RE NESAS Application Note

Vector control for permanent magnetic synchronous
motor with hall sensors

For

Renesas Flexible Motor Control Series

Introduction

Th

is application note describes the sample program to drive a permanent magnetic synchronous motor with

vector control using hall sensors based on Renesas microcontroller.

Th

e targeted software for this note is only to be used for reference purposes and Renesas Electronics

Corporation does not guarantee the operations. Please use this after carrying out a thorough evaluation in a
suitable environment.
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1. Introduction

This application note explains how to implement the vector control software that drives permanent
magnetic synchronous motor using the microcontroller (MCU) Renesas RA Family. This sample program can
drive a motor with the electrical kit ‘Renesas Flexible Motor Control Series’. And, this program supports the
motor control development support tool, ‘Renesas Motor Workbench’. User can confirm the parameters of
program with this tool and can use as User Interface to control motor driven. Please consider selecting which
MCU or develop your program with refer to the period of interrupt process.

This sample program supports ‘QE for Motor’. Please use the workflow to develop motor software simply
by following the steps.

Target software
The following shows the target software for this application note:

- RABT2_MCILV1_SPM_HALL_FOC_E2S V122
- RA6T2_MCB2_MCILV1_SPM_HALL_FOC_E2S_V101
- RABT3_MCILV1_SPM_HALL_FOC_E2S V120
- RA4T1_MCILV1_SPM_HALL_FOC_E2S V120
- RAST1_MCILV1_SPM_HALL_FOC_E2S V112
- RA8T2_MCILV1_SPM_HALL_FOC_E2S V102

Reference materials

RA6T2 Group User’'s Manual: Hardware (RO1UH0951)

RA6T3 Group User's Manual: Hardware (RO1UH0998)

RAA4T1 Group User's Manual: Hardware (RO1UH0999)

RA8T1 Group User’'s Manual: Hardware (RO1UH1016)

RA8T2 Group User’'s Manual: Hardware (RO1UH1067)

RA Flexible Software Package Documentation (Release v6.5.0)
Application note: ‘Sensorless vector control for permanent magnet synchronous motor (Algorithm)’
(RO1AN3786)

Renesas Motor Workbench User’'s Manual (R21UZ0004)
Renesas Motor Workbench Quick start guide (R21QS0011)
MCK-RA6T2 User's Manual (R12UZ0091)

MCK-RA6T3 User's Manual (R12Uz0114)

MCK-RA4T1 User's Manual (R12UZ0115)

MCK-RA8T1 User's Manual (R12UZ0133)

MCK-RA8T2 User's Manual (R12UZ0172)

RO1AN6466EJ0132 Rev.1.32 Page 5 of 141
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The following shows a summary of the items that you should check carefully when using this application note

and the corresponding chapter for each.

Table 1-1 List of items to be checked and the corresponding chapters

Items to be checked Corresponding chapter
Identify and select necessary environments 3

Confirm the wiring 4.8

Prepare a software development environment 5

Write the sample program to MCU 6.3

Install software for operating the motor on the PC. 6.4

Modify the sample program, and then reflect the changes in RMW | 6.5

Drive the motor 6.7

Stop the motor 6.8

Examine the motor control algorithms 7

Examine the structure of the sample program 8

Verify and change the motor parameters 10.11
Changing the PWM carrier frequency 10.8
Change the control parameters 10.12, 10.13
Check the frequently asked questions 12

Check the troubleshooting tips

RO1AN6466EJ0132 Rev.1.32
Jun.30.26 RENESAS
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2. Glossary

The following lists the main terms used in this document and their descriptions.

Table 2-1 Glossary

Term Description

MC-COM Refers to a set of communication jigs and tools for displaying
waveforms. For details, refer to the following URL.
https://www.renesas.com/design-resources/boards-kits/mc-com

RMW Refers to Renesas Motor Workbench, which is the GUI operation

software on PC specifically designed for motor control.

QE for Motor

QE for Motor is a software development support tool for motors that
allows you to develop motor software by simply following the
workflow. For details, refer to the following URL.
https://www.renesas.com/software-tool/ge-motor-development-
assistance-tool-motor-applications

Inverter bus voltage

Refers to the DC voltage fed to the inverter circuit. Also called DC
intermediate voltage.

Open loop Refers to a motor control technique that does not need current or
position feedback signals to control the voltage.
Sensorless In this document, this is used to indicate that there is no magnetic pole

position sensor or speed sensor. Omitting the sensors is considered as
an advantage because the position sensors and speed sensors present
disadvantages in terms of cost and environmental robustness.

Electrical angle

Phase angle of the output current flowing in the motor. It can be
converted to a mechanical angle by dividing it by the number of pole
pairs of the motor.

Mechanical angle

Refers to the physical rotation angle of the motor axis. One rotation of
the axis per minute is 1rpm.

RO1AN6466EJ0132 Rev.1.32
Jun.30.26
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3. Used hardware and software

3.1 List of used hardware
The following lists the hardware devices used for evaluating this sample program.

Table 3-1 Development Environment : Hardware

Category Product used
Microcontroller / CPU RA6T2 (R7FA6T2BD3CFP) / MCB Ver.1 RTKOEMA270C00000BJ *1
board product type RA6T2 (R7FA6T2BD3CFP) / MCB Ver.2 RTKOEMA270C00002BJ *2

RA6T3 (R7FA6T3BB3CFM) / MCB Ver.1 RTKOEMA330C00000BJ

RA6T3 (R7FA6T3BB3CFM) / MCB Ver.2 RTKOEMA330C00001BJ

RA4T1 (R7FA4T1BB3CFM) / MCB Ver.1 RTKOEMA430C00000BJ

RA4T1 (R7FA4T1BB3CFM) / MCB Ver.2 RTKOEMA430C00001BJ

RA8T1 (R7FA8T1AHECBD) / RTKOEMA5K0C00000BJ

RA8T2 (R7TKA8T2LFLCAC) / RTKOEMAGLOC00000BJ

Inverter board MCI-LV-1 Inverter board / RTKOEM0000B12020BJ

Motor R42BLD30L3 (Product of ‘MOONS’)

Note *1 Please note that RA6T2_MCB2_MCILV1_SPM_HALL FOC_E2S V101 is not supported.
*2 Please note that RA6T2_MCILV1 _SPM_HALL FOC_E2S V122 is not supported.

3.2 List of used software

The following lists the software and its version used for evaluating this sample program. This sample
program can be used within limitations of our development environment e? studio evaluation edition.

Table 3-2 Software Development Environment

e? studio version FSP version Toolchain version
e? studio : 2026-04.2 V6.5.0 GCC ARM Embedded :13.2.1.arm-13-7
RO1AN6466EJ0132 Rev.1.32 Page 8 of 141
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4. Building a hardware environment

4.1 Overview : Hardware environments

This section describes hardware environments in which an SPM motor is operated using this sample
program. Figure 4-1 shows an example of hardware configuration.

In the sections that follow, the power supply (4.2), the inverter (4.3), the CPU boards(4.4) and the on board
debugger (4.7) are described in detalil.

USB Cable
PC
| MC-COM
|
| \_l
USB Cable l
N B
b — »: JHink OB |
RA family
CPU board
GND
+5V
HALL_U
HALL_V
3-phase Invertor HALL_ W
MCI-LV-1
DC stabilized
Power Supply
o Motor [
AC Adapter
—p —>
AC pe24v 3-phase 0~24VAC
power
supply

Figure 4-1 Example of hardware configuration

4.2 Preparing the power supply

In this sample program, DC stabilized power supply/AC adapter/a control power supply (capable of output of
24V, 2.5A or more) is used to supply a voltage of 24 VDC to the 3-phase inverter MCI-LV-1.

The voltage supplied to the inverter varies depending on the inductive voltage, rating conditions, maximum
load conditions of the motor to be used. Please select an appropriate type of power supply based on your
experimental environment and restrictions and conditions of AC power supply to be used.

The inverter introduced here has an output current of 10 A max.

RO1AN6466EJ0132 Rev.1.32 Page 9 of 141
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4.3 Preparing the inverter

When preparing your inverter, note the following information: This sample program is configured for MCI-LV-

1 and must be changed if you use another inverter.

e Rated capacity (VA)
e Dead time value [us]

e Type, characteristics, and signal specifications of the current sensor
e Characteristic data of the current sensor, including gain and offset values, the relationship between the

current and voltage, and linearity of the signals

o Characteristic data of the voltage sensor, including the relationship between the current and voltage and

linearity of the signals

4.4 Setting up the RA Family CPU board

This section describes how to install the RA Family CPU board, which can be plugged in MCI-LV-1 directly.

