LENESAS Application Note

RA/RX Family
QE for Motor Application Development Guide

Introduction

This application note describes how to use the motor software development support tool (QE for Motor) to
install and verify motor control software.

Evaluation Kit to Be Operated
RA family : MCK-RA6T2 Renesas Flexible Motor Control Kit for RA6T2 MCU Group
RX family : MCK-RX26T Renesas Flexible Motor Control Kit for RX26T MCU Group
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1. Overview

1.1 System Overview

QE for Motor is a software development tool for motors that allows you to develop motor control software
simply by following the workflow. QE for motor support your entire development process from the
implementation of motor control software to validation.

The main functions of QE for Motor are as follows.

o  Workflow view
By following the workflow, you can configure the middleware and driver software for motor control, and
tune and analyze in conjunction with Renesas Motor Workbench.

e Motor Software Configuration View
The parameters in motor middleware and driver can be configured on GUI.

¢ Linkage with Renesas Motor Workbench
It works in conjunction with Renesas Motor Workbench for motor tuning and analysis. Since the
settings required for Renesas Motor Workbench are automated, you can use these functions simply by
pressing a button in the workflow view.

Integrated Development Renesas
Environment (IDE) Motor Workbench
e?studio

) ‘ One-touch activation and start
Link software development of tuning and analyze tools
environment with tuning

and analyze tools

Software settings with GUI

....................

Access motor solution w
information on the website ' ==

Motor Solution Information Site Motor Control Software

Figure 1-1 Integrated development environment with QE for Motor
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1.2 Operating Environment
The operating environment of this development guide is as shown in Table 1-1 and Figure 1-2.

Table 1-1 Operating Environment

Items Contents
PC OS x64 based processor
Windows® 10 (64-bit), Windows® 11
IDE e? studio version 2023-07 or later
Flexible Software Package (FSP) v4.4.0
Renesas Motor Workbench V3.1.2
Tool chain GNU Arm Embedded Toolchain: 10.3-2021.10 or later
(GNU ARM Embedded 10.3.1.20210824)
QE for Motor V1.3.0
Renesas Motor Workbench | V.1.3.2

Corresponding MCU

RA Family : RA6 Series RA6T2
RX Family : RX200 Series RX26T

Evaluation Board

RA Family :
MCK-RA6T2 Renesas Flexible Motor Control Kit for RA6T2 MCU Group
[RTKOEMA270S00020BJ]

RX Family :
MCK-RX26T Renesas Flexible Motor Control Kit for RX26T MCU Group
[RTKOEMXE70S00020BJ]

Sample Program

RA Family :
Sensorless Vector Control for Permanent Magnet Synchronous Motor
(RA6T2_MCILV1_SPM_LESS_FOC_E2S_Vxxx) [RO1AN6839]

RX Family :
Sensorless Vector Control for Permanent Magnet Synchronous Motor
(For RX26T RAM64KB Version)
(RX26T_MCBA_MCILV1_SPM_LESS FOC_E2S_Vxxx) [RO1AN6858]

QE for Motor Renesas Motor Workbench

This picture is MCK-RA6T2.

W m———— MCK-RA6T2, MCK-RX26T
S

Figure 1-2 Operating Environment
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1.3 Reference Documents

¢ RO1UH0951 RA6T2 Group User's Manual: Hardware

e R12UZ0091 MCK-RAG6T2 User’'s Manual

¢ RO1UH0979 RX26T Group User’s Manual: Hardware

¢ R12UZ0111 MCK-RX26T User's Manual

¢ R21UZ0004 Motor Control Development Support Tool Renesas Motor Workbench 3.1.2 User’s Manual

¢ R21QS0011 Motor Control Development Support Tool Renesas Motor Workbench 3.1.2 Quick Start Guide
¢ RO1ANG6839 RA6T2 Sensorless vector control for permanent magnetic synchronous motor

¢ RO1ANG6858 RX26T Sensorless vector control for permanent magnetic synchronous motor
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2. Preparation
The preparations required to control the motor with QE for Motor are as follows.

e Install €2 studio

e  Apply the following tools to e? studio
— Configuration tool
— Tool chain
— QE for Motor

e Install Renesas Motor Workbench

e  Connect to the board

This chapter describes the installation of QE for Motor and Renesas Motor Workbench, and the board
connection.

2.1 Installation of QE for Motor
This section describes how to install QE from Renesas Software Installer of e2 studio.

Select Renesas Software Installer from the e2 studio menu. After the Renesas Software Installer window
appears, select “Renesas QE” and click “Next”.

=" Renesas Software Installer O

File Edit Source Refactor Mavigate Search Project | Renesas Views Run Window Help
Renesas Software Installer “%

|| Mo Laune e ’ Choose software to install H

Code Generator >

Debug ¥ »

Partner 05 > -_

Pin Configurator b4 <tenesas Renesas QE  Tools to assist the development of embedded systems applications

Renesas QF >

Smart Configurator >

Solution Toolkit >

Tracing >

*  Renesas Software Installer

Figure 2-1 Renesas Software Installer

When “Install Extensions” is displayed, check “QE for Motor” and click “Finish”.

e’ Renesas Software Installer [m} x
Install Extensions ‘%7
Select extensions to install. Press Finish to proceed with installation. EI
Press the information button to see a detailed overview and a link to more information.
Find: | |
~
QE for Motor (v1.3.0)
Tools to assist in the configuration of motor middleware and related drivers.
Figure 2-2 Install Extensions
R20AN0679EJ0130 Rev.1.30 Page 6 of 44
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Check “Renesas QE for Motor” for the item you want to install, and click “Next”.

e Install (m] X

Install
Check the items that you wish to install. %) ~
Name Version d
(- Renesas QE for Motor 1.0.0v20211205-0..  com.renesas.qe motorfeature.feature.gro..
Select Al Deselect Al
Details
@ <Back Finish Cancel

Figure 2-3 QE installation

In case that the following window appears, set it as a trusted tool. Then the installation will be executed.

Do you trust these signers?

Type Id Name
x509 1478131948 REE-55D Eclipse; Broad-based Solution Business Unit; Renesas
< >
Select All Deselect All
~ REE-55D Eclipse; Broad-based Solution Business Unit; Renesas Electronics Europe Ltd.
REE-S5D Eclipse; Broad-based Solution Business Unit; Renesas Electronics Europe Ltd,

G, Details... | | & Export..

® Trust selected Cancel

Figure 2-4 Trusted tool
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The installation status of QE for Motor is displayed at the bottom right of e2 studio. Installation is complete
when you restart e? studio.

File Edit Source Refactor Mavigate Search Project RenesasViews Run  Window Help

@ |--- L | | MNe Launch Cenfigurations w | on: | --- w | ﬁ - | &~ 2 %

iR B RN RS H GO @®@ Y RE TR e oD | A
Q | AEoce

Faa Project Explorer = O |g= Outline X = g

There is no active editor that
provides an outline.

There are no projects in your
workspace.
To add a project:

Create a new Makefile project in
a directory containing existing

code
Create a new C or C++ project
% Createa project...
Exg Import projects...

[#] Problems | B Console x |@ Smart Browser [} Smart Manual ® Motor Main (QE) " BE~-f-= 0

No consoles to display at this time.

Installing Software: (56%) | S|

e’ Software Updates

@) Restart € studio to apply the software update?

e
Figure 2-5 Installation Status
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2.2 Installation of Renesas Motor Workbench

The tuning and the analyzer functions use Motor Control Development Support Tool Renesas Motor
Workbench. The Renesas Motor Workbench needs to be installed to use these functions. There are to
methods to install the Renesas Motor Workbench.

(1) Install from QE for Motor Workflow

The Renesas Motor Workbench can also be downloaded and installed from QE for Motor view. Refer to
“4.1.4.1 Install Renesas Motor Workbench” for how to install Renesas Motor Workbench from QE for Motor
workflow view.

(2) Download the installer manually
Download “Renesas Motor Workbench” package file from the Renesas website.

Unzip the package file, and execute “renesas_motor_workbench_***.msi” under the installer folder, and
install as shown in the bellow figure.

i;t::* Renesas Motor Workbench X iiiq Renesas Motor Workbench
Welcome to the Renesas Motor Workbench Setup (.l Select Installation Folder (.l
Wizard adlydl por e |
The installer will guide wou through the steps required to install Renesas Motor Waorkbench on your The installer will inztall Renesas Motar Workbench to the follawing folder.
COMpLItEr.

Toinstallin this folder, click "Next". To install to a different folder, enter it below or click "Browss".

Folder
C4Program Files (x86¥RenesacElectronice¥Renesas Mator Wor Browse...
Disk Cost...
WARMING: Thiz computer pragram is protected by copyright law and intemational treaties Install Renesas Motor Workbench for vourself, or for anyone who uses this computer:
Unauthorized duplication or digtibution of this program, or any portion of it, may result in severe civil
ar criminal penalties, and will be prosecuted to the maximum extent possible under the law.
(O) Everyone
(®) Just me

< Back | Next > | Cancel < Back Cancel

iil;j- Renesas Motor Workbench X i%‘ Renesas Motor Workbench
Confirm Installation .l Installation Complete (.l
=5 o |
The installer iz ready to install Renesas Motar Workbench on your computer Renezas Motor Workbench has been successfully installed.
Click "Mest"" to start the installation, Click "Cloze to exit.

