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1. Introduction

EtherCAT (Ethernet for Control Automation Technology) is an Ethernet-based fieldbus system; it is suitable
for both hard and soft real-time computing requirements in automation applications.

The two-axes position control system is developed to illustrate the EtherCAT performance and target on
motion control application, it integrates SubDevice side FOC (Field-Oriented Control) control algorithm,
CANopen over EtherCAT protocol and MainDevice side PLC (Programmable Logic Controller) program. This
document will introduce how to build-up entire hardware, software environment and how to manipulate the
PLC-based dashboard for demonstration. As illustrated in below figure, the EtherCAT MainDevice side is a
PC/IPC and consist of real-time capable NIC, TwinCAT MainDevice and PLC demo program.

z Real-Time Capable NIC and Driver
This is mandatory equipment in order to guarantee short data update time (also called cycle time) and precise
synchronization (jitter < 1us).

z  TwinCAT MainDevice
This is run on a real-time sub-system which created by TwinCAT developed environment on Windows OS, it
is in charge of the EtherCAT network topology build-up, configuration and cyclic process data transfer.

z PLC Demo Program
This is a pre-developed procedure based on TwinCAT engineering (XAE) environment, then run on TwWinCAT
MainDevice, it provided a visible dashboard for user manipulation.

|I Three Phase

| BLDC Motor |
110/220 VAC A,B,Z(SingleEnd) [VATAYY
24vDC [ 13 116
| AC/DC Power Adapter }—b 11 | X NUCLEOIHMOBNIL
(Three-Phase Inverter)
| o7 | | cnio |
Supply 5¥DC power to
AX58101-EVB-SSPDI and | N7 | | CN10 |
sensor circuit in X-NUCLEO- T T
|HMOBM1 NUCLEO — F303RE
PLC Demo Program {Motor Controller)
» CN1 . .
TwinCAT MainDevice 1 1
[ 9 | [ 18 |
USB |« AX58101-EVB-55PDI-1
—— (EtherCAT SubDevice Controller)
NIC | con2 | [ con3 |
PC/IPC i porto f Portl

EtherCAT Network

Figure 1-1
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The EtherCAT SubDevice consists of a single motion axis. This axis includes an EtherCAT SubDevice
Controller, a Motion Controller, a three-phase inverter, and a three-phase BLDC motor.

z EtherCAT SubDevice Controller

It is responsible of EtherCAT communication, such as EtherCAT datagram encapsulation/de-capsulation,
EtherCAT commands performing and distributed clock mechanism build-up. The AX58101(2) is an EtherCAT
SubDevice controller ASIC and used to handling these matters as mention above.

z Motor Controller

Itis a 32-bits embedded system and in charge of handling to EtherCAT state machine, CiA402 device profile
protocol and FOC motion control loops, here we use STM32F303RE to do this.

z Three-Phase Inverter

It is a half-bridge power inverter and used to driving three-phase brushless DC motor, here we use ST X-
NUCLEO-IHM08M1 expansion board to do this.

z Three-Phase BLDC
+HUH ZH XVH 0709V %/ 0 ' ( PRWRU

The furthermore software/hardware structure diagram for EtherCAT MainDevice/SubDevice side has depicted
as below.

EtherCAT MainDevice Side EtherCAT SubDevice Side
\ CiA402 Device Profile
PLC Program
Software TWinCAT Master
ST Motor Control
Real-time capable NIC driver 88C Stack Stack
Real-time capable Network BLDC
Hardware Interface Gard AX58101(2) ESC Motor/Encoder
i Prot0 | | Prot1
EtherCAT Network To Next SubDevice
Figure 1-2

z SSC Stack

This stack is used to handle ESM (EtherCAT State Machine) and frame communication, which is created by
SSC tool and free download for ETG members only.

8
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z ST Motor Control Stack
This software stack is provided in STM32 motor control SDK, the position and FOC control loops are
illustrated as below.

BLDC Motor

Figure 1-3
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2. Requirements

Before starting to setup the environment, we should prepare some software and hardware. Of course, they
are all running based on general desktop PC with windows 10 / 11 operation systems. We list software /
hardware requirements as following:

[Software at EtherCAT MainDevice side]
z Windows 10/ 11 operation system
z  Microsoft Visual Studio 2010/ 2013
z Beckhoff TWinCAT XAE v3.1.4022.28 or later
You can download the BECKHOFF TwinCAT here

[Software at EtherCAT SubDevice side]
z ST MotorControl Workbench6 version 6.4.0 (for development only)
You can download the MotorControl Workbench here.

Lys

MotorControl
Workbench6

Figure 2-2

z STM32CubeMX version 6.14.1 (for development only)
You can download the STM32CubeMX here.

73

Lo, cugmented

-
sTM32 N
CubeMX

Figure 2-3

10
Copyright (C) 2025 Reserved by ASIX Electronics Corporation, All Rights Reserved.



A\SIX AX58101 Motor Control User Guide

z Inthis reference design, two types of Integration Development Environment (IDE) could be supported,
you can choose one for the development.

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

uViSi0n® 5 Integrated

Development
LEnvironment

ARMKEIL

Figure 2-4

R STM32 CubelDE version 1.19.0 or later (for development only)
You can download the STM32CubelDE here.

N
STM3?2
CubelDE
Figure 2-5
z STM32CubeProgrammer
You can download the STM32CubeProgrammer here.
N
sTM32 I
CubeProgrammer
Figure 2-6

z SSC Tool V5.13 (for development only)
You can download the SSC Tool from EtherCAT Technology Group (ETG) here

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

Figure 2-8

z AX58101-EVB-SSPDI-1 V1.0 EVB x 1 PCS
For more details, please refer to the link below and the following chapter.

ASIX official link: https://www.asix. Om'tYY/ -

z X-NUCLEO-IHMO08M1 three-phase brushless DC motor driver expansion board x 1
For more details, please refer to the link below and the following chapter.
STMicroelectronics official link: https://www.st.com/en/ecosystems/x-nucleo-ihm08m31.html

z MOTION TECH BL60M24D8E00430080 Motor x 1
For more details, please refer to the link below.
MTM official link: https://www.motiontech-mtm.com/

Figure 2-10
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BL60M24D8E00430080 Performance Spec.

Table 2-1

E130H-09 Connector Wire Definition

3 =0
6 @58 4
o 800 -

E130H-09
(B-B VIEW)

Table 2-2

PD12-130002 Connector Wire Definition

PD12-130002
(A-A VIEW)

Table 2-3

13
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Magnetic structure [SurFace Mounted PMSM v]
Electrical parameters
Pale Pairs 4 =
Max. Application Speed pm
Mominal Cumrent 350 EI Aplc
Mominal DC Valtage v
S
Ls 0.114 El mH
B-Emf constant Vimsdapm
Inertia 6.103 (2 uN'ms2
Friction 6.325 EI ulN"m"s
Table 2-4

z 24VDC/8A Power Supply x 1

Figure 2-11
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3. Board Description
3-1 X-NUCLEO-IHM08M1

The X-NUCLEO-IHMO08ML1 is a three-phase brushless DC motor driver expansion board.

Figure 3-1

" J16: U/V/W three-phase output connector.

" J1: 24V DC link power source connector.

" CN7/CN10: Standard connectors, mounting with J10/J13 on AX58101-EVB-SSPDI board.
. J9: External power selector.

. J3:Incremental encoder interface.

Attention! Before starting to build  -up the system, please make sure the X -NUCLEO-IHM0O8M1 board is
ready by check these jumps and components status as below table.

Figure 3-2

15
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X-NUCLEO-IHM08M1 Component s Status
J9 Opened
JP1, JP2, Closed
J5, J6 Short 3sh side
R74, R86, R170, C3, C5, C7 Unmounted
Table 3-1
16
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4. Environment Setup

4-1 Hardware Connectivity

Please based on below table to connect all necessary equipment.

AX58100 Motor Control Connectivity Table
Axis
IHMO8M1 | F303RE | EvB-ssppi | MTM Motor
Ethernet port: CON2(port0)
EtherCAT network CON3(port)
CN7 < J9
ESC control bus CN10 < 18
. CN7 <=t CN7
Three phase inverter control bus CN10<—=>CN10
Three phase inverier power +24V/GND+ J1
Motor U phase J16.2 (OUT:Z)
Motor V phase J16.3 (OUT:‘I)
Motor W phase J16.1 (OUT?) . E130H-09.3
* > (Gray)
Encoder A CN7.17 SingleEnd A
Encoder B CN10.31 SingleEnd B
Encoder Z CN10.25 SingleEnd Z
Encoder +5V CN7.18 PD12-130002.12
Encoder GND CN7.20 PD12-130002.6
Power USB USB port + > CN1
Table 4-1

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

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

Here will introduce the procedure about build up the reference design source package.
Please follow the steps below to do this.

5-1 Create New Project and Generate Source Code in MC Workbench

Step 1: Open the MC Workbench and create a new project, and select SM-PMSM 24V motor, X-NUCLEO-
IHM08M1 power board and NUCLEO-F303RE control board.