Inverter board connector
(for INV2)

Inverter board connector
(for INV1)

Serial
communication
connector

USB type—C
connector

RAGT2
Reset SW

LWL L

CRNNNREERERERREER

T/H for SPI

Figure 4-2 RA6T2 CPU board and its interface

RO1AN6466EJ0132
Jun.30.26

Rev.1.32
RENESAS
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PMOD connector

T/H for CAN
/\ fll

SCI connector

USB connector

for RABT3

Resat SW

Inverter connector

USB connector
for J-Link OB

RAGT3 LED

Figure 4-3 RA6T3 CPU board and its interface

PMOD connector
T/H for CAN

SCI connector

ATHELLLLE

Reset SW

f Inverter connector
USB connector

for J-Link OB

RA4T1 LED

Figure 4-4 RA4T1 CPU board and its interface

RO1AN6466EJ0132 Rev.1.32 Page 11 of 141
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Inverter board connector
(for INV2

e

Ethernet connector

.

Reset SW

Pmod connector

RA8T1
USB connector

microSDcard USB connector

connector for J-Link OB T/H for CAN

Inverter board connector

" (for INV1)
/\ ‘\\‘
Communication ' i LED 24
connector SR LRSS 4444102 /la’
RAS8T1 /

Figure 4-5 RA8T1 CPU board and its interface

Inverter board connector Inverter board connector
(for INV2) (for INV1)
EtherLED LED PowerLED
/
PMOD(3A/6A)
connector
Communication
connector
EtherCAT
connector
RABT2 L | ResetSW
USB connector
ST for
T/H for CAN DSMIF
PMOD(2A)
microSD connector
slot RABTZ USB connector
for J-Link On-Board

Figure 4-6 RA8T2 CPU board and its interface

RO1AN6466EJ0132 Rev.1.32
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4.5 Connection example of kit

Figure 4-7 shows an example of the connection of a CPU board in combination with an inverter board kit
(MCI-LV-1) and a communication board kit (MC-COM, model name: RTKOEMXC90Z00000BJ).

Motor

CPU board

Inverter board
Communication board

R LEFREEREERRRRELER

USB cable

AC adapter

Communication cable

Figure 4-7 Connection example of kit

RO1AN6466EJ0132 Rev.1.32
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4.6 Hall sensor connection

Connect the Hall sensor cable and the Hall sensor connector (Figure 4-8) as shown in Table 4 1.

Table 4-1 Interface

Function MCI-LV-1
GND CN6 1pin
+5V CN6 2pin
Hall sensor (HW) CNG6 3pin
Hall sensor (HV) CNG6 4pin
Hall sensor (HU) CNG6 5pin

Wariable resistor
(VR1)

Motor connector

.ff A
f
f /
;?/
CPU board . ;
connector e
v | Togegle SW Pus
.y . (SW1)  (Sw2)
I %
ENC/IPS Hall sensor
connector connector

Power input

Figure 4-8 Inverter board

4.7 On board debugger

The RA Family CPU boards include the circuit of “On board debugger J-Link OB (after here, JLOB). The
update of program is performed through JLOB. When update, please connect CPU board and your PC via

an USB cable.

RO1AN6466EJ0132 Rev.1.32
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4.8 Wiring

This section describes how to wire between the power supply, inverter, and motor. Terminal names vary
depending on the devices used, so be sure to refer to the instruction manuals of the devices to verify the
contents and specifications before wiring.

Figure 4-9 shows an example of wiring between the power supply and the inverter. Here, the output
terminals of the regulated DC power supply are connected to the P and GND terminals of the inverter. Be
careful not to connect with the wrong polarity. Figure 4-10 shows an example of wiring between the inverter
and the motor.

RA Family
CPU board
+ CN1+
DC power supply 3-phase inverter
24V - CNL- MCI-LV-1 I
AC power supply l

To motor

Figure 4-9 Wiring between the power supply and the inverter

L e ]
I J-link OB |
RA Family
CPU board
GND
+5V
HALL_U
HALL_V
3-phase inverter HALL W
MCI-LV-1
CN1+
- | U u
v V] Motor
CN1- W ]

Figure 4-10 Wiring between the inverter and the motor

RO1AN6466EJ0132 Rev.1.32 Page 15 of 141
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5. Environment to build the sample software

To develop the sample program in this application note, we will use e? studio with RA FSP as the
development environment. Please download the installation environment from the following.

Download e? studio from the following URL:

https://www.renesas.com/en/software-tool/flexible-software-package-fsp

For installation instructions, refer to the PDF manual included with e2 studio.

For more information on how to use it, refer to the PDF manual that you can download on the above URL or
the videos.

How to upload the program to MCU is describes in detail on “6.3 Writing the sample program”.
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6. Driving the motor

This chapter describes how to drive a motor. Please confirm “6.1 Precautions before driving the motor” and
operate according t0”6.2 Connecting”.

6.1 Precautions before driving the motor

When driving the motor, note the following points: Improper use may cause electric shock or failure of the
devices.

e Do not control the motor under the conditions where the tracing and breakpoints are set while using
JLOB. A sudden stop may cause the inverter to operate abnormally. Use RMW and debug under the
conditions where the safety functions work properly.

e MC-COM can be safely used during operation because the signals are isolated. When a similar device is
used, the GND of the PC and the inverter may be common, which could cause an electric shock hazard
via the GND.

e Design the experimental facility so that the motor can be stopped in an emergency.

¢ When the inverter is stopped but the PM motor is still rotating, the PM motor generates an inductive
voltage, thus applying voltage to the U/V/W three-phase wiring. Touching exposed conductive parts may
cause electric shock.

6.2 Connecting

Note that the device to be used between the CPU board and the PC differs between writing and operating.
Wiring methods for (1) writing and (2) motor operation are described below.

(1) For writing
CPU board includes the circuit of JLOB, therefore USB cable can be connected directly, and the program
can download without another environment. After download, please connect out the cable.

RN e T NN R AR R RN

-

USB connector
for writing

Y =

LY

Figure 6-1 RA6T2 CPU board USB connector for writing
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USB connector
for writing

USB connector
for writing

Figure 6-3 RA4T1 CPU board USB connector for writing
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SOUELREELLELL LB 1444444443078

=

..
-
.o
—_—
-
-
-
-
—_

USB connector 1
for writing

Figure 6-4 RA8T1 CPU board USB connector for writing

PERRRRRDAARAD LS SR L LLLL LLLLL LR
B '".“ﬁ

-

-y . A
- i Wy
- .

-y

o

AR R RREREL

USB connector
for writing

Figure 6-5 RA8T2 CPU board USB connector for writing
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(2) For motor operation

Connect to the PC using MC-COM(RTKOEMXC90Z00000BJ) as shown in Figure 6-6 E. The CPU board is
connected to the PC via UART and can be operated from the PC using a COM port. RMW can be used to

operate the motor. MC-COM provides electrical isolation between the inverter and the PC and can be used
safely even in high-voltage environments.

CPU board

Communication board

LRI REEERE LR

USB cable

Communication cable fConnect Hall sensor

Figure 6-6 Example of connection at investigation

(3) Confirmation of jumper

Please confirm the jumper settings as shown below. After you used the environment for other type
control, jumper position is different from below condition.

- Inverter board

Number of jumper Connection
JP8 Connect 1-2
JP11 Connect 1-2
+ RA6T2
Number of jumper Connection
JP4 Connect 1-2
JP5 Connect 1-2
+ RA6T3/RA4T1
Number of jumper Connection
JP2 Connect 1-2
JP3 Connect 1-2
JP4 Connect 1-2
+ RA8T1/RA8T2

Since there is no jumper change, please use it in its default state.

RO1AN6466EJ0132 Rev.1.32 Page 20 of 141
Jun.30.26 RENESAS



Vector control for permanent magnetic synchronous motor with hall sensors
Control Series

For Renesas Flexible Motor

6.3 Writing the sample program

After you have downloaded the sample program from our website, with e? studio you can write it to the MCU

on the CPU board.

6.3.1 Install e? studio

Please download e? studio which supports FSP configurator from our below WEB site, and install to your

PC.

https://www.renesas.com/en/software-tool/flexible-software-package-fsp

6.3.2 Import a project
1. Leftclick “File” TAB.
BB workspace - ¢ studeo
u.-. Source Refactor Navigate Segrch Project RenesasYiews Bun Renesas Al Window Help
- - PR S
ject Exp e 2 i

2. Problems X | B Conzote| [T] Properties| @ 27=0-7501=| I} 27-R-32a7

0 items sebected

Resousce Path Location

Figure 6-7 Selection of the target project (1)
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2. Pull down menu is displayed. Then, select “Import” and left click.

| @B workspace - ¢ studio
File  Edit
New
Open File..