Please use Windows Update ta check for any critical updates to the MET Framework.

< Back Cancel < Back Cancel

Figure 2-6 Installation of Renesas Motor Workbench
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2.3 Board Connection

This section explains how to connect the PC and the evaluation board. The connection method differs
between when downloading the program and when tuning or analyzing the motor operation.

2.3.1 Connection when downloading a program
Figure 2-7 shows the connection diagram when downloading the program. The connection of peripherals
other than CPU board does not affect the program downloading.

e MCK-RAG6T2

| CPU Board | CN3

| Connect to PC via USB

QE for Motor

The connection of peripherals
does not affect the program
downloading.

FR T A FHELELE 14O

USB Cable

CPU Board

Figure 2-7-1 Connection diagram when downloading a program (MCK-RA6T2)
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e MCK-RX26T

| CPU Board CN9 | Connect to PC via USB

The connection of peripherals
does not affect the program
downloading.

QE for Motor

A e PR NN RTARANRRY -

USB Cable

Open JP11 /1-2 pins CPU Board

Figure 2-7-2 Connection diagram when downloading a program (MCK-RX26T)

This connection is used in the following operations.

¢ Download the tuning program to the MCU
¢ Download the application for analysis to the MCU

R20AN0679EJ0130 Rev.1.30 Page 11 of 44
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2.3.2 Connection when tuning or analyzing the motor operation
Figure 2-8 shows the connection diagram for tuning or analyzing the motor operation.

e MCK-RAG6T2

Communication Board CN3 Connect to PC via USB
CN5 Connect to CPU Board with communication cable
CPU Board CN10 Connect to Communication Board with communication cable
CN4,CN5 Connect to Inverter Board
Inverter Board CN3,CN4 Connect to CPU Board
CN2 Connect to brushless DC motor
J1or CN1 Use J1 when supplying power from the DC jack
Use CN1 when supplying power from the power supply
connector

Communication Board
Renesas Motor Workbench

QE for Motor USE Ceble: i

- [

Communication
el o o= i
PC CN5 CN4

CPU Board Inverter Board

In the case of using the power connector

>

Figure 2-8-1 Connection diagram when analyzing the motor operation (MCK-RA6T2)

R20ANO679EJ0130 Rev.1.30 Page 12 of 44
Feb.26.24 RENESAS



RA/RX Family QE for Motor Application Development Guide

e MCK-RX26T
Communication Board CN3 Connect to PC via USB
CN5 Connect to CPU Board with communication cable
CPU Board CN6 Connect to Communication Board with communication cable
CN1,CN2 Connect to Inverter Board
Inverter Board CN3,CN4 Connect to CPU Board
CN2 Connect to brushless DC motor
JlorCN1 Use J1 when supplying power from the DC jack
Use CN1 when supplying power from the power supply
connector

Communication Board

Renesas Motor Workbench

QE for Motor USB Cable

- [
Communication
el .o 1
PC B aa ]

Short JP11 / 1-2 pins with a jumper CPU Board jnveriar Board

In the case of using the power connector

-

' 24.00v

Figure 2-8-2 Connection diagram when analyzing the motor operation (MCK-RX26T)

This connection is used in the following operations.

e Tuning by starting tuner
e Analyzing the motor control by starting analyzer

R20AN0679EJ0130 Rev.1.30 Page 13 of 44
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3. Development Procedure

By operating according to the workflow of QE for Motor, you can implement and validate the motor control

software.

Each item is show in Table 3-1. The chapter number in this table are linked to related chapters. Click the
chapter number to see how to use it.

Preparation

1.Preparation -

() Prepare Project
() Introduce Related Tool

2.Tuning -
() Tuning

3.Analyze -
(¥) Analyze

Figure 3-1 Development procedure of motor control software

Table 3-1 The items of QE for Motor

Workbench and analyze the motor operation

ltems Contents Chapter
number
Preparation Select Target Project Prepare the project and set it as the target project | 4.1.2
Configure Motor Software Configure the motor control software with FSP 4.1.3
Configure Tool Set the path of Renesas Motor Workbench 4.1.4
Tuning Prepare Tuning Program Copy the tuning program for the motor to be used | 4.2.1
from Renesas Motor Workbench install folder
Download Tuning Program | Download tuning program to MCU 4.2.2
Start Tuner Start tuner function of Renesas Motor Workbench | 4.2.3
and output the tuning result to the header files.
Analyze Build Application Program Build the program 43.1
Download Application Download the built program to MCU 4.3.2
Program
Start Analyzer Start Analyzer function of Renesas Motor 4.3.3

R20AN0679EJ0130 Rev.1.30
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4. Operation Example
Renesas website offers a variety of motor control sample projects.

This chapter describes the procedure for tuning and analyzing using QE for Motor. The following sample
project is used in this chapter.

e RA Family:
RABT2 Sensorless vector control for permanent magnetic synchronous motor (RO1AN6839)

e RX Family:
RX26T RAM64KB Version Sensorless vector control for permanent magnetic synchronous motor
(RO1AN6858)

For details on the sample project, refer to the application note included in each sample program.

4.1 Preparation
Start e? studio. Create the workspace so that the folder name does not include space.

Esample :

— C:¥workSpace - Good
— C:¥work Space - Not Good

4,1.1 Start QE for Motor

Select Motor Workflow (QE) from the €2 studio menu as shown below to display Motor Workflow view of QE
for Motor.

¢ workSpace - e studio

File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help

&|[%][ @] 4 0ebug v||EraeT G+ >

- : X ) Debug >

o~ 36 b 00 | % PiFi@~ e Partner S >
Pin Configurator > = 0

Renesas QE >

Solution Toolkit >

>

C Motor Middleware Configurator (QE)
&l Motor Workflow (QE)
Tracing

* Renesas Software Installer

i @) QE for Motor

Preparation Tuning Analyze

1.Preparation - @ Prepare project

Prepare Project

Introduce Related Tool Download and import motor sample program
Select target project

v

2.Tuning - [

Tuning Device :
Part Number :
Motor Control System :

3.Analyze -
Analyze

Software Configuration

Figure 4-1 Selection of Motor Workflow (QE)

R20ANO679EJ0130 Rev.1.30 Page 15 of 44
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4.1.2 Project Selection
4.1.2.1 Import of the project

Download the sample project from Renesas web site and import that into e?studio workspace as shown

below.

Select “Prepare Project”

Click “Download and import motor sample
program” button.

(4] > @ QE for Motor

Preparation

1.Preparation

| Prepare Project

Introduce Related Tool

2.Tuning

Tuning

3.Analyze

Analyze

>

Tuning Analyze

Prepare project

Download and import motor sample program

Select target project

[

v

Device :
Part Number :
Motor Control System :

Softwar iguration

Select the region of the download site
for the firsttime.

a Region Setting X

Select your region.

Americas

Brazil

Europe/Middle East/Africa

India

Japan

Mainland China/Hong Kong Region
Singapore/South & Southeast Asia/Oceania

South Korea

Taiwan Region

R20AN0679EJ0130 Rev.1.30
Feb.26.24
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Select a project to import.
MCK-RA6T2

@B Select a project to download

r—

Device  Motor Type S
Select Kits t
MCK-RA4T1 Renesas Flexible Motor
2‘ Control Kit for RA4T1 MCU Group RA4TT Brushless DC Motor (R42BLD30L3)
>
t0r Contol EVAlton SyStem fOrRA et g KA 2
amily - RA6T1 Group
W MCKRAGT2 Renesss Resible Motor RAST2  Brushless DC Motor (R42BLD30L3)

\
I -‘comml Kit for RA6T2 MCU Group

\9 sy Select MCK-RAGT2 [N
2 ]

MCK-RA6T2 Renesas Flexible Motor Control Kit for RA6T2 MCU Group

o

Sample project name
@ Vector control for permanent magnetic synchronous motor with hall sensors
@ Vector control for permanent magnetic synchronous motor with hall sensors (for tuning program generation)

Name in workspace
RA6T2_MCILV1_SPM_HALL_FOC_E25 V110
RA6T2_MCILV1_SPM_HALL FOC_ TUNER E25 V110
RA6T2_MCILV1_2SPM_HALL LESS_FOC_E25 V100
RA6T2_MCILV1_SPM_HALL FOC_1SHUNT_E25 V100
RAGT2_MCILV1_SPM_LESS_FOC_TSHUNT E25 V110
RA6T2_MCILV1_SPM_ENCD_FOC_E25 V110
RAGT2_MCILV1_SPM_ENCD_FOC_TUNER E25 V110

