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1. Introduction 
 
This document introduces how to setup entire environment for motor control application on AX58200 
evaluation platform (TSB + EXB-SDB boards). The demo application of EtherCAT master side develops by 
PLC (Programmable Logic Controller) language through BECKHOFF TwinCAT engineering (XAE). The IDE 
rely Microsoft Visual Studio 2010 / 2013. We can execute the application through the mentioned IDE or pure 
BECKHOFF runtime package (XAR). The firmware part of EtherCAT slave side develops by C language 
through ARM KEIL MDK (Microcontroller Development Kit) or IAR EWARM (Embedded Workbench for ARM). 
 

 

Figure 1 - 1 

 
The firmware part mainly handles below affairs: 
⚫ BECKHOFF SSC (Slave Stack Code) 
⚫ Hardware access of SSC through SPI interface at MCU side 
⚫ CiA402 state machine and CSP, CSV and Homing mode operating. 
⚫ Control/status word, target position/velocity, actual position/velocity and mode of operation accessed by 

EtherCAT PD (Process Data) 
⚫ Motor control state machine handling, current reading, Incremental encoder sensing and 3-phase AC 

induction motor drives theory. 
 
The PLC part mainly handles below affairs: 
⚫ PD mapping / handling by PLC for CSP/CSV/Homing combination mode 
⚫ A demo GUI 
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1-1 Introduce Block Diagram of System 
 
The following figure is a simple servo drive block diagram. The software used on the PC side is “TwinCAT 
XAE”. The communication connection method is to connect to the AX58200-TSB through a network cable. In 
terms of usage, TwinCAT XAE is biased towards demonstration. 
 
Different from the previous version is that the motor control theory uses FOC and three-loop PI controller, the 
three loops are position loop, speed loop, and current loop. General position loop with current loop or speed 
loop with current loop can only be used for constant position or constant speed. The three-loop controller can 
achieve the simultaneous constant position and constant speed requirements. 
 
Motors have many interfaces for detecting rotor angle and speed. For example, relative encoder, absolute 
encoder, hall sensor... etc. This article is a simple servo drive and only supports incremental encoder 
interface. 
 

 

Figure 1 - 2 

 
⚫ Use software tools on PC: 

TwinCAT XAE. 
 
⚫ Communication: 

EtherCAT. 
 
⚫ Motor Control Theory:  
 FOC control and three-loop PI controller. 
 
⚫ Feedback Interface: 

1. Three phase current sensor. 
2. Incremental encoder. 
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2. Requirements 
 
Before setting up 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 master side] 

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

 

Figure 2 - 1 

Note: You can download the BECKHOFF TwinCAT here or contact ASIX Electronics Corporation. 
 
[Software at EtherCAT slave side] 

⚫ In this reference design, three types of Integration Development Environment (IDE) could be 
supported, you can choose one for the development. 

 
◼ ARM KEIL MDK micro-Vision 5 

 

Figure 2 - 2 

◼ efw Embedded Workbench for ARM 7.40 or later 

 

Figure 2 - 3 

◼ NuEclipse Open Source IDE v1.01 or later, you can free download here. 

 

Figure 2 - 4 

 
  

https://www.beckhoff.com/english/download/tc3-download-xae.htm?id=1948695119487514
https://www.nuvoton.com/tool-and-software/ide-and-compiler/
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⚫ BeckHoff SSC Tool v5.13 (for development only) 

 

Figure 2 - 5 

[Hardware] 
⚫ AX58200 Test Board (AX58200-TSB) x 1 

 

 

Figure 2 - 6 

 

 

Figure 2 - 7 
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⚫ AX58200-EXB-SDB-1 3-Phase Inverter Board x 1 
 

 

Figure 2 - 8 

 

 

Figure 2 - 9 
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⚫ MOTION TECH BL60M24D8E00430080 Motor x 1 
Please refer to MTM official website for more detail: http://www.motiontech.com.tw/ 
 

 

Figure 2 - 10 

 

 

Table 2 - 1 

 

http://www.motiontech.com.tw/
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Table 2 - 2 

 

 

Table 2 - 3 

⚫ 24VDC/8A Power Supply x 1 
 

 

Figure 2 - 11 

 
  



 
 

 
14 

Copyright (C) 2020-2024 Reserved by ASIX Electronics Corporation, All Rights Reserved. 

