AX58200

ASIX Motor Control User Guide

AX58200 Motor Control
User Guide

Revision 3.10
September 6, 2024

1
Copyright (C) 2020-2024 Reserved by ASIX Electronics Corporation, All Rights Reserved.



A ASIX

AX58200
Motor Control User Guide

Revision History

Revision Date Description
1.00 2020/03/27 Initial release
2.00 2021/10/11 Modify the control mode to FOC and three-loop Pl controller
2.10 2022/11/16 Added SSC tool version requirement.
2.20 2023/08/31 1.Added evaluation board license agreement.
2.Updated the description & figures of chapter 7.
3.Updated the object dictionary table at chapter 8.
4.Added new chapter to introduce how to setup and tuning the parameter file.
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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).

s /0
,
AC 110v/220V %1' w

—

DC-24Vv
AC/DC Power Adapter ——, H1,H2,H3 ABZ Encoder
h 4
J1 | J2
J9 (e—
3 J10 |:
j AX58200-EXB-SDB
PLC Demo Program —»{J1T
2 | [ a3
TwinCAT Master Supply 5V power to ¢
AX58200-TSB-1 - T - 2
~——» CON4 Portl
CON2 € -
-/ AX58200-TSB-SDB
CON3
« » ICON1 Port1
@ ICE USB used to download

firmware and debugging(for
development stage only)

EtherCAT Network

Figure1-1

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
® Ademo GUI

7
Copyright (C) 2020-2024 Reserved by ASIX Electronics Corporation, All Rights Reserved.



: AX58200
A\SIX Motor Control User Guide

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.

Position + Speed + Current
Control

Use software tools on PC Communication
uvw

TwinCAT Master

SYPWM Three phase
Inverter

YYyY

S0 oY MBI Ficld Oriented
Interface | | | el N{Zel6}]

Three phase
current sensor

Incremental Encoder
Interface

Figure 1 -2

o 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 Iatel_rﬁI

Figure2-1

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

HViSi0n® < Integrated

Development
LEnvironment

ARMKEIL

Figure 2 - 2
[ | efw Embedded Workbench for ARM 7.40 or later

GIAR

SYSTEMS

Figure 2 -3

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

& eclipse

MARS.2

Figure 2 -4
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® BeckHoff SSC Tool v5.13 (for development only)

Figure 2 -5
[Hardware]
® AX58200 Test Board (AX58200-TSB) x 1

ASIX ELECTRONICS CORPORATION
AX58200 Test Board Rev3.0 o
AX58200-T58-1

i i
)

§ Euse

Figure 2 - 6

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

J18 ;
ousy” sos-pa-comaery J17
J16
4 J10

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

BL60M24D8E00430080 Performance Spec.

Rated Voltage 24VDC
Direction of Rotation C.Ww.
Rated Power 80w
Rated Torque 2.6 Kg-cm
Rated Input Current 4.0£5%A
Rated Speed 3000£5%RPM
L-L Resistance 48615%m0
Hi-Pot 1000VAC/1mA/1sec.

Insulation Test

500VDC/50MQ min.

Table2-1
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E130H-09 Connector Wire Definition

PIN Definition Wire color
1 U Blue
2 \" Purple
3 1 3 w Gray
6 4 4 Hall Vee Yellow
? 7 5 Hall Gnd Green
E130H-09 . x
(B-B VIEW)
7 S1 Brown
8 s2 Red
9 83 QOrange
Table2-2
PD12-130002 Connector Wire Definition
PIN Definition Wire color
1 Null X
2 Null X
3 Z+ Yellow
—— P— B Red
7 prm—lem— 12 4 *
Lo0Qag
UDUUOU 5 A+ Black
PD12-130002 )
(AcA VIEW] 6 GND White
7 Null X
& Mull X
] Z BErown
10 8 Orange
1 A Green
12 +5v Blue
Table2-3

® 24VDC/8A Power Supply x 1

Figure 2 - 11
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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 Portl — 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
USB2.0 OTG NUCT25REEE AX58200 ESC Port0

Offline programming button

A ER
3 .
Q@..: |
SR Porto o

C
[000ic6io O

2233348

Power port Reset DIP of ICE ESC Port1

Figure 3-1
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3-2. AX58200-EXB-SDB-1 Rev1.0

The AX58200-EXB-SDB-1 Revl1.0 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 pinl pin2

Table 3-1

J18
J17
J16
J9 J10

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.

AX58200 Motor Control Reference Design Connectivity
Asix
ot tivity It P I PCAPC
onnectiaty ftem ower supply AX58200-TSB__ | AX58200-EXB-SDB WITM Wotor
Ethernet port s—» CON2(port0)
EtherCAT network CON3(port1)
Power USB USB port 1 +—* CON4
ICE USB USB port 2 +—» ICON1
J13 > J20
Servo drive control bus i - 21
- +24VDC J17.3
S drive Input volt
ervo drive Input voltage GND 72
Motor U phase J10.1 -~ E130H-09.1(Blue wire)
Motor V phase J10.2 «—»  E130H-09.2(Purple wire)
Motor W phase J10.3 — E130H-09.3(Gray wire)
Encoder A+ J9.5 +«—» PD12-130002.5({Black wire)
Encoder B+ J9.4 <+« PD12-30002 4(Red wire)
Encoder Z+ J9.3 <« PD12-130002.3(Yellow wire)
Encoder A- J9. 11 +«—+ PD12-130002.11(Green wire)
Encoder B- J9.10 «—» PD12-130002.10(Orange wire)
Encoder Z- J9.9 <+ PD12-130002.9(Brown wire)
Encoder Vcc J9.12 +«—+ PD12-130002.12(Blue wire)
Encoder Gnd JO.6 <+ PD12130002.6(White wire)
Table4 -1

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

A

EtherCAT network

Power USB
Figure 4 -1
16
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5. Basic Operation of TwinCAT

Please refer to the file “AX58x00_TwinCAT_UserGuide” Chapter 3.

17
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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.

< (¢ @ nuvoton.com/tool-and-software/software-development-tool/driver/ B
nuvo I on Support Foundry Service News About Nuvoton Nuvoton Partner Buy & English
Products v Applications v Software and Tool v Q

Nu-Link Driver

File name Description Version Date
(X Nu-Link_Keil_Driver V3.02.6990 This driver is to support Nu-Link to work V3.02.6990 2020-2-25 m,\
Revision History under Keil RVMDK Development -
Environment for all NuMicro Family =
Devices. =
0]
(X Nu-Link_IAR Driver V3.02.6990 This driver is to support Nu-Link to work V3.02.6990 2020-2-25 %
Revision History under IAR EWARM Development 2
Environment for all NuMicro Family 2
Devices. o
=
@
Figure 6 - 1
18
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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:

RXD TXD UCOH HSG

Figure 6 - 2

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

Connect to USB host controller port

_of your host
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.

19
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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:

RED THD UCOH HSG
Figure 6 - 4

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

Connect to USB host controller port

_of your host

Figure 6 - 5

20
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Execute the ICP Programming Tool. Click “Continue>>",

-
Nuvoton NuMicro ICP Programming Tool 3.01

NUVOTON

Select Language:

[Engish -
Select Target Chip:

|M4BO Series v]

Continue >>

Support Forum

EN: http://forum.nuvoton.com
SC: http:/#www.nuvoton-meu.com/forum.php

Click “Connect” button.

Figure 6 - 6

+# Nuvoton NuMicro ICP Programming Tool 3.01 - M480 Series

=nee

Project Chips Tool

nuvoTon

Status

Lang:

usge Help

Disconnected

File not load.

size: 351K Bytes,

File not lnad
File not lnad

File not load.

< Update Histary »

checksurn: 7dda

Qffine Flash

Offset: 0x |0

Multibinary mods

Last Byte: Ox |FF

Base Address: 0w (1000000
Fead Size: 252144 Bytes

SPI Flash
SPI Keyl: Ox | 00000000
SPl Keyl: Ox | 00000000

| Data Flash | SPROM | 5PI Flash | LDROM | APROM | Data Flash | SPROM [ Infe |

8 bits
16 bits
) 32 bits

!