Notice: In order to keep the corrected reference path in BSP, please save the project folder in the path below.
BSP_ROOT\SampleCode \

B MC Workbench

B Newproject & Load Project ! & Tools ® About
4 MC Workbench - o X
‘1[ Motor Control WorkBench
< Back Home English hZ
/ ¥ M

B

Figure 5-1

18
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B MC Workbench - u] x

‘1[ Motor Control WorkBench

& Back Home English &2 @

l AX58101_MotorContro J
Driving Algorithm: m 6-Step

Motor:

SM-PMSM 24V motor

Button

E I

Current Limiter

> Current Sensing

> Over Current Protection

Phase Voltage Generation

2
Potentiometer < Back

% MC Workbench - *AX58101_MotorControl

#A Home ’ # Generate the project ’ @ Motor Pilot ‘ ® About

Figure 5-2

Step 2: Setup Motor “Properties as below

General Info Mechanical parameters.
Stage
Motor name: Inertia 6103 pNmest
Mator ——
| Description: Friction 6325 pN-ms
Motor parameters a
Max. Application Speed: 3000 pm
Motor magnetic structure:
Electrical parameters
a @D quadrature Encoder
Max current: 35 Apk
M. Voltage: / a
x DC Voltage: v Pulses per mechanical revolution 2500
R= 02 |0 Has index pin (Ch Z)
a
Ls: 0114 mH
B-Emf constant: 39 Vims/kRPM
Rated Flux: 0.047765 V/Hz

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

Project Hw & Info Provide here below the Max Current and the Bus Voltage levels that will be us
Stage
Max. application Current: A Upto 35 A
otor ) o o
Bus Voltage: v from 10V to 24 V

Power Supply

Power board Info: Motor Info:
PWM Generation
) . 20 '®)
) ed current: 30 Apk )
Speed Sensing Selection -:f) Supported voltage range .48 Ve :f:‘ .
Figure 5-4

Step 4: Setup PWM Generation “Properties as below

ct Hw & Info

[

Config

Stage a
PWM Frequency: 20000 | Hz

Driving topology: U, V, W, Uneg, Vneg, Wneg

o]
]
]
1]
W

PWM idle state high side:

T
=]

_ PWM idle state low side:
PWM Generation

[ %]
SW dead-time: 800 | ns | from 700 nst
Speed Sensing Selection
dead-time: 1000 ns
Ct nt Sensing o
Charge Boot Capacitor Time: ms
B oltage Sensing Charge Boot Capacitor Du‘ty:. : %

Figure 5-5

Step 5: Setup Bpeed Sensing Selection “Properties as below

Project Hw & Info
Speed Sensing Mode Selection

Stage

Speed Sensor Mode:  Quadrature Encoder

Speed Sensing Selection

Figure 5-6

20
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Step 6: Setup Turrent Sensing “Properties as below

1
Current Sensing
m Over current protection
Stage Regulator execution time:
Current reading topology: OCP Mode: External Comparators
Amplification: External OpAmps Digital Filter Duration:
Shunt Resistor: Q
Threshold: 30 A
Gain: Signal polarity: Active low
Speed Sensin: g Selection Terise: ns
Timer:
Current Sensing T-noise: ns
Readable current range: [-33 A 3069 A] — £ 3069 A
MCU pin mapping
a
ADC. 1-ADC1/ADC2
Channel U (Ampl.): ADC1_INT (PAQ)
Channel V (Ampl): ADC1_INT f ADC2_INT (PC1)
erface Channel W (Ampl.): ADCZ_ING (PCO)
Sampling time:
Max Modulation: 100 %
Figure 5-7
Step 7: Setup Bus Voltage Sensing “Properties as below
Protection
W S @X) Bus Voltage Sensing
Stage Bus Voltage Divider:
m Over voltage
or
Supp MCU pin mapping Recovery action:
i ADC: ADCT_IN2 (PAT) Threshold: Voo(24-33
. ecti Sampling time:
m Under voltage
Current Sensing

Bus Voltage Sensing Threshold: Vo (10-24

Figure 5-8

21
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Step 8: Setup Temperature Sensing “Properties as below

@ Temperature Sensing
NTC thermistor info

V@25°C 1055 mV
dV/dT:

Max working temp.: 110 °C

MCU pin mapping

ADC:

Sampling time:

mv/*C

Figure 5-9

Step 9: Setup Bpeed Sensing Config. “Properties as below

Stage

Speed Sensing Config

Main Sensor

Auxiliary Sensor

Speed Sensor Mode:  Quadrature Encoder

Max Num. Errors before fault:

Quadrature Encoder

Average speed FIFO depth:
Input capture filter duration:

Pulse per mechanical revolution: 2500

usec

counting direction

|

absolute position control pin (ENC_Z) |

Figure 5-10

m Over temperature protection
Threshold: °C (1-110°C
Hysteresis: °C (1-10°C)
Start-up parameters
Duration: ms
Alignment electrical angle of Id: deg
Final current ramp value: A

MCU pin mapping

Timer: TIM2
Encoder A: TIM2_CH1 (PA1S)
Encoder B: TIM2_CH2 (PB3)

Encoder Z: GPIO_Output (PB10)

22
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Step 10: Setup Drive Settings “Properties as below
1fo

Projes

Stage

Motor

Power Supply

A Generation

Current Sensing

Bus Voltage Sensing

I Drive Settings

Stage Configuration

User Interface
Application Configuration

Pins Usage & Hw Changes

Modulation flags

Current regulator

Discontinuous PWM

Execution time: 50 ps

«

Control mode:  Position control

Feed forward

Auto Calculate Torque/Flux Kp & Ki

(1]
Encoder Alignment: Absclute

Torque (lq) current regulator v
Target: from pasition regulator
P: 1240 7 2048 0.60547
k 1086  / 16384 006628
Position regulator v
Execution rate: ms
P: 10000 |/ 1024 76563
I: 1000/ 32768 0305
D: 300/ 1% 75

Flux (Id) current regulator

Target: 0A
P: 1240 | / 2048 0.60547
I: 1087 / 16384

Flux weakening regulator

Figure 5-11

Step 11: Setup YUser Interface “Properties as below

m Start/Stop on Control board

Pin: PC13

Trigger edge: Falling Edge

Motor Control Protocol

ot Sensing @I overusarT A

Internal pull up/down: No pull up - No pull down

Figure 5-12

=L Peripheral: USART2_TX (PA2) - USART2_RX (PA3)
%]
re Sensing Baudrate: | 115200 \
Data Log
nsing Config
Max Signals to plot:
tr 0
Buffer Size:
iguration
Shared Buffer Siz?
on Configuration Buffer Size:

Copyright (C) 2025 Reserved by ASIX Electronics Corporation, All Rights Reserved.
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So far, the settings on MC Workbench have done, about the detail please refer to the file as below.
BSP_ROOT\SampleCode \Ax58101_MotorControl \Ax58101_ MotorControl .stwb6

Step 12: Generates the source code with the CubeMX v6.14.1, Firmware Package Version v1.11.1.

#A& Home [3) Save @& Generate the project ‘ @ Motor Pilot ‘ ® About

Generate Project

Pin Feature name Help

Solder the pin SENS2 to Vshunt_2 of connector J5 and the pin SENS3 to Vshunt_3

Current Sensing of the connector /6

Close JP1 ar

[0 Project generation

@ SETTINGS

STM32CubeMX
6.14.1

Target Toolchain
ST STM32CubelDE

Firmware Package Version
STM32 FWV1.11.1

Selecting "not installed” firmware or “Latest” will require internet
connection

Drive Type
(® HAL - Hardware Abstraction Layer

O LL-LowlLevel

nd JP2 to select FOC configuration

o

Figure 5-13

¢ GENERATION
o/

GENERATE

Figure 5-14

24
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@ SETTINGS

STM32CubeMX

Target Toolchain

Firmware Package Version

Selecting "not installed” firmware or "Latest” will require
internet connection

* GENERATION
w/

\PHSM_MOTOr parameters.n
ower_stage_parameters.h

Ftm32I30x_me_it,
mc_parameters.h

c_app_hooks.c
tm32£3xx it.
stm32£3xx_it.}
\stm32£3xx_h

OPEN FOLDER RUN STM32CubeMX CLOSE

Figure 5-15

25
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5-2 Modify Peripheral Settings in ST M32CubeMX

Step 1: Disable the Pinout & Configuration > System Core > RCC > High Speed Clock (HSE) “setting as
the figure below.

Figure 5-16

Step 2: dd p|n aSS|gnment as he below in Pmout & Configuration > System Core > GPIO > GPIO .