AX58200 
Motor Control User Guide 

  
 

Reference Design User Guide 

3. Board Description 
 

3-1 AX58200-TSB-1 Rev3.0 
 
AX58200-TSB is a test / evaluation board for AX58200 IC and has below components: 

⚫ AX58200 – An ASIX IC that integrated an ESC (EtherCAT Slave Controller) + an ARM cortex-M4 
⚫ ESC Port0 – Port0 of the ESC 
⚫ ESC Port1 – Port1 of the ESC 
⚫ NUC12SRE3DE – A NUVOTON IC with ICE functionality for development / debug 
⚫ Offline programming button – This button is used for offline programming through the ICE 
⚫ Debug Port – Debug port of the ICE. 
⚫ DIP of ICE – Dip switch for select mode of the debug port 
⚫ USB2.0 OTG – USB2.0 OTG port of AX58200 
⚫ Power – Power input port of AX58200-TSB 
⚫ Reset – Reset button of AX58200 

 

Attention! Because AX58200-TSB is a multi-purpose module, please check that the 
following resistors have been removed before use. 
 

Components Status 

R95, R104, R105, R106, R118, R119 Removed 

 

 

Figure 3 - 1 
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3-2. AX58200-EXB-SDB-1 Rev1.0 
 
The AX58200-EXB-SDB-1 Rev1.0 is a three-phase brushless DC motor driver expansion board and has 
below components: 
⚫ J1 – Hall components power input connector. 
⚫ J2 – Hall components phase-U phase-V phase-W input connector. 
⚫ J7 – Incremental encoder input connector. 
⚫ J9 – Same as J7 
⚫ J10 – Motor U phase, V phase, and, W phase input connector. 
⚫ J11 – Power level selection. If input power below 30V, J11.2-J11.3 short, otherwise, J11.1-J11.2 short. 
⚫ J13 – Absolute encoder input connector. 
⚫ J16 – Home senser input connector. 
⚫ J17 – AX58200-EXB-SDB Power input connector. 
⚫ J18 – Brake input connector. 
⚫ SW1 – User button 

 

Attention! Before starting to build up the system, please make sure the AX58200-
EXB-SDB board is ready by check these jumps and components status as below 
table. 
 

Input voltage Component Status 

24v J11 Short pin2 pin3 

48v J11 Short pin1 pin2 

Table 3 - 1 

 

 

Figure 3 - 2 

 

Warning!! If the input voltage is 48V, you can only choose to short-circuit J11.1 and 
J11.2, otherwise the circuit board will be damaged.  
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4. Hardware Setup 
 

4-1 Connectivity 
 
Please based on below table to connect all necessary equipment. 
 

 

Table 4 - 1 

 
Then you can get the final slave side environment as following. 
 

 

Figure 4 - 1 
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5. Basic Operation of TwinCAT 
 
Please refer to the file “AX58x00_TwinCAT_UserGuide” Chapter 3. 
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6. Download Firmware/Parameter to AX58200 
 
If you want to download firmware to AX58200, you have 6 methods basically: 

(1) Mass Storage Method (MSG mode in ICE) 
(2) NUVOTON ICP Tool Method 
(3) ARM KEIL MDK Method 
(4) IAR EWARM Method 
(5) NuEclipse + ICP Tool Method 
(6) Firmware Upgrade through EtherCAT FoE 
 

If you do not have any requirements for development in further, just reference the item (1), (2), and (6). 
Otherwise, you may reference the item (3) ~ (5). However, please install the entire Nu-Link Driver completely 
first for follow-up any requirements convenience later. You can download the driver through the link 
Nuvoton_Nu-Link_Driver, or install the driver from AX58200 BPS\Driver folder directly. 
 

 

Figure 6 - 1 

  

https://www.nuvoton.com/tool-and-software/software-development-tool/driver/
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6-1 Mass Storage Method 
 
This is a simplest mode and provided by NUVOTON ICE IC. Make sure to take off the USB power cable and 
modify the “DIP of ICE” to below state: 
 

 

Figure 6 - 2 

 
And let “Debug Port” to connect your host as following: 
 

 

Figure 6 - 3 

 
You will see an external disk named “NuMicro MCU” inserted. 
 
Just copy the firmware binary file “AX58200_MotorControl_vX.X.X.bin” from the BSP directory 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\Binary\” to the root 
directory of this disk (for example: “F:\”). 
 
After finish copy, the AX58200 will auto-restart. 
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6-2 NUVOTON ICP Tool Method 
 
Please install NUVOTON ICP (In Circuit Programming) Tool first. You can download the tool through the link 
Nuvoton ICP Programming Tool, or install it from AX58200 BSP\Tool folder directly. 
Make sure to take off the USB power cable and modify the “DIP of ICE” to below state: 
 

 

Figure 6 - 4 

 
And let “Debug Port” to connect your host as following: 
 

 

Figure 6 - 5 

 
  

https://www.nuvoton.com/tool-and-software/software-development-tool/programmer/
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Execute the ICP Programming Tool. Click “Continue>>”. 
 

 

Figure 6 - 6 

 
Click “Connect” button. 
 

 

Figure 6 - 7 
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If the green text appears, that means the ICP tool finds out the ICE and AX58200 successfully. 
 

