P N
IIIIII
--------

\5//)\‘( AX58100 SoC EtherCAT SSC Porting Guide

- a ¥
o L
N7 Electror

AX58100 SoC EtherCAT SSC Porting Guide

Revision 1.01
May 5", 2020

1
Copyright (C) 2019-2020 Reserved by ASIX Electronics Corporation



R ASTX AX58100 SoC EtherCAT SSC Porting Guide

{7 Electror

Revision History

Revision Date Description
1.00 2019/10/04 | Initial release
1.01 2020/05/05 | 1. Updated Section 5-8.
2. Changed Master information to BECKHOFF TwinCAT

2
Copyright (C) 2019-2020 Reserved by ASIX Electronics Corporation



AX58100 SoC EtherCAT SSC Porting Guide

B wDnp e

Table of Contents

0o o0 [ 1o 1 T i SR 5
AX58100 ESC Process Data Interface (PDI)......cccoeecveveevviiic e, 5
EtherCAT SSC OVEIVIEBW.......cciieeivie e e et 9
Hardware/Software Requirements.........c.ccoccvvvvvivevneiin e, 11
4-1. EtNEIrCAT MaSIEI ....ccii ittt e e e 11
4-1-1. Environment REqQUIrEMENTS ......ccceeiiiiiieiic e 11
4-2. EtNEICAT SIQVE ....ooiieeice ettt 12
4-2-1. Hardware REqQUITEMENTS........ccciieiiieiie et 12
4-2-1-1. X-NUCLEO-IHMO07M1 Board Circuits Modification for NUCLEO-F303RE ..... 14
4-2-2. Software REQUITEMENTS.......ccciviiieiie e 15
How to port AX58100 EtherCAT SSC for STM32 MCU................. 16
5-1. Prepare Software Development ENVIrONMENt .........cccceveeveeviniieenee e 16
5-1-1. Install Keil MDK-ARM uVision5 Development Tool ..........cccccvvvvveiieennen. 16
5-1-2. Install TwinCAT 3.1 — eXtended Automation Engineering (XAE) Tool .. 16
5-1-3. Install EtherCAT SSC TOOl.........ccoiiiiiice e, 16
5-1-4. Install STM32 ST-LINK Utility......ccccevviieiiiieceee e, 17
5-1-5. Install X-CUBE-MCSDK Tool for NUCLEO-F303RE Board................. 17
5-1-6. Install STM32CubeMX Utility for NUCLEO-F303RE Board ................. 17
5-2. Create KEIL MDK-ARM uVision5 Source Files for STM32 Motor Control 18
5-3. Configure STM32 Microcontroller via STM32CubeMX Utility ................... 20
5-4. Create EtherCAT Slave Stack Code Source Files........cccccoveviviiiiieciicsinenn, 22
5-5. Build AX58100 + STM32F303RE Motor Control Demo Firmware Source. 30

5-6. Program Demo Firmware onto NUCLEO-F303RE MCU Board Flash
1V [=] 4010 O SO PT PP OPPRT PP 39
5-7. How to update AX58100 EEPROM by TWINCAT tool ........cccovvevveiverinnnn 42
5-8. Verify AX58100 + STM32F303RE MCU Motor Control Demo Firmware . 45

3
Copyright (C) 2019-2020 Reserved by ASIX Electronics Corporation



=lectror

T

SIX AX58100 SoC EtherCAT SSC Porting Guide

cs Corporation

List of Figures

Figure 1-1. AX58100 + STM32F303RE MCU Motor Control Reference Design Block Diagram..........ccccccevevvenene. 5
Figure 2-1. AX58100 EtherCAT Slave Controller BIOCK Diagram .........cccoovevieiiiiieie e 6
Figure 2-2. AX58100 PDI CONIOI REGISEN ......euveieiieiiiteeis et bbb 7
Figure 2-3. AX58100 ESC PDI SPI Slave Interface CONNECLION .........ccuiirieiririiiniesieieie e 7
Figure 2-4. AX58100 ESC PDI Local Bus Interface CONNECLION.........ccuiirieiririeiniesieise et 8
Figure 3-1. EtherCAT SSC COUE SEIUCLUIE .....c.eiveieiiiteiieieete ettt se et b bbb bbb bbb nn et nbe e 9
Figure 3-2. EtherCAT SSC Files ASSOCIATION. ......cuiiiiiriiiitirteieie sttt 10
Figure 4-1. TWINCAT IMASTET ...ttt bbb bbb bbb bt e bbbt b bbb e enes 11
Figure 4-2. AX58100 + STM32F303RE MCU EtherCAT Slave ENVIronment ..........ccccovevveieveveseseeeeieesie e 12
Figure 4-3. AX58100-EVB-SSPDI-1 SPI SIave PDI BOAIG.........ccvviiiirieieiiiiiieisieisesie s 13
Figure 4-4. ST NUCLEO-F303RE MCU Board & X-NUCLEO-IHM07M1 BLDC Motor Driver Board .............. 13
Figure 4-5. BR2804-1700 Brushless DC IMOTOK .......ccvcieiiieiesiesiese st eeie st te st ste e e see st sreste e enaenaeseeesrenns 13
Figure 4-6. X-NUCLEO-IHM07M1 Board Circuits Modification for NUCLEO-F303RE...........c.ccccevvevveiirninennen, 14
4

Copyright (C) 2019-2020 Reserved by ASIX Electronics Corporation



AX58100 SoC EtherCAT SSC Porting Guide

1. Introduction

This document indicates the EtherCAT Slave Stack Code (SSC) porting guidelines for AX58100
with 3™ party microcontroller applications by taking the AX58100 + STM32F303RE MCU Motor
Control reference design as an example. The reference design presents ASIX’s complete industrial
Ethernet EtherCAT solution, which includes Beckhoff TwinCAT Master and AX58100 +
STM32F303RE MCU EtherCAT Slave Motor Control reference design solution.

EtherCAT.

EtherCAT
PHY 1 Slave 1

fro
. (A ASIX
AX58100

J
R060400800000040449

SPI Slave PDI

EtherCAT
Master

TWInCAT 3 D
i

-

STM32 MCU

PWM ADC

A

Motion ||Back EMF
Control || Detection
Driver

STM32 MCU BLDC Motor
Control Reference Design

Figure 1-1. AX58100 + STM32F303RE MCU Motor Control Reference Design Block Diagram

2. AX58100 ESC Process Data Interface (PDI)

The AX58100 provides two Process Data Interfaces (PDI), SPI slave and Local Bus, support the
connection with most popular microcontrollers and DSP on those traditional non-EtherCAT fieldbus
applications. Please refer to “AX58100 datasheet” for details.
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Figure 2-1. AX58100 EtherCAT Slave Controller Block Diagram

Designers should modify the ESC Configuration Area value of EtherCAT Slave Information (ESI)
file based on different AX58100 hardware designs. Please refer to “AX58100 ESI Design Note” and
“Section 3.2 “Hardware Configuration EEPROM (HWCFGEE)” of AX58100 Datasheet” for

details.

The following is an example ESC Configuration Area value for AX58100 + STM32F303RE MCU
Motor Control reference design.

<Eeprom>
<ByteSize>2048</ByteSize>
<ConfigData>050603440a00000000001a000000</ConfigData>
<BootStrap>0010800000118000</BootStrap>

</Eeprom>
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PDI Control (0x0140)
Name PDI Control
Reset Value 0x00
Bit Access Description
ECAT | PDI
7:0 RO RO Process data interface:
0x00: Interface deactivated (no PDI)
0x04: Digital I/'O
0x05: SPI Slave
0x08: 16-bit Asynchronous Local Bus interface
0x09: 8-bit Asynchronous Local Bus interface
Others: Reserved
Load from EEPROM byte address 0x0000
Figure 2-2. AX58100 PDI Control Register
Pin Name Type Pin No Pin Description
SCS ESC |I5 79 SPI Chip Select for ESC
SCS FUNC |I5 80 SPI Chip Select for Function
SCLK 15 64 SPI Clock
MOSI 15 T8 SPI data MOSI
MISO 05 6 SPI data MISO
SINT O5/T 1 SPI Interrupt
FSCLK 15 9 Function SPI Clock
FMOSI 15 12 Function SPI data MOSI
FMISO 05 7 Function SPI data MISO
SFINT O5/T 49 SPI Function Interrupt
5V
tlscs Func

SCS_ESC

=
SCLK __,  AX58100
uController MoOSI EtherCAT
(SP1 Master) > Slave Device

MISO
4 (SPI Slave)
SINT
£
EEP_DONE
(optional)

Figure 2-3. AX58100 ESC PDI SPI Slave Interface Connection
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Pin Name | Type Pin No Pin Description
LECSn 15 79 Local bus ESC Chip Select
LFCSn 15 80 Local bus Function Chip Select
LRDn 15 64 Local bus Read
LWRn 15 78 Local bus Write
LBHE 15 68 Local bus Byte High Enable (16-bit width only)
LRDY 05/T 6 Local bus Ready
LINT 03/T 1 Local bus Interrupt

66,42, 52,
50, 48, 44,
LA[13:0] |15 17, 14, 12, 9, Local bus Address bus
7,49, 74, 71
18, 15, 13, _
LDA[[15:8] |BS 11.8.76.75. Local bus Data bus [15:8]
73
69, 67, 53, ‘
LDA[7:0] |BS 60, 51, 4. 47, Local bus Data bus [7:0]
43
5V
a LFCSn
LECSn
LA[13:0]
LBHE
8-bit/16-bit LRDn
..““ trolie LWRnN
(Asyn. Local
Bus) LDA[15:0] or
LDA[7:0
LRDY
LINT
EEP_DONE
(optional)

Figure 2-4. AX58100 ESC PDI Local Bus Interface Connection
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3. EtherCAT SSC Overview

The EtherCAT Slave Stack Code (SSC) as seen in below figure consists of 3 parts:

B PDI/Hardware Abstraction
Hardware specific, need to be implemented according the platform PDI.
Ready to used samples/implementations are available for certain platforms.
The interface to the generic stack.

B Generic EtherCAT Stack
Implements the full EtherCAT state machine, mailbox communication and generic process data
exchange. No further implementation need (only configured via the SSC Tool).

B User Application
Need to be implemented (a table-based code generation for the application is available).
Ready to used samples are available. The interface to the generic stack.

Application User
e.g. CiA402 Drive Profile Application

—————————————— Application functionset — -———-----—----—-—}

EtherCAT "&J, E ES’J :‘9; “}3 ”Dé Process Generic
State e EtherCAT stack
Machine .
Mailbox
——————————————— Hardware function set -
PDI and hardware abstraction Hardware
access
. Mailbox Process data gthe;rclfw Slave
: ontroller
PO Register 1" ESC address space (DPRAM) (AX58100)

Figure 3-1. EtherCAT SSC Code Structure
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The following figure shows the association between the Slave Stack Code layers and the source files.

g
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User application files (e19800appl.*,cia402appl *,... )
Sate machine (ecatslv.*) Process data handling (ecatappl.*) Mailbox handling (mailbox.*)

PDI and hardware access functions ( xothw.c, xohw h )

Figure 3-2. EtherCAT SSC Files Association

Please refer to the “AX58100 Software APl Design Guide” from ASIX and the “Application Note
ET9300 EtherCAT Slave Stack Code (SSC)” from Beckhoff Automation GmbH for more details.
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4. Hardware/Software Requirements

The following are the hardware and software requirements in order to port the EtherCAT SSC on
AX58100 + STM32F303RE MCU Motor Control reference design for example.