ApplicationNote ~ ~
Click here for PDE
Click here for PDE
Click here for PDE
Click here for PDE
Click here for PDE
Click here for PDE
Click here for PDE
Click here for PDE

@ Hall Sensor/Sensorless vector control for dual permanent magnetic synchronous motor

& Vector control for magnetic synchronous motor with hall sensors - 1shunt current detection

@ Sensorless Vector Control with one shunt for Permanent Magnet Synchronous Motor

@ Vector Control for Permanent Magnet Synchronous Motor with Encoder

@ Vector Control for Permanent Magnet Synchronous Motor with Encoder (for tuning program generation)
& Sensorless 120-degree Conducting Control of Permanent Magnet Synchronous Motor RAGT2_MCILV1_SPM_LESS_120_E25.V110

@
@
@
@
@
@
@
@
[

'@ Sensorless Vector Control for Permanent Magnet Synchronous Motor 'RA6T2_MCILV1_SPM LESS FOC E2S V110
@ Sensorless Vector Control for Permanent Magnet Synchronous Motor, - ' e —

by Sclect Sensorless Vector Control for Permanent

@ Vector Control for Permanent Magnet Synchronous Motor with Indul

& Vector Control for Permanen Manet Synchronous Motor with ndu Magnet Synchronous Motor
RA6T2_MCILV1_SPM_LESS FOC_E2S_Vxxx

Keywords

[[J Hall sensor feedback [ Vector control

[ Tunir®

[J 1-shunt current detection method [] Encoder feedback [] 120-degree conducting contr} Inductive sensor feedback

Sample project description

Note in using sample program

Some of the sample programs requires a change in the hardware setup. Please refer to "Hardware Setup” and the
application note of each sample program for the setup of the hardware required for sample program

MCK-RAST2

Communication board (MC-COM)

MCK-RX26T

Rl
] o

RTKOEMA270S000208J
o The MCK-RABT2 is a development kit that enables easy evaluation of
motor control using permanent magnet synchronous motors (orushiess DC
motors). With this product and the sample code and G for Motor that can
be downloaded from the website, you can start evaluating motor control ector control
\ sin right away.

This project is the sensorless vector control software that drives permanent magnetic synchrono)

or (PMSM) using the RAGT2 microcontroller.

[Features, Target System)]
~Sensorless feedback

[Hardware Setup]
CPU board :RAGT2(R7FAGT2BD3CFP) CPU board (RTKOEMA270C000008))
~Inverter board : MCI-LV-1
~Communication board : MC-COM
~Motor : R42BLD30L3

[Supported QE function(s)]
SW configuration

Tuner

-Analyzer

[Document Number]
ROVANG839EI0110

Specify the location of

downloaded files (Any folder)

File save directory I C:¥Download

@D Select a project to download

Devices

Select Kits tab

GBO1 Inverter for Evaluation

Device  Motor Type A

RL78/G1F  Brushless DC Mortor (TG-55L)

Trial series “T1003° 200W 300VA Inverter

it RL78/G1F  Brushiess DC Mortor (BXM6200-A)

24 Moty elect MCK-RX2 Mortor (TG-55L-KA

MCK-RX26T Renesas Flexible Motor
Control Kit for RX26T MCU Group

RX26T  Brushiess DC Motor (R428LD30L3)

MCK-RX26T Renesas Flexible Motor Control Kit for RX26 T MCU Group
RTKOEMXE70S00020BJ

The MCK-RX26T is a development kit that enables easy
evaluation of motor control using permanent magnet
synchronous motors (brushiess DC motors). With this product
and the sample code and QE for Motor that can

downloaded from the website, you can start evaluating motor
control using the RX26T right away.

Produc! Information

Note in using sample program

The setup of hardware required to execute the sample program depends on the device version and the
motor control type. Please refer to "Hardware Setup" and the application note of each sample program
for the setup of hardware required for sample program.

Hardware Setup

MCK-RX26T

Communication board (MC-COM)

Pormanent magnet [
e——

File save directory : I C¥Download

a %

Sample project name

@ Vector Control for Permanent Magnet Synchronous Motor with Encoder - For MCK

@ Vector Control for Permanent Magnet Synchronous Motor with Encoder - For MCK (for tuning program gen.

@ Vector Control for Permanent Magnet Synchronous Motor with Encoder - For MCK

& Vector Control for Permanent Magnet Synchronous Motor with Encoder - For MCK (for tuning program gen...

' Sensoriess Vector Control of a Permanent Magnet Synchronous Motor - For MCK

¥ Sensorless Vector Control of a Permanent Magnet S,

@ Sensorless Vector Control of a Permanent Magnet
Sensorless Vector Control of a Permanent Magnet

@ Sensorless Vector Control of  Permanent Magnet

@ Sensorless Vector Control of a Permanent Magnet

Name in workspace
RX26T_MCBA_MCILV1_SPM_ENCD_FOC_E25.V100 @, Click here for PDE
RX26T_MCBA_MCILV1_SPM_ENCD_FOC_TUNER E2.. @, Click here for PDE
RX26T_MCBC_MCILV1_SPM_ENCD_FOC E25.V100 @
RX26T_MCBC_MCILV1_SPM_ENCD_FOC_TUNER E2...
RX26T_MCBA_MCILV1_SPM_LESS FOC E25 V110

Application Note

Select Sensorless Vector Control for Permanent Magnet
Synchronous Motor — For MCK
(for RX26T RAM64KB Version)
(RX26T_MCBA_MCILV1_SPM_LESS FOC E2S_Vxxx)

Keywords

[JEncoder feedback [ Tuning program generation [[] Sensorless feedback

Sample project description

[Description]
This project is the sample program that uses Renesas RX26T microcontroler to drive a perma net synchronous motor with vector control,
[Features, Torget System]
~For RX26T RAMG4KB Version
~Sensorless feedback
Vector control
2-shunt current detection method

[Hardware Setup]

~CPU board : RX26T RAM64KB version (RSF526TFCDFP) CPU board MCB-RX26T Type A (RTKOE
-Inverter board : MCI-LV-1

~Communication board : MC-COM

~Permanent magnet synchronous motor : R42BLD30L3

~Sensor : Not used

000008))

[Supported QE function(s)]
~SW configuration

[Document Number]
ROTANG858EI0110

Specify the location of
downloaded files (Any folder)
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Login My Renesas account if you are not logging in. Click Accept on End User License Agreement.

-] X @ End User License Agreement (Sample Program) X
My Renesas Login My Renesas X ; :
By clicking on the “I accept” button or other button or mechanism designed to acknowledge agreement to the
Enter the detais used 1o 1 e My R s
rerthe detals used o register your My Reneses sccount terms of an electronic copy of the Disclaimer002 (the "), or by ), installing, accessing,
or otherwise copying or using all or any portion of the licensed software described in the Agreement (the
Email address

“Licensed Software”), (a) you accept the Agreement on behalf of the licensee for whom you are authorized to
Password:

act (the “Licensee”), and acknowledge that the Licensee is legally bound by the Agreement, and (b) you
represent and warrant that you have the right, power, and authority to act on behalf of and bind the
Licensee. IF THE LICENSEE DOES NOT AGREE TO THE TERMS CONTAINED IN THIS AGREEMENT, OR IF YOU
DO NOT HAVE THE RIGHT, POWER, AND AUTHORITY TO ACT ON BEHALF OF AND BIND THE LICENSEE, DO
NOT SELECT THE "I ACCEPT"” BUTTON OR OTHER BUTTON OR MECHANISM DESIGNED TO ACKNOWLEDGE

& studio can record usage data and transmit it to Renesas. This data will be used to improve our products and services as well as to ACCEPTANCE OF THE AGREEMENT, AND DO NOT DOWNLOAD, INSTALL, ACCESS, OR OTHERWISE COPY OR
provide better suppert and maintenance. USE ALL OR ANY PORTION OF THE LICENSED SOFTWARE. RENESAS PERMITS THE LICENSEE TO

D)1 consent 10 usage data being sent 1o Renesas & have read and understood the Privacy Policy & Information Collected (inked beiow) DOWNLOAD, INSTALL, ACCESS, OR OTHERWISE COPY OR USE THE LICENSED SOFTWARE (INCLUDING THE
o “‘"‘*”‘ i Usagre iota Bl Pecoediad S st & s FUNCTIONALITY OR FEATURES THEREOF) ONLY IN ACCORDANCE WITH THE AGREEMENT.

Privacy Polcy | nformation Collected

You can change this setting later in ¢* studio’s preferences.

Don't have an acecount? Registering at My Renesas
technical support requests and get access to t

Net s
s easy, and allows you to request free samples for selected products. submit

ing. tool downloads, document update notifications and more.