Recent Files

Rename...
Refresh
Convert Line Delemiters To

3 Open Projects from File System...

Source Refactor Navigate Search Project FenesasViews Run  Renesas Al Window Help

AlteShifteN >

Fs

o imparn_

{ port

Ei Expori
Properties
Sevitch Workspace
flestart
Exit

Alt+Enter

>

{oitems selected

Description Resource

Path

[ | © Console| [T Propertics| @& AT-F-7597-| &3 A9-+-¥=a7h

= 0 |5 Outline X

Location

- o x
Q | Rjucs.

0
There is no active editor that
provides an outline,

i=n

Figure 6-8 Selection of the target project (2)

Import window opens. Then, select “Existing project into Workspace” and left click.

{3 Project Explorer X

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

= P
| @ import

U |

utktm

1 Create new projects from an archive file or directory.

Select an import wizard:

N\

=i

& General
JB Archive File
L CMSIS Pack
I 3 Existing Projects into Workspace I

4 File System
[T} Preferences

(5 Projects from Folder or Archive
& Rename & Import Existing C/C++ Project into Workspace
& Reneas Web¥ 1+ ED% T L-TOZ2TH
T Renesas CATEKOR (CS+) 7017
W Renesas CC-RX. CC-RL. EXUCC-RH (CS+) 702 TH

& UCee
Install

&> Oomph
RunDiab

Cancel

Resource

Path

Location

Q E
B |52 Outline X

2 C/Cae
%= 8

There is no active editor that
provides an outline.

Type

Figure 6-9 Selection of the target project (3)

RO1AN6466EJ0132 Rev.1.32
Jun.30.26

RENESAS

Page 22 of 141



Vector control for permanent magnetic synchronous motor with hall sensors

Control Series

For Renesas Flexible Motor

4. “Import” window opens. Then, left click “Browse”.

To add a project:

1= B

€5 Project Explorer X

There are no projects in your workspace.

| €@ impont o ®
C Q E |G
| Import Proj F o
= | mport Projects s = 0 |[2 Outline X a=npn
1 Select a directory to search for existing Eclipse projects. I
- § o There is no active editor that
provides an outline,
® Sefect root directory: || Browse..
(L) Sefect archive file:
Projects:
|| setectan
|
|| Deselect Al
|
|
\‘ Refresh
Options
[ Search for nested projects
[ Copy projects into workspace
[ Close newly imported projects upon completion
[ Hide projects that already exist in the workspace
Working sets
==
[] Add project to working sets Newe.,
Location Type
) <Back rsk Cancel

Figure 6-10 Selection of the target project (4)

5. Folder selection window opens. Then select the target folder and left click “select folder”.

e Edit ice

iR -

) Project Explorer X

To #dd 2 project:

0 items selected

There are no projects in your workspace.

ol 35 5 | /s
D Select Folder X f—
=3 = ine X el =)
- : T o work v 51 » workspace » ~ 0 no active editer that
s an cutline.
Organize = New folder SE 5w
A Name . Date modified
ok Quick access
metadat;
[ Desktop sy
RASTI_MCILV1_25PM_LESS FOC_E25 V100
& Downloads  #
workspace
desktop3 +
desktopd "
APN
APN(e)
mTém
wil
@ OneDrive - Renes:
ARCHVE vl i€ -
Folder: | |
[ selectfolder | | Cance
" T =R
[l Add project to working sets New...
- Location Type
9 < Back Next > Finish Cancel

Figure 6-11 Selection of the target project (5)
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6. When the target project is imported correctly, the display became like below. After confirmation, left

H " H H n
click “Finish”.
<]
Fila Edit Source Refactor Navigste S g [ a %
B - a it v Q Q W | e
s Import Projects ey o
(1 Project Explorer X =g| ™" i d = 0O |5 outline X S
i Select a directory to search for existing Eclipse projects. / Y
=i g E There is no active editor that
provides an outline.
There are no projects in your workspace.
To add a project: (@) Select root directory: | C:\Usersta5089652\e2_studic\workspaceiwe ~ Browse...
(D) Select archive file: Browse
Projects:
[ RABTT_MCILV1_25PM _LESS_FOC_E25_V10D (C-\Users\a5089652\e2.] | Select All
Deselect All
Fefresh
< >
Opticns
] Seanch for nested projects
] Copy projects into workspace
[ Close newly imported projects upon completion
CHide projects that already exist in the workspace
Working sets P i = A
[ Add project to working sets MNew...
Pl Location Type
0 tems selected @ 2wk hota Eancr
Figure 6-12 Selection of the target project (6)
7. Confirm the target project is imported correctly into e? studio.
B workspace - ¢ studio - [a] »
File Edit Source Refactor MNavigate Search Project RenesasViews Run Renesas Al Window Help
& U - R Q | R
I Project Explorer X | =2 %, 7 § = O = B | 5= Outline X [ Hyn]
=] T_MCILVT_25PM_LESS | 25 V1

There is no active editor that
provides an outline.

No consoles to display at this time.

* Problems B Console X | [T] Properties| @& ZA¥—h- 594 - I} 29-h-¥zaFil B~~~

Figure 6-13 Confirmation of import the target project
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6.3.3 Build the target project
1. Right click the imported target project in e? studio window.

B workspace - ¢ studio - o »
File Edt Source Refactor MNavigate Search Project RenesasViews Run Renesas Al Window Help
B4R - e it -G Q | R
5 Project Explorer X| = % 7 £ = O = B |[3= outline x| =
=3 T_MCILV1_25PM_LESS_FOLC_ES V1

There is no active editor that
provides an outline.

*1 Problems | G Console X | [T Properties| & 27— 7594 |} A7-h-7za7ik S-m-= 0
No conscles to display at this time.

Figure 6-14 Selection of the target project

2. Pulldown menu appears. Then, left click “Build Project”.

. vomte
B workspace - & studic - a o

Fle Edit Source Ref  OPEnin New Window Renesas Al Window Help
Show In AltsShifts W > .
Bq Q & C/Cen
I Project Explorer x| 45 Copy Curi+C = B |[B: Outline X =B

15 RABT1_MCILV1_ 2

Delete Delete .
» There is no active editor that

Source » provides an outline.

Rename... (74

Import...
3 Export.
Renesas FSP Export 5

Build Project |
Clean Project

Refresh ]
Close Project

sted Project

Build Targets »
Index »

Build Configurations >
Source 3
© PRunAs

3
% DebugAs * [ Properties| @ 27— h-7394- | & Z7-b-3zaPi 2-g~-=0
Team >
3

Compare With )

Restore from Local History...

MISRA-C >

P C/Ce+ Project Settings Ctrl+Alt+P
< Renecas C/Ce « Project Settings ¥
' Run C/Ce+ Code Analysis

(5 RABTI_MCILVY_25PM_ B8 System Explorer

Figure 6-15 Pulldown menu
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3. Target build is performed, and build process are displayed in console window. Confirm the finish of
build with no error.

8 workspace - ¢ studie = o X
File Edit Source Refactor MNavigste Search Project RenesasViews Run Renesas Al Window Help

D&~ ity Q- Q | |[Rce.
[ Project Explorer x| & 2 i =0 = 1 |[Z= Outline X | =n

15 RASTI_MCILY1_2SPM_LESS_FOC_E25 V100

There is no active editor that
provides an cutfine.

[£] Problems | O Console X | [ Properties| @ Smant Browser| 3 A7—h- 7227 =8
x i Y Al =Rl i

DT Build Conscle [RAST1_MCILV1_25PM_LESS, FOC_E25 V100]

rm-none-eabi-objcopy -0 srec “RASTI MCILVL 2SPM_LESS FOC_E2S V10@.elf™ “RAST1 MCILV1_25PM_LESS FOC
rm-none-eabi-size --formateberkeley “RABTL_MCILVI_25PM_LESS_FOC_E25_V1ee.elf”

text data bee dee hex filename

38740 152 6528 45320  blSc RABTI_MCILVI_2SPM_LESS_FOC_E25 V109.elf

4:05:14 Build Finished. @ errers, @ warnings. (tock 29s5.286es)

< > (T T

Figure 6-16 Confirmation of finish of build
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6.3.4 Connection between PC and the target CPU board via an USB cable
Please connect PC and CPU board via an USB cable like below.

(In below figure, target board is RA6T2.)

R e R AN RRRERRRRER

o

Please connect PC and USB board via an
USB cable at USB connector.

-

Figure 6-17 Confirmation between PC and CPU board (RA6T2)
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6.3.5 Writing to the target board (with built program)
1. Select target project and right click.