4-1. EtherCAT Master
4-1-1. Environment Requirements

Before starting to setup the environment, we should prepare some software and hardware. Of course,
they are all running based on general desktop PC with windows 7 / 10 operation systems. We list
software / hardware requirements as following:

[Software at EtherCAT master side]

Windows 7 / 10 operation system

Microsoft Visual Studio 2010/ 2013

Beckhoff TWinCAT XAE v3.1.4022.28 or later

AX58100 + STM32F303RE Motor Control TwinCAT PLC reference source
AX58100 + STM32F303RE Motor Control reference ESI file

Figure 4-1. TwinCAT Master
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4-2. EtherCAT Slave

The following hardware/software requirements are for this sample reference design and might be
different from some requirements of other EtherCAT slave environments.

4-2-1. Hardware Requirements

Please prepare the following hardware in order to port the EtherCAT SSC on AX58100 +
STM32F303RE MCU Motor Control reference design.

-

Ul =

g '-.\'I'('LEO-IH.\I?.\I

AXS8100-EVB-SSPDI-1

Figure 4-2. AX58100 + STM32F303RE MCU EtherCAT Slave Environment

Model Name

Descriptions

AX58100-EVB-SSPDI-1

AX58100 SPI Slave PDI board
Please contact ASIX Sales (Sales@asix.com.tw) to get the
AX58100-EVB-SSPDI-1 board.

NUCLEO-F303RE

STM32 Nucleo-64 development board with STM32F303RE MCU
Please purchase the NUCLEO-F303RE MCU development board
from STMicroelectronics Online Store.

X-NUCLEO-IHM07M1

Three-phase brushless DC motor driver expansion board based on
L6230 for STM32 Nucleo

Please purchase the X-NUCLEO-IHM07M1 BLDC motor driver
board from STMicroelectronics Online Store.

Note: The default circuits of X-NUCLEO-IHMO07M1 board are for
NUCLEO-F302R8 development board. Please refer to Section 4-2-
1-1 to modify the circuits of X-NUCLEO-IHMO7M1 board for
NUCLEO-F303RE MCU development board.

BR2804-1700

BR2804 1700KV brushless DC motor
Please find & purchase the BR2804-1700 brushless DC motor from
Internet Online Store.

12

Copyright (C) 2019-2020 Reserved by ASIX Electronics Corporation



mailto:Sales@asix.com.tw

AX58100 SoC EtherCAT SSC Porting Guide

AX58100 SPI Slave PDI Board (Front Side)
Figure 4-3. AX58100-EVB-SSPDI-1 SPI Slave PDI Board

Figure 4-4. ST NUCLEO-F303RE MCU Board & X-NUCLEO-IHM07M1 BLDC Motor Driver Board

_-ee

AX58100 SPI Slave PDI Board (Back Side)

MCU Interface

*Seees LR R B B R B

 TwlehEe
.

MCU Interface

Model KV(rp |VolateMotorWeight  |NoLoadCurrNo Load I(-:TJ?'Eent(A Iéc;aeid(rp Pr |Pull|G/
m/v) ((v)  |[(g)AppROX ent (A) Speed (rpm) ) m) op|(g) |A
BR2804 70 3
-2300 2300 |11.1 |20 0.8 24830 10.8 14970 35 380 5
4
BR2804 70
-1700 1700 |11.1 |23 0.6 18000 5.6 12540 35 2576

Figure 4-5. BR2804-1700 Brushless DC Motor
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4-2-1-1. X-NUCLEO-IHMO07M1 Board Circuits Modification for NUCLEO-F303RE

The AX58100 board connects to NUCLEO-F303RE board via SPI interface (i.e. PB13~PB15 pins)
so please modify the following circuits on X-NUCLEO-IHMO07M1 board for normal operation.

» Remove R82 resistor to disconnect from NUCLEO-F303RE PB13 (SP12_SCK) pin.
» Remove R49 resistor to disconnect from NUCLEO-F303RE PB14 (SP12_MISO) pin.
» Remove R66 resistor to disconnect from NUCLEO-F303RE PB15 (SP12_MOSI) pin.

DAC/REF
0-N.M. R7 PA4- DAC
C7_32 {{CURRENT REF
n Y
S G 3/ AN T {
1
0 _R8 PA5 - DAC
8}8—;3 qE302__ 0 R¥2" .| PA5PB13 2
- PB5-DAC PWM 3
C10 29 -
J8 1 Stripline m. 1x3
RING
PWM
y PA11 4
cr0.14 B BEMF six STEP
clo_28 Y02 REAA
C10_13 > 8‘\5}\/\ PAB-BKIN DIAGIEN C10_12 PA12- TIM1 ETR W\_g CPOUT
C10_23 ¥ PAB-UH i IN IO_BEMF
1 3 g&/\" PCT0__S9eNs C101 $HPCo-GPIO N
6 PAG-VH c7 37 SyPC3-ADC 9 BEMF1
TG RTRIN TR N, Gras SQPBO-ADC ENF2
&1 53 BT A PAIOWH /i3 C10_15 éF‘A? “ADC BEMES
l.'_‘.?_?} gg SR;\/\ PC12 >§EN3 G'H:I_EE /_:'";’L:E

Figure 4-6. X-NUCLEO-IHMO07M1 Board Circuits Modification for NUCLEO-F303RE
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4-2-2. Software Requirements

The following are the software tools which are used to port the EtherCAT SSC on AX58100 +
STM32F303RE MCU Motor Control reference design.

Software Tools Version
AX58100 P-NUCLEO-IHMxxx_Demo_Firmware Source v1.0.0 and later
Keil MDK-ARM uVision5 Development Tool v5.22.0.0
Beckhoff TwinCAT 3.1 — eXtended Automation Engineering (XAE) v3.1.4020.32
Beckhoff EtherCAT Slave Stack Code Tool (with SSC Code Version 5.11) v1.3.2.0
STMuicroelectronics STM32 ST-LINK Utility v3.9.0
STMicroelectronics X-CUBE-MCSDK v5.2.0
(Includes ST Motor Profiler and ST Motor Control Workbench v5.2.0.18503)
STMicroelectronics STM32CubeMX Utility v5.0.0

15
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5. How to port AX58100 EtherCAT SSC for STM32 MCU
The following are the procedures to port the EtherCAT SSC on AX58100 + STM32F303RE MCU

Motor Control reference design for example. For different microcontroller platforms, some of
procedures might be different.

5-1. Prepare Software Development Environment
Please install the following tools on a Windows platform.
5-1-1. Install Keil MDK-ARM uVision5 Development Tool

Please purchase and install Keil MDK-ARM uVision5 Development Tool (e.g. “MDK522.exe”)
firstly and visit Keil MDK-ARM web site for details.

5-1-2. Install TwinCAT 3.1 — eXtended Automation Engineering (XAE) Tool
Download “TwinCAT 3.1 — eXtended Automation Engineering (XAE) Tool” from Beckhoff
website and run TwinCAT 3 setup (e.g. “TC31-Full-Setup.3.1.4020.32.exe”) to install TwinCAT 3
tool on Windows platform.

5-1-3. Install EtherCAT SSC Tool

Note please join ETG member (https://www.ethercat.org/en/membership_application.html) firstly
before downloading the EtherCAT Slave Stack Code Tool.

Download the EtherCAT Slave Stack Code Tool from ETG website (https://www.ethercat.org/)
and extract the downloaded file (e.g. “SSC_V5ill.zip”) and run the SSC tool setup (e.g.
“EtherCAT Slave Stack Code Tool.exe”) to install the EtherCAT Slave Stack Code Tool on
Windows platform.

16
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5-1-4. Install STM32 ST-LINK Utility

Please download and install STM32 ST-LINK Utility (e.g. “STM32 ST-LINK Utility v3.9.0.exe”)
from STMicroelectronics web site in order to install proper drivers for NUCLEO-F303RE MCU

board Flash programming as below figure.

o

T REEER
BEF) NTA) BAV) RBH)
Ll Aol BERE 7 ol -8 -

4 33 MISD220-PC
oy DVD/CD-ROM a2
Cai IDE ATA/ATAPI $55188
4§ Universal Serial Bus devices
# STMicroelectronics STLink dongle
Th NEC T E=E
W IEX=E
N HERE
S BX BRI
0 ===
§ EERFE R
TS =258 (COM A LPT)
" STMicroelectronics STLink Virtual COM Port (COM3)|
Y HIREEREE (LPT])
YT EMiEEIe (COM)
7 AREREMEERE
A TR

A

prit
{

Al BROHE WS

=
fif
7h

7h

3 RN R

o [l

5-1-5. Install X-CUBE-MCSDK Tool for NUCLEO-F303RE Board

Please download and install X-CUBE-MCSDK motor control software development kit (e.g. “X-
CUBE-MCSDK _5.2.0.exe”) from STMuicroelectronics web site.

5-1-6. Install STM32CubeMX Utility for NUCLEO-F303RE Board

Please download and install STM32CubeMX Utility (e.g. “SetupSTM32CubeMX-5.0.0.exe”) from
STMuicroelectronics web site.
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5-2. Create KEIL MDK-ARM uVision5 Source Files for STM32 Motor Control

This section indicates how to create the KEIL MDK-ARM uVision5 project/source files for
AX58100 + STM32F303RE MCU Motor Control reference design.

1. Run ST Motor Control Workbench and press “New Project” button to create a new KEIL MDK-
ARM uVision5 project file.

: %4 ST Motor Control Workbench (=5 HoR =)
STMu:roeIectronlcs File Tools Help Documentation

%’ Motor Profiler

%% MotorControl Workbench —

< Reference Manual 5.2.0

€ Release Notes 5.2.0

STM32 ST-LINK Utility

Release notes 3 E

Example Projects

L — /
- ST- UN K C LI Filename Type MCUs control board power board moto ~ A /
— NUCLEO_L452RE_IHMO7M1_SHINANO_1S_PL SINGLE STM32L452xx NUCLEO-L452RE X-NUCLEO-HMO7M1 \‘

#8 STM32 ST-LINK Utility

Filename Type MCUs control board power board motor

Shinal _
LAOS: =

NUCLEO_L452RE_IHMO7M1_SHINANO_3S_PL SINGLE STM32L452xx NUCLEO-L452RE X-NUCLEO-HMO7M1 E:gg
DOC S NUCLEO_LA476RG_IHMO7M1_SHINANO_3S_PL SINGLE STM32L476xx NUCLEO-L476RG X-NUCLEO-HMO7M1 fzg’;
NUCLEO-F746ZG_IHMO7M1_SHINANO_3S_PL SINGLE STM32F476xx NUCLEO-F746ZG X-NUCLEO-HMO7M1 fzg‘sa'
STM32CUbe STM32F476_IHMO7M1_1S_SHINANO_PLL SINGLE STM32L476xx STM32L476G-EVAL X-NUCLEO-HMO7M1 Su:g;
NUCLEO-F303RE-X-NUCLEO-HM16M1-GimBa SINGLE STM32F303XE NUCLEO-F303RE X-NUCLEO-HM16M1  GImB: ’l
STM32CUbeMX NUCI FO-F446RF_IHMO7M1_BULI RUNNING 3 SINGI F STM32F44BxC-xF NUCI FO-F44RRF X-NUCILFOQ-HMO7M1  RullRi ~
« I b

augmented

[ STM32CubeMX

2. Select correct configurations for AX58100 + STM32F303RE MCU Motor Control reference
design as below figure. (1: Custom; 2: Single Motor; 3: NUCLEO-F303RE & X-NUCLEO-
IHMO07M1 3Sh; 4: Bull Running BR2804-1700kv) and press “OK” button.