 

Figure 6 - 8 

Click “APROM” button and select the firmware file “AX58200_MotorControl_vX.X.X.bin” from the BSP 
directory “YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\Binary\” 
 

 

Figure 6 - 9 
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Click “Options”. 

 

Figure 6 - 10 

 
Check the items “Erase”, “Program” and “Verify”. 

 

Figure 6 - 11 
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Click “Start” button to download the firmware into AX58200. 
 

 

Figure 6 - 12 
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6-3 ARM KEIL MDK Method 
 
If you are a software developer and own below 2 items legally, you can reference the method of this section. 

⚫ Licensed ARM KEIL MDK 
⚫ BECKHOFF SSC (Slave Stack Code) or SSC Tool 

 
We don’t introduce the ARM KEIL MDK and SSC tool installation here. We assume it is ready in your 
environment. Before opening the KEIL project file you must generate related source files through BECKHOFF 
SSC Tool. 
 
If you already prepared above-mentioned items, you can keep following below description. 
Make sure to take off the USB power cable and modify the “DIP of ICE” to below state: 
 

 

Figure 6 - 13 

 
And let “Debug Port” to connect your host: 
 

 

Figure 6 - 14 
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6-3-1 Use Beckhoff SSC Tool to Generate EtherCAT Slave Stack Code 
 

⚫ Step 1: First, enter the following directory and execute "AX58200_MotorControl.esp": 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\
”. 

 

Figure 6 - 15 

 
⚫ Step 2: Click menu “File -> New” to create new project. 
 

 

Figure 6 - 16 
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⚫ Step 3: Import Configuration file by click “Import” button. 
 

 

Figure 6 - 17 

 
⚫ Step 4: Select “AX58200_MotorControlConfigurations.xml” from directory and click “Open”. 

“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\I
mport\Configuration\”. 

 

 

Figure 6 - 18 
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⚫ Step 5: Click “OK”. 
 

 

Figure 6 - 19 

 
⚫ Step 6: Click “Yes”. 
 

 

Figure 6 - 20 
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⚫ Step 7: Select “Import” for import object dictionary. 
 

 

Figure 6 - 21 

 
⚫ Step 8: Select “AX58200_MotorControl.xlsx” from directory and click “Open” 

“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\ 
Import\Configuration\files\”. 
 

 

Figure 6 - 22 

  



 
 

 
30 

Copyright (C) 2020-2024 Reserved by ASIX Electronics Corporation, All Rights Reserved. 

AX58200 
Motor Control User Guide 

  
 

Reference Design User Guide 

⚫ Step 9: You can see the screen show the “Check objects finished” and click “OK”. 
 

 

Figure 6 - 23 

 

⚫ Step 10: Select “Create new Slave Files”. 
 

 

Figure 6 - 24 
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⚫ Step 11: Click “OK”. 
 

 

Figure 6 - 25 

 
⚫ Step 12: You must first save the file to the following directory:  

“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\
”. 

 

 

Figure 6 - 26 

 
⚫ Step 13: Click “Yes”. 
 

 

Figure 6 - 27 
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⚫ Step 14: Click “Start” to Create new Slave Files. 
Attention! The “Source Folder” must be saving in the directory: 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\
Src\”. 
The “ESI File” must be saving in the directory: 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\
”. 

 

 

 Figure 6 - 28 

 
⚫ Step 15: Click “OK”. 
 

 

 Figure 6 - 29 
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⚫ Step 16: You can see the “Create Slave files finished” and click “Close”. 
Final, confirm that the source code exists in the following directory:  
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\
Src\”. 

 

Figure 6 - 30 

 

Figure 6 - 31 
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6-3-2 Use ARM KEIL MDK Download Firmware 
 
Open the KEIL project by double-click the project file “MotorControl.uvprojx”  in the directory 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\Keil\”: 
 
You will see below screen and items: 

(1) The button named “Build” for build all target files  
(2) The button named “Download” for download firmware into AX58200 
(3) Main program file of Motor Control Reference Design 
(4) BECKHOFF SSC files and related source files of AX58200 
(5) Motor control stack code 

 

 

Figure 6 - 32 

 
If everything is fine, you should see Build Output window without errors after click “Build” button. 
The output binary file “AX58200_MotorControl.bin”  in the directory 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\Keil\Objects\” 
 
Now you can download the firmware by click “Download” button. If the progress complete, the AX58200 will 
auto-restart. 
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6-4 IAR EWARM Method 
 
As the method of ARM KEIL MDK, please take off the USB power cable, modify “DIP of ICE” switch and 
ensure “Debug Port” has been connect to your USB host. 
Then open the IAR project by double-click the project file “MotorControl.eww”  in the directory. 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\IAR_vXXX\”. 
 
