardware requirements as following: 
 
[Software at EtherCAT MainDevice side] 

�z Windows 10 / 11 operation system 
�z Microsoft Visual Studio 2010 / 2013 
�z Beckhoff TwinCAT XAE v3.1.4022.28 or later 

You can download the BECKHOFF TwinCAT here 
 

 
Figure 2-1 

 
[Software at EtherCAT SubDevice side] 

�z ST MotorControl Workbench6 version 6.4.0 (for development only) 
You can download the MotorControl Workbench here. 

 

 
Figure 2-2 

 
�z STM32CubeMX version 6.14.1 (for development only) 

You can download the STM32CubeMX here. 
 

 
Figure 2-3 
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�z In this reference design, two types of Integration Development Environment (IDE) could be supported, 
you can choose one for the development. 

 
�„  ARM KEIL MDK micro-Vision 5 or later (for development only) 

 
Figure 2-4 

 
�„  STM32 CubeIDE version 1.19.0 or later (for development only) 

You can download the STM32CubeIDE here. 
 

 
Figure 2-5 

 
�z STM32CubeProgrammer 

You can download the STM32CubeProgrammer here. 
 

 
Figure 2-6 

 
�z SSC Tool V5.13 (for development only) 

You can download the SSC Tool from EtherCAT Technology Group (ETG) here 
 

 
Figure 2-7 
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[Hardware] 
�z ST NUCLEO-F303RE Control Board x 1 PCS 

 
Figure 2-8 

 
�z AX58101-EVB-SSPDI-1 V1.0 EVB x 1 PCS 

For more details, please refer to the link below and the following chapter. 
ASIX official link: https://www.asix.com.tw/ 

 
Figure 2-9 

 
�z X-NUCLEO-IHM08M1 three-phase brushless DC motor driver expansion board x 1 

For more details, please refer to the link below and the following chapter. 
STMicroelectronics official link: https://www.st.com/en/ecosystems/x-nucleo-ihm08m1.html 

 
�z MOTION TECH BL60M24D8E00430080 Motor x 1 

For more details, please refer to the link below. 
MTM official link: https://www.motiontech-mtm.com/  

 
Figure 2-10 
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Table 2-1 

 

 
Table 2-2 

 

 
Table 2-3 
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Table 2-4 

 
�z 24VDC/8A Power Supply x 1 

 

 
Figure 2-11 
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3. Board Description  
 
3-1  X-NUCLEO-IHM08M1 
 
The X-NUCLEO-IHM08M1 is a three-phase brushless DC motor driver expansion board. 

 
Figure 3-1 

 
�„  J16: U/V/W three-phase output connector. 
�„  J1: 24V DC link power source connector. 
�„  CN7/CN10: Standard connectors, mounting with J10/J13 on AX58101-EVB-SSPDI board. 
�„  J9: External power selector. 
�„  J3: Incremental encoder interface. 

 
Attention! Before starting to build -up the system, please make sure the X -NUCLEO-IHM08M1 board is 
ready by check these jumps and components status as below table.  

 
Figure 3-2 

 
  

J5 
C7 

J9 

J6 

C3, C5 

R170 

JP1, JP2 
R86 

R74 

J1 

J16 J3 

J9 
CN7 

CN10 
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X-NUCLEO-IHM08M1 Component s Status  

J9 Opened 
JP1, JP2, Closed 
J5, J6 Short 3sh side 
R74, R86, R170, C3, C5, C7 Unmounted 

Table 3-1 
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4. Environment  Setup  
 
4-1  Hardware Connectivity  
 
Please based on below table to connect all necessary equipment. 

 
Table 4-1 

If your environment is set up ready, it should look like this. 
 

 
Figure 4-1 
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5. Building the Reference Design Begin with MotorControl 
Workbench  

 
Here will introduce the procedure about build up the reference design source package. 
Please follow the steps below to do this. 
 