B workspace - & studio - a ®
fle Edt Source Refactor Namigste Search Project RenesssViews Run Renesas Al Window Help
R it Q- Q B
T project Bxplorer % | 2 =0 = D |[5 outine x| =B
=] 1_MCILVT, _LESS._| A

There is no active editer that
provides an outline.

[£2 Problems | 2 Consale X | [ Properties| @ Smart Browser| 5 A7—h-7=a Pl o

L

B B

COT Build Console [RASTI_MCILV1_25PM _LESS FOC _E25 V100]

-
ars-none-eabi-cbjcepy -0 srec "RABTI_MCILVI_2SPM_LESS_FOC_E2S W10.el1f™ "RASTL MCILVI_2SPM_LESS FOC
are-none-eabi-size --formateberkeley "RABT1_MCILV1_2SPM_LESS_FOC_E2S_V1ee.elf”

text  data bss dec hex filenase

38740 152 6528 45420  bl6c RASTI_MCILVI_25PM_LESS_FOC_E25_V100.clf

14:05:14 Build Finished. @ errors, @ warnings. (tock 28s.2B86ms)

3 ale

(5 RASTI_MCILV1_25PM_LESS_FOC_E25 V100

Figure 6-18 Selection of target project

2. Pull down menu display. Put mouse cursor on “Debug As”, after that new list window appears. Select

“Renesas

GDB Hardware Debugging” and left click.

{5 Project Explorer %

we Inte |

8 workspace - ¢ studio o
File Edit Source Refactor Navigate

R wifpe!

Open in New Window
Show In

ow  Help
Alte Shift+W >

Q

22 Outline X

= g 1@ Copy Cir+C =n
15 RABT1_MCILV1_2SPM_LESS_FOC | e S
® Delete Delete
Souroe provides an outhine.

Rename...

Import...
Export..
Renesas FSP Export

Build Project
Clean Project
Refresh

Clese Project

Build Targets

Index

Build Configurations
Brmart Browser | U} AV—h-R=a7 )l

b

Source

Q) FRunAs

L_pebugae

Team

E25 V1001

1 GDB OpenOCD Hardware Debugging (DSF)
2 GDB Simulator Debugging (RHES0)

3 Local C/C++ Application

4 Renesas GDB Hardware Debugging

5 Renesas Simulator Debugging (RX, RL7E)

SR

Compare With

Restore from Local History...
MISRA-C

C/C++ Project Settings
Renesas C/Ce+ Project Settings

(1

)

Ctrls AR+ P

3

Debug Configurations...
<

3

P

B3 /e
=n

These is no active editor that

6 RASTI_MCILVI_2SPM_LESS_FOC_E25_V100.¢)f (Renesss GDB Hardware Debug

x

Run C/C++ Code Analysis |

15 RASTI_MCILV1_25PM_LESS FOC €25 VIC 8 System Explorer

Figure 6-19 Selection of debug method

RO1ANG466EJ
Jun.30.26

0132 Rev.1.32
RENESAS

Page 28 of 141



Vector control for permanent magnetic synchronous motor with hall sensors ~ For Renesas Flexible Motor
Control Series

3. If the connection is correct and program is downloaded successfully, the display changes to “Debug”
mode like below.

88 workspace - RASTI_MCILV1_25PM_LESS_FOC_E25_ V100/ra/fsp/src/bsp/emsis/Device/ RENESAS/Source/startup.c - € studic - u] X
File Edit Source Refactor Mavigate Search Project Renesas\Views Rum Renesas Al Window Help
| ®~& - LR T e R R e T iR F Q | Ecrce [ Do
FeDebug % | B k| § = O |[E setupc ¥ = a|feey x[%s|@eléfe]®s =0
~ [£7 RABTI_MCILV1_2SPM_LESS FOC_E25 V| & 64 @ SystemInit(); ~ ri=h rS ot 8
) RARTLAICLL s (83 FOC 5 P * Call user application. */ Name  Type  Value

w @ Thread 211 (single core) [core: O

e main();
= Reset_Handler{) at startup.c:6

s drm-nene-eabi-gdb (12.1) = while (1)

5 Renesas GDB server (Host) {

f* Infinite Loop. */

% * pefault exception handler.[]
= void Default_Handler (void)

e

o@D

- f** A& error has occurred. The user will ne

BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(E);

f* Main stack *
static uint8_t g main_stack[BSP_CFG_STACK_MAIN
BSP_PLACE_IN_SECTION{BSP_SECTION_STACK);

8
B
=
B
B
8

-

/* Heap */

- #if (BSP_CFG_HEAP_BYTES > 8)

04 BSP_DONT_REMOVE static uint8 t g_heap[BSP CFG_
95 BSP PLACE IN SECTION(BSP SECTION HEAP): 2s
< >
B Console X 1! Registers * Problems GA Debugger Consale, @ Smart Browser | [J Memery = A

EX x| BRpRES 09
RABTI_MCILV1_25PM LESS FOC E25 V100.eif [Renesas GDB Hardware Debugging] [pid: 17]
Target connection status - OK ]
Starting download
Opticn Function Select, writing to address @x@300a109 with data TFFfffffffiffffifrfifffffffffff...
Optien Function Select, writing to address @x0300al34 with data fFIfffff

< > < >

Figure 6-20 “Debug” mode

4. Leftclick “l" in debug mode to disconnect from target board. After that disconnect USB cable. All
process is finished.

D workspace - RASTI_MCILV1_2SPM_LESS_FOC_E25_V100/ra/fsp/src/bsp/cmsis/Device/ RENESAS/ Source/startup.< - € studio - o X
File Edit Source Refactor MNavigate Search Project Renesas Views Run Renesas Al Window Help

-~ | > 2| R - R - RS Q | B 45 Dang
15 Debug X B xli* = 0O 2 sanupe X = A |ji=kv X | 9% Bl P E| 2 i = |
~ [T RASTI_MCILV1_2SPM_LESS_FOC_E25 V| B 64 02006150 SystemInit(); A % S re B

B RASTI_MCILV_25PM_LESS FOC E2: o ik abar mapi . # Name Type  Value
~ 4 Theesd #1 1 (single core] [core: O] S e PF
= Reset_Handles() ot stantup.e:f v .
i menone-eabi-gdb (12.1) &0 02086158 © while (1)

o Renesas GOB server (Host)

i }
- |
# * Default exception handler

= void Default_Handler (void)
{

-

B5P_CFG_HANDLE_UNRECOVERABLE_ERROR(®);

}

. stack *
static uintd_t g_main_stack[BSP_CFG_STACK_MAIN
BSP_PLACE_IN_SECTION(BSP_SECTION_STACK);

* Heap *

~ #if (BSP_CFG_HEAP BYTES > @)

BSP_DOWT_REMOVE static uintB_t g_heap[8SP_CFG_

s “BSP PLACE IN SECTION(BSP SECTION HEAPY: ¥
< >

O Consale > | 110 Regasters | (2] Problems [ Debugger Console @ Smart Browser| [1 Memory L - |
. X kbl 20 2 @3-

RASTI_MCILY1_25PM_LESS, FOC_E2S VID0.eM [Renesss GDE Hardvare Debugging] [pick 17]

Target comnection status - OK -

Starting download
Optien Functicn Select, weiting to address Ox@300al00 with data FIFSFFFFferfferarsefrrirareerers. .

< >l >

Figure 6-21 Disconnect from target board
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6.4 Introducing RMW

Renesas Motor Workbench, a motor control development support tool, is used as an user interface (for
issuing the rotation start/stop command, rotation speed command, and other commands). Renesas Motor
Workbench (RMW) can be downloaded from our website.

https://lwww.renesas.com/en/software-tool/renesas-motor-workbench

File Cption Help

Connection
oM OffLineMode w

Status

Configuration
cPu

Maotor Type
Control

Inverter

AN T LTRSS Lt BN 2 /TR MCRA MOLY 5

[ Tiate Mcabiient
HEIET_MCBA_MCILYL_IPM_LESS_FOC_WHOLE_V100.mt 2022/12/23

File Information

RMT File RX26T_MCBA_MCILV1_IPM_LESS FOC WH... 2022/12/23 10:59:08

Map File RX26T_MCBA_MCILVI_IPM_LESS FOC_WH... 2023/10/10 14:49:21

Select Tool

Easy

Project File Path  Chsvn\allspeed_sensorless\branch\rn26t_24iRX26T_MCBA_MCILV1_IPM_LESS_FOC_WHOLE W

() Details v

Figure 6-22 Window of Renesas Motor Workbench
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6.5 Registering and updating the Map file

When a part of the sample program is changed by the user, the Map file including variables and other
information needs to be registered and updated. If the software has not been changed, the Map file does not

need to be registered or updated.