= Click Finish
& import a X
Import Projects
Select a directory to search for existing Eclipse projects.
(@ Select root e [ITa GL " AlB d¥RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110j Browse...
(O select archive file: Browse...
Projects:
RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110 (C:¥Download¥RA6T2_M: Select All
Deselect All
Refresh
< >
Options
[[] search for nested projects
Copy projects into workspace
[[] Close newly imported projects upon completion
[IHide projects that already exist in the workspace
Working sets
JAdd project to working sets New...
Worki Select...
Cancel
Click Yes
a Question X
Overwrite "settings’ in folder ‘RA6T2_MCILV1_SPM_LESS_FOC_E25 V1107
Yes To All No No To All Cancel

Figure 4-2 Project import
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4.1.2.2 Target Project Selection

Select the imported project as the target project as shown in the figure below.

@& Motor Workflow (QE) X

() > @ QE for Motor

g = 0

Preparation Tuning Analyze
1.Preparati0n s % Prepare project
Prepare Project
Introduce Related Tool Download and import motor sample program
N Select target project
2.Tuning - I I
v
Tuning
RA6T2_MCILV1_SPM_LESS FOC_E2S_V110
3.Analyze -
Motor Control System :
Analyze

Software Configuration

MCK-RABT2 : RA6T2_MCILV1_SPM_LESS_FOC_E2S_Vxxx
MCK-RX26T : RX26T_MCBA_MCILV1_SPM_LESS_FOC_E2S_Vxxx

Figure 4-3 Target project selection

R20AN0679EJ0130 Rev.1.30

Page 19 of 44
Feb.26.24 RENESAS




RA/RX Family

QE for Motor Application Development Guide

4.1.3 Motor Software Configuration
The sample project does not need to be changed because the required software settings have already been
made. This chapter describes how to check and change the software settings when the setting needs to be
changed by a change in the board configuration or other reasons.

4.1.3.1 Software Configuration for RA Family

The sample project was created with a certain version of FSP. If FSP version you are using is different,
perform the code generation in (3) even if you do not change the settings.

(1) Viewing FSP Configuration

Click “Start Configuration” of “Configure Motor Software” as shown below to display the FSP
Configuration window.

@ Motor Workflow (QF) %

| > & QE for Motor

Preparation Tuning

() Prepare Project

Analyze

3
1.Preparation - = Prepare project

1) Introduce Related Tool

Download and Import motor sample program

Select target project

2.Tuning -
RABT2_MCILV1_SPM_LESS_FOC_E2S_V110

v

Device : RA6T2

Tuning
Part Number : R »T2BD3CFP @
3.Analyze - ®
Motor Control System : Sensarless Vector Control @
Analyze

Software Configuration

|| Open Molor Control Software Configuration ||

A 2

@ Motor Main (QE) £ *[RAGT2_MCILV1_SPM_LESS_FOC_E2S_V100] FSP Configuration X

& g_iopont /O Port (r_ioport
# Motor Sensorless Vector C{ ® @

(]
Stacks Configuration Generae Projet Con
5 HAL/Common Stacks 4| New Stack >
Threads
< 2 HAL/Common # qr\‘::;r’!‘ I\-o Port @ Motor Sensorless Vector Control (m_motor_sensorless

@ g_poeg0 Port Output Enat ;

@ Motor Speed Controller (rm_motor_speed)

@ Motor Current Controller (rm_ motor_cu

©

a

T T

[Optional]

% Add Position Module | | 4 ADC and PWM Medulaticn (rm_motor.s

@

Objects

<

Summary [BSP [ Clocks | Pins | Interupts | Event Links | Stacks | Camponents

4 g_adc0 ADC Driver on | | 5% Add ADC
rade b support 1
Option]

@

Figure 4-4 FSP Configuration View
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(2) Viewing FSP Visualization

Click the middleware “Motor Sensorless Vector Control” of FSP Configuration to display the connection
diagram of the blocks that configure “Motor Sensorless Vector Control” in the FSP Visualization window.
The FSP Visualization window is a configuration GUI for motor control software. You can change the
setting values on GUI.

Stacks Configuration

Threads
=

~ g HAL/Commen
42 g_ioport /O Port (1]
@ Motor Sensorless W
4 g_poeg0 Port Outp)

Objects

PSS EN (eI X5 “[RAGT2_MCILV1_SPM_LESS_FOC_E2S_V100] FSP Configuration

HAL/Commen Stacks

=a

&) New Stack >

Generate Project Content

5| Remave

4+ Motor Sensorless Vecter Control (rm_motor_sensorless)

9) (O]
7y
@ Motor Speed Controller (rm_motor_speed) 4 @ Moter Current Controller (rm_motor_current)
@ @©
rS
I T

@ g_timers Timer 9 Add Position Module | | 4 ADCand PWM Modulation (rm_motor_driver)

Low-Power (r_agt) [Optional]
@ @©

ry

T
4 g_moter_angle
Motor Angle
(rm_metor_estimate)
@©

<

Summary | BSP [Clocks [ Pins [ Interrupts [Event Links | Stacks | Compenents

r_adc |

@

T
@ g_adc0 ADC Driveron | | &5 Add ADC driver2 to @ Three-Phase PWM (r_gpt_three_phase)

support 1shunt
[Option]

@

@ g_timer0 Timer,
General PWM (r_gpt)

[S]

& g_timer2 Timer,
General PWM (r_gpt)

@

[§1) Problems [E) Console @ Smart Browser LI} Smart Manual (RS RVSIREE,

Motor Sensorless Vector Co

N pe @ ©)

B

/ id” / Vu Mu >
nY o o
B Motor Speed ‘* Motor Current vv ADC and PWM MV'
)’ jotor Spee ) otor Current Wy ar_\ e >
b Controller P Controller o Modulation Driver !}
<] ke —| ket
iz '

P

Mator Angle Driver

P

Limit of Over Current [A] 167F
Limit of Over Voltage [V] 60.0F
Limit of Over Speed [rom] 4500.0F
Limit of Low Voltage [V] 8.0F

Figure 4-5 FSP Visualization view

In case that FSP Visualization is no displayed even if you click the middleware name of FSP
Configuration, you can display it from the menu of e? studio as shown in the figure below.

e workSpace - RABT2_MCILV1_SPM_LESS_FOC_E2S V100/configuration.xml - e* studio

File Edit Source Refactor Mavigate Search Project | Renesas Views | Run  Window Help

<] [8] [0 [0

[t RAeT:

C/C++
Debug G‘f}
Partner OS |E|
Pin Cenfigurator

Memory Usage

FSP Visualization

Stack Analysis

Peripheral Register Calculator

Renesas QE

Solution Toolkit

WooW W v v v

Tracing

*  Renesas Software Installer

Figure 4-6

Display FSP Visualization from the menu
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Click “Motor Speed Controller” of FSP Visualization to display the detailed in-block connection diagram
with the setting values as shown in the figure below. With the in-block connection diagram displayed,
click “Motor Sensorless Vector Control” at the top of the window to return to the block connection
diagram. The same operation is performed for other blocks.

[#2 Problems B Console @ Smart Browser LI Smart Manual [RPR SR PEIetgg

Motor Sensorless Vector Control

W

Motor Current Viar ADC and PWM
Controller Modulation Drivar

W] Motor Speed
Controller

— DL

Motor Angle Driver

w

|
Fistt
TR

Limit of Over Current [A] 1.67F
Limit of Over Voltage [V] 60.0F
Limit of Over Speed [rpm] 4500.0F
Limit of Low Voltage [V] 8.0F
[ Problems B Cor b Smart Browser LI Smart Manual PRSI Rt

Motor Sensorless Vector Control | Motor Speed Controller
1

Motor Speed Controller

Sensorless State  Openloop State

Speed control period [s] 0.0005F ‘ | Limit of g-axis current [A] 1.67F |
W 97y @ - My |
Reference Speed >| Speed P — Flux weakening 7 ¢
9 +H Vv My
Step of speed climbing [rpm] 0.5F Speed PI loop omega 5.0F Lr FAYAN {52 Mw| 't
w, id ¢
Max rotational speed [rpm] 2400.0F Speed PI loop zeta 1.O0F e
ey
Wipr ) Motor Current ADC and PWM
Sensorless to Open-loop Transition B Controller Modulation Driver
i <
Speed at Id dimbing [rpm] 400 ]xw w
T“‘Lnr
Low Pass Filter
Speed LPF omega [radfs] 10.0F

Cutoff frequency of phase

error [rad] 1007 6‘% \J-/qu-/wjviﬂ; d

w
Motor Angle
Driver

Figure 4-7 Display of the in-block connection diagram (RA family)
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The settings in the FSP Visualization window correspond to the values displayed in the FSP
Configuration properties. If you change one value, it will be reflected in the other value.