Search Signals
[ Show only Modified

PB7 n/a Input mode No pull-up and no pull-down ESC_EEPDONE

PB8 n/a n/a External Interrupt Mode with Rising edge trigger detection  No pull-up and no pull-down n/a n/a ESC_SYNCO

PB9 n/a n/a External Interrupt Mode with Rising edge trigger detection  No pull-up and no pull-down n/a n/a ESC_SYNC1

PB10 n/a n/a External Interrupt Mode with Rising edge trigger detection  No pull-up and no pull-down n/a n/a M1_ENCODER_Z

PB12 n/a High Output Push Pull No pull-up and no pull-down High n/a SPIPDI_ESC_CS

PC6 n/a n/a External Interrupt Mode with Rising edge trigger detection  No pull-up and no pull-down n/a n/a SPIPDI_INT

PC8 n/a High Output Push Pull No pull-up and no pull-down High n/a SPIPDI_FUN_CS

PC13 n/a n/a External Interrupt Mode with Falling edge trigger detection  No pull-up and no pull-down n/a n/a Start/Stop [PushButton]
Figure 5-17

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

& Single Mapped Signals

Search Signals

:I o
Signal on Pin GF'IO output level GPIO mode GPIO Pull-up/Pull-down Maximum output speed User Label I

PE14 SPI2_MISO Alternate Function Push Pull Mo pull-up and no pull-down  High SPIPDI_MISO
PB15 SPI2_MOSI nfa Alternate Function Push Pull Mo pull-up and no pull-down  High nia SPIPDI_MOSI
PC10 USART3 TX nia Alternate Function Push Pull Mo pull-up and no pull-down  High n/a MC_USART3_TX
PC11 USART3I_RX nfa Alternate Function Push Pull Mo pull-up and no pull-down  High n/a MC_USART3_RX
PF1-0SC_OUT SPI2_SCK nia Alternate Function Push Pull Mo pull-up and no pull-down  High n/a SPIPDI_CLK

Figure 5-18
o
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Step 4: Activated TIM6 & TIM7.
o ]

System Core
Analog

Timers

RTC
v TIM1
TiMm2

TIM3

TIM8

Step 5: Modify the TIM1 setting as below.

S Activated
(] One Pulse Made

Figure 5-19

Q. v < TIM1 Mode and Configuration
System Core > Slave Mode [Trigger Mode
Trigger Source ‘ITR1
Analog 4 Clock Source lDlsabIe
Timers v Channel1 [PWM Generation CH1 CHIN
i Channel2 lPWM Generation CH2 CH2N

RTC Channel3 [PWM Generation CH3 CH3N
s

TIV2 Channel4 lF?WM Generatmn Hp Outpyt

TiMA? Channalt [Nicakla

Figure 5-20

TIM1 Mede and Configuration

Configuration

Reset Configuration
L]

arameter Settings

‘Conﬁgure the below parameters :

~ Counter Settings
Prescaler (PSC - 16 bits value)
Counter Mode

Counter Period (AutoReload Register - 16 bits value )

Internal Clock Division (CKD)
Repetition Counter (RCR - 16 bits value)
auto-reload preload
Slave Mode Controller
~ Trigger Output (TRGO) Parameters
Master/Slave Mode (MSM bit)
Trigger Event Selection TRGO
Trigger Event Selection TRGO2
~ Break And Dead Time management - BRK Configuration

((TIM_CLOCK_DIVIDER) - 1)
Center Aligned mode1
((PWM_PERIOD_CYCLES) / 2)
Division by 2

(REP_COUNTER)

Disable

Trigger Mode

Disable (Trigger input effect not delayed)
Qutput Compare (OC4REF)
Reset (UG bit from TIMx_EGR)

BRK State Enable
BRK Polarity Low
| BRK Fitter 4 bits value) 1 |

~ Break And Dead Time management - BRK2 Configuration

BRK2 State Disable

BRK2 Polarity Low

BRK2 Filter (4 bits value) 3
7 Rranl And Nand Tima mansasmant Dudead Canfiaoeatinn

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

Step 7: Disable DMA fun
Q

Figure 5-22

ction on USART2 for debug console.

v

USART2 Mode and Configuration

System Core > Mode |Asynchronous v
ardware Flow Control (RS232) [SEERE] v
Analog >
I Hardware Flow Control (RS485)
Timers >
Comectity v
< Reset Configuration

CAN
@ 12C1 @ User Constants @ NVIC Settings © DVMASEingSS| @ GPIO Settings
@ 12C2
@ c3 OVA Recues

SPI1
v SPI
@ sPI3
@ UART4

UARTS

USART1
& USART2

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

Figure 5-24

Step 9: Modify the NVIC setting as below.

Figure 5-25
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Figure 5-26

Step 10: Adjusting the clock tree in Tlock Configuration “page.
Modify the settings as the red highlighted as below.

Figure 5-27
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5-3 Generate Source Code in ST M32CubeMX

Step 1: In Project Manager > Project “page, extended the minimum heap size to 0x1000, and select
Firmware Package as 5TM32Cube FW F3V1.11.1",

Pinout & Configuration Clock Configuration
Project Settings
Project Name [A%58101_MotorContral] |

Project Manager

Project Location [ ]| Browse

Application Structure \F i | O Do not generate the main()

Toolchain Folder Location D:\AX68101(2) Development \BSPIAXE6101(2)_BSP_v100_20250725\SampleCodeltestAx58101_MotorControll ]

Toolchain / IDE MDK-ARM ~ Min Version V& v O

Code Generator

Linker Settin:
Advanced Settings Minimum Heap Size [0x1000 |
Minimum Stack Size o400

(Thread-safe Setting

Cortex-M4NS

[ Enable multi-threaded support

Thread-safe Locking Strategy [Default — Mapping suitable strategy depending on RTOS selection ]

¢Mcu and Firmware Packag
Mecu Reference ?\’ [STM32F303RETx

Firmware Package Name and Version  [STM32Cube FW_F3 V1.11.1 g ~] O Use latest available version

Use Default Firmware Location

Firmware Relative Path [ Browse
Figure 5-28

Step 2: In Project Manager > Code Generator “page, select Topy all used libraries into the project
folder

nfiguration Clock Configuration Project Manager

- STM32Cube MCU packages and embedded software packs
@® Copy all used libr;

5 into the project folder
(O Copy only the necessary library files

(O Add necessary library files as reference in the toolchain project configuration file

Generated files

[] Generate peripheral initialization as a pair of ".c/.I¥ files per peripheral
[ Backup previously generated files when re-generating

Keep User Code when re-generating

_ Delete previously generated files when not re-generated
Figure 5-29

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

Figure 5-30

Step 4: Generates the source code.
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5-4 Source Code Adjustment

Step 1: Add the AX58101 source package.

Copy the folders as below to your STM32CubeMX project folder.
BSP_ROOT\SampleCode \Ax58101_MotorControl \AX58101
BSP_ROOT\SampleCode \Ax58101_MotorControl \Binary
BSP_ROOT\SampleCode \Ax58101_MotorControl \For_SSC_Tool
BSP_ROOT\SampleCode \Ax58101_MotorControl \For_TwinCAT

Step 2: Adjust the Vector Table Address.
As highlighted in the figure below, modify file content in the path:
BSP_ROOT\SampleCode \Ax58101_MotorControl \Src\system_stm32f3xx .c

52 #if ldefined (HSI_VALUE)

932 #define HSI_VALUE ((uint32_t)8000000) /*!< Default value of the Internal oscillz

This value can be provided and adapte

95 #endif /* HSI_VALUE */

ocate your vector Table in

#define T TAB SRAM *

) # ECT 3 <
100} #define VECT_TAB_OFFSET @x4000 /|!< Vec

Figure 5-31

Step 3: Adjust the Linker setting.

As highlighted in the figure below, modify file content in the path:
z For Keil MDK IDE :

Please skip this step.

z For STM32CubelDE:
BSP_ROOT\SampleCode \Ax58101_MotorControl \STM32CubelDE\STM32F303RETX_FLASH .Id

* Memories definition *

46 MEMORY

CCMRAM (xrw) : ORIGIN = ©x10600000, LENGTH = 16K

FLASH (rx) : ORIGIN = @x3ee40ee, LENGTH = 246K

Figure 5-32
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Step 4: Modify source code.
As highlighted in the figure below, modify file content in the path:
BSP_ROOT\SampleCode \Ax58101 MotorControI \Src\main.c

23/ SER C sIN Includes
24#include "AX58101 Hv.h"
25finclude "applinterface.h”

26 #include "ax58101 _untils.h"
27#include "AX58101 MotorControl.h"
23 #include "bootmode.h"

%QIlncllde ax58101 PoeAppl h"

* USER CODE END

161 torControl_L
1«652 ;

164 m (AX D _ENABLE)

165 um 1 it();

166 cousouzl it():

167 PRINT( % Firavare v¥s\r\a", DEVICE_NAME,

CE S ¥_VERSION);:
ig%hndif /171§ (AX58101_DEBUG_ENABLE)
l70!|f (SSC STACK_EHBLB)

171 if (H¥_Init())
1720 4

173 BY¥_Release();
174

175 else

176

{
177 Mainl nn().
178 Cik402_Tnit();
{33 : AXS810T_Foelnit();
{g} fendif /[Inf (SS%STLCK.E!ABLE)
2 * USER CODE END 2 *
123

' ‘n 6P n_
190 Fendif 11811 nsc_m
191711 (AX53101 DEBUC_EX sm

CON:
105 Fendif //#if (AxS&lOl_DEBUG_E!ABLE)

194

105’” (SSC_STACK_ENABLE)
NainLoop():

197 BL_Reboot(};

198

IWIH (ESC_PHY BIHAHCEIEIT)
yEnhancement():

Zilleudlf /1474 (ESC_PHY_ENHAKCEMENT)

’OHendif lif£1f (SSC_STACK_ENABLE)

205 418 (nm ms _ENABLE)

206 L_GPIO ¥ritePin DBG PORT_ESCNAINPRO,
DBG_PIN ciumo GP10_PIN_RESETY;

mmm /_u plns}eﬂ,m.!)