New Project =

Application type stem

- @ Single Motor | () Dual Motors

Select Boards: Tnverter ) MCKit @ Power & Control
Control
NUCLEQ-F303RE ~  STLINK/V2 Embedded i";!’-"
besed on o
STM32F303RE L3
@ Adtive
Power
XC-NUCLEO-IHMO7MI 35h -  DClnoutvoltane & - 48 Vdc
Outout ok current up to 2.8 Aok
based o Nominal Power  up to 40 W
L6230PD
® A
Motor
New Project Info
"Bull Runing BRIS04-1 700k N Maanetic structure Surface Mounted
Pole Pairs 7 The motor was profiled with the following operation condition:
External rofor Nominal Soeed 15000 rom 0
type - 7 poles pa. Nominal Voltaae

Nominal Current 1.2 Apk
Bull Ruaning BR204- 1700k

Start up parometers PWM Froquoncy: 20000 Hz
Nominal Current: 12 Agk FOC Rate: 1PWM periods
Nominal Voltage: 11V Cut off Frequency: 5000 nd/s

These values have been imported into the project

@] e
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3. Select “Tools -> Generation” and select the destination folder (e.g.
“D:\AX58100_STM32F303RE_MotorControl_Demo_Firmware”) to create a new KEIL MDK-
ARM uVision5 project file (e.g. “AX58100_STM32F303RE_MotorControl_Demo.stmcx”).

#% ST Motor Control Workbench - Save as
@Ov‘ |« KHEEE .. » AX58100_STM32F303RE_MotorControl_Demo_Firmware

HAEEE v FBERIE
» THE®E D) o 2 2
Allan

| AX58100_ESI Translator_Tool_v101
AX58100_P-NUCLEO-IHMxxx_Demo_Firmware_v1.0.0_Source

%% ST Motor Control Workbench [Noname]*

AX58100_STM32F303RE_MotorControl_Demo_Firmware I

File ‘ Tools Help Documentation AX58100_STM32F303RE_MotorControl_DemoKit_20190524
€ (/® Pinassignment ‘ @ | enstm32cubemx
- 2 en.stsw-link004
M + Generation d: 1C enx-cube-mcsdk
oto - : |
& Monitor fnstall
). SSC_V5ill Sl < [ »
& Clear LOg u ,: ?ﬁﬁﬁﬁ(m:l AX58IOO,STM32F303RE,MotorControI,Demo,stmcxI -
[ EXPOFt LOg | EiRERO): lST Workbench (*.stmex) ']
E Restore Info Message -
T_' + BREERRK Z Save ; Cancel

4. Select proper settings as below figure and press “Generate” button to create KEIL MDK-ARM
uVision5 source files for AX58100 + STM32F303RE MCU Motor Control reference design. .

' Project generation

E Settings iGeneIation

X5

'%' Project generation

Settings | Generation

STM32CubeMx

Tarzet Toolchain

-

-

\Lncipower_stage parameters.h
.. grc\stni2f3 0 me_it. ¢
.. AInc\mo_parameters. h
.. Erc\mo_parameters. o
L MBrchui_task.e
Wnchui_task b

.. Wgrcluser_interface.c

Keil MDE -ARM V5 = .. AInclusex_interface.h
: .. SErc\sm3Efiecit.e
.. AInchstn32f3eit.h
\re\ stG2f3_hal msp.c
HAL/LL Drivers Selection .. AInc\stn326300 bal_oond . h
|5HAL - Hardware Abstraction Layer | e - Mnclmain. b

.. Mrchmain. e

Chmplated

m

1]

5. The KEIL MDK-ARM uVision5 project/source files are generated now. .

v AXSB100_STM32F303RE_MatorControl_Demo_Firmware 2 Dirivers
AX58100 Inc
W AXS58100_STM32F303RE_MotorControl_Demo MCSDE v5.2.0
Orivers MDK-ARM
Inc sre
MCSDK v5.2.0 L 'ExtSEtt_mgs
|| -mxproject
MDK-ARM || AX58100_STM32F303RE_MotorContral_Demo.ioc
Sre || AX58100_STM32F303RE_MotorControl_Demo.iocwh
Beckhoff_S5C @A}(Sm 00_STM32F303RE_MotorControl_Demo.log
L} AX58100_STM32F303RE_MatorContral_Demo settings
|| AX58100_STM32F303RE_MotorControl_Demo.wb_def
19
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5-3. Configure STM32 Microcontroller via STM32CubeMX Utility

This section indicates how to configure STM32 microcontroller for AX58100 + STM32F303RE
MCU Motor Control reference design.

1. Double click “AX58100_STM32F303RE_MotorControl_Demo.ioc” file to run
STM32CubeMX utility to do proper STM32 microcontroller configurations for the
STM32F303RE MCU motor control application.

lo | B e
@D.“r » BE » THES (D) » AX58100_STM32F303RE_MotorControl_Demo_Firmware » AX58100_STM32F303RE_MotorControl_Demo » v| 4 | T2 axs58100 STM32F3C yel
gzwa- [Mss - WeRSR > T
). AX58100_STM32F303RE_MotorControl_Demo_Firmware | =i A
| AX58100_STM32F303RE_MotorControl_Demo .
I Drivers W Drivecs
. cmsis aghis:
Oevic J. MCSDK_v52.0 2019/5 5 00
J. DSP_Lib }. MDK-ARM
). Include b Sre 019/5 L 09:57
Lib = -extSettings 019/5/30 £4 09:57 1 KB EXTSETTINGS i
RTOS .mxproject 2019/ £ 09:5 Py
J. STM32F3x¢_HAL_Driver | £ AX58100_STM32F303RE_MotorControl_Demoioc | 2018/5/30 £ 0958 48KB  STM32CubeMX
} Inc AXSBlDD_STM32?303R-EjlotorControI_Demo.locwh 2019/5 £ 09:57 85KB WB M=
J. Src AX58100_STM32F303RE_MotorControl_Demo.log =
Inc £ AX58100_STM32F303RE_MotorControl_Demo.settings 1KB 3
J. MCSDK v5.20 AX58100_STM32F303RE_MotorControl_Demo.wb_def 9/5 F 09:55 7K B_DEF %
. MotorControl
lib
MCSDK
J. MCLib
). SystemDriveParams
}. UlLibrary
). Inc
). Src
}. MDK-ARM
). Src -
m AX58100_STM32F303RE_MotorContr... £ 55: 2019/5/30 £5 09:58 #1755 2019/5/30 £ 09:57
STM32CubeMX Fv 477 K8
[ STM32CubeMX AX58100_STM32F303RE_MotorControl_Demo.ioc: STM32F303RETx [E==EcE ==
gﬂ';émx File Window Help Ao n ° , k "_l

GENERATE CODE

/| AX58100_STM32F303RE_MotorControl_Demo.ioc

Pinout & Configuration

[ Cpions JECY |
]

System Core >
Analog >
Timers >
Connectivity >
Multimedia >
Computing >
Middleware >

- Pinout & Configuration

Clock Configuration Tools

Additional Softwares

Project Manager

Vv Pinout

£ Pinout view
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2. Select “Pinout & Configuration -> System Core -> RCC” to change “High Speed Clock (HSE)”
to “BYPASS Clock Source”.
(1] STM32CubeMX AX58100_STM32F303RE_MotorControl_Demo.ioc*: STM32F303RETx

»
STM3: r’ File Window Help
CubeMX

AX58100_STM32F303RE_MotorControl_Demo.ioc - Pinout & Configuration

Pinout & Configuration Clock Configuration
Additional Softwares

RCC Mode and Configuration

Mode

WLEE Q

System Core ™)

High Speed Clock (HSE) |IBYPASS Clock Source

Low Speed Clock (LSE) Disable v ‘

DMA
GPIO
IWDG

(% i

TSC
WWDG

[ Audio Clock Input (125_CKIN)

Analog

Timers > "
‘

3. Select “Project Manager” to change “Minimum Heap Size” to “1000” in “Linker Settings”
dialog. (Refer to below figure for details) Press “GENERATE CODE” button to update the
STM32 microcontroller related source files.

(2] STM32CubeMX AX58100_STM32F303RE_ MotorControl_Demo.ioc*; STM32F303RETX = e x|
smh;"“ File Window Help i n oy ‘}C ‘YI

AX58100_STM32F303RE_MotorControl_Demo.ioc - Project Manager GENERATE CODE

Pinout & Configuration \ Clock Configuration Project Manager Tools

Project Settings

MotorControl_Demo

32F303RE_MotorControl_Demo_Firmwara
[ Do not generate the main()

Folder Location

Code Generator  IESERVECTTI 03RE_WotorControl_Demo_Firmware\AX58100_STM32F 303RE_MotorControl_Demo)

a

Advanced Settings

Use Default Firmware Location

[ Code Generation [
0 The Code is successfully generated under D:/AX58100_STM32F303RE_MotorControl_Demo_Firmware/AX58100_STM32F303RE_MotorControl_Demo

Open Folder @ Open Project m
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5-4. Create EtherCAT Slave Stack Code Source Files

This section indicates how to create the EtherCAT Slave Stack Code source files by using Beckhoff
SSC Tool.

1. Run Beckhoff EtherCAT SSC Tool and select “File -> New” to create a new project file.

cia402appl - Slave Stack Code Tool
Project Tool Help

ﬂ ] New Ctrl+N ]
(& Open Ctrl+O s

A Save Ctrl+S &
Save As

Exit
= Application
ProcessData

Mailbox
Compiler

2. Click “Custom” checkbox and select “EL9800 | 2Axis CiA402 Sample” project file for
AX58100 + STM32F303RE MCU Motor Control reference design.

FSiave Stack Code Tool | New Project

() Default

00 | 8B1t Digital 170, 10B1t Analog Input
The corresponc FCl lOO/Wm32 | 4Byte I/O Sample Application
CiA402) or yw Renesas R-IN32M3-EC <Renesas Electronics>
= SK-FM3-176PMC-FA _ Hardware Only <Spansion Inc.>
SK-FM3-176PMC-FA <Spanstion Inc.=
TI AM335x Sample <Texas Instruments Incorporated=

22
Copyright (C) 2019-2020 Reserved by ASIX Electronics Corporation



B ASIX

P Electronics Corpaoration

AX58100 SoC EtherCAT SSC Porting Guide

3. Select “File -> Save” and create the target folder (e.g. “Beckhoff _SSC”) to save the SSC project
file (e.g. “SSC-Device.esp”).