Part No.
Load Fie
LDAOM | File Name: C:\LDROM.hex
File Name:  Ditwork\A58200%FromtNuvoten\M480_BSP_CHS
Ml binary
DataFlash | File Mame:  C:\Datahex
File Name:  C:\SPROM.hex
File Name:  C:\SPIFlashuhex
File Name; C:\SecureKey.bin
Config Bits
eng | Configl | BsFFFFFFFE Config: | D000S0000
Corfig2 | sFFFFEass Corfig3 | DWFFFFFFFF
File Data Onvboard Flash
LDROM | APROM | Data Flash | SPAOM | SPI Flash | LDROM | APROM
FD 07 0O 00
00 00 00 o0
21 OB 00 00
1s 0C 00 o0
21 26 00 00
21 26 00 00
21 26 00 00
21 26 00 00
21 26 00 00
31 26 00 00
31 26 00 00
31 26 00 00
[| [JARAnanen: 31 32 An An 31 32 A an 31 32 An An 3t 32 AA an
Progiamming
LDROM APROM Data Flash Config Dptions
SPROM SFI Flash KPROM Secure Key

Start

KPROH Optinms

Build: B351r

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

# Nuvoton NuMicro ICP Programming Tool 3.01 - M480 Series

Project Chips Tool Language Help
nuvoTon g

Status

Chip Connected with Nu-Link ID: 7788c360)

LDROM 4K, APROM 512K, DatalK, SPROM 4K, RAM 160K KE: (0231
e FERERY UIDAUCID: . SPLID: Ox0OFFFFFF KF: (0/7)
Load File
File Name:  C:\LDROM.hex File not load
File Name:  DitiworkhAX 58200\ FromtMuvotor\M480_BSP_CMS  size: 35.1K Bytes, checksum: 7dda Offset: B+ 0
Multi-binar [] Multi-binary mode
File Name:  C:\Datahex File not load.
File Mame: C:\SPROM hex File rot load. Last Byte: s FF
File Name:  C:\SPIFlash hex File rot load. Base Addiess: Ox 0000000
Fead Size: 262144 Byptes
File Name:  C:\SecureKe.bin
Conlig Bits SPI Flash
Config0: | 04FFFFFFFE  Config1: | 000050000 | < Update Histary » - SPl Keyl: Ox 00000000
Config | DsFFFFGA54 Config3: | DuFFFFFFFF SPI Keyl: 0% 00000000
File Data Orboard Flssh Dffine Flash
LDROM | APROM | Data Flash | SPROM | SPI Flash | LDAOM | APROM | Data Flash | SPROM | SPI Flssh | LOROM | APROM | Data Flash | SPROM [ Ino |
+ @ 8bits
© 16bits
© 3zbits

- Refesh
nAnnAncn: 231 38 AN An 21 7& N NN 23 38 AN AN 21 7& A0 nn

Programming
[C|LDROM  [V]APROM  [|DataFlssh [ ]Config Ootions
[T SFROM SPiFlsh  []KPROM SecusKey  KPROM Options

Build: £351r

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\”

# Nuvoton Nulicro ICP Programming Tool 3.01 - M480 Series =
PBroject Chips Iool Language Help
nuvoTon g

Status

Chip Connected with Nu-Link (ID: 7788c360)

LDROM:4K. APROME12K_Data K. SPROM-4K. RAM-160K KE: (0/31)
R0l PR UIDAICID: ... SPI_ID: OxO0FFFFFF KP: [047)
Load File
File Name:  C:\LDROM.hex File ot load
File Name:  D:Work\582005From\Nuvoton'M480_BSP_CM!  size: 351K Bytes, checksum: 7dda Offsst 0x 0

[7] Mult-binary mode

Muli-binary
File Mame: C:\Datahex File nat load
SPROM File Mame:  C:\SPROM hex File not load. Last Byte: Ox FF
SPIFlash | FileName: C:SPIFlashhes File not load Base Addiess: Ox 0000000
Read Size: 262144 Bytes
File Name: C:\SecureKey.bin
Config Bits SFi Flash
Config 0 | D«FFFFFFFE  Corfig1: | 000050000 ¢ Update Histow 5 v|  SPIKey0: 0+ 00000000
Config 2. | 0«FFFFSA54 Config3: | O<FFFFFFFF SPI Keyl: 0x 00000000
File Data Orvboard Flash Offine Flash
LDROM | APROM | Data Flash | SPROM | SPI Flash | LOROM | APROM | Data Flash | SPROM | SPI Flash | LOROM | APROM | Dala Flash | SPROM [Inio |
00000000: 00 BO 02 20 CD 25 00 00 31 26 00 00 FD O7 00 00 -~ @ 8 bity
0000001 31 26 00 00 31 26 00 00 31 26 00 00 00 00 OO OO0 -
0000002 00 00 00 00 00 OO0 OO0 00 00 OO0 00 00 21 OB OO0 OO0 1B bits
0000003 31 26 00 00 00 OO OO OO B1 OB 00 00 15 OC 00 00 -
0000004 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00 ':'32 bits.

0000005 31 26 00 0D 00 00 00 00 31 26 00 00 31 26 0D 00
000000 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00
00000 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00
000000 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00
000000 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00

000000AI

31 26 00 00 31 26 DD 0D 31 26 00 DO 31 26 0D 00
31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00 i

maarn: WM R mERINSEARZERR
Frogriamming
[CILDROM  [V]APROM  [[IDataFlash  [C] Config Options
[Z]SPROM SPIFlash  [C]KPROM Secuekey  KPROM Options

Build: B351r

Figure 6 - 9
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Click “Options”.

# Nuvoton NuMicro ICP Programming Tool 3.01 - M480 Series

Project Chips Tool Language Help
nuvoTon g

Status

Chip Connected with Nu-Link (ID: 7728c360)

LDROM 4K, APROM 512K, DatalK, SPROM 4K, RAM 160K KE: (0/31)
Balio (EESERY UIDAICID: .. SPI_ID: 0x00FFFFFF KP: [0:7)
Load File
File Name: C:\LDROM.hex File not load
File Name:  Ditwork\AX58200%FromtMuvotorn\M480_BSP_CMS  size: 35.1K Bytes, checksum: 7dda Offset: B+ 0
D e 2] Mult birary mede
File Name: C:\Daatauhex File rot load.
File Mame:  C:ASPROM hex File not load. Last Byte: 02 FF
File Name:  C:ASPIFlashhes File not load. Base Addiess: (i 0000000
Read Size: 262144 Bytes
File Name:  C:\Securekey.bin
Conlig Bits SPI Flash
Config0: | O4FFFFFFFE  Config1: | 000050000  |< Update Histary > - SFl Keyl: Ox 00000000
Config2 | DFFFFS454  Config3: | DWFFFFFFFF 5Pl Keyl: 0x 00000000
File Data Orvboard Flash Offine Flash
LDROM | APROM | Data Flash | SPROM | SPI Flash | LDROM | APROM | Data Flash | SPROM | SPI Flssh | LDROM | APROM | Data Flash | SPROM [ Ino |
00000000: 00 80 02 20 CD 25 00 00 31 26 00 00 FD 07 00 00 s @ 0 hits

00000010: 31 26 00 00 31 26 00 00 31 26 00 00 00 00 00 00
00000020: 00 00 00 00 00 00 0O 0O 00 Q0 00 00 21 OB 00 00 16 bits
00000030: 31 26 00 00 00 00 00 00 B1 0B 00 00 15 OC 00 00 -

: 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00 () 32 bits
31 26 00 00 00 00 00 00 31 26 00 00 21 26 00 00
31 26 00 00 21 26 00 00 31 26 00 00 21 26 00 00
31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00
31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00
31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00
31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00

: 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00 J
AnAnnArns 31 32 An An 31 28 An an 21 32 An nn 21 24 an an
Progiamming

[ILDROM  [/]APROM  [IDataFlssh [ ]Config

[C]SFROM SPiFlssh  []KPROM SecueKey  KPROM Options

Build: £351r

Figure 6 - 10

Check the items “Erase”, “Program” and “Verify”.
[FoTbrogram Option MGG =)