Bt

Figure 5-33

As highlighted in the figure below, modify file content in the path:
BSP_ROOT\SampleCode \Ax58 101_MotorControl \Src\stm32_mc_common_it.c
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34 /* USER I',‘I)[IE BEGIN Includes */
35#include "ax58101_utils.h"
36f1nc1nde "AX58101_Hv.h"

38 {* USER CODE END Includes */

]iég vo“iufl USART3_IRQHandler(woid)
105 /* USER CODE BEGIN USART3 IRCHandler 0 */

107 /* USER CODE END USART3_IRQHandler O */
108 wint32_t flags:

106 wint32_t activeldleFlag;

1100 wint32_t isEnabledldleFlag:;

10D LL_UsAK]_ENADIeUNAKE] KA|LUDAKLIA);
167 [* Clear pending DHA TC to process only new receives

168 LL_DM& ClearFlag TC(DMA_RX_&,6 DMACH_RE_L);
169 ASPEP _HURezet(&aspepOverlartd);

170}

172 /* USER CODE BEGIN USART3_IRCHandler 1 */
174~ /* USER CODE END USART3_IRQHandler 1 */

176

-1
n

e e e
300 void SysTick_Handler(void)
201 |

202#ifdef NC_HAL_IS_USED
2038tntic uint8 1 SystlclevlderCounter = SYSTICE_DIVIDER;
204 * ISER CODE BEGIN SysTick_IRQn 0 */
%32 lf (SysticleviderCounter == SYSTICE_DIVIDER)
{
207 CONSOLE_TimeTick();
208 10}
209
210 /* USER CODE END SysTick_IRQn 0 */

21% if (SystickDividerCounter == SYSTICK_DIVIDER)
213 HAL _IncTick();

Figure 5-34

As highlighted in the figure below, modify file content in the path:
BSP_ROOT\SampleCode \Ax58101 MotorControl \Src\mc_tasks_foc.c

3§ /* USER CODE BEGIN Includes */
Jo#include "ax58101_utils. k"
40 /* USER CODE END Includes ®/

41
42 /* USER CODE BEGIN Priwvate define ¥/
43 /% Private define ------ocooooooooo

Ad
L I I ]

133__veak void TSE_MediumFrequencyTaskd1{ void)

Al

L I I ]

326 case RUN:

327 {

%gg if (HCI_STOP Hei[H1].DirectConnand)

330 TSE_NF_StopProcesging(d1)

331 }

332 else

333 {

334 /* USER CODE BEGIN I1~-j|nu requencylTask M1 2 */
335 H!lf (MC_ SUCK_EFA

%%g }f (Hclnfo.Status. LoopCtrlllode == LC_SPD_CTRL)
338 HCI_EwecBufferedCommands(&Mei[H1]);
334 FOC_CalcCurrRef(M1);

340 )

341 elge

342

343 TC PositionRegulation(pPosCtr 1[ 113;
344 HCI_ExecBufferedCommands(&Nci[H1]);
345 FOC_CalcCurrRef(M1);

346 }

347 break;

38 {ifendif (MC_STACK_ENABLE)

349 /* USER CODE END HediomFreque kMl 2
350

351 TC_PozitionRegulation{pPosCtrl[H1]);

%g% NC1_ExecBuffersdCommands(&Mci[H1]);

354 FOC_CalecCurrRef(H1):

355 }

356 break:

357 )

Figure 5-35
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As highlighted in the figure below, modify file content in the path:
BSP_ROOT\SampleCode \Ax58 101_MotorControl \Inc\mcp_config.h

Before Zi.lil:l it After

¥define USKRTA USART3
31 #define DHA_RX_A DNAI

TE & DN 22#define DMA TE A DHAI

32 #define DHA T
33#define DHACH FY_& LL DM4_ CHANNEL 6 -BSMefine DMACH RX & LL_DHA CHANNEL 2

%i!define DMACH_TE_& LL_DNA_CHANNEL_7 %ﬂ!define DMACH_TE_A LL_DHA_CHANNEL_Z

Figure 5-36

5-5 Generate EtherCAT SubDevice Stack Code

Due to the ETG SubDevice Stack Code (SSC) license limitation, the user must re-generate the source code
by the SSC tool locally, about how to get the SSC tool and how to generate targeted source code, please
refer to the user guide as below.

BSP_ROOT\Document \AX58x00_SSC_Tool_Configuration_Import_UserGuide_v = XXX.pdf
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5-6 IDE Setting Adjustment

z  For Keil MDK IDE:

Double clicks the file as below to open project.
BSP_ROOT\SampleCode \Ax58101 _MotorControl \MDK-ARM\Ax58101 MotorControl.uvproj

Step 1: Add source code both on dual cores.

Clock on Project > Manage > Project ltems

and files as the figure below.

« "to open Manage Project Items “dialog, then add groups

Groups: (% | 4| ¥ | |Files: ¥ 4| ¥ | Groups: 17| 4 | ¥ | |Files: | 4| ¥ ||Groups: || 4 | ¥ | |Files: LSk AR 2
Application/MDK-ARM ax58101_flash.c Application/MDK-ARM ax58101_encc Application/MDK-ARM AX58101_FoeApplc
Application/User ax58101_mef ¢ Application/User ax58101_jowd ¢ Application/|ser AX58101_Hwe
Drivers/STM32FZo_HAL_Driver ax58101_vartc Drivers/STM32F30_HAL_Driver ax58101_misc.c Drivers/STM32F2x_HAL_Driver AX58101_MatorControl ¢
Drivers/CMSIS ciadl2.c Drivers/CMSIS ax58101_pwm.c Drivers/CM5IS bootmode.c
Middlewaree I ciad(Zcsp o Middlewares/MotorControl ax58101_spim.c Middlewares/MotorControl coeapplc

iad (. & AXSR101/ax 58101 il ax58101_step.c AX58101/ax58101_utils ecatappl.c
XSO0 ciad02hm.c AX58101/ax58101_driver %ﬁ E!iifrsim driver ecatcoec
S5C/Src ciad0Zpp.c e ecatfoe c

cliemd.c ecatslv.c

consolec foeappl.c

prirtd.c mailbox.c

testc objdef.c

ax58101_utish sdosenv.c

ax_cfgh

Figure 5-37

Step 2: Add include path both on dual cores.
Click on Project > Options for Target  pxxx  «> C/C++ > Include Path "to open ¥Folder Setup “dialog,

then add paths as the figure below.
Device | Target | Ouput | Listing | User 1 Asm | Linker | Debug | Utlites |

P

Undg

Folder Setup

.Semp Compiler Include Paths:

?

SIEEAE

X

o

Ainc
. /Diivers/STM32F 3oc_HAL_Driver/inc

/Drivers/STM32F 3_HAL_Driver/Inc/Legacy
../MCSDK_v6.4.0-Full/MotorControl MCSDK/MCLib/Any/Inc
../MCSDK_v6.4.0-Full/MotorControl/MCSDK/MCLib/F 3ox/Inc

/Drivers/CMSIS /Device/ST/STM32F 3ot/ Include
../Drivers/CMSIS/Include

/A

../AX58101
../AX58101/ax58101 _driver
/AX58101/ax58101_utils

../For_SSC_Toel/Sre

o]

Cancel ‘

L2l |
SR

Step 3: Setup Utilities.

Click on Project > Options for Target

to add Programming Algorithm

ok | Cocel | Defaats

Help

Figure 5-38

pxxx 9 «> Utilities > Settings
“as the value below.