& Save Slave Project File @
@_CD"‘ « AX58100_STM32F303RE_MotorControl_Demo_Firm.. » Beckhoff SSC |4l =55 sc P
EETE - FEEEK =- @
4.5 TWER D) - 2% y
) Allan
J. AX58100_ESI_Translator_Tool_v101 ERHSRTAIRE
B 4 | AX58100_STM32F303RE_MotorControl_Demo_Firmware
&G EtherCAT Slave* - Slave Stack ). AX58100
” V! 2 } AX58100_STM32F303RE_MotorControl_Demo
(File) Project Tool Help S e
E) New Ctrl+N | AX58100_STM32F303RE_MotorControl_DemoKit_20190524
‘_7 Open Ctrl+0O ). enstm32cubemx
). enstsw-link004
u Save Ctrl+S )} enx-cube-mcsdk
Save As ). install
| I SSC V5ill v i il »
[=-Application FEAERT): |Slave Tool Project (*.esp) =
¢ .ProcessData
- Mailbox - BEEET [ == ][ =»
-Compiler

4. Please refer to the sample ESI file of AX58100 + STM32F303RE MCU Motor Control reference
design (e.g. “AX58100_P-NUCLEO-IHMxxx_Demo_Rev02_ESI_20190530.xml”) and below
figures to modify proper SSC Slave project settings based on the target platform configurations.

(1) Slavelnformation
Please refer to the “AX58100 P-NUCLEO-IHMxxx_Demo_Rev02_ESI 20190530.xml”
ESI file to modify the “PRODUCT_CODE”, “REVISION Number”, etc.

B SSC-Device* - Slave Stack Code Tool

File Project Tool Help
Slave Project Navigation Slave Settings
—-33C-Device Name Value

| Slavelnformation | VENDOR_ID 0xB95
Generic .

! Hiidoria VENDOR_NAME ASIX Electronics Corporation
EtherCAT State Machine PRODUCT _CODE
Synchronisation

& Application REVISION_NUMBER 0x00000002
M f; ;’)009591)3'»3 SERIAL_NUMBER 0x00000000

atlbox

Compiler DEVICE_PROFILE_TYPE 0x00020192

DEVICE_NAME
DEVICE_NAME_LEN
DEVICE_HW_VERSION
DEVICE_HW_VERSION_LEN
DEVICE_SW_VERSION
DEVICE_SW_VERSION_LEN

A¥58100_P-NUCLEO-IHMxxx_Demo
0x1C

0,02

0x5

1.0.0

Ox4
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(2) Hardware
Please refer to the “AX58100_P-NUCLEO-IHMxxx_Demo_Rev02_ESI_20190530.xml”
ESI file to modify the “ESC_CONFIG_DATA” setting and modify proper microcontroller
settings based on the target platform.

Note: Please correctly configure the “Hardware” settings based on the target
microcontroller for normal operation.

R S5C-Device* - Slave Stack Code Tool
File Project Tool Help

Slave Project Navigation Slave Ssttings
(= 357 Device MName WValue
- Slavelnformation IEL‘QBCIU_H‘IH 0 |
| State Machine FC1100_HW 0
i-Synchrontsation - - -
_ Application HW_ACCESS_FILE #include "samplehwr. b
| ProcessData CONTRCLLER_16BIT 0
t hail b
L-Compiler COMTROLLER_3ZBIT l
_FIC18 i
_PIC24 0
ESC_IGBIT_ACCESS 1
ESC_32BIT_ACCESS 0
MBX_I6BIT_ACCESS 1
BIS_ENDIAN_I6BIT 0
BIS_ENDIAN_FORMAT 0
EXT_DEBUGER_INTERFACE 0

|UC_SET_ECAT_LED |
ESC_SUPPORT_ECAT_LED 0
ESC_EEPROM_EMULATICN 0
CREATE_EEPROM_CONTE... 0
ESC_EEPROM_SIZE 000
EEPROM_READ_SIZE 0x8
EEPROM_WRITE_SIZE Ox2

E3C_CONFIG_DATA S060 24 402 0000000000 1 200000
MAEE FTR_TO ESC
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(3) EtherCAT State Machine
Bty SSC-Device* - Slave Stack Code Tool

File Project Tool Help

Slave Project Navigation Slave Settings

=)-SSC-Device Name Value
- Slavelnformation BOOTSTRAPMODE_SUPPO... |1
.. Generic
. Hardware OP_PD_REQUIRED 0
: PRECPTIMEQUT 0x7D0
... >ymchronisation
= Application SAFEQOP20PTIMEQUT 0x2328
. L. ProcessData
----- Mailbox
“..Compiler

(4) Synchronization

B SSC-Device* - Slave Stack Code Tool
File Project Tool Help

Slave Project Navigation Slave Settings
=-33C-Device Name Value
-~ Slavelnformation AL_EVENT_ENABLED 1
- Generic = N
.Hardware DC_SUPPORTED 1
. EtherCAT State Machine ECAT TIMER_INT | 1
8 Symchronisation
=) Application INTERRUPTS_SUPPORTED |
} e 1:;00953{)& MIN_PD_CYCLE_TIME 0x7A120
vC:l;lp;)lzr MAX_PD_CYCLE_TIME 0xC3500000

PD_OUTPUT_DELAY_TIME 0x0
PD_QUTPUT_CALC_AND_C... 0x0
PD_INPUT_CALC_AND_CO... 0x0
PD_INPUT_DELAY_TIME 0x0
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(5) Mailbox

B 55C-Device* - Slave Stack Code Tool
File Project Tool Help

Slave Propct Navipation Slave Setimps
=} 55 Device Name Walue
Slavelnformalion MAILBOX _QUEUE I
(Ganeric
Hardware ACE_SUFFORTED 0
EtherCAT State Machine C0E SUPPORTED I
Swmchronizton -
L Applisation COMPLETE_ACCESS SUFF... |
ProcessDals SEGMENTED_SDO_SUFFO.. 1
S ICITEL S0 _REZ_INTERFACE

1
USE_SINGLE_PDO_MAPPL.. 0
BACKUP_PARAMETER 5. ©
0
0

STORE_BACEUF_FARAME..
DIAGNCSIE_SUPFORTED
MAY_DIAG_MSG w14
EMERGENCY SUPPORTED O
MAK_EMERGENCIES 1
VOE_SUFFORTED 0
SOE_SUPFCRTED 0
EDE_SUFPCRTED 0

ETATIC_ETHERNET_EUFFER 0

FOE_SAVE _FILES 1

MA¥_FILE_SIZE 150
MAILEOX_SUFFORTED 1

MIN_MEX _SZE a2
Ma¥_MEX_SIZE (el 1)

MIN_MEE_WEITE_ADDEESS (n1000
DEF_MEX_WRITE_ADDRESS (w1000
Mak MEX_WRITE_ADDRE... (m2FFF
MIN_MBEE_READ_ADDEESS  (n1000
DEF_MEX_READ_ADDRESS (w1080
MAY_MEX_READ ADDCRESS (w2FEF
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(6)

Compiler
Please modify proper microcontroller memory address/alignment settings based on the
target platform.

Note: Please correctly configure the “Compiler” settings based on the target microcontroller

for normal operation.

o S5C-Device® - Slave Stack Code Tool
File Project Tool Help

Slave Frogeet Navgatica_____ JEICRSEN

25 . Devicn Hame Value
Slavelnformabion SEIMERM
Generic
R OBITOMEXMEMCPY nensy
EtherZAT State Machine ORITOMEXSTRCTY Mg
S:.mchl:!:fusa.‘l.im.
= Application CBIMEMCTY MR
Froceslata OBISTRLEM strkea
ﬁ OBISTRCPY nemcpy
MAKE_HUGE FTR _mkhg
EMCYMEMCFY nempy
EMCYMEMSET memsed
ERMCYMEM
MEMCFY METH Y
ALLOCMEM (xize) malloc (fxize)y
FREEMEM (painter Eresdi{pointer))
VARMEMEET i
VARMEM
MEM_ADDR INT32

GET_MEM_SZE (ByieSime) (Bt ) == &)
AFFL_AllschalboocBafferdsize) mallociizize)h
AFFL_FreeMalbouBuffer(po...  Fres{{poantar])

ETRUCT_PACKED_START
STRUCT PACKED_END
FILE_PACKED START
FILE_PACKED END
MEX_STRUCT FACKED 5T...
MEH_STRUCT_PACKED_ENC:

MEX _FILE FACKED START |fpragma packipask, 20
MEX_FILE _FACEED END fpaagma packipop)

OBI_STRUCT FACKED 5T...
DEI_STRUCT_FACKRED_END

OBJ_DWORD_ALIGN [
OB]_WORD_ALKGN 0
27
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5. Select “Create new Slave Files” from “Project” menu to create the EtherCAT Slave Stack Code
source files.

Create new Slave Files
-, slm st“k Code Too' Froject File DAAX58100_P-NUCLEQ-IHMsese_Demo_Firmwars_vL.0.0_Seurcs\Backhoff_SSCheiad02appl.esp
Sowce Foldar  DH\AX58100_P-NUCLEO-[HMbox:_Demo_Firmware_v1.0.0_Source\Beckholf_SSCiSre [ Change
=i elp ESIFile DAAX58100_F-NUCLEO-HMborx_Demo_Firmuware_v1.0.0_Source'Beckhof{_SSCiad02apsl. | Change

P-NUCLEO-IHMxcx_Demno_Firmware_v1.0.0_Source\Backhoff_SSC

.lgol
Project Update | | e
Mél Find Setting Ctri+f  §,

G Create new Slave Files F5 | e

Hardware 1
EtherCAT State Machime
Synchronisation il
-] Application aceappl
i ProcessData
Mailbox
Compaler bootme

D

applint

e [ e )

Create new Slave Files
GIO)/ | - =8 ©) » AX58100_P-NUCLEO- M Demo_Firmware v1.00_Source » Beckhoff SSC b Sc

Praject File DAAX58100_P-NUCLEC-IHM:xxx_Demo_Ficmware_v1,0.0_Sousce\Beckhoff_SSCiad02sppl esp
WAZTES -~ RETR - Lt LE

Source Folder  D:AX58100_P-NUCLEO-IHMxxx_Demo_Firmurare_v1.0.0_Souzcs\Beckhoff_SSC\Ste

) 0RE
ESI File DAAX58100_P-NUCLEG-THM 00 _Demo_Fismware_v1.0.0_Source\Beckhoff_SSC'ciad02appl.
applinterface h
Jane bootmode.c
Progress bootmedeh
cosappl.h® : new file written - @ xREd cia402applc
"ecatappl.c” : new file written ciad02applh
"ecateppl.h® : new file written P T ok
"ecatcoe.c” : new file written & TRESC) i
"ecatcoe.h” : new file written = e coeapi
Files 4o TRER O
"ecatfos.c” : new file written [IREEE [E=8 Eo8 =" A ecadeth
"ecatfoe.h” : new file written [ i Allon 1 ecaspple
=ecatslv.c” : new file writtem ). AX58100_P-NUCLEO-IHMo_Demo_Firmware_v1.0.0_Source
MNew files created full ih
ecatslv.h” : new file written bbb | AX58100 )
"esc.h” : new file written | AX58100_P-NUCLEO-IHMoxx_Demo —
"foeappl.c” : mew file written ecatcoeh
"foeappl.h" : new file written Open Folder ecathosic
"mailbox.c” : new file written P
"mailbox.h" : new file written
"sbjdef.c® : mew file written | AX58100_STM32F303RE_MotorControl_DemoKit_20190524 ecatsive
"cbjdef.h" : new file written & install ecatsivh
sdoserv.c” : new file written N &ch
"adoserv.h” : new file written foeapple
Generste files finished b temp 5
Create device description finished "D:\AX58100_P-NUCLEG-IiMxxx_Demo_Firmware_v1.0.0_Source\Beckhoff SSC I wintool foeappth
\cin02appl.aml® < NODE_F303RE (F) mailboxc
. mailboxh
Create Slave files finished =] o objoete
objdefh
r sdoserv.c
Closs
(G| cdosereh
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6. Copy the files in the “AppliedSrc” folder of AX58100 STM32F303RE Motor Control Demo Kit
(see below figure) into the created EtherCAT SSC source folder (e.g. “Beckhoff_SSC\src”) and
overwrite the existing files (i.e. “ciad02appl.c”, “cia402appl.h”, “ecatappl.c”).