You will see below screen and items: 

(1) BECKHOFF SSC files and related source files of AX58200  
(2) Motor control stack code  
(3) Main program file of Motor Control Reference Design 
(4) Click on menu “Project/Rebuild All” for rebuild all target files 
(5) Click on menu “Project/Download/Dowbload active application” for download firmware into 

AX58200 
 

 

Figure 6 - 33 

If everything is fine, you should see Build window without errors after click “Rebuild All”. 
The output binary file “AX58200_MotorControl.bin”  in the directory 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\IAR_vXXX\Release\Exe
\” 
Now you can download the firmware by click “Download active application”. If the progress complete, the 
AX58200 will auto-restart. 
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6-5 NuEclipse + ICP Tool Method 
 
As the mention in previous section to setup the “Debug Port” and “DIP of ICE”. 
If you are a software developer and own below 2 items legally, you can reference the method of this section. 

⚫ NuEclipse open source IDE 
⚫ BECKHOFF SSC (Slave Stack Code) or SSC Tool 

 
Please follow the steps below to rebuild project using NuEclipse IDE and download firmware using ICP tool. 
(1) Execute NuEclipse IDE and import project by click “File/Import…” on menu bar. 
(2) Select “Existing Project into Workspace” and press “Next” button on “Import” dialog box. 
(3) Press “Browse…” button to select project folder as the path below. 

“YOUR_BSP_FOLDER\SampleCode\Ethercat_GPIO_AIO_Reference_Design\NuEclipse” 
(4) Press “Finish” button to complete the project import. 
(5) Rebuild the project by click “Project/Build All” on menu bar. 
(6) Please refer to section “NUVOTON ICP Tool Method” for downloading the “Ecat_Gpio_Aio.bin” file in the 
path below. 

“YOUR_BSP_FOLDER\SampleCode\Ethercat_GPIO_AIO_Reference_Design\NuEclipse\Release” 
 

 

Figure 6 - 34 

All IDE projects are reference to same source codes so the basic definition please refer to aboved chapter of 
KEIL. 
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6-6 Firmware Upgrading by TwinCAT FoE 
 
We add EtherCAT FoE firmware upgrade supporting in Motor Control reference design. User can upgrade 
AX58200’s firmware through EtherCAT master with FoE feature supported. We use Beckhoff TwinCAT 
master as an example here. 
 
Before starting operation, we illustrate flash map for our FoE usage as below: 
 

 

Figure 6 - 35 

 
The EtherCAT slave firmware with FoE support in CURRENT RUN TIME area, it received firmware file from 
TwinCAT master and place it into FoE USED area. If checksum of received firmware is correct, it will switch to 
LDROM. The LDROM code helps to validate the FoE firmware, move it to CURRENT RUN TIME area and 
switch to the area to start the run time firmware again. 
 
Make sure to link “Power Port” and ”Ethernet Port” to your host: 
 

 

Figure 6 - 36 
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If your AX58200 platform did not have LDROM code in the flash, please burn it through ICP tool as following: 
 
(1) Click “LDROM” button and select the LDROM binary file from the BSP directory 

“YOUR_BSP_FOLDER\SampleCode\ISP\ISP_UART\Binary\ISP_UART_vx.x.x.bin”. 
(2) Click “APROM” button and select APROM binary file from the BSP directory 

“YOUR_BSP_FOLDER\SampleCode\ Ethercat_MotorControl_Reference_Design \Binary\AX58200_ 
MotorControl _vx.x.x.bin”. 

(3) Select “LDROM” and “APROM” checkbox. 
(4) Click “Start” button. 
 

 

Figure 6 - 37 

 
Restart the AX58200 platform. 
 
You must open TwinCAT first, please refer to the instructions of steps 1~12 in Chapter 3 of 
AX58x00_TwinCAT_UserGuide, and then please refer to the following steps for firmware upgrade. 
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⚫ Step 1: Right-click the “Box 1” and select the “Firmware update”. 
 

 

Figure 6 - 38 

 
⚫ Step 2: Select “AX58200_MotorControl.efw” under path: 

“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\ For_TwinCAT\Upgrade\”, 

and then click “Open”. 
 

 

Figure 6 - 39 

 
⚫ Step 3: Click the “OK”. 

 

 

Figure 6 - 40 
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⚫ Step 4: Wait for progress bar at lower right corner of the TwinCAT screen. 
 

 

Figure 6 - 41 

 
Step 5: Finish “Firmware Update” and click the “OK”. 

 

 

Figure 6 - 42 
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6-7 Servo Parameter Upgrading by TwinCAT FoE 
 

6-7-1 Download Servo Parameter File to AX58200 
 
Make sure to link “Power Port” and ”Ethernet Port” to your host: 
 

 

Figure 6 - 43 

 
The following steps are similar to the flow of “TwinCAT Firmware Upgrade”. Only the selected file is a 
parameter file, please refer to the following steps to perform parameter upgrade. 
Step 1: Right-click the “Box 1” and select the “Firmware update”. 