5-1  Create New Project and Generate Source Code in MC Workbench  
 
Step 1:  Open the MC Workbench and create a new project, and select SM-PMSM 24V motor, X-NUCLEO-
IHM08M1 power board and NUCLEO-F303RE control board. 
Notice:  In order to keep the corrected reference path in BSP, please save the project folder in the path below. 
BSP_ROOT\SampleCode \ 
 

 
Figure 5-1 
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Figure 5-2 

 
Step 2: Setup �³Motor �  ́Properties as below 

 
Figure 5-3 
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Step 3: Setup �³Power Supply �  ́Properties as below 

 
Figure 5-4 

 
Step 4: Setup �³PWM Generation �  ́Properties as below 

 
Figure 5-5 

 
Step 5: Setup �³Speed Sensing Selection �  ́Properties as below 

 
Figure 5-6 
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Step 6: Setup �³Current Sensing �  ́Properties as below 

 
Figure 5-7 

 
Step 7: Setup �³Bus Voltage Sensing �  ́Properties as below 

 
Figure 5-8 

 
  



 

 
 

c 
22 

Copyright (C) 2025 Reserved by ASIX Electronics Corporation, All Rights Reserved. 

AX58101 Motor  Control  User Guide  

Step 8: Setup �³Temperature Sensing �  ́Properties as below 

 
Figure 5-9 

 
Step 9: Setup �³Speed Sensing Config. �  ́Properties as below 

 
Figure 5-10 
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Step 10: Setup �³Drive Settings �  ́Properties as below 

 
Figure 5-11 

 
Step 11: Setup �³User Interface �  ́Properties as below 

 
Figure 5-12 
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So far, the settings on MC Workbench have done, about the detail please refer to the file as below. 
BSP_ROOT\SampleCode \Ax58101_MotorControl \Ax58101_MotorControl .stwb6  
 
Step 12: Generates the source code with the CubeMX v6.14.1, Firmware Package Version v1.11.1. 

 
Figure 5-13 

 

 
Figure 5-14 
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Figure 5-15 
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5-2  Modify Peripheral  Settings in ST M32CubeMX 
 
Step 1: Disable the �³Pinout & Configuration > System Core > RCC > High Speed Clock (HSE) �  ́setting as 
the figure below. 

 
Figure 5-16 

 
Step 2: Add pin assignment as the below in �³Pinout & Configuration > System Core > GPIO > GPIO � .́ 

 
Figure 5-17 

 
Step 3: Add pin assignment for SPI2 and USART3. 
Firstly, set PF0 pin to �³Reset State� ,́ then add the pins as below. 

 
Figure 5-18 

 
  



 

 
 

c 
27 

Copyright (C) 2025 Reserved by ASIX Electronics Corporation, All Rights Reserved. 

AX58101 Motor  Control  User Guide  

Step 4: Activated TIM6 & TIM7. 

 
Figure 5-19 

 
Step 5: Modify the TIM1 setting as below. 

 
Figure 5-20 

 
Figure 5-21 
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Step 6: Enable SPI2 with the setting as highlighted in red. 

 
Figure 5-22 

 
Step 7: Disable DMA function on USART2 for debug console. 

 
Figure 5-23 
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Step 8: Enable USART3 with DMA for MCP. 

 
Figure 5-24 

 
Step 9: Modify the NVIC setting as below. 

 
Figure 5-25 
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Figure 5-26 

 
Step 10: Adjusting the clock tree in �³Clock Configuration �  ́page. 
Modify the settings as the red highlighted as below. 
 

 
Figure 5-27 
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5-3  Generate Source Code in ST M32CubeMX 
 
Step 1:  In �³Project Manager > Project �  ́page, extended the minimum heap size to 0x1000, and select 
Firmware Package as �³STM32Cube FW_F3 V1.11.1� .́ 

 
Figure 5-28 

Step 2:  In �³Project Manager > Code Generator �  ́page, select �³Copy all used libraries into the project 
folder � .́ 

 
Figure 5-29 

Step 3:  In �³Project Manager > Advanced Settings �  ́page, disable initial code generation of USART2, SPI2, 
TIM6 and TIM7. 