", then select Flash Download “page
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Device | Target | Ouiput | Listing | User | CiCt+ | Asm | Linker | Debug

Configure Flash Menu Command

& Use Target Driverfor Flash Programming [¥ Use Debug Driver
— Use Debug Driver — Settings ¥ Update Target befors Debugaing
Ini Fie Loga |

Cortex-M Target Driver Setup

€ Use Exten
Debug | Trace |Flash Download
Command
i Dovrivod Functn RAM for Aigorthm
Arguments: Logp © Erese Ful Chip [ Program
Fi C Emesecon [ Very Start: [20000000 | Size: [0x0800

" DonotErase [~ Resetand Run

Configure Imag Programming Algorithm

. = -
’—‘ STM32F 3 512KB Hash [HF3 On-chip Flash (08004000H - 080417FFH
Image Fies R ‘
Start: |x08004000 Size: |(x0003D800
L Add Remove

Figure 5-39
Start = 0x08004000, Size = 0x0003D800

Step 4: Change iinker “settings.
Find the setting of Project > Options for Target  pxxx { «> Linker *, then checked the Use Memory
Layout from Target Dialog

Device | Target | Output | Listing | User | CiC++ | Asm Debug | Utilities |
|¥ Use Memory Layout from Target Dialog | X/0 Base
[~ Make RW Sections Posiion Independent R/O Base
[ Make RO Sections Position Independent
I~ Dont Search Standard Libraries
¥ Report ‘might fail' Conditions as Ermors

R/W Base U

disable Wamings: ‘

Figure 5-40

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

Device | Target | Output | Listing u:++ | dsm | Linker | Debug | Utiites |

Command lterns User Command w.  Stop onExi.. 5.
= Before Compile C/C++ File
[~ Run#1 (5] Mot Specified [
[~ Run#2 3] Mot Specified [
= -Before Build/Rebuild
[~ Run#1 [=5] Not Specified [
[~ Run#2 =] Mot Specified [

= yild
[¥ Run#1 fromelf --bin *\Ax58101_MetorControh\@L.axf"...| [-5] Not Specified |
[¥ Run#2 A Tools\FilelnfoAdder \Ax58101_MotorCont..| 5] Not Specified [

Figure 5-41

Run #1: fromelf --bin ". \Ax58101_MotorControl \@L.axf" --output ". \Ax58101_MotorControl \@L.bin"

Run #2:

.\..\..\Tools \FileInfoAdder . \Ax58101 MotorControl \Ax58101 MotorControl.bin .. \For_TwinCAT \FOE\AX58101_ Moto
rControl.efw
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Step 6: Modify Target Options .
Find the setting of Project > Options for Target  pxxx { «> Target > Read/Write Memory Areas ’, then
modify it as the value below.

Device Out'p\.\l | Listing | User | C/C++ | Asm | Linker | Debug | Ulities |

STMicroelectronics STM32F303RETx
Code Generation

Xal Mz B0 | ARM Compler:  [Use defaut compler verson 7]
Opersting system |None ﬂ
System Viewer File: [~ Use Cross-Module Optimization
[sTMa2F303E svd || T UseMicroLiB r
™ Use Custom File Floating Peint Hardware: Single Precision >
Read/Only Memory Areas Read/Wiite Memory Areas
default offchip Start Size Startup default off-chip Start Size Nolnit

I Rom « ©  RAMI:
™ RoM2 »

1T
il

I~ ROM3 s ™ RAM3 r
on-chip on-chip
[F ™ mows: Tosoanio ocosoe ] & ¥ IRAM1: [0x20000000  [0x10000 r
™ IRom2: | [ e W IRAM2: [0x10000000  [0xd000 r
oK | Camel | Defmlts | Hep |
Figure 5-42

IROM1 Start = 0x8004000, Size = 0x3D800

Now, entire building procedure has done for Keil MDK IDE.
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z  For STM32CubelDE:
Double clicks the file as below to open project.
BSP_ROOT\SampleCode \Ax58101_MotorControl \STM32CubelDE\.project

Step 1: Add source code.

On ¥Project Explorer , add virtual folders and linking the source files.
v [TT] Ax58101_MotorControl (in STM32C ubelDE

[ Includes
(= Application [ ]
~ [y AX58101_driver °

|4 ax58101_enc.c
|5 ax58101_iowd.c

L ax58101_misc.c =, Middlewares

|._R ax58101_pwm.c v (& 5SC
Lgh ax58101_spim.c [i§% AX58107_FoeAppl.c
[ ax58101_step.c gk AX58101_Hw.c
~ (7 AX58101 _utils |6 AX58101_MotorControl.c
I ax_cfgh | bootmode.c
gy ax58101_flash.c | coeappl.c

Lk ax58101_mcif.c
[ ax58101_uart.c
|6 ciad02.c

|5 ecatappl.c
| ecatcoec

tfoe.
[ ciad02esp.c :: :::ts:jc(
gy ciad02esv.c [ foeappl.c
| <iad02Zhm.c gk mailbox.c
Lfi z::\(diipf( | objdef.c
! . |.g% sdoserv.c
Iy cu.nsnle‘c [ Ax58101_MotorControl.ioc
Lq:,t printd.c i STM32F303RETX_FLASH.Id
[ test.c
= Drvers

L]

L]

L]

Figure 5-43

" Add Virtual Folder: Right click on target project and select New > Folder ', then enter new folder
name and select Folder is not located in the file system (Virtual Folder) “to create a folder.

vr: Ax58101_MotorControl (in STM32CubelDE) I [T New Folder o X
[ Includes
(& Application Folder o
(&= Drivers [

Midd Create a new folder resource. / /
(= Middlewares

[[& Ax58101_MotorControl.ioc
1 STM32F303RETX_FLASH.Id Enter or select the parent folder:

| Ax58101_MotorControl

[ Ax58101_Bldr
[T} Ax58101_MotorControl

[ Folder name: | axsg101_utitg |

<< Advanced
(O (= Use default location

I ® [ Folder is not located in the file system (Virtual Folder) l
O [ Link to alternate location (Linked Folder)

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

[

{3 Project Explorer X

o A
[ I % v oo i %

ol @ - &Y

-

v E Ax58101_MotorControl (in STM32CubelDE)
[n)! Includes
= Application
c| ax58101_flash.c
E; Eq'l'::;a’e! \ ¢ ax38101_mcif.c
[[H Ax58101_MotorControlioc € ax36101_vart.c
|52 STM32F303RETX_FLASH.Id €] ciad02.c
€| ciad02csp.c
| ciad02csv.c
c| ciad402Zhm.c
C ciad02pp.c
¢ cliemd.c
€| console.c
| printd.c
C| test.c

Figure 5-45

Step 2: Enable binary & Hex output files conversion.

Select target project, then find setting on Project > Properties > C/C++ Build > Settings > Tool Settings >

MCU Post build outputs

Resource
Builders
wv C/C++ Build Configuration: |Debug [Active ]

Build Variables
Environment

Logging &3 Tool Settings | # Build Steps

" then give the setting as highlighted as below.

~| | Manage Configurations..

Build Artifact Binary Parsers| € Error Parsers

# MCU Toclchain

B MCU Settings
I (55 MCU Post build outputs I

w3 MCU/MNPU GCC Assembler
(# General
(% Debugging
(2 Preprocessor
2 Include paths

C/C++ General
CMSIS-SVD Settings
Project References
Run/Debug Settings

Convert to binary file (-0 binary)
Convert to Intel Hex file (-0 ihex)
[]Convert to Motorola S-record file (-O srec)
[ Convert to Verilog file (-0 verilog)

[[] Convert to Motarola S-record (symbols) file (-0 symbalsrec)
Show size information about built artifact
Generate list file

Figure 5-46

Step 3: Add include path.

Find setting on Project > Properties > C/C++ Build > Settings > Tool Settings > MCU/MCP GCC

Compiler > Include paths
type filter text Setting

Resource
Builders
~ C/C++ Build
Build Variables
Environment
JSON Compilation Datak
Logging

Configuration:

[ All configurations ]

# Build Steps

", then add paths as the figure below.

~ | Manage Configurations...

Build Artifact | [q} Binary Parsers| @ Error Parsers

& MCU/MPU Toclchain
(22 MCU/MPU Settings
(53 MCU/MPU Post build outputs
~ B MCU/MPU GCC Assembler
(% General
(5 Debugging
(2 Preprocessor
(8 Include paths
(% Miscellaneous
v By MCU/MPU GCC Compiler
g General
(% Debugging
Preprocesso
= Optmization
(8 Warnings

C/C++ General
CMSIS-SVD Settings
Project References
Run/Debug Settings

anaile

Include paths (-1}

../..fInc
Drivers/STM32F3xx_HAL_Driver/Inc
Drivers/STM32F3xx_HAL_Driver/Inc/Legacy
MCSDK_v6.4.0-Full/MotorControl/MCSDK/MCLib/Any/Inc
MCSDK_v6.4.0-Full/MotorControl/MCSDK/MCLib/F3xx/Inc
of o Drivers/CMSIS/Device/ST/STM32F3xx/Include
«f Drivers/ CMSIS/Include

Lu/Drivers/CIVSIS/DSPAnclude
L./.AAX58101
/. /AX58101/2ax58101_utils
|./..AAX58101/ax 58101 _driver
|./../For_SSC_Tool/Src

Figure 5-47
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Step 4: Add post build actions.

Find the setting of Project > Properties > C/C++ Build > Settings > Build Steps > Post -build steps ’ then
add actions as the value below.

type filter text

Resource
Builders
~ C/C++ Build Configuratien: | [ All configurations ] | Manage Configurations...
Build Variables
Environment

1SON Compilation Datak | 53 Tool Settings| #- Build Steps | " Build Artifact | [5} Binary Parsers| @ Error Parsers

Logging .
Pre-build steps
C/C++ General Command:
CMSIS-5VD Settings v|

Project References

3 A Description:
Run/Debug Settings

Post-build steps

Command:

I i o f.fTools/FileInfoAdder Ax58101_MeotorControl.bin ../../For_TwinCAT/FoE/AX58101_MaotorControl.el vI

Description:

~ |

Figure 5-48

.A..1..1..ITools/FileInfoAdder Ax58101_MotorControl.bin ../../For_TwinCAT/FOE/AX5810 1_MotorControl.efw

Now, entire building procedure has done for STM32CubelDE.