 

 

Figure 6 - 44 
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⚫ Step 2: Select file AX58200_BL60M24D8E00430080_MTMBL60.efw under path: 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_TwinCAT\Upgrade\”,  
and then click “Open”. 
 

 

Figure 6 - 45 

 
⚫ Step 3: Click the “OK”. 

 

 

Figure 6 - 46 

 
⚫ Step 4: Wait for progress bar at lower right corner of the TwinCAT screen. 

 

 

Figure 6 - 47 

 
⚫ Step 5: Finish “Parameter Update” and click the “OK”. 

 

 

Figure 6 - 48 
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6-7-2 Servo Parameter File Generation for TwinCAT FoE 
 
As figure below, under path “YOUR_BSP_FOLDER\SampleCode\ 
Ethercat_MotorControl_Reference_Design\For_TwinCAT\Upgrade”, you can find some files that used to 
upgrade servo firmware and parameters. 

 

Figure 6 - 49 

⚫ BL60M24D8E00430080_MTMBL60.txt 
This is original servo parameter file(.txt) and generated by manual modification or special servo tuning 
tool, this file name means that this parameter file is only for BL60M24D8E00430080 motor, not allowed 
be used on other type/specification motor. 

Please note that, if you change to other specification of motor, the parameter file 
MUST be re-tuned. 
 
This file couldn’t directly download to slave, must be converted to 
“AX58200_BL60M24D8E00430080_MTMBL60.efw” file by calling genImages.bat. 

For ARM Keil MDK, the file path is 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\Keil\genImages.bat”. 
For IAR EWARM, the file path is 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\IAR_vXXX\InfoAdderDebug.b

at” and “…\InfoAdderRelease.bat”. 
For NuEclipse IDE, the file path is 
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\NuEclipse\genImages.sh”. 
 
Normally, this batch file will be executed at post build action, you can manual execute it by double click as 
well. 
As the file content below, you can add/modify parameter file naming for other motor. 

 

Figure 6 - 50 

 
⚫ AX58200_MotorControl.efw 

This is converted firmware image(.efw) for FoE upgrading, the converted image except pre-pended 
32bytes file information, nothing else has changed. the 32 bytes file information is used to do file 
signature, data integrity check and file type distinguish. 
 

⚫ AX58200_BL60M24D8E00430080_MTMBL60.efw 
Similar to AX58200_MotorControl.efw, but is converted from BL60M24D8E00430080_MTMBL60.txt 
and used for servo parameter upgrading. 
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6-8 Check Firmware Status by Debug Port 
 
It is helpful by using debug port for debug / check the firmware status. We just need to modify the “DIP of ICE” 
to correct state, connect the “Debug Port” to the host and open the COM port. 
 
Make sure to take off the USB power cable and modify the “DIP of ICE” to below state: 
 

 

Figure 6 - 51 

 
And let “Debug Port” to connect your host: 
 

 

Figure 6 - 52 
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You can check the success of the firmware and parameter upgrade through the Serial port tool. 
 
The following example uses “Tera Term” as the serial port tool, and default setting of UART port of AX58200 
as following: 
 
⚫ Baud rate: 115200 
⚫ Data:  8 bit 
⚫ Parity:  none 
⚫ Stop:  1 bit 
⚫ Flow control: none 
 

 

Figure 6 - 53 

 
Open the Serial port. If no any characters appear in Serial port, you can press “Reset” button to confirm again. 
Below screen indicates firmware start up the EtherCAT Slave Stack successfully. 
 

 

Figure 6 - 54 
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7. PLC Application 
 
Please refer to the file “AX58x00_TwinCAT_UserGuide” Chapter 5. 
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8. Object Dictionary 
 
These reference design follows CiA402 device profile and used as an interface to integrate Motor Control 
Stack and EtherCAT Slave Stack, the CiA402 protocol implement a state machine and object dictionary for 
external EtherCAT master access, Master side can control motor, switch operation mode and monitor motor 
status by manipulation of object dictionary. 
 

8-1 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 Slave side, 
so developer can still add application functions on them. 
 
Object type definition are 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 8 - 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: control word, target 
position, target velocity, mode of 
operation 

0x1601 
RECORD Rx pdo mapping of csp 

PDO Mapping 
RO 

Mapped objects: control word, target 
position 

0x1602 
RECORD Rx pdo mapping of csv 

PDO Mapping 
RO 

Mapped objects: control word, target 
velocity 

0x1A00 
RECORD Tx pdo mapping of csp/csv 

PDO Mapping RO Mapped objects: status word, actual 
position, actual velocity, mode of 
operation display 