Note: Please check the new “samplehw.c” and “samplehw.h” source files, and compare the
revised “cia402appl.c”, “cia402appl.h”, “ecatappl.c” files and the original ones to understand the
detailed source modifications for AX58100 + STM32F303RE MCU Motor Control reference
design if necessary.

» TWRER (D) = =
| 1 AX58100_STM32F303RE_MotorControl_Demokit 20190524 :
cia402applc
| doc -
| ESLFile ciad402applh
| Hardware ecatapplc
| MCU_Firmware samplehw.c
AX58100_P-NUCLEO-THMsox_Demo_Firmware_v1.0.0_Source samplehw.h

| AX58100
| AX58100_P-NUCLEO-IHMxot_Demo
| Beckhoff SSC

AppliedSrc

Src¢

7. The EtherCAT SSC source files are created now.

“— v « DATA1 (D) » AXS58100_STM32F303RE_MotarContral_Demao_Firmware » Beckhoff SSC » Src v O FE Src ¥l

AX58100_STM32F303RE_MotorControl Demo_Firmware " @ applinterfaceh | @ coeapplh  @ecatfoec @ foeapplh (@ samnplehw.h
AX58100 @bootmode.c @ecat_def.h @ecaﬂoe.h @mailbox.c @sdoser\f.c
AX58100_STM32F303RE_MotorControl_Demo @bootmode.h @ecatappl.c @ecatslv.c @mailbox.h @sdoser\f.h
Beckhoff S5C @ ciad02appl.c @ ecatapplh @ ecatshvh (@ objdefc

Src (@ cia402appl.h @ecatcoec @esch (@ objdefh

coeappl.c ecatcoeh foeappl.c samplehw.c

AX¥58100_STM32F303RE_MotorControl_DemokKit_20190614 @ PP @ @ PP @ P

L
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5-5. Build AX58100 + STM32F303RE Motor Control Demo Firmware Source

This section indicates how to build AX58100 + STM32F303RE MCU Motor Control demo
firmware by using Keil MDK-ARM uVision5 Development Tool.

1. Copy the whole “AX58100” folder from the “MCU_Firmware\AX58100 P-NUCLEO-
IHMxxx_Demo_Firmware\Source\” folder of AX58100 + STM32F303RE MCU Motor Control
Demo Kit into the created AX58100 source folder (e.g.
“AX58100_STM32F303RE_MotorControl_Demo_Firmware”) as below figure.

v AXS58100_STM32F303RE_MotorContral_DemokKit_20190614
doc
ESI_File
Hardware
w MCU_Firmware

e AX58100_P-MNUCLEQ-IHMxx_Demo_Firmware

Binary b AX58100_STM32F303RE_MotorControl_Demao_Firmware
v Source W AX58100
v AX58100 Copy to .
application
application
, driver

driver
AX58100_P-NUCLEQ-IHMhook Demo AX58100_STM32F303RE_MotorControl_Demo
Beckhoff_S5C Beckhoff 55C

2. Run Keil MDK-ARM uVision5 tool to open AX58100 firmware uVision5 project file (e.g.
“AX58100 STM32F303RE_MotorControl_Demo.uvprojx”).

k4 D:\AX58100_STM32F303RE_Mota
{File DEdit View Project Flash Debu
New... Ctri+N

“ . \ (v « AX58100_STM32F303RE MotorControl_Demo » MDK-ARM »
@ Save All HESWE~ = - FREER
AX58100_STM32F303RE_MotorControl_Demo_Firmware | # =t
AX58100_STM32F303RE_MotorControl_Demo

Device Database...

License Management... Divers AX58100_STM32F303RE_MotorControl_Demo
Print Setup... Inc z?:uqcmﬁg

t Cirl+P MCSDK _v5.2.0

T 3 AX58100_STM32F303RE_MotorControl_Demo.uvguix.allan
Sre AX58100_STM32F303RE_MotorControl_Demo.uvoptx
1 stm32f3x¢_hal_spi.c AX58100.STM32F303RE_MotorControl_Demokit 2019052, | AX58100_STM32F303RE_MotorControl_Demouvprajx |
2 Di\test\allan-test1\Src\main.c enstm32cubemx startup_stm32f303xes
3 D:\test\...\ecatappl.c enstsw-link004
4 Di\test\..\cia402appl.h enx-cube-mesdk
5 Di\test\...\ca402appl.c install 3
6 D:\test\allan-test1l.stmox ASEVIIL
temp

Exit wintool
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Right click “AX58100_STM32F303RE_MotorControl_Demo” and select “Manage Project
Items” to manually add “Beckhoff_SSC”, “AX58100_Driver”, “AX58100_Application”
groups, and then add the source files into these groups from the “Beckhoff SSC\Src”,
“AX58100\driver” and “AX58100\application” folders of respectively.

Note: Please refer to the “AX58100 Software APl Design Guide” for details of AX58100
Driver/Application software APIs.

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NS A@| s sB|2c| <~ | PRAAREELEELD srowpr ~|B (@] 0 06 &[T X
- 558 @ 01| 88 axssroosMaEv | K| B = 6 Y @)

ERe Project: AX58100_STM32F303RE_MotorControl_Demo
& #| AX58100_STM32F303RE_MotorControl_Demo|

B0 A pplication/MDK-ARM #X Options for Target ‘AX58100_STM32F303RE_MotorControl_Demo'... Alt+F7
@ & Application/User Add Group...
® & Drivers/STM32F3xx_HAL_Driver Lﬁ Manage Project Items... |
@ d Drivers/CMSIS Open Build Log
@ @ Middlewares/MotorControl [£3 Rebuild all target files
® cmsis [} Build Target F7
}7 Show Include File Dependencies
Manage Project Items Ed

Project Items ]Folders/Extsnsions] Books |

\Project Targets: i2|X 4 ¥ Groups: X 4+ ¥ Files: X 4+ 4
Application/MDK-ARM bootmode.c
Application/User cia402appl.c
Drivers/STM32F3xx_HAL_Driver coeappl.c
Dnivers/CMSIS ecatappl.c
Middlewares/MotorControl ecatcoe.c
Beckhoff SSC ecatfoec
AX58100_Driver ecatslv.c
AX58100_Application foeapplc
mailboxc
objdef.c
samplehw.c
sdoserv.c

Set as Current Target I | CAdd Files..;> I

’ | Cancel | Help |
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v | AX58100_STM32F303RE_MotorControl_Demo_Firmware m

v || Axss100 & % Project: AX58100_STM32F303RE_MotorControl_Demo
| application £ 82 AX58100_STM32F303RE_MotorControl_Demo
, driver R | Application/MDK-ARM
v | | AX38100_STM32F303RE_MotorControl_Demao w & Application/User
> | Drivers @ & Drivers/STM32F3xx_HAL_Driver
ne @ & Drivers/CMSIS
> || MCSDKLS.2.0 @ Middlewares/MotorControl
> || MDK-ARM ;R
s @ @ AX58100_Driver
v || | Beckhoff 85C | AX58100_Application
] s ¥ cmsis ;

Right click “AX58100_ STM32F303RE_MotorControl_Demo” and select “Options for Target
‘AX58100 STM32F303RE_MotorControl_Demo’” to add the “Beckhoff_SSC\Src”,
“AX58100\driver”, “AX58100\application” folders into the “Include Paths” of “C/C++”
settings.

TM32F303RE_M: ol_Demo_Firmware'

(File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
MNE AP 2 B9 «~ | D BB®B|=EEE D sanoupu arale o e

Co B @ ] 88 axssioostmazex | K| A R & Y @

2% Project: AX58100_STM32F303RE_MotorControl_Demo

= &9 | AX58100_STM32F303RE_MotorControl_Demo | p=—
@ 4 Application/MDK-ARM AKX Options for Target 'AX58100_STM32F303RE_MotorControl_Demo"...
@ & Application/User Add Group...
@ & Drivers/STM32F3xx_HAL_Driver &b Manage Project Items...
@ & Drivers/CMSIS Open Build Log
@ @ Middlewares/MotorControl [2 Rebuild all target files
@ A Beckhoff SSC [£) Build Target F7
® & AX58100_Driver ‘7| Show Include File Dependencies
@ & AX58100_Application —

¢ cmsis
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Options for Target 'AX58100_STM32F303RE_MotorControl_Demo' =3
Device | Target | Output |Listing | User |Asm | Linker |Debug | Utilities |
— Preprocessor Symbols -

Define: [ARM_MATH_CM4.USE_HAL_DRIVER STM32F303xE

Undefine: ,

i~ Language / Code Generation

[~ Execute-only Code [~ Strict ANSIC Wamings:

Optimization: |Level3(-03) v | [~ Enum Container always int | Al Warnings !
[v Optimize for Time [T Plain Charis Signed [ Thumb Mods

[~ SplitLoad and Store Multiple [~ Read-Only Position Independent [ No Auto Includes

[¥ One ELF Section per Function [~ Read-Write Position Independent [v C99 Mode

Include [Jinc. _/Drivers/STM32F 3o HAL Driver/inc. . [Drivers/STM32F3xx_HAL Driver/inc/Legacy. ,/MCSDK_VSZO

Paths
Misc I
Controls
Compiler |-¢99 -¢ ~cpu Contex-M4.fp -D__MICROLIB -g -O3 -Otime —apcs=interwork —split_sections -1 . /inc -1 -
control | /Drivers/STM32F3xx_HAL_Driver/Inc - . /Drivers/STM32F3xx_HAL_Driver/Inc/Legacy -|
string | /MCSDK_v5.2.0/MotorControl/MCSDK/MCLib/Any/Inc -| ¥

OK Cancel Defaalts | Help

Folder Setup | 2| =

Setup Compiler Include Paths: X Ak 2

Jinc
./Dnvers/STM32F 3xx_HAL_Dnver/Inc
./Drivers/STM32F 3xx_HAL_Driver/Inc/Legacy
.IMCSDK_v5.2.0/MotorControl/MCSDK/MCLib/Any/Inc
-JMCSDK_v5.2.0/MotorControl/MCSDK/MCLib/F3x¢/inc
./MCSDK_v5.2.0/MotorControl/MCSDK/UlLibrary/inc
.JMCSDK_v5.2.0/MotorControl/MCSDK/SystemDriveParams
./Dnvers/CMSIS/Device/ST/STM32F 3x¢/Include

[Drivers/CMSIS/Include
.\-\Beckhoff_SSC\Src

A \AX58100\driver -
.\ \AX58100\application U

. | cance |
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5. Right click “Drivers/STM32F3xx_HAL_Driver” and select “Add Existing Files to Group
‘Drivers/STM32F3xx_HAL_Driver’...” to manually add “stm32f3xx_hal_spi.c” source file in
order to support AX58100 and STM32F303RE MCU communication via SPI interface.