 
Figure 5-30 

Step 4:  Generates the source code. 
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5-4  Source Code Adjustment  
 
Step 1:  Add the AX58101 source package. 
Copy the folders as below to your STM32CubeMX project folder. 
BSP_ROOT\SampleCode \Ax58101_MotorControl \AX58101 
BSP_ROOT\SampleCode \Ax58101_MotorControl \Binary  
BSP_ROOT\SampleCode \Ax58101_MotorControl \For_SSC_Tool  
BSP_ROOT\SampleCode \Ax58101_MotorControl \For_TwinCAT  
 
Step 2: Adjust the Vector Table Address. 
As highlighted in the figure below, modify file content in the path: 
BSP_ROOT\SampleCode \Ax58101_MotorControl \Src \system_stm32f3xx .c 

 
Figure 5-31 

Step 3: Adjust the Linker setting. 
As highlighted in the figure below, modify file content in the path: 
�z For Keil MDK IDE : 
Please skip this step. 
 
 
�z For STM32CubeIDE:  
BSP_ROOT\SampleCode \Ax58101_MotorControl \STM32CubeIDE\STM32F303RETX_FLASH.ld  
 

 
Figure 5-32 
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Step 4: Modify source code. 
As highlighted in the figure below, modify file content in the path: 
BSP_ROOT\SampleCode \Ax58101_MotorControl \Src \main.c  

 
Figure 5-33 

 
As highlighted in the figure below, modify file content in the path: 
BSP_ROOT\SampleCode \Ax58101_MotorControl \Src \stm32_mc_common_it.c  
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Figure 5-34 

 
As highlighted in the figure below, modify file content in the path: 
BSP_ROOT\SampleCode \Ax58101_MotorControl \Src \mc_tasks_foc.c  

 
Figure 5-35 
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As highlighted in the figure below, modify file content in the path: 
BSP_ROOT\SampleCode \Ax58101_MotorControl \Inc\mcp_config.h  

 
Figure 5-36 

 
5-5  Generate EtherCAT SubDevice  Stack  Code  
 
Due to the ETG SubDevice Stack Code (SSC) license limitation, the user must re-generate the source code 
by the SSC tool locally, about how to get the SSC tool and how to generate targeted source code, please 
refer to the user guide as below. 
 
BSP_ROOT\Document \AX58x00_SSC_Tool_Configuration_Import_UserGuide_v XXX.pdf  
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5-6  IDE Setting  Adjustment  
 
�z For Keil MDK IDE:  
Double clicks the file as below to open project. 
BSP_ROOT\SampleCode \Ax58101_MotorControl \MDK-ARM\Ax58101_MotorControl.uvproj  
 
Step 1:  Add source code both on dual cores. 
Clock on �³Project > Manage > Project Items �« �  ́to open �³Manage Project Items �  ́dialog, then add groups 
and files as the figure below. 

 
Figure 5-37 

Step 2:  Add include path both on dual cores. 
Click on �³Project > Options for Target �µxxxx �¶�« > C/C++ > Include Path �  ́to open �³Folder Setup �  ́dialog, 
then add paths as the figure below. 

 
Figure 5-38 

Step 3:  Setup Utilities. 
Click on �³Project > Options for Target �µxxxx �¶�« > Utilities > Settings � ,́ then select �³Flash Download �  ́page 
to add �³Programming Algorithm �  ́as the value below. 
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Figure 5-39 

Start = 0x08004000, Size = 0x0003D800 
 
Step 4:  Change �³Linker �  ́settings. 
Find the setting of �³Project > Options for Target �µxxxx �¶�« > Linke r� ,́ then checked the �³Use Memory 
Layout from Target Dialog � .́ 

 

Figure 5-40 

 
Step 5: Add post build actions. 
Find the setting of �³Project > Options for Target �µxxxx �¶�« > User > After Build/Rebuild � ,́ then add actions 
as the value below. 

 

Figure 5-41 

Run #1: fromelf --bin ". \Ax58101_MotorControl \@L.axf" --output ". \Ax58101_MotorControl \@L.bin"  
Run #2:  
..\..\..\Tools \FileInfoAdder . \Ax58101_MotorControl \Ax58101_MotorControl.bin .. \For_TwinCAT \FoE\AX58101_Moto
rControl.efw  
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Step 6: Modify �³Target Options � .́ 
Find the setting of �³Project > Options for Target �µxxxx �¶�« > Target > Read/Write Memory Areas � ,́ then 
modify it as the value below. 

 
Figure 5-42 

IROM1 Start = 0x8004000, Size = 0x3D800 
 
Now, entire building procedure has done for Keil MDK IDE. 
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�z For STM32CubeIDE: 
Double clicks the file as below to open project. 
BSP_ROOT\SampleCode \Ax58101_MotorControl \STM32CubeIDE\.project  
 
Step 1:  Add source code. 
On �³Project Explorer � ,́ add virtual folders and linking the source files. 