Operation

[] Erase whale Chip

Program
[F] Verify [7] Werity SFI Unlock KPROM Key
[ wiite Software Serial Number

["] Reset Chip after Programming

[ Dffline Programming Mode Key2: Oy ssssssss

Software Serial Number [SH]
| 16000000

0010000

Options for Offline Pragramming Mode

Use Password for Offfine 0 ata

Limit The Mumber of Offline Programming

100 I
Auta-programming
Trigger by external input signal
MuLink Pro |0 Voltage
1.8y 284 3) 3.3 5.0
[ pefait | [ ok ][ cancel |

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

# Nuvoton NuMicro ICP Programming Tool 3.01 - M480 Series

Project Chips Tool Language Help
nuvoTon g

Status

Chip Connected with Nu-Link ID: 7788c360)

LDROM 4K, APROM 512K, DatalK, SPROM 4K, RAM 160K KE: (0/31)
Fat Ho I UIDAICID: .. SPI_ID: 0x00FFFFFF KP: [0/7]
Load File
File Name: C:\LDROM.hex File not load
File Name:  DitiworkhAX 58200\ FromtMuvotor\M480_BSP_CMS  size: 35.1K Bytes, checksum: 7dda Offset: B+ 0
O S ] Mult binary mode
File Name: C:\Datauhex File rot load.
File Name:  C:\SPROM hex File rot load. Last Byte: s FF
File Name:  C:\SPIFlashihex File not load. Bisss s 0 1000000
Fead Size: 262144 Byptes
File Mame:  C:\SecureKey bin
Conlig Bits SPI Flash
Config0: | 04FFFFFFFE  Config1: | 000050000 | < Update Histary » - SPl Keyl: Ox 00000000
Corfig2 | DsFFFF5454  Config3: | DWFFFFFFFF SPI Keyl: Ox 00000000
File Data Orvboard Flash Offine Flash
LDROM | APROM | Data Flash | SPROM | SPI Flash | LDAOM | APROM | Data Flash | SPROM | SPI Flssh | LOROM | APROM | Data Flash | SPROM [ Ino |
00000000: 00 80 02 20 CD 25 00 00 31 26 00 00 FD 07 00 00 s

00000010: 31 26 00 00 31 26 00 00 31 26 00 00 00 00 00 0O @ oot
00000020: 00 00 00 00 0O 00 00 OO0 00 00 00 00 21 OB 00 00 16 bits
00000030: 31 26 00 00 00 00 00 00 B1 08 00 00 15 OC 00 00 -
00000040: 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00 () 32 bits.
00000050: 31 26 00 00 00 00 00 00 31 26 00 00 31 26 00 00

31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00

31 26 00 00 31 26 00 00 31 26 00 00 21 26 00 00

31 26 00 00 31 26 00 00 31 26 00 00 21 26 00 00

00000090: 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00

000000AD: 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00

000000BO: 31 26 00 00 31 26 00 00 31 26 00 00 31 26 00 00 A
AnAnnArns 31 32 An An 31 28 an an 21 32 An nn 21 24 an an

Programming
[C]LDROM [1DataFlash [ Conlig Ootions
[T SFROM SPiFlsh  []KPROM SecusKey  KPROM Options

Build: £351r

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:

1]} ]

111

RsD TxD UCOH HSG

Figure 6 - 13

And let “Debug Port” to connect your host:

Connect to USB host controller port

_of 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\

”

Name : Date modified Type

l Import 8/6/2021 1:53 PM File folder
B s 8/25/2021 6:08 PM File folder
ssc. AX58200_MotorControl.esp 8/23/2021 11:05 AM ESP File
4 AX58200_MotorControl.xml 8/23/2021 11:05 AM AML File

Figure 6 - 15

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

By AX58200_MotorControl - Slave Stack Code Tool = O *

File | Project Tool Help

1 MNew Ctrl+N Slave Settings
5 Open Ctrl+0 SEC Version 512
H save ClsS Config File Version 1.4.1.0
File name Description Version -~
Save As £ . - = —~ —
200_MotorContrale 4K S oitrol 4 00_MotorComtrol 1001t
bt & AE58200_MotorContralh 10011
- Meilbox AX58200_MotorControlO.
fo Compiler
aoeapplc A0E ADS over EtherCAT 511
aoeappLh 511
appllnterface h Ecatdppl EtherCAT application 512
bootmode.c ESH EtherCAT State Machine 5121
bootmade h 5111
bootloaderapple Bootloader Bootloader Sample 51z
hentlnad arannl 519 Y

Reload File Eemove File Ad4d Fileiz)
Conflicts
€ Info b Waming & Error

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

(® Default
O Custom | ASTE A¥58200 |8BIT GPIO, 16BIT A10 <ASIX Electronics Corporations

Default SlaveStackCode configuration.
Al settings are available.

oK
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\l
mport\Configuration\”.

&5 Import Configuration file(s) @
@uv| . = Impert » Configuration » v|¢¢|| Search Configuration Pl
Organize « New folder =~ [0 l@l

- Fa it MName Date modified Type Size
2l
= | files 1  2021/10A13.. Filefolder
& I =] Asiefax58200MotorControl Configurations I 2021/8/30 ... XML Decument 10 KE
= Lil
&
=l
ol b, T m b
File pame:  Asix2x58200MotorControlConfigural + | xml hd
2 Open |v Cancel

Figure 6 - 18
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Step 5: Click “OK”.

(O Default
(® Custom IAASIX AX58200 | Motor Control <ASIX Electronics Corporations v |

Vendor: ASIH Electronics Corporation (0xB95). ~
Version: 1.0.00
NOTE: This configuration is not provided by Beckhoff &utomation and files or file

fragments may be added which are NOT covered by the license from Beckhoff Lutomation
GmbH.

Shall be et if the Slave code executes on an AX58200 device (CPU: ARM Cortex-M4). The
application should run on an AX 58200 evalvation board
from ASTH Electronics and requires the SDK for building the proiect. This file is included in ¥

Figure 6 - 19

Step 6: Click “Yes”.

Slave Stack Code Tool

External files need to be added to activate the configuration.
Do you want to proceed?

NOTE:

These files are not covered by the license from Beckhoff
Automation GmbH & Co. KG.

Yes No

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

EtherCAT Slave” - Slave Stack Code Tool = [} X

File  Project Help

e Projec Show Conflict Window
BB e | Options 12

H g;n;::'cm EEPROM Programmer S0 = Voaon. [a

: g"ﬂ:“?ﬁfﬂ S| Application _ 2 Create new EtherCAT 511

E A:??I];if\: :f;Dana apeapplh 511

; - ‘l‘dajlll;odxl applinterface h Ecathppl EtherCA T application 5.12
bootmode.c ESM EtherCAT State Machine 5121
bootmode.h 5111
bootloaderappl.c Bootloader Bootloader Sample 512
bootloaderapplh 512
ciad02applc Cit402appl Ci4402 Sample Application 512
ciad02applh 512
creannl ~ R CAN Annlication Prafile aver Fthed 4T 5171 Y

Reload File Remove Fil: Add File(s)
Conflicts

€ Info A4 Warning Q Error

New project created

Figure 6 - 21

® Step 8: Select “AX58200 MotorControl.xIsx” from directory and click “Open”
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\
Import\Configuration\files\”.

553 Select an ObjectDictionary file @
@uv| . &« Import » Configuration » files - |$,|| Search files p|
Organize v MNew folder =+ [ .@.