[#l Problems [ Console @ Smart Browser L&) Smart Manual | % FSP Visualization x sl i Properties < s =0
‘ Motor Sensorless Vector Control (rm_motor_sensorless)
Settings | Property Value
0 0 o APlinfo |  Common
2 —V“D M” . = Parameter checking Default (BSP)
Jotor Send e otor Canont —V"D S— M—V:—D + Medule Motor Sensorless Vector Control (rm_motor
u"t otor Spee: Lu"t otor Current wt ans vl
Controller id Controller u Modulation Driver !l > sl
ke ke I Name g_motor_sensorless0
ke e ! Limit of over current (A) 1.67F
Limit of over voltage (V) 60.0F
w ?ﬁ' i,'/qiwﬂfq!;;d Limit of over speed (rpm) 4500.0F
Limit of low voltage (V) 8.0F
Interrupts
Motor Angle Driver
Limit of Over Current [A] L.67F
Limit of Over Voltage [V] 60.0F
Limit of Over Speed [rpm] 4500.0F
Limit of Low Voltage [V] B.0F
< >
Figure 4-8 Linkage between FSP Visualization and FSP Configuration
(83) Code Generation
In case the settings are changed in the FSP Visualization window, or in the FSP Configuration properties,

click “Generate Project Content” in the upper right corner of the FSP Configuration window to reflect them

in your code.

[ LEHVER NIl 5 +[RAGT2_MCILV1_SPM_LESS_FOC_E25 V100 FSP Configuration X =0
Stacks Configuration ]
Generate Project Content
HAL/Common Stacks ] New Stack > | Remove
Threads

~ & HALGommon 4+ Motor Sensorless Vector Control (rm_motor_sensorless)

42 g_ioport /0 Port (1
@ Motor Sensarless i

o)

& g_poeg0 Port Outp|

4 Motor Speed Controller (mm_motor_speed) 4 Motor Current Controller (rm_motor_current)

@ @

a

& g_timer3 Timer, 59 Add Position Module | | 4% ADC and PWM Modulation (rm_motor_driver)

Low-Power (r_agt) [Optional]

& g_motor_angled
Mtor Angle
(rm_moter_estimate)

@ @
7y
T T T
< > 4 g_adc0 ADC Driveron | | 5% Add ADCdriver2to | | 4 Three-Phase PWM (r_gpt_three_phase)
r_adc | support Ishunt
[Option]
® 8]

Objects

ry
T T

@ g_timer0 Timer, @ g_timer! Timer,
General PWM (r_gpt) General PWM (r_gpt)

@ @

T
@ g timer2 Timer,
General PWM (r_apt)

@

<

Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 4-9 Generating code that reflects changes in settings
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4.1.3.2 Software Configuration for RX Family
(1) Viewing FSP Configuration

Click “Start Configuration” of “Configure Motor Software” as shown below to display the Motor Middleware
Configuration (QE) window.

@ Motor Workflow (QE) X =B
(A]> @ QE for Motor
Preparation ® Tuning @) Analyze
1.Preparation v % Prepare project '
(©) Prepare Project
I’ Introduce Related Tool Download and import motor sample program
= Select target project
2.Tuning -
lRXZGT_MCBA_MCILV1_SPM_LESS_FOC_EZS_V110 v l @
() Tuning Device : RX26T
Part Number : RSF526TFCxFP @&
3.Analyze - ) ]
Motor Control System : Sensorless @
(©) Analyze
Software Configuration
l Open Motor Control Software Configuration
@ Motor Middleware Configurator (QE) X ERE
Motor Sensorless Vector Control Two-Shunt v
:. [ Vu [
z > Motor Speed i Motor Current ADC and PWM
w - E M r Curr vw E
Controller id Controller » Modulation Driver
K— S
K— ]
L
Motor Angle
Driver
Nominal Current [Arms] 1671 | 2
Limit of Over Voltage [V] 60.0f
Limit of Over Speed [rpm) 4500.0f
Limit of Low Voltage [V] 8.0f
%] Generate Code 2| £

Figure 4-10 Motor Middleware Configuration (QE) View
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The FSP Visualization window is a configuration GUI for motor control software. You can change the

setting values on GUI.

Click “Motor Speed Controller” in the Motor Middleware Configuration (QE) view to display the detailed in-
block connection diagram with the setting values as shown in the figure below. With the in-block
connection diagram displayed, click “Motor Sensorless Vector Control” at the top of the window to return
to the block connection diagram. The same operation is performed for other blocks.

@ Motor Middleware Configurator (QE) X

Motor Sensorless Vector Contro

=

Two-Shunt

a* Vu
Motor Speed = G ADC and PWM
w tor w Motor Current 'y DC and PWN
Controlier d t Controller o Modulation Driver
3 :
<t
P
2& vo*|va*|g |
Motor Angle
Driver
Nominal Current [Arms] 1671 @
mit of Over Voltage [V] 60.0f
L 450001
it 8.0f
7] Generate Code
@ Motor Middleware Confi tor (QE) X
Motor Sensorless Veector Control Speed Module

=

Two-Shunt

Reference Speed

Speed PI

Rate imit of spead change Speed PI loop omega

onal speed [rpm| Speed Pl loop zeta

(

&

SM/\
ADC and PWM
Modulation Driver

Low Pass Filter
Speed LPF omega

7] Generate Code

Figure 4-11 Display of the in-block connection diagram (RX family)
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The settings in the Motor Middleware Configuration (QE) window correspond to the values of the motor
specific parameters and the motor control parameters in the motor control software.

Example :

B 1_motor taigetmotor clgh X =o|@

‘Middleware Configurator (QE) < e
#®* Includes «System Includes> , “"Project Includes™[

iscrless Vetor Corlro Two-Shunt
RN outpe *
#include "r_mtr_sotor_parameter.h”

= #if (MTR_MOTOR_PARAMETER |= 1 ) ]

ADC 3nd PWIM

» . R w Motor Speed W' Motor Cument
2 * Hardware system configurations — Modulation Driver

Controlier Controlles
#define HOTOR_COMMON_CFG_MTR_RA2BLDIOL * Default motor parameters : MOONS' */ 4

. E &=

&* Macro definitions Tz

/* Target motor parameter definitions * . B,

#ifdef MOTOR_COMMON_CFG_MTR_R42BLD36L3 VYV VY

#define  MOTOR_CFG_POLE_PATRS (2) - pole pairs =/ M

#define MOTOR_CFG_MAGNETIC_FLUX (0.01119f)
(1.3F)

#aefine HOTOR_CFG_RESISTANCE
#define HOTOR_CFG_D_INDUCTANCE (0.0013f)
i (

Mandif /* MOTOR_C

Handif /*

#endif /*

« >

Figure 4-12 Correspondence between GUI and parameter values

(2) Code Generation

In case the settings are changed in the Motor Middleware Configuration (QE) window, click “Generate
Code” to modify the source code.

@ Motor Middleware Configurator (QE) X il e

Motor Sensorless Vector Control Two-Shunt | ~

sy ) :
) Motor Speed —Di or G wi] ADC and PWM M B
“ S L Motor Current L > M w (],
Controller d | Controller 3 Modulation Driver »
Motor Angle
Driver
Nominal Current [Arms] 167 (@

60.01
ed [rpm 4500.0f
mit of Low Voltage [V] 8ot

Figure 4-13 Generating code that reflects changes in settings (RX family)
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4.1.4 Tool Settings

4.1.4.1 Install Renesas Motor Workbench

The Renesas Motor Workbench can be installed from “Download and install Renesas Motor

Workbench” button in “Introduce Related Tool”. The Renesas Motor Workbench installer can be downloaded

and executed by this button.

@ Motor Workflow (QE) X

(] > @ QE for Motor

Preparation

Tuning

1.Preparation

() Prepare Project

B

Introduce Related Tool

Analyze

I I I Introduce Related Tool

v
I-I [ Download and install Renesas Motor Workbench ] ' |

2.Tuning

Tuning

3.Analyze

Analyze

Tool Settings

Open QE for Motor settings 1

Figure 4-14 Install Renesas Motor Workbench
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4.1.4.2 Configure Renesas Motor Workbench path

Click “Open QE for Motor Settings” to set the path to the Renesas Motor Workbench which is started by QE
for Motor. Select “Search automatically for Renesas Motor Workbench installation” to use the Renesas Motor
Workbench installed into the PC.

@ Motor Workflow (QE) X B = 8
(A]> @ QE for Motor
® Preparation Tuning @] Analyze
. 7 -
1.Preparation N E Introduce Related Tool
(V) Prepare Project
@ Introduce Related Tool Download and install Renesas Motor Workbench | @
2.Tuning -
Tool Settings
Tuning
3.Analyze v Open QE for Motor settings
(¥) Analyze
{8 preferences ] P
type filter text QE for Motor - v 8
My Renesas Qo
Y General settings for QE for Motor
Reality Al Authenticat
v Renesas QE Renesas Motor Workbench location
QE for BLE O Specify Renesas Motor Workbench.exe path
QE for Motor C:¥Program Files (x86)¥RenesasElectronics¥Renesas Motor Workbench¥Renesas Motor Workbench.exe Browse...
QE for OTA
Renesas Toolchain Mz @ Search automatically for Renesas Motor Workbench on|
Smart Browser found at C-\Program Files (x86)\Rer Electronics\R: Motor Workbench\Renesas Motor Workbench exe
> Smart Configurator Settings for getting sample programs and related tools
Smart Demo " x =
Smart Manual Region setting: Americas v
Support Folders HTTP communication timeout (sec): [ 180
I'aceilyze' Automatically check for the latest version of Renesas Motor Workbench
race : |
Run/Debug Motor sample program save directory: [C:¥Down|oad | | Browse..
Scripting Renesas Motor Workbench installer save directory: lC:¥Download | Browse..
Terminal ’
5> TextMate COM Port to launch Renesas Motor Workbench v
> Tracing Enable online update for user’s guide contents and videos
Validation [J Project Compatibility Configuration Mode
Version Control (Team)
> XML
v
2 = Restore Defaults Apply

(?/ u_“ u_“ @ Apply and Close Cancel

Figure 4-15 Setting the path to Renesas Motor Workbench
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4.2 Tuning

4.2.1 Prepare Tuning Program

The tuning program which exists in Renesas Motor Workbench install folder is copied into the project folder,
and is used. The copied files will be stored in QE_Motor¥Tuner¥<Device Name>_Sensorless in the project
folder.