So far, the entire project source has been ready for building firmware binary.
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6. Build Up and Download Firmware

Here will introduce how to build up firmware binary in your IDE, and how to download firmware using IDE or
other utilities

6-1 Build up Firmware Binary

z  For Keil MDK IDE:
Step 1: Double clicks on project file in the folder below to open project.
BSP_ROOT\SampleCode \Ax58101 MotorControl \MDK-ARM\Ax58101 MotorControl .uvprojx .

Step 2: Execute Rebuild all target files “under Menu Bar > Project
File Edit View Project Flash Debug Peripher
_; d J New pVision Project...

& New Multi-Project Workspace..

= & i @

Open Project...
Project

Close Project

P

Export

Manage

Remove item

Options for Target ‘Ax58101_M

Clean Targets

Build Target

Rebuild all target files I
Batch Build...

A Ao A o

-
o—

PR |52 I

PEDEPEEPEEED 2

-

T
«Q
o
=
[¢)
(IJ')
'—\

z  For STM32CubelDE:
Step 1: Double clicks the project file as below path to open project.
BSP_ROOT\SampleCode \Ax58101 _MotorControl \STM32CubelDE\.project

Step 2: Select the project node and execute Build Project “under Menu Bar > Project ~
- STM32CubelDE

+ Search Project Run Window Help
Q Open Project
Close Project
ubelDE) 016 Build All Ctrl+B
Build Configurations >
Build Working Set >
Clean...

Build Automatically

Build Targets >
C/C++ Index >
Figure 6-2
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6-2 Download Bootloader Firmware

Step 1: Open STM32CubeProgrammer utility and connect to the MCU board.

Step 2: Select the Erasing & Programming “page, then click Browse “button to select bootloader firmware
binary file in the path below.
BSP_ROOT\SampleCode \Ax58101 BIdr\Binary \Ax58101_Bldr_v X.X.X

Please ensure the Start address “is 0x08000000.

[ sTM32CubeProgrammer - ]
sy @ Data information Notice (49 n n X *;'x; r’

Erasing & Programming @ Connected

File path D:\AX58101(2)\Development\BSP\AXS31011 | = Browse |

= | Start address 0x08000000
3

Erase flash memony | Erase external memory

@hricte for sect.. Full chip era...

| skip flash erase before programming | | Select Index StartAddress  Size
— 0 0X08000000 K =
Verify programming | Full Flash memory checksum — * o
1 0x08000800 2K

| Run after programming
2 0x08001000 2K

w

0x08001800 2K

4 0x08002000 2K

Figure 6-3

Step 3: Press Start Programming “button to download bootloader firmware.

6-3 Download Application Firmware

z  For Keil MDK IDE:
Step 1: Click Menu bar > Flash > Download “to download firmware into MCU.

Debug Peripherals Toaol

LofD
Download

¥4

LOAD Erase

3

File Edit View Project

Fa

Configure Flash Tools...

Figure 6-4

z  For STM32CubelDE:
Step 1: Click Menu bar > Run > Run As > STM32 C/C++ Application “to download firmware into MCU.

PrnjectWindDw Help & mysT

ﬁ - f@_’ Run %5 - ¥ ¥ -
7§ = 7‘:@) Debug F11
Run History »
{J) PRunAs H E 1 5TM32 C/C++ Application I |
Run Configurations... I
Figure 6-5
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z Using STM32CubeProgrammer Utility :

Step 1: Similarly, please ensure the utility has connected to target MCU board.

Step 2: Select the Erasing & Programming “page, then click Browse “button to select Motor Control
firmware binary file in the path below.

For Keil MDK IDE:
BSP_ROOT\SampleCode\Ax58101_MotorControNMDK-ARM\Ax58101 MotorControl\
Ax58101 MotorControl.bin

For STM32CubelDE:
BSP_ROOT\SampleCode\Ax58101_MotorControNSTM32CubelDE\Debug\
Ax58101 MotorControl.bin

Please ensure the Start address “is 0x08004000.

[] sTM32CubeProgrammer - 0
9

i

Erasing & Programming @ Connected

File path D:\AX58101(2)\Development\BSP\AX58101 | Browse |

Start address 0x08004000

@note for sect.. Full chip era...

| Select Index Start Address Size

_| Skip flash erase before pregramming [

- ; — ] 0x08000000 2K
Verify programming | Full Flash memory checksum l
B 1 0x08000800 2K
| Run after programming —
| 2 0x08001000 2K
Start Programming | | 3 0x08001800 2K
4 0x08002000 2K

5 0x08002800 2K

Figure 6-6

Step 3: Press Start Programming “button to download Motor Control firmware.
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7. Basic Operation of TWinCAT

3OHDVH UHIHUAXS&ROW KnihAQATOWsetGuide ~ & KDSWHU

8. PLC Application

3OHDVH UHIHUAXS&ROW FnihAQATOWsetGuide ~ & KDSWHU
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9. Flash Memory Allocation and FoE Upgrad ing

In order to support File Access over EtherCAT “(FoE) feature, this reference design has the flash memory
allocation on the STM32F303RE as below.

Flash area Flash memory addresses t:;f::sl Name
0x0800 0000 - 0x0800 O7FF 2K Page 0
0x0800 0800 - 0x0800 OFFF 2K Page 1
0x0800 1000 - 0x0800 17FF 2K Page 2 Bootloader area
0x0800 1800 - 0x0800 1FFF 2K Page 3 (Page 0-7)
0x0800 3800 - 0x0800 3FFF Page 7

Page 8

Main memory 0x0800 4000 - 0x0800 47FF Runtime image area
0x0804 1000 - 0x0804 17FF Page 130 (Page 8-130)
0x0804 1800 - 0x0804 1FFF Page 131 Flash buffer area

0x0807 FOUO - 0x0B07 F7FF Pags 254 (Page 131~254)

0x0807 FB00 - 0x0807 FFFF 2K Page 255
Ox1FFF D800 - 0x1FFF F7FF 8K System memory
Information block
0x1FFF F800 - Ox1FFF FBOF 16 Option bytes
Figure 9-1

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

z  Runtime image area (Address=0x08004000, Size=246Kbytes):
Used to run application firmware (as the Motor Control firmware in here), it is also responsible for store

the received .efw file into Flash buffer area "via FOE data transfer.

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

The .efw file is dedicate use for FoE transfer, L W fitvhwiare binary file with 32-bytes header pre-fix.
Every time the project build done, the .efw file will auto be generated in the path below by FileInfoAdder.exe

utility.

BSP_ROOT\SampleCode \Ax58101 _MotorControl \For_TwinCAT \FOE\AX58101 MotorControl .efw
E\WHV ILOH KHDGH

t
l ]
— —
JLOH,QIR$GIEH U
ELQ ILOH HIZILOH
Figure 9-2
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9-1 FoE Firmware Upgrade

Here assume the EtherCAT network has established and the device has been under OP mode, then please
follow the steps below to do firmware upgrade via FoE.

Step 1: Select Solution Explorer > USER_DEFINE_PROJECT > I/O > Devices > XXX > Online  then right
click on target device D Q G V H-®riaW Update

“““““ * Q0 X ¥TScope Project TwinCAT Project26 + X

General  Adapter EtherCAT [Onine | CoE - Gnine

No Addr  Mame State CRC

- 1 1001 Box 1(AX58101_MotorControl) QP

Request NIT state
Request 'PRECP" state
Request 'SAFEQP' state
Request 'OP’ state

Request 'BOOTSTRAP' state
Clear 'ERROR' state
EEPROM Update...
Firmware Update... I |—

Actual State oF Courter Advanced Settings...
Init PreOp | |SafeOp | Op Send Frames Properties...
Frames / sec
Clear CRC Clear Frames Lost Frames Export...
Tx/Rx Emors 0 /0
e 2 (EtherCAT)
Figure 9-3

Step 2: Select the file as path below, and click OK "to start application firmware upgrading.
BSP_ROOT\SampleCode \Ax58101_MotorControl \For_TwinCAT \FOE\AX58101_MotorControl.efw

Step 3: Check the progress bar status and waiting for the processing done.
B

Figure 9-4

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

‘0’ Function Succeeded!

Figure 9-5
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10. Object Dictionary

These reference design follows CiA402 device profile and used as an interface to integrate Motor Control
Stack and EtherCAT SubDevice Stack, the CiA402 protocol implement a state machine and object dictionary
for external EtherCAT MainDevice access, MainDevice side can control motor, switch operation mode and
monitor motor status by manipulation of object dictionary.

10-1 Objects Description

This section lists out all supported objects in the reference design, please note that some objects may not
implemented actual functions with Motor Control Stack side, but they are accessible in EtherCAT SubDevice
side, so developer can still add application functions on them.