,z"@"dﬂlz. & - | . |7~’2'.’5 ';"..I-Z!Slll;:‘ | @ _staroutpur __’_L“IQ!" (o
o aEe | B acsosvasv I K| AR e Y@

89 AXS58100_STM32F303RE_MotorControl Demo 4|

w3 Application/MDK-ARM |

@ I Application/User
o stm32f3xx_hal_adc.c A Options for Group 'Drivers/STM32F3xx_HAL Driver'.. Alt+F7
a0 stm3213xx_hal_adc_ex.c Add New Item to Group ‘Drivers/STM32F3:xx_HAL _Driver'..
@ stm32f3nhal_dacc | Add Existing Fies to Group ‘Drivers/STM32F3xx HAL Driver... |
R | stm32f3xx_hal_dac_ex.c Remove Group 'Drivers/STM32F3xx_HAL Driver’ and its Files
w2 stm32f3xnx_hal_tim.c Open Buid Log
a8 stm3213xx_hal_tim_ex.c {5 Rebuid all target files
@ stm32f3x_hal_uart.c (& Buid Target -
# 3 stm32f3xx_hal_uart_exc
s 0 stm32f3xx_hal.c & Manage Project ltems...
® d stm3203n hal_reec ¥ Show Indude Fie Dependendies
@ stm32f3x_hal_rec_exc

4 Add ¥ ',__-:'é-'\;ﬁfz ;"';:,‘ﬁ,’. /

BWBUEQ: | ) Sic v emc @y
= ) BREM 4
stm32f3xx_hal_smartcard.c 2019/5/2
stm32f3xx_hal_smartcard_ex.c 2019/5/2 __
stm32f3xx_hal_smbus.c 2019/5/. E
|| stm32f3xx_hal_spi.c 2019/5/2
stm32f3xx_hal_spi_ex.c 2019/5/2 ~
<« | i [ »
BT [stm323xx_hal_spi.c Add
EEERM): [C Source file (*.¢) L] Close
4
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6. Edit “stm32f3xx_hal_conf.h” header file to enable the “HAL SPI MODULE ENABLED”

definition.

AXS8100 STM32F303RE_MotorControl_Demo_Firmware 2

AX58100
application

driver

AX58100 STM32F303RE_MotorControl_Demo

Drivers
CISIS
STM3Z2F3x0_HAL Driver
Inc

Src

Inc

MCSDK _v3.2.0
MDK-ARM
Src
Beckhoff S5C
AXS58100 STM32F303RE_MotorContral_Demolit_20190614

W st 32f3a:_hal confh B3

2iE

@ drive_parameters.h
@ mainh

@ mc_apih

@ mc_configh

@ mc_parameters.h

@ mc_stm_typesh
@ mc_tasks.h

@ matorcontralh

@ parameters_conversion h

@ parameters_conversion_f30x.h

@ pmsm_motor_parameters.h

@ power_stage_parameters.h
regular_conversion_manager.h

I% stm32f3:0¢_hal_conf.h
& stm32f3eith

@ ui_taskh

(@ user_interface.h

12 *#define HAL RNG MODULE ENABLED
73 /*#define HAL RTC MODULE ENABLED
T4 #define HAL SPI MODULE ENABLED
75 #define HAL TIM MODULE ENABLED
76 #define HAL UART MODULE ENABLED

82 | /*#define HAL PCD MODULE ENABLED

/*#define HAL USART MODULE ENABLED
8 /*#define HAL IRDA MODULE ENABLED

9 /*#define HAL SMARTCARD | MGDULE ENABLED x/
80 /*#define HAL SMBUS MODULE ENABLED
81 /*#define HAL_WWDG_MODULE_ENEBLED

83 | /*#define HAL EXTI MODULE ENABLED

xf
y
ny
y
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7. Refer to the following blue texts to edit “main.c” source file.

AX58100 STM32F303RE_MotorControl_Demao_Firmware " EZiE
o109 @ ranc |
application @ mc_apic
driver @ mc_config.c
AX58100 STM32F303RE_MotorControl_Demo @ me_parameters.c
Dirivers '@' me_tasks.c
(@ motor_control_protocol.c
CISIS
@ motarcontrol.c
STME2F 30 _HAL Driver .
'@' regular_conversion_manager.c
Inc @ stm32f3hal_msp.c
Src '@' stm32f3xx_itc
Inc @ stm32f30x_mc_it.c
MCSDK_v5.2.0 @ system_stm32f3occ
MDK-ARM @ uitaskc
Crc @ user_interface.c
Beckhoff_SSC
* Includes ------------ e e */

#include "main.h"
#include "motorcontrol.h"

/* Private includes S

x|

/* USER CODE BEGIN Includes */
#include "applinterface.h”

#include "ax_uart.h"

#include "console.h”

/* USER CODE END Includes */

|nt main(void)

{

* Initialize interrupts */

MX_NVIC_Init();

/* USER CODE BEGIN 2 */
AX_UART_Init();

ESC_DEBUG("\r\n %s Firmware v%s, %s \r\n", DEVICE_NAME, DEVICE_SW_VERSION,

__DATE_);

if (HW_Init())
{
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ESC_DEBUG("Initializa ESC hardware timeout!\r\n");
HW_Release();
¥

else
{
#if ETHERCAT_SLAVE_STACK_ENABLE)

Mainlnit();

ESC_DEBUG("Start EtherCAT slave stack OKI\r\n™);
#else

ESC_DEBUG("EtherCAT slave stack has disabled\r\n");
#endif

}

CONSOLE_Init();
/* USER CODE END 2 */

* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
/* USER CODE END WHILE */

CONSOLE_Task();

#if ETHERCAT_SLAVE_STACK_ENABLE)
HW _IntrDequeue();
MainLoop();

#endif

/* USER CODE BEGIN 3 */

}
/* USER CODE END 3 */

}
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8. Right click “AX58100_STM32F303RE_MotorControl_Demo” and select “Rebuid all target
files” to build the AX58100 + STM32F303RE MCU Motor Control demo firmware source.

B DAAX58100_STM32F303RE_MotorControl_Demo_Firmware\AX58100_STM32F303RE_MotorControl_Demo\MDK-ARM\AX58100_STM32|
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

S @ (- R T I | = F 05 1] @ mxovic Fasl@le ©oe&F)L
S5 e | $8] axssioostmazeslv| K| E € Y @
Project a ] mainc
| 13 Project: AX58100_STM32F303RE_MotorControl_Demo | 168 /* Infinite loop */
|#2_AX58100 STM32F303RE MotorControl Demo | 1 169 | /* USER CODE BEGIN WHILE */
| Application/MDK-ARM A Options for Target 'AX58100_STM32F303RE_MotorControl_Demo'... Alt+F7
= & Application/User Add Group...
@ mainc & Manage Project Items...
& . motorcontrol.c Open Build Log
:: 81| mc_api.c I 5 Rebuild all target files I
@ J motor_control_protocol.c (%] Build Target F7
: j me_config.c ¥ | Show Include File Dependendes

mc_tasks.c T TTy 7

Build Output

..\..\axX58100\application\clicmd.c: 5 warnings, O errors

compiling test.c...

linking...

Program Size: Code=91928 RO-data=6372 RW-data=5588 ZI-data=20172

FromELF: creating hex file...

"AX58100 STM32F303RE_MotorControl Demo\AXS58100 STM32F303RE_MotorControl Demo.axf" - 0 Error(s), 12 Warning(s).
Build Time Elapsed: 00:02:07

9. The demo firmware is ready for operation now (i.e. “AX58100_STM32F303RE_MotorControl_
Demo.axf”).

AXS8100_STM32F303RE_MotorControl_Dema_Firmware 2 £iE
AXS8100 |7 Ax58100_STM32F303RE_MotorControl Demo.axf |
| AX58100_5TM32F303RE_MotorControl_Demo | € AX58100_5TM32F303RE_MatarCantral_Dema.build_lag.htm
Drivers S5 AX5E100_5TM32F303RE_MatarContral_Dema.hex
Inc & AXS58100_STM32F303RE_MoatorControl_Dema.htm
MCSDK v5.2.0 D AX58100_STM32F303RE_MotorControl_Dema.lnp
MotorControl D AX58100_STM32F303RE_MotorControl_Demo.map
D AXSR100_STM3AZ2F303RE_MotorContral_Demo_AX58100_STM:
MDK-ARM [ testo
AX58100_STM32F303RE_MotorControl_Demao D clicrmd.crf
DebugConfig [ cliemd.d
RTE [ cliemd.a
Src [ testcd
Beckhoff SSC o [ testd .
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5-6. Program Demo Firmware onto NUCLEO-F303RE MCU Board Flash Memory

This section indicates how to program AX58100 + STM32F303RE MCU Motor Control demo
firmware code onto NUCLEO-F303RE MCU board by using Keil MDK-ARM uVision5
Development Tool.

1. Please install STM32 ST-LINK Utility firstly, connect the NUCLEO-F303RE MCU board to
Windows platform via Micro-USB cable and then make sure the following “STLink Virtual
COM Port” drivers of NUCLEO-F303RE MCU board are installed properly.

S EEEES =
BEF) WTA) BRNV) J|EH)
e | m|E HE 8 2&S

4 3 MISD220-PC
i DVD/CD-ROM a2 #
L IDE ATA/ATAP #2538
4§ Universal Serial Bus devices
# STMicroelectronics STLink dongle
W IExX=E
N RERE
O B RAREEIEHE
0O z=x
§ EERIERHDEE
« Y Bizi% (COM 7 LPT)
; '? STMicroelectronics STLink Virtual COM Port (COM3)|
T IR (LP11)
YT B8 (COM1)

Connect to

Windows PC 7y AREEMEEEE
A
K o=Es
o R
L AENAEE
oo
B B

2. Select “Configure Flash Tools” from “Flash” menu of Keil MDK-ARM uVision5 Tool.

m D:\AX58100_STM32F303RE_MotorControl_Demo_Firn

File Edit View Project Debug Peripherals Tools

13 4 @ # .~ %3 Download F8

: | L‘”il ! Erase

I Configure Flash Tools... |
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Select “Utilities” tab and press “Setting” button to manually add “STM32F3xx 512KB Flash”
Flash Programming Algorithm for NUCLEO-F303RE MCU board.