0x1A01 
RECORD Tx pdo mapping of csp 

PDO Mapping RO Mapped objects: status word, actual 
position 

0x1A02 
RECORD Tx pdo mapping of csv 

PDO Mapping RO Mapped objects: status word, actual 
position 

0x1C12 
VAR SM2 assignment UNSIGNED16 RW 

Assign by default the csp process 
data mapping 

0x1C13 VAR 
SM3 assignment UNSIGNED16 RW 

Assign by default the csp process 
data mapping 

Table 8 - 2 
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⚫ 0x2000~0x3FFF area object definition 

Index 
Object 
Type 

Name Data Type Access Mappable Remark 

0x3130 VAR posMXE INTEGER32 RW N Position loop error limitation (Unit: ticks) 

0x3131 VAR posMXI INTEGER32 RW N Position loop integral limitation (Unit: ticks) 

0x3132 VAR posMXO INTEGER32 RW N Position loop output limitation (Unit: ticks/ms) 

0x3133 VAR posKP INTEGER32 RW N Position loop proportional gain 

0x3134 VAR posKI INTEGER32 RW N Position loop integral gain 

0x3135 VAR posDIV INTEGER32 RW N Position error divider 

0x3144 VAR spdMXE INTEGER32 RW N Speed loop error limitation (Unit: ticks/ms) 

0x3145 VAR spdMXI INTEGER32 RW N Speed loop integral limitation (Unit: ticks) 

0x3146 VAR spdMXO INTEGER32 RW N Speed loop output limitation (Unit: 0.1%) 

0x3147 VAR spdKP INTEGER32 RW N Speed loop proportional gain 

0x3148 VAR spdKI INTEGER32 RW N Speed loop integral gain 

0x3149 VAR spdFLT INTEGER32 RW N Speed feedback filtering factor denominator 

0x3157 VAR ampLMT INTEGER32 RW N Current loop command limitation (Unit: 0.1%) 

0x3158 VAR ampMXE INTEGER32 RW N Current loop error limitation (Unit: 0.1%) 

0x3159 VAR ampMXI INTEGER32 RW N Current loop integral limitation (Unit: 0.1%) 

0x315A VAR ampMXO INTEGER32 RW N Current loop output limitation (Unit: 0.1%) 

0x315B VAR ampKP INTEGER32 RW N Current loop proportional gain 

0x315C VAR ampKI INTEGER32 RW N Current loop integral gain 

0x315D VAR ampFLT INTEGER32 RW N Current feedback filtering factor denominator 

0x31AF VAR pwmINV INTEGER32 RW N Vector angle inverse 

0x31B1 VAR pwmFLT INTEGER32 RW N D/Q phase current feedback filtering factor 
denominator 

0x31D3 VAR adcK0 INTEGER32 RW N D/Q phase currernt mA to 0.1% scaling factor 
numerator 

0x31D4 VAR adcK INTEGER32 RW N U/V/W phase current adc dig to mA scaling factor 

0x31D5 VAR adcSTD INTEGER32 RW N D/Q phase currernt mA to 0.1% scaling factor 
denominator (Unit: A) 

0x31E4 VAR angREL INTEGER32 RW N Incremental encoder resolution (Unit: ticks) 

0x31E5 VAR angPOLE INTEGER32 RW N Motor pole pairs 

0x31E7 VAR angINV INTEGER32 RW N Software angle polarity 

0x33FE VAR romVERS INTEGER32 RW N Device identify & parameter file version 

0x33FF VAR romDATE INTEGER32 RW N Parameter file date 

Table 8 - 3 

 
⚫ 0x6000~0xFFFF area object definition 

Index 
Object 
Type 

Name Data Type Access Mappable Remark 

0x603F VAR Error code UNSIGNED16 RO N  

0x6040 VAR Control word UNSIGNED16 RW Y  

0x6041 VAR Status word UNSIGNED16 RO Y  

0x604F VAR VL Ramp Function Time UNSIGNED32 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 INTEGER16 RW Y  
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0x6061 VAR Modes of operation display INTEGER16 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 UNSIGNED32- RW N  

0x6085 VAR Quick stop deceleration UNSIGNED32 RW N  

0x6098 VAR Homing method INTEGER8 RO N  

0x6099 RECORD Homing speed - RW N  

0x609A VAR Homing acceleration UNSIGNED32 RO 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 CSP、CSV、HM mode 

are supported 

0xF000 RECORD Modular device profile - RO N  

0xF010 VAR Module profile list UNSIGNED32 RO N  

Table 8 - 4 
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9. Performance Evaluation 
 
Since we need to test the minimum DC cycle time, we use beckhoff's IPC as the master. 
Test environment: Beckhoff C69200-0050, please refer to: https://www.beckhoff.com/en-
en/products/ipc/pcs/c69xx-compact-industrial-pcs/c6920.html. 
 

9-1 Minimum DC Cycle Time 
 
With TwinCAT Master, the DC and PD conditions are shown as below. Master use LRW command to do PD 
transfer with 8bytes input and 8bytes output, under this setting, the minimum DC cycle time can down to 
250us. 