3 1 Name : Date modifi.. Type Size
J || 2 Ax58200_MotorControl | 202171011, Microsoft Excel .. 28 KB
=]
& H
1y
=
&
=
- n b
File name:  AX58200_MotorControl - [Excel files v]
I| Open |vu [ Cancel ]

Figure 6 - 22

29
Copyright (C) 2020-2024 Reserved by ASIX Electronics Corporation, All Rights Reserved.



AX58200

AR
A\SIX Motor Control User Guide

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

Import Application | D:\kyle\Porject\AX58200\AX58200_MotorControl\Firmware_v2.0.0_Source\AX58200._... n

Application name |AX56200_MotoiControl ]
Logger |

Excel parser | open D:kyle'\Porjectib 582000258200 _MotorControliFirmware_v2.0.0_Source\d X 58200

_MotorControl_Firmware_v2.0.0_Source_NewBoard_0821\8ampleCode\Ethercat_MotorControl_Reference_Design

‘\For_SSC_ToolImportil pplication®\d ¥ 58200_MotorControl xdsx'

Excel Parser | Parse the worksheet Profile’.

Table parser | Parse the column Servo’

222> Servo

<<<< Servo

Create PDO mapping objects.

heck objects finished.

Figure 6 - 23

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

AX58200_MotorControl* - Slave Stack Code Tool - (] X
Tool Help

@ Project Update

"] Findsetting Ctrl+F ol

H ersion 1.4.00

L Create new Slave Files F5 Description Y arsion 25

. Synchronisation D :

et soeapplh 511

P:{a.:,lzsl}:‘ appllnterface h Ecatippl EthexCAT application 512
bootmode. ¢ ESM EtherCAT State Machine 5121
bootmode.h 5111
bootloaderappl.c Bootloader Bootloader Sample 5.12
bootloaderapplh 5.12
ciad0Zapplc Cit402appl Ci4402 Sample Lpplication 5.12
ciad02applh 5.12
raganml o CaR CAN Annlication Prafile cver Fthed ™4 T 5121 ing

21oad. Fils Eeratwve Fils Add File(s)
Conflicts

€ Info 4 Waming &) Error

AX58200_MotorControl.c reloaded

Figure 6 - 24
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® Step 11: Click “OK”.

Slave Stack Code Tool X

0 Current project will be saved before create new Slave files.

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\

33¢ Save Slave Project File

€« =2 v 4 . SampleCode Ethercat_MotorControl_Reference_Design For_SSC_Tool

Organize v New folder

. Motion_PMC # Name Date modified Type

& OneDrive . Import File folder
. Src 8/27/2021 1 V File folder

M This &
2 The PG ss¢ AX58200_MotorControl.esp 8 119 AN ESP File

WP 3D Objects

M Desktop

. Documents

§ Downloads
Music

B3 Pictures

¢ Videos

#= Local Disk (C:)

File name:  AX58200_MotorControl.esp y

Save as type: | Slave Tool Project (".esp)

~ Hide Folders

Figure 6 - 26

® Step 13: Click “Yes”.

Confirm Save As

AX58200_MotorControl.esp already exists.
Do you want to replace it?

Vs |f No |

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\
SrcV.
The “ESI File” must be saving in the directory:
“YOUR_BSP_FOLDER\SampleCode\Ethercat_MotorControl_Reference_Design\For_SSC_Tool\

”

Project File Diikyle\Porjectul ¥ 582000 X 58200_MotorControl\Firmware_v2 .D.U_Souxce'\AXSBZUO_MomContml_l:]
Source Folder {30&\:1_0821\?a.mpleCode\Ethercat_Mobeontml_Refemme_Design\For_SSC_Tool\Sm] Change

ESI File iD:\ky]e\Pon'ect\AX582UU\AXSBZUU_MomContol\Finnwm_VZDAU_Some\AXSSZUD_\ Change
L Dikyle‘\Porjectit 582000 K 58200 _MotorControl\Firmware_+2.0.0_Source 200_
Progress
Cancel Start
Figure 6 - 28

® Step 15: Click “OK”.

Create Files Finished — O X

New files created successfully .

Open Folder

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\
SrcV.

I

Project File i 21k‘?smpleCode\Ethemat_MotoIComml_Refemnce_Design\For_SSC_Tool\AXSSZOD_MotoxContml.esp}
Source Folder 303.0:1_0821\?a.mpleCOde'\Ethemat_MotuIContml_RefeIence_Desing\For_SSC_Tool\Sm‘

ERI File ED:\kyle'\Poxjecf\AX58200\AXSSQUD_MDtoxContUl\Firmwm_vZ.D.U_Soume\AXSBZUD_‘

DAk ontrol\Fin c

oto:

Progress

"esc.h" : new file written A
"foeappl.c" : new file written

"foeappl.h" : new file written

"mailbox.c" : new file written

"mailbox.h" : new file written

"objdef.c" : new file written

"objdef.h" : new file written

"sdoserv.c" : new file written

"sdoserv.h" : new file written

"AX58200 Hw.c" : new file written

"AX58200_Hw.h" : new file written

"AXS8200_MotorControl.c" : new file written

"AX58200 MotorControl.h" : new file written

"RX58200_ FoelRppl.c" : new file written

"RX58200 Foelppl.h" : new file written

"AXS58200 MotorControlObjects.h™ : new file written

Generate files finished

Create device description finished "D:\kyle\Porject\AX58200\AX58200 MotorControl
\Firmware v2.0.0_Source\AX58200 MotorControl Firmware v2.0.0_Source NewBoard 0821
\SampleCode\Ethercat_MotorControl Reference_Design\For_ SSC Tool\AXS58200 MotorControl.xml"

Create Slave files finishedl

Close

Figure 6 - 30

Name Date modified

B applinterface.h

B AX58200_FoeAppl.c

B AX58200_FoeAppl.h

B AX58200_Hw.c

B AX58200_ Hw.h

B AX58200_MotorControl.c
B AX58200_MotorControl.h
. AX58200_MotorControlObjects.h
. bootmode.c

. bootmode.h

B coeappl.c

B coeapplh

. ecat_def.h

B ecatappl.c

B ecatapplh

. ecatcoe.c

. ecatcoe.h

. ecatfoe.c

. ecatfoe.h

s @M Create slave
. esc.h

B foeappl.c -

oo #files success
B mailbox.h

B objdef.c

B objdef.h

. sdoserv.c
. sdoserv.h

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

F|Ie1 Edit View ﬁjcd Flash Debug Peripherals Tools SVCS Window Help
™ - 3 o E IE @ Maintoop AL Qe & @y X
[ @ is [R] roe G582 e5m
Project L | _] mainc
= % Project: MotorControl 1E/*
| @ Project 2
© 1 CMmsIs 3
3— 2 llser ;
I ¥ [ ] mainc I 6
¥ L4 Library )
4 & 4 Beckhoff SSC z
+ {d Mcinterface 0
# 4 McHal 11
© [ McStack 12
@ msis 13
14
1S : |
16
17
i8
19
20
21
22
2
>
29
30 5
31
32
33
34
35
36
37
38
39 inct main()
QPIOJQCQ’G' s | {}F 0, ver <

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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A
ASIX
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

i Add Files.. FrexEncinfo):
fo);
fllas Add Group...
8 ﬂ -\ Import File List.
—. E%Z‘;hon SSC Add Project Connection
= ) Edit Configurations
O8] Librany .
&1 Mchal ; Remove
@ ) McHal_eadc.c 2 .

@ [ McHel_ecap.c
Ha [} McHal_epwm.c
@ [ McHal_gpio.c
H3 [ McHal_husb.c
H& [ McHal_miscc
@ [} McHal_geic
@ [) McHal_tim.c

&5 L Mcinterface

H& [ mec

Ha DY me_ite

L@ [} mc_math.c

&1 L3 McStack

3 [ bus_vol_sensor.c
@ ) curr_tdbk.c

Ha [ dasc

Ha R fiashc

@ [) hall_fdbk.c

Ha () incremental_fdbk ¢
3 [ indicator.c

-3 [} loop_control.c
Ha ) pid.c

@ [ servo_commu.c
@ [ stepper_modec
Ha [ svpwm.c

|-@ [ sw_protection.c
Ha [} temp_sensor.c

Create New Project...
Add Existing Project...
Options...

Version Control System

Make

Rebuild All

Clean
Batch build...

C-STAT Static Analysis
Stop Build

Download and Debug
Debug without Downloading
lake & Restart Debugger

Restart Debuaaer

| Download

SFR Setup

Open Device DescriptioNfile
Save List of Registers...