 
Figure 5-43 

 
�„  Add Virtual Folder:  Right click on target project and select �³New > Folder � ,́ then enter new folder 

name and select �³Folder is not located in the file system (Virtual Folder) �  ́to create a folder. 

 
Figure 5-44 
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�„  Add File Link:  Select and drag the files onto the created virtual folder. 

 
Figure 5-45 

 
Step 2:  Enable binary & Hex output files conversion. 
Select target project, then find setting on �³Project > Properties > C/C++ Build > Settings > Tool Settings > 
MCU Post build outputs � ,́ then give the setting as highlighted as below. 

 
Figure 5-46 

 
Step 3: Add include path. 
Find setting on �³Project > Properties > C/C++ Build > Settings > Tool Settings > MCU/MCP GCC 
Compiler > Include paths � ,́ then add paths as the figure below. 

 
Figure 5-47 
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Step 4: Add post build actions. 
Find the setting of �³Project > Properties > C/C++ Build > Settings > Build Steps > Post -build steps � ,́ then 
add actions as the value below. 

 

Figure 5-48 

 
../../../../Tools/FileInfoAdder Ax58101_MotorControl.bin ../../For_TwinCAT/FoE/AX5810 1_MotorControl.efw  
 
 
Now, entire building procedure has done for STM32CubeIDE. 
 
So far, the entire project source has been ready for building firmware binary. 
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6. Build Up and Download Firmware  
 
Here will introduce how to build up firmware binary in your IDE, and how to download firmware using IDE or 
other utilities 
 
6-1  Build up Firmware  Binary  
 
�z For Keil MDK IDE:  
Step 1:  Double clicks on project file in the folder below to open project. 
BSP_ROOT\SampleCode \Ax58101_MotorControl \MDK-ARM\Ax58101_MotorControl .uvprojx . 
 
Step 2:  Execute �³Rebuild all target files �  ́under �³Menu Bar > Project � .́ 

 
Figure 6-1 

 
�z For STM32CubeIDE: 
Step 1:  Double clicks the project file as below path to open project. 
BSP_ROOT\SampleCode \Ax58101_MotorControl \STM32CubeIDE\.project  
 
Step 2:  Select the project node and execute �³Build Project �  ́under �³Menu Bar > Project �´�� 

 
Figure 6-2 
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6-2  Download Bootloader Firmware  
 
Step 1: Open STM32CubeProgrammer utility and connect to the MCU board. 
 
Step 2:  Select the �³Erasing & Programming �  ́page, then click �³Browse �  ́button to select bootloader firmware 
binary file in the path below. 
BSP_ROOT\SampleCode \Ax58101_Bldr \Binary \Ax58101_Bldr_v X.X.X 
 
Please ensure the �³Start address �  ́is 0x08000000. 

 
Figure 6-3 

 
Step 3:  Press �³Start Programming �  ́button to download bootloader firmware. 
 
6-3  Download Application  Firmware  
 
�z For Keil MDK IDE:  
Step 1: Click �³Menu bar > Flash > Download �  ́to download firmware into MCU. 
 

 
Figure 6-4 

�z For STM32CubeIDE: 
Step 1:  Click �³Menu bar > Run > Run As > STM32 C/C++ Application �  ́to download firmware into MCU. 
 

 
Figure 6-5 

 



 

 
 

c 
44 

Copyright (C) 2025 Reserved by ASIX Electronics Corporation, All Rights Reserved. 

AX58101 Motor  Control  User Guide  

�z Using STM32CubeProgrammer Utility : 
 
Step 1:  Similarly, please ensure the utility has connected to target MCU board. 
 
Step 2:  Select the �³Erasing & Programming �  ́page, then click �³Browse �  ́button to select Motor Control 
firmware binary file in the path below. 
 

�„  For Keil MDK IDE:  
BSP_ROOT\SampleCode\Ax58101_MotorControl\MDK-ARM\Ax58101_MotorControl\ 
Ax58101_MotorControl.bin 

 
�„  For STM32CubeIDE: 

BSP_ROOT\SampleCode\Ax58101_MotorControl\STM32CubeIDE\Debug\ 
Ax58101_MotorControl.bin 

 
Please ensure the �³Start address �  ́is 0x08004000. 