See Chapter 5 for the files that QE for Motor copies.

Follow the steps below to prepare the tuning program.

¢ Open “Motor Workflow(QE)” view
o Click “Select Tuning Program”
e Click “Finish” when Tuning Program Selection window appears.
The name of Motor Control System is automatically named according to the target project.
e Click “Generate Tuning Program” to copy the tuning program.
The tuning program is automatically copied from the Renesas Motor Workbench install folder.

@ Motor Workflow (QE) X = Al

(A)> @ QE for Motor

Preparation Tuning ; Analyze
i A i -
1.Preparation v E Prepare Tuning Program
() Prepare Project
() Introduce Related Tool Select tuning program
= Tanmy Frograrirn .
2.Tuning -
- Renesy

Tuning Plossa c
3.Analyze -
() Analyze

ownload tuning program
Launch tuner
@ Tuning Program Selection m] X

Tuning Program Selection

Select the option on where to get the tuning program.
Click the Finish button to generate a tuning program according to the settings.

Motor Control System

[ Sensorless

Tuning Program

I@ Tuning program for Renesas evaluation board

(O Generate tuning program from tuning project

\ ? Finish Cancel

Figure 4-16 Preparation of tuning program
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4.2.2 Download Tuning Program

Download the tuning program to MCU on the CPU Board.
The PC and evaluation board must be connected to download the tuning program. Refer to the picture
displayed on the workflow view and chapter 2.3.1 for the connection method when downloading the program.

Follow the steps below to download the tuning program.
e Connect your PC to the evaluation board.
e Click “Download” to download the tuning program.

When downloading finishes, the debugger is disconnected.

&) Motor Workflow (QE) X =g
(4] > @ QE for Motor
® Preparation ® Tuning (@) Analyze
- A -
1.Preparation v S Prepare Tuning Program
(¥) Prepare Project
() Introduce Related Tool Select tuning program
i — Tuning Program : QE_Motor¥Tuner¥RA6T2_Sensorless¥RA6T2_MCILV1_SPM_LES
2.Tuning v S_FOC_TUNER_E25_V100.hex
(©) Tuning
Renesas Flexible Motor Centrol Kit
Pl S Y e e
3.Analyze -
() Analyze o)
B
I Download tuning program
Launch tuner

MCK-RABTZ :
QE_Motor\Tuner\RA6T2_Sensorless\RA6T2_MCILV1_SPM_LESS_FOC_TUNER_E2S_Vxxx.hex

MCK-RX26T :
QE_Motor\Tuner\RX26T_Sensorless\RX26T_MCILV1_SPM_LESS_FOC_TUNER_Vxxx.mot

Figure 4-17 Download of tuning program
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4.2.3 Start Tuner

To start tuner, it is necessary to connect the PC and the evaluation board via the communication board.
Refer to the picture displayed on the workflow view and chapter 2.3.2 for the connection method when
checking the motor operation by Tuner.

Click “Launch Tuner” as shown below to launch the Renesas Motor Workbench Tuner. The settings required
for tuning with Renesas Motor Workbench are automatically loaded from the Tuner configuration file. If Tuner
does not start and an error is displayed, see Section 4.2.3.1.

For the first time use of Tuner in the target project, a Tuner configuration file (.rmt) corresponding to the
sample project is copied form the Renesas Motor Workbench install folder to QE_Motor¥Tuner¥<Device
Name>_Senorles in the project folder by “Use Default Configuration(xxx.rmt)”. From the second time
onward, a Tuner configuration file copied into the project can be selected.

@ Motor Workflow (QE) § =D

A @ QE for Motor

Preparation Tuning Analyze
) -
R ~ .
1.Preparation v Prepare Tuning Program
() Prepare Project
(©) Introduce Related Tool Select tuning program
- Tuning Program : QE_Motor¥Tuner¥RAGT2_Sensorless¥RAG6T2_MCILV1_SPM_LES
2.Tuning he S_FOC_TUNER_E2S_V100.hex
() Tuning .

3.Analyze -

(©) Analyze

Download tuning program

Launch tuner

Tuner Configuration

; Use Default Ci T2_MCILV1_SPM_LESS_FOC_TUNER_V100.mt) v

MCK-RABT2 :
RA6T2_MCILV1_SPM_LESS_FOC_TUNER_Vxxx.rmt
MCK-RX26T :

RX26T_MCBA_MCILV1_SPM_LESS_FOC_TUNER_Vxxx.rmt

) Renesas Motor Workbench  <RMT File>: C:¥Users¥a5087695%¢2 _studio¥workspace_2023-10_4_3¥RAGT2 MCILV1_SPM_LESS_FOC_E£25_V110¥QE_Motor¥ TunerfRAGT2_Sensoriess¥ - a E

File Help Easy Analyzer Tuner Main Window
e [ E Ex
tion Window =
Please Input Parameter e
e
Select Parameter Input Value  Unit Sadect from Hivkgation Kot
Rated Current 167 W -
Pole Pairs 4 -
Skip Kind
Function Skip Value
Lt il Scale100%
Lq o Do not show this features in the future
Ke 0
Resistance [ohm] Set

P Start

() Ready CPU: RAGT2 Serial :SCI9 PORT -COM4

Figure 4-18 Start Tuner

For details on the Tuner function of Renesas Motor Workbench, refer to “R21UZ0004 Motor Control
Development Support Tool Renesas Motor Workbench 3.1.2 User's Manual’.
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4.2.3.1 Installation of VCP driver

If the error shown below is displayed, the virtual COM port (VCP) driver needs to be installed. If you do not
see any error, you do not need to do anything in this chapter.

e’ RMW Launch Error

|® Inverter board is not connected. Please connect the board and launch again.
N

Figure 4-19 RMW Launch Error

When installing the VCP driver, disconnect the USB cable that connects the PC and the evaluation board.

Download the FTDI VCP driver from the following website. Figure 4-20 to Figure 4-21 show the installation
procedure of the downloaded VCP driver.

e https://www.ftdichip.com/Drivers/VCP.htm

Open

. Open in new window
¢ CDM212364_Setup.zip

I Extract All...
7-Zip
CRC SHA >

-

Select a Destination and Extract Files

Files will be extracted to this folder:

| A\ \Desktop Browse...

Show extracted files when complete

Conce

Figure 4-20 Extracting of VCP driver
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W CDM212364_Setup.exe

¥

D FTDI CDM Drivers x Device Driver Installation Wizard

FTDI CDM Drivers

Click 'Extract to unpack version 2.12.36.4 of FTDI's Windows
driver package and launch the installer.

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work.

v Ftdichip o To continue, click Mesdt

Extract I Cancel

< Back. Cancel

Device Driver Installation Wizard Device Driver Installation Wizard

License Agreement

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer

To continuse, aceept the following license sereement. Ta raad the antire
agreement, use the scroll bar or press the Page Down key.

“You can now connect your device to this computer. [fyour device
came with instructions, please read them first.

IMPORTAMT MOTICE: PLEASE READ CAREFULL Y BEFORE A
INSTALLIMNG THE RELEWAMT SOFTWARE:

This lisence agreement (Licence)is 2 legal agreement between you
(Licensee o you) and Future Technology Devices International Limited
of 2 Seaward Place, Centurion Business Park, Glasgow G4l 1HH,

Sootland (UK Company Mumber SC126640) (Licensor or we) for use of
driver software provided by the Licensor(Software).

BYIMSTALLIMNG OR USIMG THIS SOFTWARE YOU AGREE TO THE w Driver Mame Status
| accept this agreement Save As Print w FTDI COM Driver Package.. Ready to use
| don't accept this agreement s FTD| COM Driver Package... Ready to use
< Back Cancel < Back Cancel

Figure 4-21 Installation of VCP driver
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4.2.3.2 Start Tuning

Click “Start” to start the motor. When tuning is complete, the motor will stop and the tuning result will be
displayed.