File Option

Help

Connection
com

Status

Configuration
cPU

Motor Type
Control

Inverter

File Information

b, Clock RMT File RX26T_MCBA_MCILV1_IPM_LESS FOC WH..

2022/12/23 10:59:08

I Map File RX26T_MCBA_MCILVY_IPM_LESS_FOC_WH

2023/10/10 14:4921 - I

Select Tool

Prﬂjec[ File Path Chsvnmallspeed_sensorless\branchix261_20\RX2ET_MCBA_MCILV1_IPM_LESS_FOC_WHOLE_ W

T A MCTLY_ P LESE. MO0 WHOLE V108t

User Setting Form

Address

200000ac
200000a8
200000a4
200000a0
2000009c
20000098
20000094
20000090
2000008c

Details v

Name
com_f4_ref_speed_rpm
com_f4 overcurrent_limit
com_f4_overvoltage_limit
com_f4_overspeed_limit_rpm
com_f4_lowvoltage_limit
com_ud _timeout cnt
com_f4_max_drive v

com_f4 _min_drive v

com_f4_speed_Ipf_k

DataType -

FLOAT
FLOAT
FLOAT
FLOAT
FLOAT
FLOAT
FLOAT
FLOAT
FLOAT

Set

Figure 6-23 Map file registration setup window (upper) and confirmation window (lower) in RMW
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6.6 Variables used for working with RMW

In this sample program, the motor can be controlled using RMW. Table 6-1 lists the data input variables that
are used when the RMW Ul is used. The values input to these variables are applied to the corresponding
variables in the motor module and then used for controlling the motor if the value written to the
com_ul_enable_write variable is the same as the value of the g_ul_enable_write variable. Note, however,
that the variables indicated by an asterisk (*) do not depend on the value of the com_ul_enable_write
variable.

Some parameters used for motor control can be changed while the motor is stopped. For details, see Table
9-8.

Note that the variable name prefix (for example, ul and f4) is an abbreviation of the variable type. RMW
recognizes the variable name prefix, automatically selects the type, and displays the numeric value inside
the variable in the Control Window.

Table 6-1 List of main input variables for Analyzer functions

Analyzer function input Type Description

variable name

com_ul_mode_system (*) uint8_t Managing the state
0: Stop mode
1: Run mode
3: Reset

com_f4_ref speed_rpm (*) float Speed command value (mechanical) [rpm]

com_ul _enable_ write uint8_t Whether to enable rewrite of variables for user entry.
The input data is applied if the values of this and
g_ul_enable_write variables are the same.
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Table 6-2 lists main variables that are often observed when driving under speed control is evaluated. Use
this table for reference when the waveform is to be displayed, or the values of variables are to be loaded with
an Analyzer function.

Table 6-2 List of main variables for vector control with hall sensors

Vector control with hall sensor variable name | Type Substance
g_f4_id_ref_monitor float d-axis current reference [A]
g_f4_id_ad_monitor float d-axis measured current [A]
g_f4_ig_ref_monitor float g-axis current reference [A]
g_f4_ig_ad_monitor float g-axis measured current [A]
g_f4_iu_ad_monitor float U phase measured current [A]
g_f4_iv_ad_monitor float V phase measured current [A]
g_f4_iw_ad_monitor float W phase measured current [A]
g_f4_vdc_ad_monitor float Measured inverter bus voltage [V]
g_f4 _vd_ref _monitor float d-axis voltage reference [V]
g_f4 _vq_ref_monitor float g-axis voltage reference [V]
g_f4_refu_monitor float U phase voltage reference [V]
g_f4_refv_monitor float V phase voltage reference [V]
g_f4_refw_monitor float W phase voltage reference [V]
g_f4_angle_rad_monitor float Rotor angle (electrical) [rad]
g_f4_speed_est_monitor float Rotation speed (electrical) [rad/s]
g_f4_speed_ref_monitor float Speed reference (electrical) [rad/s]
g_f4 _speed_rpm_monitor float Rotation speed (mechanical) [rpm]
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6.7 Controlling the motor

The following shows an example of using the Analyzer function of RMW to perform operations on the motor.
The operations are performed from the Control Window on RMW. For details about the Control Window, see
the "Renesas Motor Workbench User's Manual”.

a) Start driving of the motor

The motor can be rotated by performing the following steps:

(1) Confirm that the check boxes in the [W?] column are selected on the "com_ul_mode_system" and
"com_f4_ref speed _rpm" rows.

(2) Onthe "com_f4 ref speed_rpm" row, in the [Write] column, enter the command rotation speed.

(3) Click the [Write] button (At this time, the com_ul_mode_system field remains at "0").

(4) Click the [Read] button. Confirm that the boxes in the [Read] column on the "com_f4 ref speed_rpm"
rows.

(5) Onthe "com_ul_mode_system" row, in the [Write] column, enter "1".

(6) Click the [Write] button.

(4) Click “Read” button (3)(6) Click “Write” button

\ /

. Control Window l / {
@‘t Read [_[ﬁ Writl 5 Commander (%) Status Indicator One Shot

VEE s iRk =l Variable List | Alias Name (1) Click (5) Write “1
Variable Name Variable Meaning Data Type Scale Base R? w? \)‘rite
com_ul_mode_system @ State management INT8 Qo0 Decimal & 1 v
com_f4_ref speed_rpm Speed command value (mechan FLOAT Q0  Decimal ¥ 2000 ~ 2000
com_ul_enable_write | Enable to rewriting variables INT8 Qo Decimal & 1 v
com_ul_sw_userif User interface switch INT8 Q0 Decimal ¥ 0 ¥ 0

(2) Write reference speed

Figure 6-24 Procedure for driving of the motor
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b) Stop the motor
(1) Onthe "com_ul _mode_system" row, in the [Write] column, enter "0".
(2) Click the [Write] button.
(3) Confirm that the motor has stopped.

(2) Click “Write” button

Control Window

[Z]\ Read @'\ Write £ Commander | (%) Status Indicator 1 One Shot

VEREIERREIESS  Variable List | Alias Name

Variable Name Variable Meaning Data Type Scale Base R? Read W? Write
com_ul_mode_system State management INT8 Q0  Decimal & 0 \’/0
(1) Write “0”

Figure 6-25 Procedure for stopping the motor

¢) What to do in case of motor stop (due to an error)
(1) Onthe "com_ul_mode_system" row, in the [Write] column, enter "3".
(2) Click the [Write] button.

(2) Click “Write” button

Control Window

[7% Read : [\ write #2 Commander | (%) Status Indicator £5 One Shot

\Elgle OB ER Variable List | Alias Name

Variable Name Variable Meaning Data Type Scale Base R? Read W? Write
com_ul_mode_system | State management INT8 Qo Decimal ¥ 0 '-//3
(1) Write “3”

Figure 6-26 Procedure for handling an error
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Table 6-3 Error st

atus description

Value Error Description Assigned macro name
0x0000 No error MOTOR_ERROR_NONE
0x0001 Hardware overcurrent error MOTOR_ERROR_OVER_CURRENT_HW
0x0002 Overvoltage error MOTOR_ERROR_OVER_VOLTAGE
0x0004 Overspeed error MOTOR_ERROR_OVER_SPEED
0x0008 Hall signal timeout error MOTOR_ERROR_HALL_TIMEOUT
(Not happen in vector control with hall
sensors)
0x0010 BEMF signal timeout error MOTOR_ERROR_BEMF_TIMEOUT
(Not happen in vector control with hall
sensors)
0x0020 Unused MOTOR_ERROR_HALL_PATTERN
0x0040 BEMF signal pattern error MOTOR_ERROR_BEMF_PATTERN
(Not happen in vector control with hall
sensors)
0x0080 Low-voltage error MOTOR_ERROR_LOW_VOLTAGE
0x0100 Software overcurrent error MOTOR_ERROR_OVER_CURRENT_SW
0x0200 Induction sensor error in calibration MOTOR_ERROR_INDUCTION_CORRECT
(Not happen in vector control with hall
Sensors)
OxFFFF Undefined error MOTOR_ERROR_UNKNOWN
6.8 Stopping and shutting down the motor

To stop the operating motor, follow the procedure below. In an emergency, prioritize the step (2) and stop

supplying 24 VDC.

(1) Perform the procedure for stopping the motor described in 6.7b).

(2) After confirming that the motor stops, operate the regulated DC power supply to stop supplying 24

VDC.
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7. Motor control algorithm

7.1 Overview

This section describes the motor control algorithm of this sample program. Table 7-1 shows the motor control
functions.