Ctrl +Break

M1.SwProtInfo);

2:3

Ctrl+D

» |jperipheral ¢/

I E ;IS main.c

—& ] Output

MotoiControl

5

] Download active application I

Wi Il*.Reg nic ()
}
< m
Figure 6 - 33

Download file...

Erase memory

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
\H

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”

S C/C++- Ecat_Gpio_Aio/User/main.c - Eclipse
File Edit Source Refactor Mavigate Search Project Run Window Help

Mew H Open Project - % Lol Ni=Rh s : = o = =
Open File... ! (S)C\Dse Project -
Close All Build Configurations >
Sav Build Praject /
= Build Working Set >
Clean

+  Build Automatically
AIC 1éBitCbjects.h"

Move IMake Target >
# Rename.. C/C++ Index >
[zt Properties
Convert Line Delimiters To sy
_ N _ 8200_F =]
Print... Cul+P Jooc Bm
Switch Workspace > Import Projects A
{1 ) Restart (= TaNT Select a directory to search for existing Eclipse projects. 4
3 £
I; Import. I 2 Import ( ) -
fg Export. @ Select root directory: V|I Browse. I
Select
Py ri i : Browse
e Create new projects from an archive file or directary. ®EEngE i e
1 main.c [Ecat | Projects:
2 flash.h [AX582 X
Select an import source: lelect All
3 flash.c [Motor R fiter text
ype filter tex i :
4bootmods.c [ Select root directory of the projects to import keelect All
JZ Archive File
Exit (=% Existing Prajects into Workspace Refresh
[} File System v Ethercat_GPIO_AIO_Reference_Design ~
] Preferences Binary
= C/C++ For_SSC_Taol
= Git For_TwinCAT
(= Install |AR v@20
& Qomph Option IAR 330
(&= Remaote Systems [ Sear kel
& RPM Oc
af
= Run/Debug i | NuEclipse .
(= Tasks LlHide < ) >
& Team Workin
(= Tracing - |MuEclipse
(adg ®:
@
I:?:I < feck == Canee
< >
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:

LDROM 000100000 ~ 0x00100FFF: 4B
Feserved
FLASHDATA | 0xD0OTFDOO ~ OxOOOTFFFF-4KB
FoE USED 0x00040000 ~ 0x0007EFFF: 252KB

CURRENT PR
BUN TIME 0x00000000 ~ 0x00D3FFFF: 256KB

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:

Connect to USB host controller port of

your host

Connect to Ethernet port of your hosi

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:

Click “LDROM?” button and select the LDROM binary file from the BSP directory
“YOUR_BSP_FOLDER\SampleCode\ISPAISP_UART\Binary\ISP_UART_vx.x.x.bin”.

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”.

Select “LDROM” and “APROM” checkbox.

Click “Start” button.

1)
)

(3)
(4)

=

# Nuvoton NuMicro ICP Programming Tool 3.01 - M480 Series o X

Project Chips Tool Language Help
nuvoTong

Status

Chip Connected with Mu-Link. (ID: 7788d6d8)
LDROM:4K, APROM:512K, Data: 0K, SPROM:4K, RAM: 160K

Disconnect

[

KE: [0/31)

Al PR UIDAUCID: ... SPI_ID: DDOFFFFFF KP: [0/7)
LDROM File Mame: Code\SPMSP_UART Binan\SP_UART w1.0.0bin  size: 3008 Bytes, checksum: bded

APROM | e Name:  =rence. Desion'Binery\AX50200_Gpiohio_yl 20bin  size: 429K Bytes, checksurs book Offset: 0 D
Multibinary {2) [ Multi-binary made

File not load.

DataFlash | File Name: C:'\Datahex
SPROM File Mame:  CASPROM hex File: not load Last Byte: 0x FF
SPIFlash | FilsMame: C:\SPIFlashhex File: nat Inad Ease Address: 0x 0000000
Read Size: 262144 Bytes
Secuie Key | File Mame:  Ci\Securefep.bin
Config Bits SPI Flash
Setling Config0: | 0«FFFFEFFF  Config1: | Ox000FFFFF | < Update History > - SFI Keyl: O 00000000
Corfig 2. | D«FFFFSA54  Config 3 | DxFFFFFFFF SPI Kepl: Ox 00000000
File Dats Onvboard Flash Offline: Flash
LDROM | APROM | Diata Flash | $PROM | SFI Flash | LDROM | APROM | Data Flash | SFROM | 5P Flash | LDROM | APROM | Data Flash | SPROM [ Infa |
000000003 00 19 00 20 €9 02 00 00 09 02 00 OO OE 032 00 00 - @ 8 bits
00000010: 0D 03 00 00 OF 03 00 00 11 03 00 00 00 00 00 00 -
000000203 00 00 00 00 00 OO OO0 00 00 00 00 00 13 03 00 00 1E bite
IF| 00000030: 15 03 00 00 00 00 00 00 17 03 00 00 13 03 00 00 -
00000040: 1B 03 00 00 1B 03 00 00 1B 03 00 00 1B 03 00 00 _) 32 bits
00000050: 1B 03 00 00 1B 03 00 00 1B 03 00 00 1B 03 00 00
000000601 1E 03 00 00 1E 032 00 00 1B 03 00 0O 1E 03 00 00
00000070: 1B 03 00 00 1B 03 00 00 1B 03 00 00 1B 03 00 00
000000801 1E 03 00 00 1E 032 00 00 1B 03 00 0O 1E 03 00 00
00000020: 1B 03 00 00 1B 03 00 00 1B 03 00 00 1B 03 00 00
000000AO0: 1B 03 00 00 1B 03 00 00 1B 03 00 00 1B 03 00 00 —
00000DED: 1B 03 00 00 1E 03 00 00 1B 02 00 00 1E 03 00 00 i Refresh
AnnAnACn: TR N2 An nn 1R N2 an nn 1R N2 an nn iR nz nn nn
Proganming(3) (&)
[VILDROM  [7]APROM | [C1DataFlash (] Confia Optians
[C]sPROM SFIFlash  [E]KPROM SecueKey  KPROM Dptions

Buid: 6351r

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”.

TwinCAT Project! = X

@e-9| &~ General | Adepler BhesCAT Oning | Cof -Onine
earch Solution Explorer (Ctrls P-
B Solution FwinCAT Project]’ (1 project) Mo Addr  Mame State CRC
4 G WAnCAT Project! 001 Box 1 (AX58200_MotorCorkrol)
bl SYSTEM Request INIT state
= momon Request PREQP state
" s Request "SAFEQP" state
E ?_MEW Reqguest ‘0P state
« @vo Request ‘BOCTSTRAP state
i
et _D,:'m. e Clear ERROR state
o Drevice &
*® |mage EEFROM Update...
*H mage-info I Firmware Update... I |
- g 1
: = Is,-nchmt: Actudl ote or | | Counter { Advanced Settings...
nguts
b W Outputs Init Pelp Sdelp Op Send Frames i Praperties...
b @ InfeData Clear CRC Clear Frames ;:T:B N:c i Export...
‘“D -. Box 1 (AX38200_MotorControl) =i : —
& Mappings
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”.

T <« Ethercat_MotorControl_Reference_Design » For_TwinCAT » Upgrade w
B G
LY ﬁ?__'—'_\g -
AX58200 BL&OM24DSEQD430080 MTMEBLSOD
g Ax58200 MotorCaontrol
boL
Figure 6 - 39

Step 3: Click the “OK”.

Edit FoE Mame >
Sting: |.-'1'-.><582EIEI_M atorControl |
Hesx: |4'| BB 35383230 305F 4D BF 74 BF 72 43 EF| Cancel

Lo
Passward [hex):  [00000000

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”.

Microsoft Visual Studio >

o Function Succeeded!

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:

Connect to USB host controller port of

R your host

Connect to Ethernet port of your hoiﬁ

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”.