Options for Target 'AX58100_STM32F303RE_MotorControl_Demo'

Device | Target | Output |Listing |User |CAC++ |Asm | Linker | Debug

Configure Flash Menu Command
(@ Use Target Driver for Flash Programming

—Use Debug Driver —

[v Use Debug Driver

[v Update Target before Debugging

Init File: |

(" Use Extemal Tool for Flash Programming

Command:l

Arguments: I

r

Configure Image File Processing (FCARM):
Output File:

Add Output File to Group:

|Application/MDK-ARM

Image Files Root Folder:

[ Generate Listing

OK Cancel Defaults
Cortex-M Target Driver Setup
Debug | Trace | Flash Dowmload
Dowmnload Function RAM for Algorithm
LORD  EraseFull Chip [« Program
53 ® Erase Sectors v Verify Start: | 020000000 Size: | 00800
" Do not Erase [v Reset and Run
Programming Algorithm
vice Si it Range |
STM32F 3xx 512KE Flash 512k On-chip Flash  08000000H - 0807FFFFH |

Size: I

& | cua
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LOAD

4. Press |»ﬁ| button to start downloading the compiled AX58100 + STM32F303RE MCU Motor
Control demo firmware code (e.g. “AX58100_STM32F303RE_MotorControl_Demao.axf”)
onto NUCLEO-F303RE MCU board Flash memory.

D:\AX58100_STM32F303RE_MotorControl_Demo_Firmware
File Edit View Project Flash Debug Peripherals Tools SVC!

B d@| s B an[pBnn[E:
08 e @I AX58100_STM32F3 v | &K [ b = &
s %% Download (F8) [

% Projea: AX581 Download code to flash memory :'mo =
SR = AXSBI%_SL'WZRU}RE_MTTt_FD_’o orControl_Uemo

- Application/MDK-ARM

Application/User

Drivers/STM32F3xx_HAL_Driver

Drivers/CMSIS

Middlewares/MotorControl

CMSIS

|

+

)
LU EKEFE

Build Output

linking...

Program Size: Code=33424 RO-data=1160 RW-data=1936 ZI-data=1792
FromELF: creating hex file...

"AX58100 STM32F303RE_MotorControl Demo\AXS8100 STM32F303RE_ MotorControl Demo.axf" - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:01:32

Load "AX58100_STM32F303RE_MotorControl_Demo\\AX58100_STM32F303RE_MotorControl_Demo.axf™
Erase Done.

Programming Done.

Verify OK.

Flash Load finished at 10:32:11
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5-7. How to update AX58100 EEPROM by TwinCAT tool
This section indicates how to update AX58100 EEPROM by using TwinCAT tool.
1. Copy the ESI file of AX58100 + STM32F303RE MCU Motor Control reference design (e.g.

“AX58100 P-NUCLEO-IHMxxx_Demo_Rev02_ESI_20190530.xml”) into the default folder
of TwWinCAT3 ESI files (e.g. “C:\TwinCAT\3.1\Config\lo\EtherCAT").

===
P~ .
@U' | «[TwinCAT » 3.1 » Config » Io » EtherCAT » | | 4 I 28 Ethercar
EHeEE MAZEFRE ~ RESHR ~ FiEEaR = o
4 THER Q) - 55
Intel
Keil v5 Beckhoff AXSxxx
PerfLogs RES
Program Files I £ AX58100_P-NUCLEO-IHMxxx_Demo_Rev02_ESI_20190530.xml I
Program Files (x86) L £ Beckhoff AT2x00txml
4 b TwinCAT £ Beckhoff AX2xocxml
4l 31 £ Beckhoff AXSxoxxml
Boot £ Beckhoff BKwooouxml
Components £ Beckhoff CUxoocxml
4 | Config ' Beckhoff CxXxoocxml
4] Io £ Beckhoff EJLoouxml
CANopen £ Beckhoff E)2x0cxml
DeviceNet £ Beckhoff E)3x0xml
) Esb £ Beckhoff E)4xocxml
). EtherCAT £ Beckhoff EJSxoocxml
| EtherCATAP ¢! Beckhoff EJ7x000xml
EtherNetiP i
2. Create a new project on TwinCAT 3 Tool.
E. TwinCAT_EEPROM-3 jpg - IfanVie ) 8 i Nemejxt' - o i - e R ="}
File Edit Image Options View Help ¥ Recent NET Framewark 4.5~ |Sortby:  Default T

winCAT Projects | Type: Tw
T

EHEX{R29 0QRQ@n@ O[T | w, S

ﬂ Microsoft Visual Studio
EDIT VIEW DEBUG TWINCAT TWINSAFE PLC  TOOLS SCOPE  WINDO)

¥ I 3 Project.. Ctrl+Shift+N
Open ' | ‘@ Web Site.. Shift+Alt+N
C B File.. Ctrl+N

W Saveall Ctrl+Shift+S
here 1o go online and find templates,
Name: TwinCAT Project?
Recent Projects and Solutions » Location: CAUsers\allan\Documents\Visual Studio 2013\Projects -l [ Browse..
. i Solution name: | TwinCAT Project7 V] Create directory for solution
B Exit Alt+F4 e
s Cancel
: - i
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3. Select “TWINCAT” -> “EtherCAT Devices” -> “Reload Device Descriptions” to take effect
the new ESI file of AX58100 + STM32F303RE MCU Motor Control reference design.

n TwinCAT Project7 - Microsoft Visual Studio
FILE EDIT VIEW PROJECT BUILD DEBUG -TWINSAFE PLC TOOLS SCOPE WINDOW  HELP
B-O-% M Activate Configuration ~ | | TWinCAT RT (x64) -|| B

E5 © | 2RE@ @5, |<Local> ﬂ_ Restart TwinCAT System
B Restart TwinCAT (Config Mode)
Solution Explorer <
mp‘ o-8| 5 & Reload Devices
- -
. . . \ Scan
il il (@ Toggle Free Run State

R[] Solution TwinCAT Project7" (1 project)

4 gl TWinCAT Project? @) Show Online Data
> @l SYSTEM ', Show Sub Items
= MOTION &  Security Management...
g E;EEW #5  Access Bus Coupler/IP Link Register...
E Ce++ Update Firmware/EEPROM »
4 & 10 Show Realtime Ethernet Compatible Devices...

File Handling ;

@ Mappings

Selected Item »
EtherCAT Devices » Update Device Descriptions (via ETG Website)...
About TwinCAT I Reload Device Descriptions I

Manage User Defined Whitelist...
—_ Manage User Defined Blacklist...
4. Select “Scan” to find out the “AX58100 P-NUCLEO-IHMxxx_Demo” device and make sure
the scanned device is in “OP” mode.

ﬂ TwinCAT Project7 - Microsoft Visual Studio
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT TWINSAF

. B-o-< W | 9« & «| P Attach...
S © | e N@| @5, || <Local> -l u
Solution Explorer * 0 X
G& o-d & =
Search Solution Explorer (Ctrl+) p v

R Solution "TwinCAT Project7' (1 project)
4 ol] TWinCAT Project?
>l SYSTEM
& MoTION
gl rLC
1) SAFETY
B C++
4 310
5’ Mappings 0O Add New Item.. Ins
‘0 Add Existing Item... Shift+Alt+A

*Q Scan
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D‘ TwinCAT Project7 - Microsoft Visual Studio
FILE EDIT VIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP
- B-o-2 F X E 9T -] » Atach. - Release ~ || TWinCAT RT (x64) Y-
w B RAZRE @7, <ol -l < \ s
Solution Explorer . TwinCAT Project7 + X _

@ o-8 &= | General | Adapter |EthexCAT CoE - Online |

Search Solution Explorer (Ctri+; P~

No A.. Name State CRC

51 Solution “TWinCAT Project7" (1. projec) 1 1001 Box 1 (AX58100_P-NUCLEO-THMsxx Demo)  OP
4 o] TWinCAT Project7

> (@l SvSTEM
| MOTION
g rLc
&) SAFETY
u C++
4« @vo
4 " Devices
24 —= Device 3 (EtherCAT)

*® Image

*® Image-Info
b 2 SyncUnits
b Inputs Actual State: OP Counter Cyclic Quened
b @ Outputs ([ Init | [Pre:Op | [Safe-Op] [ Op | | Send Frames 82721+ 4718

. | Frames / sec 499 + 16

b @ InfoData [ Clear CRC | [ Clear Frames | Lost Frames 0 + 0
b [ Box 1 (AX58100_P-NUCLEO-IHMxxx_Demo) Tx/Rx Errors 0 !0

a’: Mappings

5. Select “EEPROM Update” from the “AX58100_P-NUCLEO-IHMxxx_Demo” device to start
updating AX58100 EEPROM.

M TwinCAT Project? - Microsoft Visual Studio

FILE EDIT WVIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP

io-o|B-mD-U NP XD « < P Attach.. - Relesse | | TWinCAT RT (x64) -1| e
EEN | ﬂ?“\@ W) T, || <Local> '.t T: 5

ref

D o-9 &= = M_LE&HK&T_&E—MB_

Search Solution Explorer (Ctrl+

B Solution TwinCAT Project? " Ma A Name Stae CRC
R Selution TwinCAT Project?" (1 project) ] Mxio: Demo’ ) 0
4 Gl TWinCAT Praject? Request “INIT' state
b @l SYSTEM Request "PREOP' state
| MOTION Request "SAFEQP" state
2y
i FLc Request "OF" state
1} SAFETY Request "BOOTSTRAP' state
p lg;;' Clear 'ERROR’ state
4 ™ Devices |  EEPROM Update_ |
=% Device 3 (EtherCAT) Firmware Update...
Image Advanced Settings...
*® Image-Info Properties...
P 2 SyncUnits
-l Actal Stste: op Conntar Cyelic  Quaed S ok
b W Outputs [Tt | [Pre-Cp | [Safe-Op | [ O» | i‘“” F‘j"’m ig'f‘” ' 2|§?8
- L + 1%
b InfoData [ Qewcrc || Clew Frames | ﬂfm;: 0 &0
b [ Box 1 (AX5B100_P-NUCLEG-IHMox_Dema) TxFxEmors 0 /o

&’ Mappings

Number Bax Name Addr.. Type InSize Out 5. E-Bus (.
1 Box 1 (AX58100_P.. 1001  AX58100_P-M.. 6.0 6.0

6. Power OFF and then ON AX58100 board to take effect the new AX58100 EEPROM hardware
configuration.
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5-8. Verify AX58100 + STM32F303RE MCU Motor Control Demo Firmware

1. Import tpzip of PCL file
® Create a new TwinCAT Project

I Recent

TwinCAT Projects

Add Mew ltem... Ins
Add Existing ltem... Shift+Alk+A

Add Project from Source Control...

Hide PLC Configuration
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@ OneDrive

[ -
- ElE
RD_Project
L osw (10.1.4.100)
¥ T
|5 =%
b
==

b

w

W
ol

fr

=
o

EESEN): | AXSS100_P_NUCLED HMxxx_Demo_v001.tpzip

~| |PlcProject File (*.pleproj; )~

BER0) EH
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2. Re-scan the configured slave and make sure it has entered OP mode.