Table 7-1 Motor control functions of this sample program

Function item Function description

Control method Vector control

Pulse Width Modulation (PWM) method Space vector modulation method (Sinusoidal
modulation can also be selected)

Position and speed detection method Detected with hall sensors

Control mode Only speed control

Compensation function e Voltage error compensation
e Voltage phase lead compensation
e Decoupling control
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7.2 Control block diagram
The block diagram of vector control with hall sensors is shown below.

,~~ Speed control Process -~ ymmmmmmmmm—m e Carrier Interrupt Process +=-=-=--======--
: ! |
[
* } *
: - 1 g 1 + Vg dg Vo | voltage ﬂ’
| q - ¢ A \YZ error |V
—@—> Speed » Flux | PP Current - N AN
:w PI weakening | laz ) PI J Va[Voltage v, | Compen [y,
| * \ AEg o Limit UVW P9 -sation >
1
1 1 | A
B s s e e Pl
| : Decoupling
! 1 : Control
|
i ' ® | K X 7 ) 8
| | : lg"| la"|w g dq
: : ! ‘
| ] . Iq
: : N uvw
| \ +
1 1 \ 0
1 \ |
| ! .
|
\ H : w Angle_& Speed P HU,HV,HW
1 T 1 Estimater <€
! !
|
! |
R -7 \\ ______________________________________________

Figure 7-1 Block Diagram of Vector Control with hall sensors
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7.3 Speed control function

The speed control function performs PI control so that the motor follows the speed command. When
receiving a speed command value, the internal speed regulator outputs a current command value based on
the deviation from the detected speed value.

The detected speed value is output from 7.6

Speed Control

A 4
A

; Speed :
w* PI control : iq*

Figure 7-2 Functional block diagram for speed control

7.4 Current control function

The current control function uses the value of the incoming current to perform coordinate transformation and
feedback control that are necessary for vector control, and then calculates the voltage of the PWM output.
The module also controls submodules including the decoupling, lead compensation, voltage error
compensation.

Current control

iu
w Transform i
o UVW—dq| | ;
4, ] Current
id PI vd
! control
iq* vq
Decoupling | Vd* |Limitation Vu* Vu*(Phase voltage)
of >
control Vg* | voltage Vv* Voltage Vv*(Phase voltage)
vector *| Transform N error N
w dg—UvW | Vw* | compensation Vw*(Phase voltage)
w

Voltage phase o
lead

0 |compensation

Figure 7-3 Functional block diagram for current control
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7.5 Decoupling control

The decoupling control is used to improve current responsiveness and to prevent currents from interfering
with each other between the d- and g-axes, thereby losing stability. The equation used is shown below. It is a
voltage equation for a typical PM motor.

Vd,dec* = Rld* - (DLqu*

Vq_dec* = qu* + (L)Ldld* + w¥

Id*,Ig*: Current command value [A], w: Rotation speed (Electrical angle) [rad/s],
R: Primary resistance of the motor [ohm], Ld,Lq: Inductance of the motor [H],
Y: Magnetic flux linkage of the motor [Wb]

The obtained voltage command value Vq_dgec* and Vq_dec* are added to the voltage command value Vq¢* and
Vq* output from PI regulator.

+ +
i* PI > —» Vg~
_id det +
(&
- . ] Vdfdec*
w > Decoupling
S
> control Vg dec*
+
+
; +
iq* PI < > Vg

iqidet

Figure 7-4 Functional block diagram for decoupling control
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7.6 Measurement of rotor angle and rotational speed with hall sensors

7.6.1 Measurement of rotational speed
The rotational speed (electrical) is measured by below algorithm.

At every current control period interrupt, hall sensors input signal are read, and the change in hall signal pattern
is detected. Time for rotation by 60-degree electrical angle (period between each hall signal pattern change)
is measured by counting the number of current control period interrupt.

Period of 60 degree (electrical) [us] = Number of current control period interrupt * Current control period [Js]

From this equation, rotational speed (electrical) can be calculated.
Rotational speed (electrical) [rad/s] = (211 /6)[rad] / Period of 60-degree (electrical) [pus]
However, if only one period of hall sensor signal change is used, there is a possibility of an error due to the

tolerance of hall signal. Therefore, in this implementation, summation of last 6 periods of hall sensor signal
changes is used to estimate the rotational speed (electrical).

Rotational speed (electrical) [rad/s] = 21 [rad] / Period of 360-degree (electrical) [us]

Rotational speed is estimated with the period of

Hall signal pattern one rotation(2) to remove the error of hall signal.
6 Rotatianl speed[rad/s]
=2m/ period of hall signal change 6 times
5
4
i ]
> | ——

Carrier
interrupt © 00 000 000 000 000 000 000 oo 0 00 0

Time

H_}

The period of hall signal change
is measured by counting of carrier interrupt.

Figure 7-5 Concept design of measurement of rotational speed
To simplify the calculation, below replacements are used.

Electrical angle change in the current control period [rad] = 21T [rad] / Number of current control period
interrupt during 21t

Rotational speed (electrical) [rad/s]
= electrical angle change in the current control period [rad] * Current control frequency [Hz]
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7.6.2 Estimation of rotor angle
The rotor angle is estimated by below information.

A) The direction of rotation
B) The measured rotational speed (electrical)

The direction of rotation is detected by the hall sensor signal pattern. The hall sensor signal pattern is unique
in each rotational direction. Therefore, the direction of rotation can be detected by comparison between
current and last hall signal pattern.

Angle(electrical)

[rad] At clockwise rotation Hall signal pattern
Hall signal '
- b
271 = 6
10m/6 F--mmdmmmm e / ......... -15
87 /6 bomimmm oo N s [ 4
I T S | — .
47 /6 Lok NZ . _| During same hall sighal, _ _ 2
! 1 calculated angle by speed
! ===\ is added.
27 /6 [---- 4- AR '—'-'-'—"\7“ ———————————————————————————————— 1
" \
0 e ‘
t” . . ™ Defined angle at 2
Estimated angle is the boundary of

calculated by

: hall signal change
[defined angle - 217/12] € &

Hall signal pattern 1>5>4->6->2->3

Figure 7-6 Estimation of rotor angle (at clockwise rotation)

Angle(electrical .
£ ([rad] ) At counterclockwise rotation Hall signal pattern

Hall signal

2n

107 /6

8w /6 t

47 /6

2n /6

/ hall signal change
0 T / < Time

Estimated angle is Estimated angle
calculated by

[defined angle 277 /12]

Hall signal pattern 1>3>2->6->4->5

Figure 7-7 Estimation of rotor angle (at counterclockwise rotation)
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At the point A in Figure 7-6, the hall signal changes 1 to 5. Therefore, the direction of rotation can be
detected as clockwise. At this point A, the rotor angle is set as below.

Rotor angle [rad]
= 21 [rad] * adjustment value of standard angle (1/6) + internal angle [rad] + offset [rad]
At the boundary of hall signal, rotor angle is estimated with standard angle (211/6 [rad]). This standard angle
is set according to below table.

Table 7-2 List of adjustment value of standard angle

Hall signal 1 5 4 6 2 3
Adjustment

value of 0 (0/6) 1/6 2/6 3/6 4/6 5/6
standard angle

At the point A in Figure 7-6, the hall signal changes 1 to 5, therefore, adjustment value of standard angle is
set as 1/6.

Hall signal Estimated rotor angle

6 | pattern / ‘,zi’,’,T —
)

Standard angle Lo
2m %26 1 P&

1 e A
I e I iiAdd the difference of apgle
bet\-".'eenia carriér interjupt petiod

Standard angle s

[H T 4 | -

|

Carrier Y =
interrupt During same hall signal, rotor angle is Star,'dafd angle |5fslet a:.ne“
estimated at each carrier interrupt cﬁ"'er interrupt af Eirt &
by addition of the difference cengo el

which is calculated with speed.

Figure 7-8 Concept of estimation of internal angle during hall signal (clockwise)

Internal angle means fixed angle at the boundary of hall signal change. It is defined as “-21/12 [rad]” at
clockwise rotation, as “21/12 [rad]” at counterclockwise rotation. At each current control period interrupt, the
difference of angle calculated with the rotational speed (electrical) is added at clockwise, decreased at

counterclockwise.
The difference is limited -21/12 [rad] to 211/12 [rad] with consideration about an error and speed change.

— At clockwise rotation
Internal angle in same hall signal [rad]
= Defined value (-211/12) + Rotational speed (electrical) [rad/s] * Current control period [us] * Number
of current control period interrupt

— At counterclockwise rotation
Internal angle in same hall signal [rad]
= Defined value (211/12) - Rotational speed (electrical) [rad/s] * Current control period [us) * Number of
current control period interrupt

At each case, calculated angle is limited from -211/12 to 211/12.
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In practice, to simplify processing, the calculation is performed as follows using the electrical angle change in
the current control period.