& =
Please Input Parameter
Input Parameter
Select Parameter Input Value Unit
Rated Current 167 Al
Pole Pairs 4
Skip Kind
Function Skip Value
Ld 0
Lgq 0
Ke 0
Resistance [ohm] Set
—_—
P start

€ Parameter Input
Please Input Parameter
Input Parameter
Select Parameter Input Value Unit
Rated Current 1.67 [A)
Pole Pairs 4

Skip Kind
Function Skip  Value
Ld 0
Lg 0

Ke 0

Resistance [ohm] Set

M Stop

Getting Parameters... Ke

et

€ Tune Window == O EX

Report
Parameter Input Value Unit
Current control Omega 300 Hz Output Header File
Current control Zeta 1 - RS,
Speed control Omega 5 Hz
Speed control Zeta 1 -
BEMF observer Omega 1000 Hz
BEMF observer Zeta 1 Reset
Scope
Parameter Set

Exit

Figure 4-22 Tuning operation
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4.2.3.3 Waveform Confirmation

Click “Scope” to check the waveform during motor operation. Click “RUN” to start the motor, and click
“STOP” to stop the motor. To finish checking the waveform, click the “x” at the top right of the window.

€ Tune Window

Parameter Input Value Unit
Current control Omega 300 Hz Output Header File
Current control Zeta 1

Speed control Omega 5 Hz
Speed control Zeta 1 =
BEMF observer Omega 1000 Hz
BEMF observer Zeta 1 e
Scope
Parameter Set Exit
@ Scope<Drive Test> =@

Scope Result

Control
Operation Memory
You can select only one View.
Memory1
Drive Test v
Memory Save memo
Memory2
> RUN 2
Memory Save memo
Memory3
View Open 1Y;

Memory Save memo

>

&) RUN...<Drive Test>

Scope Result

Control

Operation

View Open

= HO8 "X

Memory
You can select only one View.
Memory1

Memory2

Memory3

Figure 4-23 Waveform confirmation
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4.2.3.4 Output Header File

Click “Output Header File” as shown below to output the tuning result C source header file. The file output in
this chapter are stored in the src¥application¥main folder.

For the files output by QE for Motor, refer to Chapter 5.

When tuning is complete, click “x” in the upper right corner of the window to exit Renesas Motor Workbench.
After checking the motor operation by Tuner, cut off the power supply from J1 or CN1 of the Inverter Board.

€ Tune Window [s=slE] 23
Report
! Parameter Input Value Unit %
Current control Omega 300 Hz Output Header File
Current control Zeta 1 - i P ———
Speed control Omega 5 Hz
| Speed control Zeta 1 =
BEMF observer Omega 1000 Hz
| BEMF observer Zeta 1 - ! redht
Scole
Parameter Set Ex
MCK-RA6T2 MCK-RX26T
(5 Project Explorer X =k-: § = O | (i Project Explorer X =k: § =0
v »-_—fv RA6T2_MCILV1_SPM_LESS_FOC_E2S V110 v 125 RX26T_MCBA_MCILV1_SPM_LESS_FOC_E2S V110
a’ Binaries b’ Binaries
) Includes n)! Includes
2 ra_gen & app
v (@B src (&> HardwareDebug
Vv (& application v (& motor_module
v & main v &g
€] mtr_main.c b r_motor_inverter_cfg.h
th] mtr_mainh v th r_motor_module_cfg.h
th] r_mtr_control_parameterh | Lh| r_motor_targetmotor_cfg.h
th] r_mtr_motor_parameterh b r_mtr_control_parameterh
(& user_interface [h r_mtr_motor_parameterh
| hal_entry.c & current_rx
[ VariableMeaning_RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110.csv & driver_x
(= Debug & general
> QE_Motor (&> sensorless_vector_rx
= scnpt > speed_rx
1% configurationxm! & QE_Motor
JlinkLog.log & src
R7FA6T2BD3CFPpincfg 2%t
ra_cfg.txt ;} RX26T_MCBA_MCILV1_SPM_LESS_FOC_E2S V110.scfg
RA6T2_MCILV1_SPM_LESS FOC_E2S V110.elfjlink X] RX26T_MCBA_MCILV1_SPM_LESS_FOC_E2S_V110.xlaunch
X] RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110.elflaunch (2 Developer Assistance
@ Developer Assistance
Figure 4-24 Output Header file
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4.3 Analyze

4.3.1 Build Application Program
Click “Build Project” to build the project.

'@ Motor Workflow (QE) X

(A)> @ QE for Motor

® Preparation %) Tuning @) Analyze

1.Preparation v @ Prepare motor control software

(¥) Prepare Project

(¥) Introduce Related Tool |

==Motor Control Program : Debug¥RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110.elf

2.Tuning -
@ Tuning r‘;; Flexible Motor Control Kit
3.Analyze -

(©) Analyze

Download program

Launch analyzer

Analyzer Configuration
| RABT2_MCILV1_SPM_LESS_FOC_E2S_V110.rmt v

[] offline mode

[ Launch Renesas Motor Workbench analyzer I

MCK-RABT2 :
Debug\RA6T2_MCILV1_SPM_LESS FOC_E2S V110.elf

MCK-RX26T :
HardwareDebug\RX26T MCBA_MCILV1_SPM_LESS FOC_E2S V110.x

Figure 4-25 Build Project

If build errors have been occurred in RA family project, the code generation may not have been executed
because of using different FSP version than the sample project.

Refer to Chapter 4.1.3, execute the code generation, and then execute the build again.

R20ANO679EJ0130 Rev.1.30 Page 37 of 44
Feb.26.24 RENESAS




RA/RX Family QE for Motor Application Development Guide

4.3.2 Download Application Program

Download the project to MCU on the CPU Board. The PC and evaluation board connection is required to
download the sample project. Refer to the picture displayed on the workflow view and chapter 2.3.1for the
connection method when downloading the project.

Follow the steps below to download the project.

e Connect the PC and the evaluation board.
o Click “Download program” to download the project.

When downloading finishes, the debugger is disconnected.

@ Motor Workflow (QE) X § = 0O

(A]> @ QE for Motor

©® Preparation ; Tuning ® Analyze

1.Preparation e % Prepare motor control software

(¥) Prepare Project

(¥) Introduce Related Tool

e==Motor Control Program : Debug¥RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110.elf

2.Tuning -

@ Tuning Flexible Motor Control Kit
3.Analyze -

(©) Analyze

Download program

Launch analyzer

Analyzer Configuration
RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110.rmt v

Renesas Flexible Motor Control Kit
...... C and

[] offline mode

[ Launch Renesas Motor Workbench analyzer ]

MCK-RA6T2 :
Debug\RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110.elf

MCK-RX26T :
HardwareDebug\RX26T_MCBA_MCILV1_SPM_LESS_FOC_E2S_V110.x

Figure 4-26 Download Application Program
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4.3.3 Start Analyzer

To start Analyzer, it is necessary to connect the PC and the evaluation board via the communication board.
Refer to the picture displayed on the workflow view and chapter 2.3.2 for the connection method when
checking the motor operation with Analyzer.

Click “Launch Renesas Motor Workbench analyzer” as shown below to launch Analyzer of Renesas Motor
Workbench. The settings required for analysis in Renesas Motor Workbench are automatically loaded from
Analyze configuration file. If Analyzer does not start and an error is displayed, see Section 4.2.3.1.

The sample projects used in this guide includes analyzer configuration file.

@ Motor Workflow (QE) X ]
‘A > & QE for Motor

Preparation Tuning Analyze

1.Preparation v Prepare motor control software

) Prepare Project

Introduce Related Tool

2_MCILV1_SPM_LESS_FOC_E2S_V110.elf

2.Tuning -

(+) Tuning R;f'
3.Analyze -

) Analyze

Launch analyzer

Analyzer Configuration

RAGBT2_MCILV1_SPM_LESS_FOC_E2S_V110.rmt v

MCK-RA6T2 :
RA6T2_MCILV1_SPM_LESS_FOC_E2S_V110.rmt
MCK-RX26T :

RX26T_MCBA_MCILV1_SPM_LESS_FOC_V110.rmt A

File Help. Easy Main Window

Trigger Status (5 Scope Capture  Acquiring Data

Board Ul RMW UI

Execution No. 0 Execution No. 0 e [ = ]

ExecNo SeqNo Command Value Description
Stop Run Reset

Execution No. 0 Execution No. 0 Execution No. 0

Figure 4-27 Start Analyzer

For details on the Analyzer function of Renesas Motor Workbench, refer to “R21UZ0004 Motor Control
Development Support Tool Renesas Motor Workbench 3.1.2 User's Manual’.

The sample project provides two modes of operation, Board Ul and RMW Ul. This document describes an
operation example of the RMW Ul that controls the motor operation from the Analyzer of Renesas Motor
Workbench.
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4.3.3.1 Start to Analyze
Follow the steps below to analyze the motor operation.