W o-& K-
earch Solution Expiorer (Ctri+:
B Solution “FwinCAT Project!’ {1 project)
rl .a TwinCAT Project1
bl SYSTEM
= momon
Bl rLc

4 = Device 2 (EtherCAT)

TwinCAT Project] = X

General | Adapter  BtherCAT  Onlne  CaE - Online

No Addr  Mame
1001 Box 1 (AX58200_MetorContml)

State
oF

CRC

Reguest INIT state
Request PREOP state
Request "SAFEQP state
Request ‘0P state

Request ‘BOOTSTRAP state
Clear 'ERROR” state

+@ Image EEPROM Update...
* Image-Info Firmwrare Update... |
- = :
: = I$:fnc|..!n|t= Actual State oP Courter Advanced Settings...
npits
b W Outputs Init Prelp Sdelp Op Send Frames Properties...
b @ InfoData Cear CRC Clear Frames ;::'?FB ) ic Export...
b B Box 1 (AX58200_MotorControl) S 5
:' Mappings
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”.

+ « Ethercat_MotorControl_Reference Design » For TwinCAT » Upgrade w

.

I v AX58200_BLE0ON24D8E00430080_MTMBLED I
# AX58200 MotarContral

LR
Figure 6 - 45
® Step 3: Click the “OK”.
Edit FoE Mame x
String: |A5<582DEI_ELEDM24DBEDEI43EIDE!D_MTM BLED | I ok {
Hew: |4‘| 533538323030 5F 42 4C 36 30 4D 32 3=| Cancel
Length:
Pazzword [hex]: | 00000000

Figure 6 - 46

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

E——
Figure 6 - 47

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

Microsoft Visual Studio >

o Function Succeeded!

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.

[ola ]
@uv| < Ethercat_MotorControl_Reference Design » For_TwinCAT » Upgrade - ‘ 3 ‘ | Search Upgrade jel [
Organize + Include in library + Share with + Mew folder === i@}
D i Name - Date modified Type Size
Bl Desktop L || AX58200_BLG0MZ4DEE00430080_MTMBLEO. efw 2021/10/11 T4 0516 EFW File 2 KB
& Downloads || AX58200_MotorControl.efw 2021/10/11 T4 05:16 EFW File 115KB
= Recent Places | BL6OM24DBE00420080_MTMBLED 2021/10/4 E510:11 Text Docurent 2KB

wdl Libraries
= .

3 items

Figure 6 - 49

® BL60M24D8E00430080_MTMBLGEO.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_MTMBLG60.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.

Sl genimages.bat £ |

€ echo off
Z del ..\For_TwinCAT\Upgrads\*.efw
-\ Ldder.exe .\Cbjects\AX58200_ MotorControl.bin ..\For TwinCAT\Upgrade\BX58200 MotorControl.efw —-sg ASIX -ft O
RAdder.exe ..\For_ TwinCAT\Upgrade\BL6OM24DSE00430080_ MIMBLEO.txt ..\For TwinCAT\Upgrade\AX58200 BL&0M24DSE0D430080 MTMBLE0.efw -sg ASIX -ft 1

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_MTMBLE0.efw
Similar to AX58200_MotorControl.efw, but is converted from BL60M24D8E00430080_MTMBLG60.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:

RXD TXD UCOH HSG

Figure 6 - 51

And let “Debug Port” to connect your host:

Connect to USB host controller port

_of 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
Tera Term: Serial port setup X

o MR k|
0K
Baud rate: 115200 v

Data: 8 bit ~ Cancel
Parity: none ~

Stop: 1 bit v Help
Flow control: none v

Transmit delay

EI msecfchar EI msecfline

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.

M COMB:115200baud - Tera Term VT - O X
File Edit Setup Control Window Help

ASIX Electronics Coporation
AXS8200_MotorControl _Firmware vZ2.0.0, Aug 30 2021
atar‘t EtherCAT Slave Stack OK!

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.

Obiject 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
Object
Index J Name Data Type Access Remark
Type

0x1000 VAR Device type UNSIGNED32 RO
0x1001 VAR Error register UNSIGNEDS8 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 UNSIGNEDS8 RO
0x1C32 RECORD Sync manager output parameters SM Parameter RO
0x1C33 RECORD Sync manager input parameters SM Parameter RO

PDO Mapping Mapped objects: control word, target
0x1600 RECORD Rx pdo mapping of csp/csv RO position, target velocity, mode of

operation
0x1601 RECORD Rx pdo mapping of csp PDO Mapping RO ;';Aoiri)tli)c?r? objects: control word, target
0x1602 RECORD Rx pdo mapping of csv PDO Mapping RO Mezi\gg(te; objects: control word, target
0x1A00 PDO Mapping RO Mapped objects: status word, actual
RECORD Tx pdo mapping of csp/csv position, actual velocity, mode of
operation display
0x1A01 RECORD Tx pdo mapping of csp PDO Mapping RO Il\)/loagi)t;i)c()erc]i objects: status word, actual
0x1A02 RECORD Tx pdo mapping of csv PDO Mapping RO [l\)llozri)t;i)g: objects: status word, actual
0x1C12 VAR SM2 assignment UNSIGNED16 RW QSS'Q” by default the csp process
ata mapping
0x1C13 VAR . IAssign by default the csp process
SM3 assignment UNSIGNED16 RW data mapping
Table 8 - 2
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® 0x2000~0x3FFF area object definition

Index OT?,’SS 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
Ox31AF VAR pwmiINV INTEGER32 RW N ector angle inverse
0x31B1 VAR pwmFLT INTEGER32 RW N D/Q phase current feedback filtering factor
denominator
0x31D3 VAR adcko 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)
O0x31E4 VAR angREL INTEGER32 RW N Incremental encoder resolution (Unit: ticks)
0x31E5 VAR angPOLE INTEGER32 RW N Motor pole pairs
Ox31E7 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 C_)rtyggt 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
Ox604F VAR VL Ramp Function Time UNSIGNED32 RW N
0xB605A 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
Ox605E VAR Fault reaction option code INTEGER16 RW N
0x6060 VAR Modes of operation INTEGER16 RW Y
48
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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
OX607A 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 INTEGERS RO N
0x6099 RECORD Homing speed - RW N
OX609A VAR Homing acceleration UNSIGNED32 RO N
0x60C2 RECORD Interpolation time period - RwW N
Ox60E3 RECORD Supported homing methods - RO N
0x60FD VAR Digital Inputs UNSIGNED32 RO N
OX60FF 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
0xFO010 VAR Module profile list UNSIGNED32 RO
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.

TwinCAT Project2 & X

General Adapter EtherCAT Online CoE - Online

Netld: 192.168.0.200.4.1 Advanced Settings...

Equn Configuration File...

Sync Unit Assignment...
Topology...
Frame Cmd Addr Len wC Sync Unit Cycle {ms)  Utilization (%) Size / Duration (ps)  Map Id
o nNoP  mx00000x0900 4 0.250
WMo ARww 0000 2x0910 4 0.250
0 LRD (05000000 1 0.250
0 LRW _ (x01000000 8 3 <default> 0.250 |
0 BRD  (x0000(x0130 2 1 0.250 380 95/9.52 0
381
h
Number Box Name Online Address  Type In Size Out Size | E-Bus (m... Linkedto
LB Box 1 (AX58200_MotorC... 1001 AX58200_MotorCo... | 8.0 8.0
Figure 9 -1

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

TwinCAT Project2 + X
General Adapter FEtherCAT Online  CoF - Online
No Addr  Name State CRC
LB 1001  Box 1 (AX58200_MotorControl) (o] 0
I
Actual State: opP Counter Cyclic Queued
Init Pre-Op | |Safe-Op Op Send Frames 936476070 + 18010885
Clear CRC Clear Frames | Frames /sec 3000 =0
Lost Frames 0 + 0
Tx/Rx Emors 0 /0
Number Box Name Online Address  Type In Size OutSize  E-Bus(m... Linkedto
LB Box 1 (AX58200_MotorC... 1001 AX58200_MotorCo... 8.0 8.0
Figure 9 - 2
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Also, without detected SM-Event Missed, Cycle Time Too Small and Sync Error at Slave side.