— At clockwise rotation
Internal angle in same hall signal [rad]
= Defined value (-211/12) [rad] + electrical angle change in the current control period [rad]

— At counterclockwise rotation
Internal angle in same hall signal [rad]
= Defined value (211/12) [rad] - electrical angle change in the current control period [rad]

The offset value is a motor-specific adjustment value that is mainly set to compensate for Hall signal errors
(sensor mounting errors).

At the point B in Figure 7-6, hall signal changes 5 to 4. Therefore, the rotor angle is set as below according to
Table 7-2.

Rotor angle [rad] = 21 [rad] * 2/6 + internal angle [rad] + offset [rad)

At the point C in Figure 7-7, hall signal changes 1 to 3. Therefore, the direction of rotation can be detected as
counterclockwise. And the rotor angle is set as below according to Table 7-2.

Rotor angle [rad] = 217 [rad] * 5/6 + internal angle [rad] + offset [rad]

At the point D in Figure 7-7, hall signal changes 3 to 2. Therefore, the rotor angle is set as below according
to Table 7-2.

Rotor angle [rad] = 21 [rad] * 4/6 + internal angle [rad] + offset [rad]
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7.7 Start-up method
Figure 7-9 shows startup control of vector control software. Immediately after starting, the motor is driven
with the g-axis current command value by speed control.

Speed reference status i MTR_SPEED_ZERO; MTR_SPEED_CHANGE
i _CONST(0)

Iq reference [A]

speed Pl output

0 >
t[s]

Speed reference [rad/s]

Target speed reference *

0
t[s]

Figure 7-9 Startup control of vector control software

Detected
Speed .
[rad/s] Setting of detected speed at start-up
Threshold of change from pseudo speed Detected speed
to detected speed
~ /- (accorditig o ConfigUration Seffifig)™ ~ = == = =T T T T T s
250 __"__"__"__"__"__"__"_*'__"__"__"_"'_"'__"__"__'"I K ''''''''''''''''''''''''''
1
!
!
_______________________________________________________________ Pl e N
Maximum of pseudo speed / When detected speed by sensor
/ (according to configuration setting) B achieves to threshold,
___________________________________________________________ {- |- ~detected speed s used Tistead of
/ / pseudo speed.
100 i i ——— ,I _________________________________
1
1
1
O L
- ~ Time

i Using detected speed

Using pseudo speed

Figure 7-10 Concept of using pseudo speed

However, the rotational speed cannot be detected correctly until the data of one rotation (21 [rad]) is gotten.
Therefore, pseudo speed, that is increased with a step, is used until the rotation becomes stable to perform

smart startup.

The stability of rotation is judged by the set threshold (f4_start_speed_rad) in configuration. When detected
speed by hall sensors achieves to the threshold, estimated speed is changed to detected speed. Before the

timing, pseudo speed is used as estimated speed.
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7.8 Flux weakening control function

The flux weakening control function controls the d-axis current in the negative direction. Even under
conditions where the inductive voltage (= o) generated in proportion to the rotation of the PM motor
exceeds the voltage that can be output from the inverter bus voltage, this function increases the d-axis
current command value in the negative direction to reduce the inductive voltage (Figure 7-11 R). Through
this reduction in the voltage saturation region, the g-axis current command value, which is necessary for
acceleration, can be increased and the output torque in the high-speed rotation region and acceleration of
rotation can thus be improved.

This function automatically detects the state where the speed of motor rotation has become fast and the
margin of the available voltage in comparison with the current voltage has become small. In this state, this
function increases the Id* value in the negative direction and cancels the inductive voltage according to the
voltage equation of the PM motor.

To achieve this, the equation shown below is used to obtain the maximum limit on the inductive voltage. R is
the resistance value of the motor and la is the square root of the sum of squares of the detected Id and Iq
values (V (Id x Id + Iq x 1g)). For Vamax, the maximum magnitude of the voltage vector that has been
calculated in voltage error compensation or modulation processing is used.

Rated
torque (Nm)

Maximum torque with weakening control

/:‘7_____
Rd

Rated speed (rpm) Speed (ran)

Figure 7-11 Relationship between the Available Output Torque and Speed

Vom = Vamax — laR
V,m: Maximum limit on inductive voltage (V), V,mar: Maximum magnitude of voltage vector (V),

I, Magnitude of current vector (A)

Figure 7-12 Equation for Calculating the Maximum Limit on the Inductive Voltage

V 2
—Pq + \/( Z)m) — (Lglg)’
Id = 7
d
“ Vom = Vamax — laR

V,m: Maximum limit on inductive voltage (V), V,mar: Maximum magnitude of voltage vector (V),
1,: Magnitude of current vector (A)

Figure 7-13 Equation for Calculating the d-axis Current Command Value in Flux Weakening Control
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7.9 Voltage phase lead compensation

When generating three-phase voltage commands for U, V, and W phases, 2-phase to 3-phase conversion is
performed with the angle advanced by 0.5 control interval from the detected angle. This process improves
control stability. Improvement can be achieved for high-speed rotation applications, when the PWM carrier
cycle is short, or when skipping is used.

During command calculation, the angle is continuously displaced as the motor rotation advances. This
function takes advantage of the fact that the command calculation time is constant to interpolate the
advancing angle from the previous angular displacement.

NPeak : eak
PWM i i
Carrier | !
{Valley ;  Valley ! :
Detected ! i
Angle ! Angle equivalent

to 0.5 cycles

Actual Angle on the interval task

Figure 7-14 Example of the amount of angle advanced in a PWM carrier cycle

7.10 Voltage error compensation

In the voltage PWM inverter, to prevent the switching elements of the upper and lower sides from creating a
short circuit, a dead time during which the two elements are simultaneously turned off is set. Therefore, an
error arises between the voltage command value and the voltage actually applied to the motor, degrading
the control precision. Voltage error compensation is implemented to reduce this error.

The current dependency of the voltage error depends on the current (direction and magnitude), dead time,
and the switching characteristics of the power elements to be used, and has the characteristics shown
below. Voltage error compensation is achieved by applying the inverse voltage pattern of the voltage error
(as shown below) to the voltage command value according to the current.

L ° ; Voltage error[V]

1 15 2
Current[A]

Figure 7-15 Current dependency in the voltage error (example)
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7.11 Pulse Width Modulation (PWM) mode

In the sample program, the input voltage to the motor is generated by pulse-width modulation (PWM). In this
module, the PWM duty cycle is calculated. In addition, a modulated voltage can be output to improve the
voltage utilization. The modulation operation is set from the API of the current control module. In this sample
program, one of two pulse-width modulation drive modes can be selected.

a) Sinusoidal modulation (MOD_METHOD_SPWM)
The modulation rate m is defined as follows:

\4
m=—_
E
m: Modulation rate, V: Command value voltage,
E: Inverter bus voltage

b) Space vector modulation (MOD_METHOD_SVPWM)

In vector control of a permanent magnet synchronous motor, generally, the desired voltage command
value of each phase is generated sinusoidally. However, if the generated value is used as-is for the
modulation wave for PWM generation, voltage utilization as applied to the motor (in terms of line voltage)
is limited to a maximum of 86.7% with respect to inverter bus voltage. As such, as shown in the following
expression, the average of the maximum and minimum values is calculated for the voltage command
value of each phase, and the value obtained by subtracting the average from the voltage command value
of each phase is used as the modulation wave. As a result, the maximum amplitude of the modulation
wave is multiplied by v/3/2, while voltage utilization becomes 100% and line voltage is unchanged.