 
Figure 6-6 

 
Step 3:  Press �³Start Programming �  ́button to download Motor Control firmware. 
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7. Basic Operation of TwinCAT  
 
�3�O�H�D�V�H���U�H�I�H�U���W�R���W�K�H���I�L�O�H���³AX58x00_TwinCAT_UserGuide �´���&�K�D�S�W�H�U������ 
 
 

8. PLC Application  
 
�3�O�H�D�V�H���U�H�I�H�U���W�R���W�K�H���I�L�O�H���³AX58x00_TwinCAT_UserGuide �´���&�K�D�S�W�H�U������ 
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9. Flash Memory Allocation and FoE Upgrad ing  
 
In order to support �³File Access over EtherCAT�  ́(FoE) feature, this reference design has the flash memory 
allocation on the STM32F303RE as below. 

 
Figure 9-1 

�z Bootloader area (Address=0x08000000, Size=16Kbytes): 
The Bootloader firmware must be pre-burn in this area, it�¶ll responsible for coping the received new 
firmware from �³Flash buffer area�  ́into �³Runtime image area� ,́ then executes the new firmware. 
 

�z Runtime image area (Address=0x08004000, Size=246Kbytes): 
Used to run application firmware (as the Motor Control firmware in here), it is also responsible for store 
the received .efw file into �³Flash buffer area�  ́via FoE data transfer. 
 

�z Flash buffer area (Address=0x08041800, Size=247Kbytes): 
Used to store entire .efw file. 
 

The .efw file is dedicate use for FoE transfer, �L�W�¶�V���D firmware binary file with 32-bytes header pre-fix. 
Every time the project build done, the .efw file will auto be generated in the path below by �³FileInfoAdder.exe �  ́
utility. 
 
BSP_ROOT\SampleCode \Ax58101_MotorControl \For_TwinCAT \FoE\AX58101_MotorControl .efw 

 
Figure 9-2 
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9-1  FoE Firmware Upgrade  
 
Here assume the EtherCAT network has established and the device has been under OP mode, then please 
follow the steps below to do firmware upgrade via FoE. 
 
Step 1: Select �³Solution Explorer > USER_DEFINE_PROJECT > I/O > Devices > XXX > OnIine � ,́ then right 
click on target device �D�Q�G���V�H�O�H�F�W���³Firmware Update � .́ 

 
Figure 9-3 

 
Step 2: Select the file as path below, and click �³OK�  ́to start application firmware upgrading. 
�³BSP_ROOT\SampleCode \Ax58101_MotorControl \For_TwinCAT \FoE\AX58101_MotorControl.efw �  ́
 
Step 3: Check the progress bar status and waiting for the processing done. 

 
Figure 9-4 

 
Step 4: If the firmware upgrading is complete successfully, the pop up dialog will appear as the figure below. 

 
Figure 9-5 

  



 

 
 

c 
48 

Copyright (C) 2025 Reserved by ASIX Electronics Corporation, All Rights Reserved. 

AX58101 Motor  Control  User Guide  

10. Object Dictionary  
 
These reference design follows CiA402 device profile and used as an interface to integrate Motor Control 
Stack and EtherCAT SubDevice Stack, the CiA402 protocol implement a state machine and object dictionary 
for external EtherCAT MainDevice access, MainDevice side can control motor, switch operation mode and 
monitor motor status by manipulation of object dictionary. 
 
10-1  Objects Description  
 
This section lists out all supported objects in the reference design, please note that some objects may not 
implemented actual functions with Motor Control Stack side, but they are accessible in EtherCAT SubDevice 
side, so developer can still add application functions on them. 
 
Object type definition is as below 

Object Type  Description  

VAR A single value 

ARRAY A multiple data field object where each data field is a simple variable of same 
basic data type. 

RECORD A multiple data field object where the data fields may be any combination of 
simple variables. 