Object type definition is as below

Object Type

Description

VAR A single value
A multiple data field object where each data field is a simple variable of same
ARRAY -
basic data type.
A multiple data field object where the data fields may be any combination of
RECORD . .
simple variables.
Table 10-1
0x1000~0x1FFF area object definition
Object
Index Name Data Type |Access Remark
Type
0x1000 VAR Device type UNSIGNED32 RO
0x1001 VAR Error register UNSIGNED8 RO
0x1008 VAR Device name Visible String RO
0x1009 VAR Hardware version Visible String RO
0x100A VAR Software version Visible String RO
0x1018 RECORD Identity Identity RO
0x10F1 RECORD Error settings - RO
0x10F8 VAR Time stamp UNSIGNED64 RO
0x1C00 ARRAY Sync manager type UNSIGNED8 RO
0x1C32 RECORD Sync manager output parameters | SM Parameter RO
0x1C33 RECORD Sync manager input parameters SM Parameter RO
PDO Mapping Mapped objects:
Controlword
0x1600 RECORD Rx pdo mapping of csp/csv RO  [Target position
Target velocity
Modes of operation
0x1601 PDO Mapping Mapped objects:
RECORD Rx pdo mapping of csp RO  |Controlword
Target position
0x1602 PDO Mapping Mapped objects:
RECORD Rx pdo mapping of csv RO |Controlword
Target velocity
0x1A00 PDO Mapping RO  [Mapped objects
Statusword
RECORD Tx pdo mapping of csp/csv Position actual value
elocity actual value
Modes of operation display
0x1A01 PDO Mapping RO  [Mapped objects:
RECORD Tx pdo mapping of csp Statusword
Position actual value
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0x1A02 PDO Mapping RO  |[Mapped objects:
RECORD Tx pdo mapping of csv Statusword
Position actual value
0x1C12 VAR SM2 assignment UNSIGNED16 | RwW ﬁ;f;gnq;gp?rféa““ the csv process
0x1C13 VAR SM3 assignment UNSIGNED16 RW ﬁ:ts;gr?];gp?:gfault the csv process
Table 10-2
0x2000~0x3FFF object definition
Index OT?}S? Name Data Type [Access | Mappable Remark
0x3000 VAR PosKpGain INTEGER16 RW N
0x3001 VAR PosKpDivisor INTEGER16 RO
0x3002 VAR PosKiGain INTEGER16 RW N
0x3003 VAR PosKiDivisor INTEGER16 RO N
0x3004 VAR PosKdGain INTEGER16 RW N
0x3005 VAR PosKdDivisor INTEGER16 RO N
0x3010 VAR SpdKpGain INTEGER16 RW N
0x3011 VAR SpdKpDivisor INTEGER16 RO N
0x3012 VAR SpdKiGain INTEGER16 RW N
0x3013 VAR SpdKiDivisor INTEGER16 RO N
0x3014 VAR SpdKdGain INTEGER16 RW N
0x3015 VAR SpdKdDivisor INTEGER16 RO N
0x3020 VAR TrgKpGain INTEGER16 RW N
0x3021 VAR TrgKpDivisor INTEGER16 RO N
0x3022 VAR TrgKiGain INTEGER16 RW N
0x3023 VAR TrgKiDivisor INTEGER16 RO N
0x3024 VAR TrgKdGain INTEGER16 RW N
0x3025 VAR TrgKdDivisor INTEGER16 RO N
Table 10-3
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0x6000~0xFFFF object definition

Index OT?S? Name Data Type [Access | Mappable Remark
Ox603F VAR Error code UNSIGNED16 RO N
0x6040 VAR Controlword UNSIGNED16 RW Y
0x6041 VAR Statusword UNSIGNED16 RO Y
0x604F VAR VI Ramp Function Time UNSIGNED 32 | RW N
Ox605A VAR Quick stop option code INTEGER16 RW N
0x605B VAR Shutdown option code INTEGER16 RW N
0x605C VAR Disable operation option code | INTEGER16 RW N
0x605E VAR Fault reaction option code INTEGER16 RW N
0x6060 VAR Modes of operation INTEGERS RW Y
0x6061 VAR Modes of operation display INTEGERS RO Y
0x6064 VAR Position actual value INTEGER32 RO Y
0x606C VAR Velocity actual value INTEGER32 RO Y
0x6077 VAR Torque actual value INTEGER16 RO N
0x607A VAR Target position INTEGER32 RW Y
0x607C VAR Home offset INTEGER32 RW N
0x607D ARRAY Software position limit - RW N
0x6085 VAR Quick stop deceleration UNSIGNED32 RW N
0x6098 VAR Homing method INTEGERS RW N
0x6099 | RECORD Homing speed - RW N
OX609A VAR Homing acceleration UNSIGNED32 RW N
0x60C2 [ RECORD Interpolation time period - RW N
O0X60E3 | 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
OxFO00 [ RECORD Modular device profile - RO N
0xF010 VAR Module profile list UNSIGNED32 RO N
Table 10-4
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11. Performance Evaluation

11-1 Minimum DC Cycle Time

With TwinCAT MainDevice, the DC and PD conditions are shown as below. MainDevice use LRW command
to do PD transfer with 14bytes input and 14bytes output, under this setting, the minimum DC cycle time can
down to 500us.

General Adapter EtherCAT Online CoE - Online

Netld 10.1.266.3.1 ‘ Advanced Settings
Export Configuration Fie...
Sync Unit Assignment..
Topology...
Frame Cmd Addr Len wC Sync Unit Cycle fms)  Utiization (%) Size / Duration (us) Map id
Mo nNoP  (x00000<0900 4 1,000
o ARMW (x0000x0910 4 1.000
0 LRD 009000000 1 1.000
0 LRW  (x01000000 14 3 | <defauk> 1.000
0 BRD 0x0000 00130 2 1 1.000 1.00 101/10.00 0
1.00
Number Box Name Address Type In Size Qut Size  E-Bus (m...
L) Box 1 (AX58101_MotorC... 1001 AX58101_MotorCo... m
Figure 11-1
Without frame lost and Tx/Rx error at MainDevice side.
General Adapter EtherCAT Online  CoE - Online
No Addr  Mame State CRC
1 1001 Box 1 (AX58101_MotorControl) oP 0
Actual State: OF Counter Cyclic Gueued
Init Pre0p Safelp Op Send Frames 136873692 + 2632189
Clear CRC Clear Frames Frames / sec 1993 + 39
Lost Frames 0 + 0
Tx/Rx Emors 0 /0
Figure 11-2
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Also, without detected SM-Event Missed, Cycle Time Too Small and Sync Error at SubDevice side.

General EtherCAT DC Process Data Statup CoE -Online  Onine

[ Update List [JAuto Update [ Single Update [] Show Offline Data
Add to Startup... Module OD (AoE Port): [0
Index Name Flags Value Unit
= 1C320 SM output parameter >32¢<
1C32:01 Synchronization Type RW 0x0002 (2)
1C32:02 Cycle Time RO 0x0007A120 (500000)
1C32:04 Synchronization Types supported RO Ox401F (16415)
1C32:05 Minimum Cycle Time RO 0x0003D090 (250000)
1C32:06 Calc and Copy Time RO 0x00000000 (0)
1C32:08 Get Cycle Time RW 0x0000 (0)
1C32:09 Delay Time RO
H RW
1C32:0B SM-Event Missed RO
1C32.0C Cycle Time Too Small RO
1C32:0D Shit Time Too Short Counter RO
C32:20 Sync Emor RO
= 1C330 SM input parameter >32¢
1C33:01 Synchronization Type RW 00002 (2)
1C33:02 Cycle Time RO 0x0007A120 (500000)
1C33:04 Synchronization Types supported RO 0x401F (16415)
1C33:05 Minimum Cycle Time RO 0x0003D0S0 (250000)
1C33:06 Calc and Copy Time RO (00000000 (0)
1C33:08 Get Cycle Time RW 0x0000 (0)
1C33:09 Delay Time RO 000000000 (0)
04 (00074120

1C33:20 Sync Emor

Figure 11-3
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12. Tuning the PID Loop Gains with TwinCAT

Here will show you how to add PID gain objects into object dictionary and tuning PID gain over EtherCAT.
For most of applications, you may need to extend your own objects, please follow the procedure below to do
this.