¢ Click “RUN” in the Scope Window to start analysis
e Click “RMW UI” in the User Button Control Window

Select RMW Ul mode to control the motor from Renesas Motor Workbench.
e Click “RUN” in the User Button Control Window to start the motor

-
-

-3

e Change the Ref speed value in the User Button Control Window and click “Set Speed” to change the

motor rotation speed
o Click “STOP” in the User Button Control Window to stop the motor

-(4)
-5

The User Button Control Window may be hidden at the bottom of the screen. If you cannot see it after

launching Analyzer, try expanding the window.

o]

b=

s CPU:RAGT2 Seral:SCI9 PORT COMA

@ Renesas Motor Workbench  <RMT File>= C¥ g
File Help, Easy | Analyzer | Main Window.
Scope Window =
[@" Read @ write 85 Commander ©) Status Indicator | [ill] One Shot I oom | zoom2
Save Load All 3 Double Triggered (2] Scope Capture ~ Acquiring Data

Variable Name Variable Meaning DataType Scale Base  R? Read W2 Wiite Note Select
com_ul_mode_system State management INTE Q0 Decimal ¥ 0 ¥ 0
com_ul_sw_userif User interface switch INT8 Q0 Decimal ¥ 1 %o

com_f4_ref_speed_rpm  Speed reference (mechanical angle) [rpm] FLOAT Q0 Decimal ¥ 0 ¥ 2000
com_u1_enable_write Enabled to rewriting variables INT8 Q0  Decimal ¥ 0 ¥o
g_ul_enable_write Enable to rewriting variables(Read only)  UINT8 Q0 Decimal ¥ 1 0
UINT8 Q0  Decimal o
9.f4_id_ref_monitor The reference d-axis current value [A] FLOAT Q0  Decimal ¥ 0 o
The d-axis current FLOAT Q0  Decimal ¥ 0 ]
The reference g-a it value (A] FLOAT Q0  Decimal ¥ 0 o
_f4_ic The q-axis current FLOAT Q0  Decimal ¥ 0 o
g.f4_iu_ad_ U-phase current value [A] FLOAT Q0 Decimal ¥ 0 0
9_f4_iv_ad_monitor V-phase current value [A] FLOAT Q0  Decimal ¥ 0 0
9.f4_iw_ad_monitor W-phase current value [A] FLOAT Q0  Decimal ¥ 0 o
g.f4_vdc_ad_monitor  Main Line Voltage [V] FLOAT Q0 Decimal ¥ 0 0
g_f4_vd_ref_monitor The reference d-axis voltage value [V] FLOAT Q0 Decimal ¥ 0 0
9.f4_vq_ref_monitor The reference q-axis voltage value [V] FLOAT Q0  Decimal ¥ 0 0
Select Data Control File Control Output Header
Up Down Color Load Save Output -2799526€-005
= @7
I resice
Board Ul RMW UI
Execution No. 0 Execution No. 0 Setopsed
ExecNo SeqNo Command Value  Description
Stop Run Reset Wiite 2000 | Ref speed
Read  |A1
Execution No. 0 Execution No. 0 Execution No. 0 X
Wiite | A1

Figure 4-28 Analyze the motor operation

R20AN0679EJ0130 Rev.1.30

Feb.26.24

RENESAS

Page 40 of 44




RA/RX Family

QE for Motor Application Development Guide

By clicking “Easy” at the top of the window, you can easily change the motor speed etc. using the GUI.

Analyzer

Main Window

4 Reset RMW UI
Slider Sequence tD
Ref speed == Ref speed frpm] speed (rpm) —
P Speed 0 Fe w
1,000 .. | - @
%
— 1000 1000 S,
-2400 l 2400 0 L
Slider1 0.00 1000 1000
~ 2000 2000
= = 2 00 2400 - o
ider. ‘ 4000 4000
'F\v 65910 66110 66310 66510 66T 66910
Ov’ SO 1 000 o 66010 66210 66A10 66610 66810
Slider3 0.00 Time([ms]
(J = Refiq[A] KA
0 so lq 0 04 wu e
Sliderd 0.00 Lt
= "”I[' 03 03 a2
\/ 02 02 O\
S 2 (1] * = (3] —
Slider5S 0.00
~ 0 0
('r‘ % 01 01
Slider6 0.00 02 02
Q 05 05 — -
(] S0 04 a4
< #5910 66110 66310 66510 6670 66910
Shdeﬂ 000 0 1 3 66000 66210 66410 66610 66810
M| I * . A
< » ) ) Time[ms]
) Memdty KU RAATY Samad SO PORT CONM
Figure 4-29 Viewing of Easy mode
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5. Output Files

The files output by QE for Motor and Renesas Motor Workbench (RMW) are as follows.

Table 5-1 List of output files

Folder name

File name

Generated item

QE_Motor¥Tuner¥
[Motor control system name]

[RMW bundled file name *1].hex

[RMW bundled file name *].shd*?

Tuning program

[RMW bundled file name *].rmt

Tuner configuration file

QE_Motor

[Project name].gmc

RMW launch configuration file

src¥application¥main*?
motor_module¥cfg¥*3

r_mtr_control_parameter.h

r_mtr_motor_parameter.h

Tuning result

*1: This is the file name included with Renesas Motor Workbench. Renesas Motor Workbench includes files
for various evaluation boards. The file corresponding to the motor control system selected in the tuning

program preparation is used.

*2: For the sample program for RA6T2 : RA6T2_MCILV1_SPM_LESS_FOC_E2S_Vxxx
*3: For the sample program for RX26T : RX26T_MCBA_MCILV1_SPM_LESS_FOC_E2S_Vxxx
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6. Help and Guide Function

You can check the details of the functions of “QE for Motor” from the help of e? studio.

file Edit Source Refactor Navigate Search Project RenesasViews Run Window  Help

] | [45][ @] |4 Debug v || 9 RAGT2_MCILV1_SPM_LESS_FOC_E2 v 1 @@ Welcome

(2) Help Contents
% Search
Show Context Help

8 Help - ¢ studio

Search: |Go}
Fla- »-
¥ @ Eclipse Platform User Guide

* @ C/C++ Development User Guide

cope: All topics

Ea <

Renesas QE for Motor >

Contents.

@ e2 studio User Guide

# @ Edlipse Marketplace User Guide

® @ Eclipse Remote Developer's Guide
@ EGit Documentation

IMotm' Workflow (QE) View

+ @ JSON Compilation Database Parser User Guide

# © Oomph P2 Management Documentation

¥ © Oomph Setup Documentation

@ RA Contents

# @ Reality Al Data Storage Tool

# @ Renesas Hardware Manuals

# @ Renesas QE for AFE

@ Renesas QE for BLE[RA.RERX]

+ @ Renesas QE for Capacitive Touch (supporting for
# @ Renesas QE for Display[RX,RA] presr——
= B Renesas QE for Motor #) & QE for Motor

B Motor Workflow (QE) View!

]Summary

things you can do in this view are as follows.

* Assists the acquisition and the int
and related tools

« Displays Motor Softwase Coafiguration View for configuring motor control software

+ Downloads tuning program and launch Renesas Motor Workbeneh Tuner

« Downloads motor control program and launch Renesas Motor Workbench Analyzer

£ the informati rding the R

o Ty

This s the maia view of this plugein, which guides you through installation sad evaluation of the motor control software, The main

solutions. motor sumple programs

; 9’ ;"r::‘(:;s[o‘v‘:aor; :onhgurahon View paraten P
© @ Seripting User Guide e (]
 rotect reparstion
e il i
< >
[} = v U] < >
Figure 6-1 Help function
Also, usage guide information is displayed at the bottom of each workflow page.
@ Motor Workflow (QE) X =n

[#]> @QE for Motor

© Preparation ®

=

Tuning () Analyze

1.Preparation -
Launch analyzer
(~) Prepare Project

(~) Introduce Related Tool Analyzer Configuration

[ RABTZ_MCILV1_SPM_LESS_FOC_E2S_V110.mt

2.Tuning -

(~) Tuning Reresas Faxile Motor Control Kt
3.Analyze -

(%) Analyze

[ offline mode

[ Launch Renesas Motor Workbench analyzer I

Usage Guide : Analyze

In the Analyze process, you can analyze the operation of the motor control
system with Renesas Motor Workbench by running the motor control
program with hardware and monitoring the variables in the program during
execution of motor control.

I Prepare motor control software

In this step, the motor control program will be written to the MCU. Clicking
[Build program] starts the build of target project to prepare for writing the
program to the MCU.

When the motor control program is ready to be written to MCU, file name of

Figure 6-2 Guide function
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Rev. | Date Page Summary
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1.10 | May.22.23 — Changed the version of QE for Motor to V1.2.
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Changed the version of Renesas Motor Workbench 3.1.1.
1.30 | Feb.26.24 — Added contents for RX family.

Changed the version of Renesas Motor Workbench 3.1.2.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between V. (Max.) and Viu (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LS| is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of
your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas
Electronics disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas
Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc.
Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products
outside of such specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you
are responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

11. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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