Tincarpoece = IR
General FEtherCAT DC Process Data Statup CoE-Online  Online
Update List [ Auto Update [ Single Update [] Show Offline Data
Advanced... lAll Objects I
Addto Statup.. Module OD (AcEPotk [0 |
Index Name Flags Value
=-1C32:0 SM output parameter RO >32<
1C32:01 Synchronization Type RW 0002 (2)
1C32:02 Cycle Time RO (x0003D030 (250000)
1C32:04 Synchronization Types supported RO (x401F (16415)
1C32:05 Minimum Cycle Time RO (<00030D40 (200000)
1C32:06 Calc and Copy Time RO (x00000000 (0)
1C32:08 Get Cycle Time RW <0000 (0)
1C32:03 Delay Time RO (00000000 (0)
1C32:0A  Sync0 Cycle Time RW (<0003D030 (250000)
1C32:.0B SM-Event Missed RO (<0000 (0)
1C32:0C Cycle Time Too Small RO <0000 (0)
1C32:20 Sync Emor RO FALSE
=-1C33:0 SM input parameter RO >32<
1C33:01  Synchronization Type RW <0002 (2)
1C33:02 Cycle Time RO (x0003D030 (250000)
1C33:04 Synchronization Types supported RO (x401F (16415)
1C33:05 Minimum Cycle Time RO (x00030D40 (200000)
1C33:06 Calc and Copy Time RO (<00000000 (0)
1C33:08 Get Cycle Time RW <0000 (0)
1C33.08 Delay Time RO (x00000000 (0)
IC33.0A Smc Cycle Time RW Q00030090 (250000
1C33:.0B  SM-Event Missed RO (<0000 (0)
1C33:.0C Cycle Time Too Small RO <0000 (0)
1C33:20 _Sync Emmor RO FALSE
+-2000:0 EscDAS RO >20<
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.

TwinCAT Project27 + X

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

General Adapter EtheCAT Online CoE - Online
Netld: 1192.168.0.200.3.1 Advanced Settings...
Export Configuration File...
Sync Unit Assignment...
Topology...
Frame Cmd Addr Len wC Cycle {ms)  Lkilization (%) Size / Duration (us)  Map Id
Mo nNoP  o00000x0300 4 0.750
WMo ARMW x00000x0910 4 0.750
0__1B0  0:09000000 1 0
0___LRW __ 0<01000000 14 3 0.750 I
0 BRD  (x0000(x0130 2 1 0.750 133 101/10.00 0
133
[
Number Box Name Online Address  Type In Size Out Size |E-Bus (m... Linked to
L0 Box 1 (AX58200_MotorC... 1001 AX58200_MotorCo..y 14.0 14.0
Figure 9 -4

Twincar proecty = < IR

General Adapter EtherCAT Online CoE - Online

No Addr  Name State CRC
g 1 1001 Box 1 (AX58200_MotorControl) oP 0
Actual State: OP Cydlic Queued
Init Pre-Op  Safe-Op Op 9024117 + 177428
Clear CRC Clear Frames (1)333 = 54
0 /0

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

= 1C32:0 SM output parameter >32¢

1C32:01  Synchronization Type RW x0002 (2)
1C32:02 Cycle Time RO 00087180 (750000)
1C32:04 Synchronization Types supported RO 0x401F (16415)
1C32:05 Minimum Cycle Time RO x00030D40 (200000)
1C32:06 Calc and Copy Time RO 200000000 (0)
1C32:08 Get Cycle Time RW <0000 (0)
1C32:09 Delay Time RO x00000000 (0)

‘ . B 000087180 (730000)
1C32:.0B SM-Event Missed RO <0000 (0)
1C32.0C Cycle Time Too Small RO x0000 (0)
1C32:0D Shift Time Too Short Counter RO <0000 (0)
1C32:20  Sync Emor RO FALSE

= 1C33:.0 SMinput parameter >32<
1C33:01  Synchronization Type RW 0x0002 (2)
1C33:02 Cycle Time RO 00087180 (750000)
1C33:04 Synchronization Types supported RO 0x401F (16415)
1C33:05 Minimum Cycle Time RO (x00030D40 (200000)
1C33:06 Calc and Copy Time RO 2x00000000 (0)
1C33:08 Get Cycle Time RW 20000 (0)
1C33:09 Delay Time RO 00000000 (0)
§ RW. (00087180 (750000)
1C33:0B SM-Event Missed RO 00000 (0)
1C33.0C Cycle Time Too Small RO <0000 (0)
1C33:0D Shift Time Too Short Counter RO <0000 (0)
1C33:20 Sync Emor RO FALSE
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.

| poskP
. 100
POSCMD s~ jl poSMXE + = Integrator == posMX| == f{?{?—oﬂ pep = pOSMXQ  =p POSOUT
IOpANG —I I
Figure 10 - 1

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

_| spdKP

spdCMD - spdMXE + InlegralDrH spdMXI1

iopSPD

'l 100

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.

ampKP |

- 100

Command ampKl )
ampCMD o & ampMXE +) Integrator ampMX1 iopVQ
ioplQ
0 - ampMXE InlegratorH ampMXI iopVD
ioplD
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 D\?;?l:’ét 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.
pwmALlI 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.

Table10- 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.

Solution Explorer ~4x
@ o-s5alr-
Search Solution Explorer (Ctrl

(Ctrl+) P~ /
Solution 'AX58200_MotorControl' (1 project)
] b

4 i Axes2l0 Mo Build Solution Ctrl+Shift+B
Rebuild Salution ASIX Motor Control

|
1 (right click) Clean Solution

S Analyee .

SAFETY Batch Build...
CHt Configuration Manager...

« @Eo - —
ackages for Solution...

4 4% Devices|
b & Mappin : Servo Off

Mew Solution Explorer View

Calculate Code Metrics

Project Dependencies...

Project Build Order. DN/Q CSP ON/OFF Homing Fault Reset  Servo ON/OFF
2 1 :

3
*3  Add Solution to Source Control... Existing Project... @
@ Save AX58200_MotorControl as Archive. Mew Web Site... -

J Send AX58200_MotorControl by E-Mail Existing Web Site.
Paste Crl+V *ﬂ Mew ltem... Ins set(degree) é
Rename Yo Existing ltem Shift+Al+A 2 -
¢ Open Folder in File Explorer #3  New Solution Folder
H  Properties Alt+Enter ‘ . . .
I Copyright © 2023 ASIX Electronics Corporation

Figure 10 - 4

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

Add New Broject ? X
b Recent MET Framework 4 - Sort by: Default -| i |i= Search Installed Templates (Ctrl+E) R -
4 Installed .
@ Empty Measurement Project TwinCAT Measurement Type: TwinCAT Measurement
b Visual C# . Creates a Measurement Scope Project
b Visual Basic M Measurament Wizard Project TwinCAT Messurement that includes a Scope Instance with a
e Chart and an empty time based Asis
b Visual C++ S| Scope Aray Bar Project TwinCAT Measurement
SQL Server
Python £ Scope YT Project TwinCAT Measurement
b JavaScript
b TypeScript r@\ Scope YT NC Project TwinCAT Measurement
Game —
Build Accelerator hﬁ\ Scope VT Project with Reporting TWinCAT Measurement
b Other Project Types —
Iknncahieaatsment 4 &ﬁ\ Scope XY Project TwinCAT Measurement
EodePlot —
b Scope [ scopexv Project with Reporting TwinCAT Measurement
TwinCAT PLC —
TwinCAT Projects @ Bode Plat TwinCAT Measurement
b Online
Click here to go online and find templates.
Mame: TwinCAT Measurement Project1

Location DATWinCAT _PLCVAX58200_MatorControl - 6
I K ' Cancei |

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.