Active PLC Project ! TwinCAT Project! + X

Solution Explorer v
@ o--als=
Search Solution Explorer (Ctrl+;) P~

] Solution ‘TwinCAT Project!’ (1 project)
4 il TWinCAT Project1
b (@l SYSTEM

saipadoig

General | Adapter | EtherCAT | Online | CoE - Online

No Addr  Name State CRC
1001 Bux1(AX58100_P-NUCLEO-IH... 0

xo0qjoo] Ja10]dx3 MRS

4 “% Devices
4 = Device 2 (EtherCAT)
28 Image

4

28 |mage-Info
b 2 SyncUnits
b Inputs
b [ Outputs

II? : Box 1 ;AX58100 P-NUCLEO-IHMoox Demo I

4 g: Mappings
@’ AX58100_P_NUCLEO_IHMsoo_Demo_v001 Instance - Device
@’ AX58100_P_NUCLEO_IHMboo_Demo_v001 Instance - Device

Actual State: oP Counter Cyclic Queued

Init PreOp | |SafeOp Op Send Frames 12257 +
A Ana A~ Frames / sec 99 &

Error List

Yo~

0 Errors ‘ ! 6 Warnings ‘ @ 8 Messages "| Search Error List P~

Description File Line C Project

L 3 4/10/2020 4:21:14 PM
683 ms | TwinCAT
System' (10000): Win32
Error: 3 (The system
cannot find the path
specified. ) while
generating file C:

(oM. Error List

3. Establish links of PLC variables
® Link MAIN.arrECMaster_Netld variable

2 PLC Search: “ ’XV
4 AX58100_P_NUCLEQ_IHMcoc_Demo_v001 :
b GE] AX58100_P_NUCLEO_IHMsoo_Demo_v001 P

4 [T) AX58100_P_NUCLEO_IHMxx Demo v001 In
4 Motion_Control Inputs 1. DOUble‘_'
< MAIN.arrECMaster_Netld

¥ MAIN.nlOStatusWord
%' MAIN.nlOPositionValue
4 [ Motion_Control Outputs
- MAIN.fbStatusChange.nlOCtrlWD
% MAIN.nlOTargetVelocity

" Devices % a
4 Device 2 [EtherCAT) 2' EStabIISh "nk

1B 1540.0, AMSNETID [6.0]
- [HMx==x_Demo

' Adshddr
L. netld > IB1550.0, AMSNETID [6.0]

® Link MAIN.nlOStatusWord variable

Fm0State > [B 1520.0, UINT [2.0]
4 AX58100_P_NUCLEO_IHMboo_Demo_v001 Frm(w/cState > |B 1522.0, UINT [2.0]

b E_g AX58100_P_NUCLEO_IHMsoo_Demo_v001 p, FrmOlnputToggle > 1B 1524.0, UINT [2.0]

4 PLC E
*
*
i SlaveCount > |B1530.0, UINT [2.0]
*
*
+
-’

“ ‘@Mﬁl?;:—?gﬂiﬂ;’:rf“-nem°—"°°1 N %1 DevState > 1815340, UINT [20]
- - ChangeCount > IB 1536.0, UINT [2.0:
R man.1. Double click | Devlg > 1B 1538.0, UINT [2.0] &
| = MAIN.nIOStatusWord | [ CfgSlaveCount > IB 1546.0, UINT [2.0]
#' MAIN.nlOPositionValue | B4 Box 1 (4x58100_P-NUCLED-IHMxxx_Dema)
4 [ Motion_Control Outputs ‘4 Status'word > 1B 39.0, UINT [2.0]
B MAIN fbStatusChange.n|OCtriWD 2. Establish linkT 20l

> MAIN.nlOTargetVelocity e acecar
w0 port > |B 1556.0, WORD [2.0]

[ caccTv
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® Link MAIN.nlOPositionValue variable

4 PLC
4 AX58100_P_NUCLEO_IHMm(_Demo_vom
b ;—:_'I AX58100_P_NUCLEO_IHMxx_Demo_v001 P
4 @ AX58100_P_NUCLEO_IHMxox_Demo_v001 In
4 Motion_Control Inputs
% MAIN.arrECMaster Netld
1. Double click __
%' MAIN.nlOPositionValue |
4 Motion_Control Outputs
B+ MAIN fbStatusChange.nlOCtrWD
B~ MAIN.nlOTargetVelocity

Search:

=& /0
-7 Devices
=% Device 2 [EtherCAT)
-7 SpncUnits
L B2 <defaulty
£-7* Motion_Contral
‘.%] Objectld > IB1558.0,0TCID [4.0)
5@3} Box 1 (4X58100_P-NUCLED-IHMx=xx_Demo)

'gmmon S 18 41.0, DINT (307 |
. Establich link

® Link MAIN.fbStatusChange.nlOCtrIWD variable

4 AX58100_P_NUCLEO_IHMsx0ox_Demo_v001
b GE] AX58100_P_NUCLEO_IHMsocx Demo_v001 P
4[] AX58100_P_NUCLEO_IHMbocx_Demo_v001 In
4 Motion_Control Inputs
# MAIN.arrECMaster_Netld
) MAN oINSt \Maerl .

1. Double click

4 [ Motion_Control Outputs

I ? MAIN.betatusChange.nlOCterD|

B~ MAIN.nlOTargetVelocity

® Link MAIN.nlOTargetVelocity variable

4 PLC
4 [Bf AX58100_P_NUCLEO_IHNboxx_Demo_v001

b BE] AX58100_P_NUCLEO_IHMboo _Demo_v001 P
4 [iH] AX52100_P_NUCLEO_IHM:oo Demo_v01 In

4 Motion_Control Inputs
&' MAIN.arrECMaster_Netld
%' MAIN.nlOStatusWord
#' MAIN.nlOPositionValue
4 [l Motion Control Qutouts
=, 1. Double click «wp
- MAIN.nlOTargetVelocity I

T o m—

Search: Il| X

£ 10

“.. Devices

“4 Device 2 [EtherCAT)

H FmOCHl > QB 15200, UINT [2.0]

- FrmOwieCtl > QB 1522.0, UINT [2.0]

~-m D2, Establish link :0

[=)-£4% Box 1 (4X58100_P-NUCLEOD-IHM#xx_Dema)
|5’ Control Word > 0B 39.0, UINT [2.0]]

Search: [| Xr

i Devices
[=-~% Device 2 [EtherCAT)

E\ﬁ 3 .| |
A% TargetVelocity > 0GB 41.0, DINT [4.0]

2. Establish link

Now, you can forward to next step to execute the TwinCAT PLC program.
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4. Execution.

After done the environment setup, you can start to execute the TwinCAT PLC program to control
the BLDC motor speed with open loop drive, here we will introduce how to hook on/off PLC
program and control motor speed on TwinCAT platform.

® Hook on PLC Program
Before starting PLC program, you shall make sure the EtherCAT slave has entered OP mode without
any exception. And then please refer steps below to start PLC program.

Stepl: Switch TwinCAT into “run mode”

Rz «e|wil E
M Click and switch to run mode
@ o--F| &=
Search Solution Explorer (Ctrl+;)
4 PLC
4 [EJ| AX58100_P_NUCLEO_IHMboox_Demo_v001
b GE] AX58100_P_NUCLEO_IHMox_Demo_vD01 Project
4 @ AX58100_P_NUCLEO_IHMxo_Demo_v001 Instance
4 Motion_Control Inputs
&' MAIN.arrECMaster_Netld
¥ MAIN.nlOStatusWord
%' MAIN.nlOPositionValue
4 [ Motion_Control Outputs
- MAIN.fbStatusChange.nlOCtrlWD
v MAIN.nlOTargetVelocity

Step2: Open motor control dash board by click
[PLC>AX58100_ P_NUCLEO_IHMxxxx_Demo_v001>
AX58100 P_NUCLEO_IHMxxxx_Demo_v001 Project>VISUs>MainBoard]

| Solution Explorer A S Al MainBoard + X

©lo-2am| &=

- A
[ AX58100_P-NUCLEQ-HMxxx_Demo

Search Solution Explorer (Ctrl+;) P~ oyt Siatus ~ NetiD et
MOTION o o amenao | s
4 PLC L A M e
4 AX58100_P_NUCLEO_IHMboo_Demo_v001 - Error Status [ e ~ Control Button

4 ;—; AX58100_P_NUCLEO_I[HMsox_Demo_v001 Project
[ External Types
b 3] References

@ saszrawure

Stop Motor

g
i
(]

[ DUTs 50 s =0 40 ¥ 12om
b [ GVLs i _— 3000 135
1500 13500
b [ POUs . — 152 1502 . -
b [ STRUs Measurad Spesd (rpm) Targst Spesd {rpm)  Status Code
4 [ VISUs [ = [ % %d

] BLDC_Control_Panel
i) CiA402StatusUserSet
uﬁ_‘l Error_Satus_Back

&) FOC_Control_Panel

1 50% [R]~
»

TwinCAT Project] + X
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Step3: Login PLC program
- [axs8100 p_Nucteo Hn -| | BT] Click to loqin | &

MainBoard + X

[ AX58100_P-NUCLEQ-IHMxxx_Demo

[ System Status — NetiD ]
. o0 [ amsnatD | %s (|
J 3 B

| Reaty Run Smor

 Error Status ‘ | Wan Corers [ABoz B | | =4
e R 1

Step4: Play PLC program
= | AX58100_P_NUCLEO_IHM ~ || E €| =

MainBoard & X CI'Ck to la

] AX58100_P-NUCLEO-IHMxxx_Demo

System Status | NetiD

o ° ‘ Ams Net 1D 192168017931
d

| Ready Run Emor

50
Copyright (C) 2019-2020 Reserved by ASIX Electronics Corporation



AX58100 SoC EtherCAT SSC Porting Guide

5. Manipulation of PLC Program
As below figure, the Motor Control dash board consists of various components, you shall press
“Start” button firstly on right-top corner before any further manipulation.

[

System Status

© 090

Ready Run Error

Error Status
° PHASE_FAILURE

AX58100_P-NUCLEO-IHMxxx_Demo |
Stepl :Press Start buttpn
NetiD Start
AmsNetlD | 192.168.0.179.3.1 -@t
. Control Button
Motion Control | Al
fEER| ot Step2:Pregs Starrt button
75008000
450‘3005 50@00,%500 4500 /% 12000
ErrorR
3000 12000 3000 C ® ;13500 M
1500 13500 = .
. o000 1500 15000
Measured Speed (rpm) Target Speed (rpm) Status Code
| 1500

The usage of components is described in below table, you shall take care on that if there is any error
condition occurs, the motor will be stopped and you cannot restart motor before cleared the error

condition by pressing “Error Reset” button.

AX58100 Six-Step PWM BLDC Motor Control Dash Board

Items Sub-items Description
System Status Ready This indicator will be lighted up after user pressed
“Start” button and PLC program passed the self-
check.
Run This indicator will be lighted up after “Start
Motor” button be pressed and no error occurs.
Error This indicator will be lighted up if any errors

occurred.

Error Status

PHASE_FAILURE

This indicator will be lighted up if the HALL phase
detected is unexpected or phase change timeout.

NetID

Ams Net ID

This is used to show Net ID of EtherCAT device.

Motion Control

Measured Speed (rpm)

This component will show the motor speed
measured.

Target Speed (rpm)

This component is used to change motor Target
Speed; it has an initial value at 1500rpm.

About

Where shows the PLC program version information.

Start

Start PLC task, it shall be pressed firstly.

Control Button

Start Motor

Start motor rotating according to Target Speed.

Stop Motor

Stop motor rotating without ramp function.

Error Reset

This button is used to clear error condition and
allow the motor can be started again.
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Status Code

This component is used to show error code if error
occurred.

® Hook off PLC Program
After demonstration, recommend you to refer steps below to close the PLC program.

Stepl: Please make sure the motor has been stopped.

Step2: Click icon to stop PLC task.

Step3: Click icon to logout PLC program.

Step4: Now, you can close TwinCAT project.
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TEL: +886-3-5799500
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