12-1 Add New Obijects in to Dictionary

Step 1: Open the AX58101_MotorControl .xIsx “file in below path.
BSP_ROOT\SampleCode \Ax58101 MotorControl \For_SSC_Tool \Import \Configuration \files

Step 2: In Vendor specify area (0x2000~0x3FFF), add PID gain objects for position, speed and torque loops

as below.
02000 - 0x3FFF Axis objects (012000 - 0x3FFF)

03000 INTI6 PasKpGain I3 CoeRead Coe Write Position laop proportional gain (nit: digit)
0x3001 INTI6 PosKpDivisor e} CoeRead CoeWrite Position loop proportional divisor (ndt: digit)
0x3002 INTi6 PosKiGam [ e CoeRead CoeWrite Fosition loop integral gam (Unit: digit)
03003 INT16 PosKiDivisor ™ CoeRead Coe Write Posttion loop integral divisor (Unit: digit)
0x3004 INT16 PosKdGadn L] ™ CoeRead Cos Write Position loop dertvative gaan (Unit: digit)
0x3005 INTiG PosKdDivisor ® o CoeRead Cve Write Position loop derivative divisor (Unit: digit)
0x3010 INTiG SpdKpGain ™ CoeRead Coe Write Speed loop proportional gain (Unit: digif)y
Ox3011 INT16 SpdKpDivisor ™ CoeRead Coe Write Speed loop proportional devisor (Undt: digit)
0x3012 INT16 SpdKiGain ™ CoeRead Coe Write Speed loop integral gain (Tnit digit)
0x3013 INT16 SpdKiDivisor 10 CoeRead Coe Write Speed loop integral divisor (Unit: digif)
03014 INT16 SpdKdGain I CoeRead CoeWrite Speed loop derivative gain (Unit: digif)
0x3015 INTi6 SpdKdDivisor ™ CoeRead CoeWrite Speed loop derivative divisor (Unit: digif)
0x3020 INTI6 TeqKpGain g CoeRead Coe Write Toxque Joop proportionsl gain (Unit: digif)
0x3021 INTIG TrgKpDivisor e} CoeRead CosWrite Torgue loop proportional divisor (Unit: digif)
3022 INTi6 TrgKiGadn ™ CoeRead CoeWrite Torgue loop ntegral gain (Unit: digit)
Ox3023 INT16 TrgKiDivisor jul CoeRead Coe Write Torgue loop titegral divisor (Unit: digit)
0x3024 INT16 TrgKd Gain ™ CoeRead Cos Write Torgue loop derivative gan (Unit: digif)
0x3025 INTiG TryKd Divisor o CoeRead Cove Wit Torgue loop derivative divisor (Unit: digit)
Figure 12-1

Step 3: Re-generate the SSC source code, for more detail, please refer to Chapter 5-6.

Step 4: Update the new ESI file into TwinCAT data base.
Normally, the ESI data base path is €T:\TwinCAT \3.1\Config \lo\EtherCAT .

12-2 Link New Objects to Data Structure

Step 1. Add new members in CiA402_OBJ_T data structure, notes each data type must be same as the new
objects on AX58101_ MotorControl .h’ like this.

] AX58101_MotorControLh
415 typedef struct STRUCT_PACKED_START
416 (¢

450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
4867
468
469
470

Figure 12-2
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Step 2: Links new object dictionary (OD) to new members of CiA402_OBJ_T structure in CiA402_Init ()
function on AX58101_ MotorControl.c  like this.

J AX58101_MotorControl.c

289 ecified Cbjects */

290 O:

261 HMEMCEY ( (UINTE*) & (pCik402->PosKpGainix3000), (UINTS#)s (PosKpGainOx3000), SIZEOF (PosKpGainOx3000)):
292 pDiCEntry->pVarPtr = & (pCiA402->PosKpGain0Ox3000);

293 break;

294

295 case 0x3001:

206 HMEMCEY ( (UINTS*) & (pCik402->PosKpDivisor0x3001), (UINTE*)s& (PosKpDivisorOx3001), SIZEOF (PosKpDivisorOx3001)):
297 pDiCEntry->pVarPtr = & (pCik402->PosEpDivisor0x3001);

298 break;

zas

300 case 0x3002:

301 HMEMCEY ( (UINTS*) & (pCik402->PosKiGain0x3002), (UINTS#*)s (PosKiGainOx3002), SIZEOF (PosKiGainOx3002)):
302 pDiCEntry->pVarfPtr = & (pCiA490Z2->PosKiGainOx3002);

303 break;

Figure 12-3

12-3 Add Handling Functions According to New Object Indexes

Step 1: Add new objects index for write operations as below.
] ax58101_mcifc

505 532 MC_GetParameter (ul€é index, uf subindex, u32 dataSize, uf “pData)
506 5 {

507 MCI Handle t *pMC = pMCI[M1]:

508 PID Handle_t *pPidPos = (pMC->pPosCtrl->FPIDPosRegulator);

508 PID Handle t *pPidSpd = pMC->pSTC->PISpeed;

510 PID Handle t *pPidIg = pPIDIg[M1];

511

512 switch (index)

513

514 f* Response position PID */

EIe] case 0x3000:

516 memcpy (pData, (u8*)& (pPidPos->hEpGain), sizeof (pPidPos->hEpGain));
517 break;

51ls case 0x3001:

518 memcpy (pData, (u8*)& (pPidPos->hEpDiviscor), sizeof (pPidPos->hEpDivisor));
520 break;

521 case 0x3002:

522 memcpy (pData, (u8*)& (pPidPos->hEiGain), sizeof (pPidPos->hEiGain)):
523 break;

Figure 12-4

Step 2: Add new objects index for read operations as below.
_] ax58101_mcifc

505 =332 MC GetParameter (ulé index, uf8 subindex, u32 dataSize, u8 *pData)
506 [ {

507 MCI Handle t *pMC = pMCI[M1]:

508 PID Handle t *pPidPos = (pMC->pPosCtrl->PIDPosRegulator);

508 PID Handle t *pPidSpd = pMC->pSTC->PISpeed;

510 PID Handle t *pPidIg = pPIDIg[M1]:

511

512 switch (index)

513 {

514 /* Response position PID #/

) case 0x3000:

516 memcpy (pData, (u8*) & (pPidPos->hEpGain), sizeof (pPidPos->hEpGain));
517 break;

518 case 0x3001:

518 memcpy (pData, (u8*) & (pPidPos->hEpDiviscor), sizeof (pPidPos->hEpDivisor));
520 break;

521 case 0x3002:

522 memcpy (pData, (u8*) & (pPidPos->hEiGain), sizeof (pPidPos->hKiGain));
523 break;

Figure 12-5

Step 3: Re-build the project and update new firmware into MCU.
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12-4 Create Scope Project in TwWinCAT

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 * O X TwinCAT Project26

AT - .
- & General EtherCAT DC  Process Data Statup CoE-Online Ol

Jearch >olution £x orer (L Udatel-l’ M Udel S I Udat E
] | [JAuto Update ] Single Update [

m

> BT o) E‘»uilu:I.Squtiw:.n Ctrl+Shift=B .

Rebuild Solution [Onine Dats | Module OD (A0
Clean Solution - ’
Batch Build... MName Fags
Configuration Manager... Synchronization Types supported RO
IncrediBuild Winimum Cycle Time RO

Cale and Copy Time RO

Get Cycle Time RW

Delay Time RO

Syncl Cycle Time RW

SM-Event Missed RO

New Project...

end TwinCAT Project26 by E-Mail...

xisting Web Site...

Rename O New ltem... Ins

Open Folder in File Explorer isting [tem... Shift+Alt+ A

olution Folder

Figure 12-6

HHUH VHO HIewge/YIWRLdiect ~ WKHQCOKO LEEAWVW R Q WR FRPSOHWH WKH VFRSH FUHD
X

Add New Project ’

I Recent NET Framework 4.5 = Sortby: Default

4 Installed

i

!\}’:l;. Empty Measurement Project TwinCAT Measurement Type: TwinCAT Measurement
4 TwinCAT Measurement i X C
Analytics Workbench
Bode Plot

FilterDesigner

= = R e
Measurement Wizard TwinCAT Measurement Scope Project and a YT-Chart

YT Scope Project TwinCAT Measurement
Scope

TwinCAT

TwinCATPLC

XY Scope Project TwinCAT Measurement
b Online YT NC Scope Project TwinCAT Measurement
Digital 5 TwinCAT Measurement

SingleBar Scope Project TwinCAT Measurement

ArrayBar Scope Project TwinCAT Measurement

=

pe Project TWinCAT Measurement

Figure 12-7
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Immediately, need to add some process data that we want observing, that includes poTargetPosition,

piPositionActualValue, poTargetSpeed and piSpeedActualValue.

Please follows the steps below to do this.

" Solution Explorer * 0 X ¥TScope Project”
¥T Chart

easurement Project3
Project
. taPool
4 [ YT Chart
o Axis Group
i Trigger -4 Target Browser
b Bl TwinCAT Project26

Marker Window

Trig Nindow

Layer Edtor
Change Ads Symbol...

Changr: Ind

Figure 12-8

Target Browser & X
Bo5W TDBSv  OpcUa Enter Filter...

[%‘@I& ! GV_Main > Axes > Axes[0] > poTargetPosition

Name Type
B GV_Config
2 8 GV_Main
= B Axes ARRAY [0..0])...
2 8 Axes[0] ST_ServoAxis

poControlWord UINT
4 poTargetPosition —— e
B4 PO largetvelocity g Add to Scope
& poModesOfOperation SINT
Al piStatusWord UINT
piPositionActualValue DINT
&4 piVelocityActualValue DINT
# piModesOfOperationDisplay SINT
Al nid UINT

£ A

124 KYLECHIANG
IEd 350: PicTask
# 851: Port851

N oo

NN

NI I SO N VRN

Figure 12-9

Here we create a new plot axis to display speed response curve.
{' Solution Explorer
® o-a &=

3] Solution ‘TwinCAT Project26' (2 projects)
TwinCAT Measurement Project3

YT Scope Project

DataPool & Target Browser
Marker V
Trigger Window
% Layer Editor
b ;)OTEI(JE Change Target System

Bl piPositic #1  send Information Report...
£ Trigger
b Bl TWinCAT Project26

Create Marker Table

Create Report

Load Detached Configuration
New YT Chart
New XY Chart

New Array Bar Chart

New

Figure 12-10
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Figure 12-11

Figure 12-12

Figure 12-13

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