 

Figure 9 - 1 

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

 
 

Figure 9 - 2 

 

https://www.beckhoff.com/en-en/products/ipc/pcs/c69xx-compact-industrial-pcs/c6920.html
https://www.beckhoff.com/en-en/products/ipc/pcs/c69xx-compact-industrial-pcs/c6920.html
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Also, without detected SM-Event Missed, Cycle Time Too Small and Sync Error at Slave side. 
 

 

Figure 9 - 3 
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With TwinCAT Master, the DC and PD conditions are shown as below. Master use LRW command to do PD 
transfer with 14bytes input and 14bytes output, under this setting, the minimum DC cycle time can down to 
750us. 
 

 

Figure 9 - 4 

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

 

Figure 9 - 5 
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Also, without detected SM-Event Missed, Cycle Time Too Small and Sync Error at Slave side. 
 

 

Figure 9 - 6 
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10. How to Tuning Loop Gain with a Motor 
 
This servo drive provides the parameter file that allow you to specify related attribute for other motors. 
Here has an example to introduce how to setup and tuning the parameter file for the motor “MOTION TECH 
BL60M24D8E00430080”. 
 
The servo drive internally contains three control loops, to understand the control loop models is useful for 
parameter file setup and tuning. 
 
⚫ Position Control Loop 
The PI position control loop is shown as below, the iopANG is the position feedback which sensing by 
encoder, the position loop execution rate is 1KHz. 

 

Figure 10 -  1 

 
⚫ Speed Control Loop 
The speed control loop is also run with PI regulation, the iopSPD is speed feedback which calculated from 
iopANG, this loop also executed under 1KHz.  

 

Figure 10 -  2 

 
⚫ Current Control Loops 
The current control is separated into D and Q phases loops based on FOC architecture, Normally, only 
ampCMD is for the Q phase current command, and the current command of the D phase is set to zero. 
This loop is executed under 20Khz and should work in coordination with PWM cycle. 
 

 

Figure 10 -  3 
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10-1 Prepare and Download Parameter File 
 
The parameter file supports some settings that allow changing to accord your motor & encoder specifications 
or control response. 
The default value as below is only for the motor & encoder combination “MOTION TECH 
BL60M24D8E00430080”, please based on your motor & encoder specification to decide parameters. 
 

Name Data Type 
Default 
 Value 

Unit Description 

posMXE SIGNED32 500 Ticks Position control loop error limitation. 

posMXI SIGNED32 10000 N/A Position contorl loop integral error limitation. 

posMXO SIGNED32 500 Ticks/ms Position control loop output limitation. 

posKP SIGNED32 50 N/A Position control loop proportion gain. 

posKI SIGNED32 30 N/A Position control loop integral gain. 

spdMXE SIGNED32 300 Ticks/ms Speed control loop error limitation. 

spdMXI SIGNED32 10000 N/A Speed contorl loop integral error limitation. 

spdMXO SIGNED32 1000 0.1% Speed control loop output limitation. 

spdKP SIGNED32 800 N/A Speed control loop proportion gain. 

spdKI SIGNED32 1200 N/A Speed control loop integral gain. 

ampMXE SIGNED32 300 0.1% Current control loop error limitation. 

ampMXI SIGNED32 10000 N/A Current contorl loop integral error limitation. 

ampMXO SIGNED32 1000 0.1% Current control loop output limitation. 

ampKP SIGNED32 80 N/A Current control loop proportion gain. 

ampKI SIGNED32 1000 N/A Current control loop integral gain. 

pwmINV SIGNED32 0 N/A Rotating magnetic field angle polarity inverse. 

pwmALI SIGNED32 200 0.1% Maximum torque for vector alignment stage. 

adcSTD SIGNED32 4 Arms Motor rate current. 

angREL SIGNED32 10000 cpr Incremental encoder resolution. 

angPOLE SIGNED32 4 pairs Motor pole pair number. 

angINV SIGNED32 3 N/A Angle feedback polarity inverse. 

romVERS SIGNED32 0 N/A Parameter file revision number. 

romDATE SIGNED32 0 N/A Parameter file date-time. 

Table 10 -  1 
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10-2 Create Scope Project on 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 10 -  4 

 
Here selects the “Scope YT Project” then click “OK” button to complete the scope creation. 

 

Figure 10 -  5 
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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 10 -  6 

 

Figure 10 -  7 

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

 

Figure 10 -  8 
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Figure 10 -  9 

 

 

Figure 10 -  10 

 
So far, the scope is ready to record the process data, we can start to tuning the position and speed loop gain. 
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10-3 Position Loop Gain Value Tuning 
 
Let TwinCAT entered running mode, then press “Servo ON/OFF” button to enter CiA402 operation state. 
Turn on “CSP ON/OFF” switch to do position loop gain tuning. 
 