Solution Explorer Scope YT Project + X Demonstration
@ o-salm &= Chart
10.00:00; 10,000 000)
Search Solution Explorer (Ctrl+) P~ i |‘ ||:
R Solution 'AX58200_MeotorControl' (2 projects) 0.5-
4 gl AX58200_MotorControl
b @l SYSTEM
= moTion e
o ric a
AxMotorControl w120
(43 SAFETY
[ c++ g
4 Fo
b ¥ Devices
b 23 Mappings 0.2
4 [fll] TwinCAT Measurement Projectt
4 Scope YT Project
4 [ Chart 0.14
@ Auisy
— Curs 2
ML Triggel . Marker Window
i Cursor Window
. Trigger Window
[  New Empty Channel

Figure 10 - 6

Target Browser
ADS Opcla Enter Filter.
‘_?_A 0 GWV_Main > Axes[0] > poTargetPosition »

< W SMILE Mame Type Size

[Z 350 PlcTask

3 [ 851: Part851

{=} Canstants
} Global Wariables
lobal WVersion
V_Ciad02
-} GV_Config
= {£} GV_Main

2 (Faxes ARRAY [0.0].. 264

=1 {=)} Axes[0] ST_Servolxis 264

5] paControlWard UINT 2
ACEmsm]  ov
i poTargetVelocity DiNT 4

1

2

o0 o0 o000

7] poModesOfOperation SINT

T piStatus\Word 6 UINT
_@ piPositionActualValue
5 Add ta Scape

T piVelocityActualValue
Figure 10 - 7

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

mj-s.ﬂ@\;, Chart  Chart{1)
Search Solution Explarer (Cirl+) p- Iy |[ommmE

1 Solution 'AX58200_MotorControl' (2 projects)
4 4] AX58200_MotorControl

B Target Browser

H Marker Window
4 B Device2(B 4L Cursor Windaw

D.‘

‘n \:::: F Trigger Window
b2 sl _Nevkes ] &
4 Inputs | ul|  Mew Empty Channel
b B Outputy
b @ InfoDat Stacked Axes
b M Box1 (4 Apply Defaults

4 &% Mappings _J Send Project By E-Mail
iy AMOCS ) Clear Error List
%) AxMotorCq
4 [l TWinCAT Measuremd

a Scope VT Project Ch
4 [ Chart @l copy Ctrl+C
4y pos Paste Curl+v
B piPositiy -
Bl poTarg X Delete Del
Cursar F  Properties Alt+Enter

A Trgger

Figure 10 - 8
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Solution Explorer 4
@l o-sam F = Chart / Chart(1)
Search Solution Explorer (Ctrl+;) P~ o ‘:u.mwm

1] Selution "3(58200_MeterControl' (2 projects)
4 ol AX58200_MotorControl
b |l sysTEM
=] MoTION

0.5 ;

AxMotorControl w120
&5 SAFETY

[ c++ 03]

LA [ Torget frover |
4 % Devices G Target Browser "10

4 = Device 2| HE Marker Window
’: Image }£:  Cursor Window
*
IM58E [ Tigger Window
2 syncy
-
Inputs ] New Empty Channel
W Outpy v visible
e e
Bl Box 1
4 3% Mappings
&%) AxMotor{ ) Send Project By E-Mail...
'’y Adotort () Clear Error List
4[] TwinCAT Measurer
4 [ Scope YT Proje
4 B3 chart
a4 iy Axis Ctrl+C
Berod - pue i
BleoTer o 5oeye Del

| cursor

4 ﬁémﬂi #  Properties Alt+Enter

Figure 10 - 9

vevvw

Apply Defaults

Target Browser

ADS Opcla Enter Filter...
&'T'a o) - GV_Main > Axes[0] » poTargetVelocity =
.‘ B v = MName Type Size
# {=} Constants Q
(2 350:PlcTask # {=} Global_Variables o
1 1 # {=} Global_Version o
® {5} GV_CiAd02 o
# {5} GV_Config o
= =} GV_Main o
= {Faxes ARRAY[0.0].. 264
= {=} Axes[0] ST_Servoluxis 264
i1 paContral\Word UINT 2
# poTargetPasition DINT 4
1P erirrmceasa IR SR
{8 poModesOfOperation SINT 1
i piStatus\Word UINT 2
| piPositionActualValue ’l DIMT 4
(E e e
{8l piModesOfOperationDispl Add to Scope r

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.

Gindlno.nAlA - B
3 AxhotorControl w120~ | u 4| ED| s wE |00, B R ||| | L 0-0| @2 B9 - | Release - TwincATR
Frame Selection " @] | | -

Solution Explorer

mlb-=@®|ﬁ- Chart | Chart(1) 410
AT 4 [ o e B e s o 5] o s o
] Solution "AX58200_MotorContral' (2 projects) S .
4 ]l AX58200_MotorControl
b (4l SYSTEM ( \
= ASIX M c
. Wrwomon - ASIX Motor Contro
b Bl AxMotorControl w120 [
] sareTY lJ
C+t 97500.0 4
4 140
4 *Z Devices
4 = Device 2 (EtherCAT) 82500.0)
28 image
+0 Imaga-\rﬂn CSV ON/OFF CSF ON/OFF a st
b 2 SyncUnits F k 0 0
b Inputs 67500.0 4 ) | = |1
b B Outputs [J Spee . st g o
b @ InfoData ff 1000 2 N
b B Box 1 (AXS8200_MotorControl) 5250004 1
4 g% Mappings k Copyright © 2023 ASIX Electronics Corporation j
5", AxMotorContral w120 Instance - Device|
&% AxMotorControl w120 Instance - Device] Y
4 @ TwinCAT Measurement Project 3750004
4 Bl Seone YT Braject {J L\

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 posKIl 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.

Solution Explarer A Al AX58200 MotorControl £
o - 3 =
@) a|r QGeneral EtherCAT DC | Process Data Startupfl CoE - Online JOnline
Search Solution Explorer (Ctrl+:) P~
R Solution 'AX58200_MotarControl' (2 projects) Update List [J Auto Update Single Update | | Show Offline Data
4 ol Ax58200 MotorControl Advanced | All Objects |
b @l SYSTEM
addiosane. | Aooreoms ]| Moddeopwosronfo |
4 [Jrc
3 EAKMDthDntrDl_ﬂ 20 Index Mame Flags Value Unit
| SAFETY ¥-1C330  SMinput parameter RO 532<
Cs 3130 posMXE RW 500
“ Xg D 3131 poshiXl RW 10000
4 __E‘E'fe? 2 EthercAT) 3132 poshX0 RW 500
4 -~ (
,:T:': . = L] i DO RVY o [ — »
lae 3134 poskl RW 30 ctValue Dialog
Image-Info N
b2 SyncUnits 3135 posDIV RW 0 e 6 I— 71
b Inputs 3144 spdhXE RW 300
b I Outputs 3145 spdiXI RW 10000 Hex: (0x00000032 Cancel
b [ InfoData LD spdMXO Gy 1000 Float 70054323844
1 l b 5ngqusszoo_Motorcmtm\)l 3147 spdKP RW 300
b &7 Mappings 3148 spdKl RW 1200
4 [l TWinCAT Measurement Project! 3148 spdFLT RW 16 Bonk ] 1 Hex Edit
r Scope YT Project 2157 ampLMT RW 2999 B |32EIEIEIEIEIEI | D
4 [ Chart 3158 ampMXE RW 300
4 iy Ais 3159 amphix] RW 10000 | BitSize 01 08 O® ®312 0O O
H piPesitionActualvalue 315A amoMX0 RW 1000
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.

Al Demonstration + X ENEERVENERT =T
=

O 4 4 b bl |Dmmmﬂmm | & |4-. Ol | W R [ St 155148995250 | End: 15:52:19647.250 | Pes: 0000000000000 | Tim: ” (

750.0

600.0 4

450.0 4

CSV ON/OFF || CSPON/OFF Homi

J / “\“I 6 E 5; .gm e(m@.
] O

300.04

150.0 4

Copyright © 2023 ASIX Electronics Corporation )

-150.0 4

-300.04

-450.0 4

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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Copyright © 2020-2024 ASIX Electronics Corporation. All rights reserved.

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, fithess 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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L ASITX

Electronics Corporation

<~

4F, No.8, Hsin Ann RD., Hsinchu Science Park,
Hsinchu, Taiwan, R.O.C.

TEL: +886-3-5799500
FAX: +886-3-5799558

Email: support@asix.com.tw
Web: https://www.asix.com.tw
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