Table 10-1 

0x1000~0x1FFF area object definition 

Index  Object 
Type  Name Data Type  Access  Remark  

0x1000 VAR Device type UNSIGNED32 RO  

0x1001 VAR Error register UNSIGNED8 RO  

0x1008 VAR Device name Visible String RO  

0x1009 VAR Hardware version Visible String RO  

0x100A VAR Software version Visible String RO  

0x1018 RECORD Identity Identity RO  

0x10F1 RECORD Error settings - RO  

0x10F8 VAR Time stamp UNSIGNED64 RO  

0x1C00 ARRAY Sync manager type UNSIGNED8 RO  

0x1C32 RECORD Sync manager output parameters SM Parameter RO  

0x1C33 RECORD Sync manager input parameters SM Parameter RO  

0x1600 RECORD Rx pdo mapping of csp/csv 

PDO Mapping 

RO 

Mapped objects: 
Controlword 
Target position 
Target velocity 
Modes of operation 

0x1601 
RECORD Rx pdo mapping of csp 

PDO Mapping 
RO 

Mapped objects: 
Controlword 
Target position 

0x1602 
RECORD Rx pdo mapping of csv 

PDO Mapping 
RO 

Mapped objects: 
Controlword 
Target velocity 

0x1A00 

RECORD Tx pdo mapping of csp/csv 

PDO Mapping RO Mapped objects 
Statusword 
Position actual value 
Velocity actual value 
Modes of operation display 

0x1A01 
RECORD Tx pdo mapping of csp 

PDO Mapping RO Mapped objects: 
Statusword 
Position actual value 
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0x1A02 
RECORD Tx pdo mapping of csv 

PDO Mapping RO Mapped objects: 
Statusword 
Position actual value 

0x1C12 VAR SM2 assignment UNSIGNED16 RW Assign by default the csv process 
data mapping 

0x1C13 VAR SM3 assignment UNSIGNED16 RW Assign by default the csv process 
data mapping 

Table 10-2 

0x2000~0x3FFF object definition 

Index  Object 
Type  Name Data Type  Access  Mappable  Remark  

0x3000 VAR PosKpGain INTEGER16 RW N  

0x3001 VAR PosKpDivisor INTEGER16 RO N  

0x3002 VAR PosKiGain INTEGER16 RW N  

0x3003 VAR PosKiDivisor INTEGER16 RO N  

0x3004 VAR PosKdGain INTEGER16 RW N  

0x3005 VAR PosKdDivisor INTEGER16 RO N  

0x3010 VAR SpdKpGain INTEGER16 RW N  

0x3011 VAR SpdKpDivisor INTEGER16 RO N  

0x3012 VAR SpdKiGain INTEGER16 RW N  

0x3013 VAR SpdKiDivisor INTEGER16 RO N  

0x3014 VAR SpdKdGain INTEGER16 RW N  

0x3015 VAR SpdKdDivisor INTEGER16 RO N  

0x3020 VAR TrqKpGain INTEGER16 RW N  

0x3021 VAR TrqKpDivisor INTEGER16 RO N  

0x3022 VAR TrqKiGain INTEGER16 RW N  

0x3023 VAR TrqKiDivisor INTEGER16 RO N  

0x3024 VAR TrqKdGain INTEGER16 RW N  

0x3025 VAR TrqKdDivisor INTEGER16 RO N  

Table 10-3 
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0x6000~0xFFFF object definition 