 

Figure 10 -  11 

If you want to adjust the gain values, please switch back to “CoE-Online” function tab as below and write 
posKP or posKI via SDO transfer directly. 
 
Please note that, the gain value modification over here is not permanent, if the gain tuning is finalized, please 
update these gain values in parameter file and download it to servo drive again. 
 

 

Figure 10 -  12 

If the tuning is complete, please turn off the “CSP ON/OFF” switch and wait for the motor to stop. 
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10-4 Speed Loop Gain Value Tuning 
 
Want to do speed loop gain tuning, please turn on “CSV ON/OFF” switch and change the speed command, 
then record the curves to observe its overshot, settling time or following error. 
Similarly, switch back to “CoE-Online” function tab to adjust spdKP and spdKI until satisfying the application 
requirement. 
 

 

Figure 10 -  13 
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Evaluation Board License Agreement 
 

By using this evaluation board or kit (together with all associated software, hardware and documentation 
provided by ASIX, collectively, the "Evaluation Board"), you ("You") agree to be bound by the terms and 
conditions of this Evaluation Board License Agreement ("Agreement "). Do not use the evaluation board until 
you have read and agreed to this agreement. Your use of the Evaluation Board constitutes your acceptance 
of this Agreement. 
 
License: 
ASIX Electronics (“ASIX”) grants you the right to use the accompanying evaluation board, which provides 
limited functionality, for the sole purpose of evaluating and testing ASIX products for your evaluation and 
testing purposes in a research and development environment. Under no circumstances should the evaluation 
board be assembled, directly or indirectly, as part of any of your products, as it has been developed for 
evaluation purposes only and has no direct functionality and is not a finished product. 
 
Notice: 
(1) The description of hardware circuit, software tools and other related information in this document are only 

used to illustrate the operation of application examples for ASIX Electronic products. You are solely 
responsible for the use of such circuits, software and information in the design of your equipment. ASIX 
Electronics is not responsible for any losses arising out of the use of the circuit, software or information by 
you or a third party. 

(2) ASIX Electronics has taken reasonable care in describing the information in this document, but ASIX 
Electronics does not warrant that such information is error-free. ASIX Electronics disclaims all liability for 
any damages you may suffer as a result of errors or omissions in the information contained herein. 

(3) ASIX Electronics shall not be liable for infringement of patents, copyrights or other intellectual property 
rights of third parties due to the use of ASIX Electronics products or the technical information described in 
this document. No license, express or implied, or otherwise, is granted under any patent, copyright or 
other intellectual property rights of ASIX Electronics or others. 

(4) You may not alter, modify, copy or otherwise misappropriate any ASIX electronic product, whether in 
whole or in part. ASIX Electronics shall not be liable for any loss incurred by you or a third party as a 
result of altering, modifying, copying or otherwise misappropriating ASIX Electronics products. 

(5) You should use the ASIX Electronic products described in this document within the range specified by 
ASIX Electronic, especially the maximum rating, operating power supply voltage range, mobile power 
supply voltage range, heat radiation characteristics, installation and other product characteristics. ASIX 
Electronics accepts no liability for malfunctions or damages resulting from use of ASIX Electronics 
products outside of such designations. 

(6) When using ASIX electronic products, please comply with all applicable laws and regulations that regulate 
the inclusion or use of controlled substances, including but not limited to the EU RoHS Directive. ASIX 
Electronics disclaims all liability for damage or loss resulting from your failure to comply with applicable 
laws and regulations. 

(7) The buyer or distributor of ASIX electronic products is responsible for distributing, disposing of or 
otherwise placing the product to a third party, and notifying the third party of the contents and conditions 
specified in this document in advance, ASIX Electronics shall not be liable for any loss suffered as a result 
of authorized use of ASIX Electronics products. 

(8) This document may not be reproduced or reproduced in any form, in whole or in part, without the prior 
written consent of ASIX Electronics. 
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DISCLAIMER 
 
No part of this document may be reproduced or transmitted in any form or by any means, electronic or 
mechanical, including photocopying and recording, for any purpose, without the express written permission of 
ASIX. ASIX may make changes to the product specifications and descriptions in this document at any time, 
without notice.  
 
ASIX provides this document “as is” without warranty of any kind, either expressed or implied, including 
without limitation warranties of merchantability, fitness for a particular purpose, and non-infringement.  
 
Designers must not rely on the absence or characteristics of any features or registers marked “reserved”, 
“undefined” or “NC”. ASIX reserves these for future definition and shall have no responsibility whatsoever for 
conflicts or incompatibilities arising from future changes to them. Always contact ASIX to get the latest 
document before starting a design of ASIX products.  
 
TRADEMARKS  
  
ASIX, the ASIX logo are registered trademarks of ASIX Electronics Corporation. All other trademarks are the  
property of their respective owners.  
 
EtherCAT®  is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH, 
Germany.   
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