Index  Object 
Type  Name Data Type  Access  Mappable  Remark  

0x603F VAR Error code UNSIGNED16 RO N  

0x6040 VAR Controlword UNSIGNED16 RW Y  

0x6041 VAR Statusword UNSIGNED16 RO Y  

0x604F VAR Vl Ramp Function Time UNSIGNED 32 RW N  

0x605A VAR Quick stop option code INTEGER16 RW N  

0x605B VAR Shutdown option code INTEGER16 RW N  

0x605C VAR Disable operation option code INTEGER16 RW N  

0x605E VAR Fault reaction option code INTEGER16 RW N  

0x6060 VAR Modes of operation INTEGER8 RW Y  

0x6061 VAR Modes of operation display INTEGER8 RO Y  

0x6064 VAR Position actual value INTEGER32 RO Y  

0x606C VAR Velocity actual value INTEGER32 RO Y  

0x6077 VAR Torque actual value INTEGER16 RO N  

0x607A VAR Target position INTEGER32 RW Y  

0x607C VAR Home offset INTEGER32 RW N  

0x607D ARRAY Software position limit - RW N  

0x6085 VAR Quick stop deceleration UNSIGNED32 RW N  

0x6098 VAR Homing method INTEGER8 RW N  

0x6099 RECORD Homing speed - RW N  

0x609A VAR Homing acceleration UNSIGNED32 RW N  

0x60C2 RECORD Interpolation time period - RW N  

0x60E3 RECORD Supported homing methods - RO N  

0x60FD VAR Digital Inputs UNSIGNED32 RO N  

0x60FF VAR Target velocity INTEGER32 RW Y  

0x6502 VAR Supported drive modes UNSIGNED32 RO N  

0xF000 RECORD Modular device profile - RO N  

0xF010 VAR Module profile list UNSIGNED32 RO N  

Table 10-4 
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11. Performance Evaluation  
 
11-1  Minimum  DC Cycle Time  
 
With TwinCAT MainDevice, the DC and PD conditions are shown as below. MainDevice use LRW command 
to do PD transfer with 14bytes input and 14bytes output, under this setting, the minimum DC cycle time can 
down to 500us. 
 

 
Figure 11-1 

 
Without frame lost and Tx/Rx error at MainDevice side. 
 

 
Figure 11-2 
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Also, without detected SM-Event Missed, Cycle Time Too Small and Sync Error at SubDevice side. 
 

 
Figure 11-3 
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12. Tuning  the PID Loop Gains with TwinCAT  
 
Here will show you how to add PID gain objects into object dictionary and tuning PID gain over EtherCAT. 
For most of applications, you may need to extend your own objects, please follow the procedure below to do 
this. 
 
12-1  Add New Objects in to Dictionary  
 
Step 1: Open the �³AX58101_MotorControl .xlsx �  ́file in below path. 
BSP_ROOT\SampleCode \Ax58101_MotorControl \For_SSC_Tool \Import \Configuration \files  
 
Step 2: In Vendor specify area (0x2000~0x3FFF), add PID gain objects for position, speed and torque loops 
as below. 

 
Figure 12-1 

 
Step 3: Re-generate the SSC source code, for more detail, please refer to Chapter 5-6. 
 
Step 4: Update the new ESI file into TwinCAT data base. 
Normally, the ESI data base path is �³C:\TwinCAT \3.1\Config \Io\EtherCAT � .́ 
 
12-2  Link  New Objects  to Data Structure  
 
Step 1: Add new members in CiA402_OBJ_T data structure, notes each data type must be same as the new 
objects on �³AX58101_MotorControl .h� ,́ like this. 

 
Figure 12-2 
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Step 2: Links new object dictionary (OD) to new members of CiA402_OBJ_T structure in CiA402_Init () 
function on �³AX58101_MotorControl.c � ,́ like this. 

 
Figure 12-3 

 
12-3  Add Handling Functions According to New Object Indexes  
Step 1: Add new objects index for write operations as below. 

 
Figure 12-4 

 
Step 2: Add new objects index for read operations as below. 

 
Figure 12-5 

Step 3: Re-build the project and update new firmware into MCU. 
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12-4  Create Scope  Project  in TwinCAT  
 
In order to do manual tuning of the control loop gain, we need to observe the position and speed dynamic 
response, so here must create a scope project to plot some important curves. 
Please follows the steps below to do this. 
 

 
Figure 12-6 

 
H�H�U�H���V�H�O�H�F�W�V���W�K�H���³Scope YT Project �´���W�K�H�Q���F�O�L�F�N���³OK�´���E�X�W�W�R�Q���W�R���F�R�P�S�O�H�W�H���W�K�H���V�F�R�S�H���F�U�H�D�W�L�R�Q�� 

 
Figure 12-7 
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Immediately, need to add some process data that we want observing, that includes poTargetPosition, 
piPositionActualValue, poTargetSpeed and piSpeedActualValue. 
Please follows the steps below to do this. 

 
Figure 12-8 

 
Figure 12-9 

Here we create a new plot axis to display speed response curve. 

 
Figure 12-10 
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Figure 12-11 

  
Figure 12-12 

 
Figure 12-13 

 
So far, the scope is ready to record the process data, we can start to tuning the position and speed loop gains. 
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