Vi Vy 1
V| = (Vv> + AV (1)
V., Vy 1

AV = —Tmacmin oy = max(Vy, Vo, Vied s Vinin = mingVy, Vi, Vi)

Vo, Vi, Vit Command values of U-, V-, and W-phases

V., Vi, Vi,: Command values of U-, V-, and W-phases for PWM generation (modulation wave)

The modulation rate m is defined as follows:

V}
E

m: Modulation rate, * Phase voltage command for PWM generation,
E: Inverter bus voltage

m:
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8. Hardware specifications

8.1 User interface
User interface in board circuit is listed below Table 8-1.

Table 8-1 User interface in board circuit

Function
Input speed reference

Item Interface
Rotation speed Variable resistor (VR1)

START/STOP Toggle switch (SW1) Start/Stop motor rotation
ERROR RESET Push switch (SW2) Reset from error state.
+ Motor driven  : lighten
LED1 Orange LED (LED1) - Motor stop : lights out
« Error happen : lighten
LED2 Orange LED (LED?2?) . No error lights out
LED3 Orange LED (LED3) No use
RESET Push switch (RESET1) System reset
Pin interface of this sample software is listed below Table 8-2 and Table 8-3.
Table 8-2 Pin interface [1/2]

Function RABT2 RABT3 RA4T1
Measure inverter bus voltage Ver.1: PA06 / ANOO6 P004 / ANOO4 P004 / ANOO4

Ver.2: PAO7 / ANOO7
Input speed reference (VR1) Ver.1: PBOO / ANOO8 POOS / ANOOS POO5 / ANOOS

Ver.2: PO00 / ANO16
START/STOP Toggle switch (SW1) PD04 P304 P304
Error reset push switch (SW2) PDO7 P200 P200
LED1 Light control PDO1 P113 P113
LED?2 Light control PDO02 P106 P106
Measure current of U-phase PAO04 / AN0O4 P000 / ANOOO P000 / ANOOO
Measure current of V-phase PAO2 / ANOO2 P001 / ANOO1 P001 / ANOO1
Measure current of W-phase PA0O / ANOOO P002 / ANOO2 P002 / ANOO2
PWM Output (Up) PB04 / GTIOC4A P409 / GTIOC1A P409 / GTIOC1A
PWM Output (Vp) PBO06 / GTIOC5A P103 / GTIOC2A P103 / GTIOC2A
PWM Output (Wp) PB08 / GTIOC6A P111 / GTIOC3A P111 / GTIOC3A
PWM Output (Un) PBO0O5 / GTIOC4B P408 / GTIOC1B P408 / GTIOC1B
PWM Output (Vn) PB07 / GTIOC5B P102 / GTIOC2B P102 / GTIOC2B
PWM Output (Wn) PB09 / GTIOC6B P112 / GTIOC3B P112 / GTIOC3B
U phase hall sensor input (HU) Ver.1: PC04 POOS POOS

Ver.2: PB02
V phase hall sensor input (HV) Ver.1: PC05 PO0G PO0G

Ver.2: PCO0
W phase hall sensor input (HW) Ver.1: PBO1 PO15 PO15

Ver.2: PB10
Emergency PWM stop input at PC13/GTETRGD | P104/GTETRGB | P104/GTETRGB
overcurrent
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Table 8-3 Pin interface [2/2]

Function RA8T1 RA8T2
Measure inverter bus voltage P008 / ANOO8 P007 / ANOO7
Input speed reference (VR1) P014 / ANOO7 P015 / ANO15
START/STOP Toggle switch (SW1) | PA15 PAOO

Error reset push switch (SW2) PA13 PAO7

LED1 Light control PA12 P614

LED?2 Light control PA14 PA15

Measure current of U-phase P004 / ANOOO P006 / ANOO6
Measure current of V-phase P005 / AN0OO1 P008 / ANOOS
Measure current of W-phase P006 / ANOO2 P010 / ANO10
PWM Output (Up) P115/ GTIOC5A P605 / GTIOC8A
PWM Output (Vp) P113/ GTIOC2A P603 / GTIOC7A
PWM Output (Wp) P300 / GTIOC3A P612 / GTIOC9A
PWM Output (Un) P609 / GTIOC5B P604 / GTIOC8B
PWM Output (Vn) P114 / GTIOC2B P602 / GTIOC7B
PWM Output (Wn) P112 / GTIOC3B P613 / GTIOC9B
U phase hall sensor input (HU) P907 PAO8

V phase hall sensor input (HV) P905 PA10

W phase hall sensor input (HW) P906 PAO9
Emergency PWM stop input at P613/ GTETRGA P112 / GTETRGA
overcurrent
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8.2 Peripheral functions
Peripheral functions which are used in sample program are listed below Table 8-4 and Table 8-5.

Table 8-4 Peripheral functions [1/2]

Peripheral Purpose RA6T2 RA6T3 RA4T1
Measure current of U-phase AN004 ANO00O ANO00O
Measure current of V-phase ANO002 AN001 AN001
Measure current of W-phase ANO00O AN002 AN002
Measure inverter bus voltage Ver.1l:
ANOO06
A/D converter Ver.2: ANOO4 ANOO4
ANOO7
Measure VR input Ver.1:
AN00_8 ANOO05 ANOO05
Ver.2:
ANO16
AGTW Interval timer for speed control AGTO AGTO AGTO
PWM output of U-phase CH4 CH1 CH1
GPT PWM output of V-phase CH5 CH2 CH2
PWM output of W-phase CH6 CH3 CH3
POEG Emergency stop input of overcurrent | Group D Group B Group B

Table 8-5 Peripheral functions [2/2]

Peripheral Purpose RAS8T1 RAS8T2
Measure current of U-phase ANO00O AN006
Measure current of V-phase AN001 ANO008
A/D converter Measure current of W-phase AN002 ANO010
Measure inverter bus voltage AN008 ANO0O7
Measure VR input AN0O07 ANO015
AGTW Interval timer for speed control AGTO AGTO
PWM output of U-phase CH5 CH8
GPT PWM output of V-phase CH2 CH7
PWM output of W-phase CH3 CH9
POEG Emergency stop input of overcurrent | Group A Group A

(1) AJD converter
A/D converter measure current of U-phase(lu), current of V-phase(lv), current of W-phase(lw), inverter bus
voltage(Vdc), and Speed reference input (VR) with “Single scan mode” (use hardware trigger).

A/D conversion is synchronized with underflow of GPT (trough of PWM). A/D conversion end interrupt is
used as current control period interrupt.

(2) General asynchronous timer (AGTW)
AGTW is used as cyclic interval timer to generate speed control period interrupt.

(3) General purpose timer (GPT)
GPT outputs complementally PWM by its original mode with dead time.

(4) Port output enable for GPT (POEG)
When overcurrent is detected (low level input at GTETRGX pin), set PWM output ports are all high-
impedance state.
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9. Software specifications and configuration

9.1 Software specifications
The following shows the basic software specifications of this system.

Table 9-1 Basic Specifications of Vector Control with Hall sensor Software

Iltem Content

Control method Vector control

Motor rotation start/stop SW1 input or input from ‘Renesas Motor Workbench’
Position detection method Position detection using hall sensors

Input voltage 24 [VDC]

Main clock frequency RA6T2: 240 [MHZz]

RA6T3: 200 [MHz]
RA4T1: 100 [MHz]
RAST1: 480 [MHz]
RA8T2: 1 [GHz]

Carrier frequency (PWM) 20 [kHz] (Carrier period: 50 [us])

Modulation method of PWM Space vector modulation (enable to select sinusoidal modulation)
Dead time 2 [us]

Current control period RAG6T2: 50 [us]

RABT3: 50 [us]
RA4T1: 100 [us]
RAS8T1: 50 [us]
RA8T2 :50[ps]
Speed control period RAG6T2: 500 [us]
RABT3: 500 [us]
RA4T1: 1000 [us]
RAS8T1: 500 [us]
RA8T2: 500 [us]

Rotation speed control range CW: 0 [rpm] to 2400 [rpm]
CCW: 0 [rpm] to 2400 [rpm]

Natural frequency Current control system : 300 [Hz]

of each control system Speed control system : 3 [Hz]

Optimization setting Optimization level Optimize more(-O2) (default setting)

of compiler

Processing stop for protection Disables the motor control signal output (six outputs), under any of the following
conditions.

1. Instantaneous value of current of any phase exceeds 2.4(=1.13*sqrt (2)*1.5) [A]
(monitored in current control period)

2. Inverter bus voltage exceeds 60 [V] (monitored in current control period)

3. Inverter bus voltage is less than 8 [V] (monitored in current control period)

4. Rotation speed exceeds 4500 [rpm] (monitored in current control period)

When an external over current signal is detected (when a low level is detected), the PWM
output ports are set to high impedance state.
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9.2 Overall configuration of the software
The overall configuration of the software is shown below.

Application Layer (User Application)

Main User Interface Module

r_mtr_iCS.c

Set User Command to Buffer

Middle Layer (Motor Control Process)

N\
| Interface Module I
[ rm_motor_hall
Set Control Gain & Command
Control Module
~N
[ rm_motor_current ] [ rm_motor driver ]
[ rm_motor sense hall ] [ rm motor speed ]
. W,
A\ y
Set PWM duty
. I Get Voltage, Current & Angle/Speed
Device Layer
| —
N
MCU Module
[ADC] [AGT] [GPT] [POEG]
\
A\ 4

Output PWM Signal

H/W Laver (MCU / Inverter)

Get A/D Converter Data & Sensor Signal

Figure 9-1 Module Configuration
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9.3 Explanation about interrupt

In the sample program of this document, main process are performed at speed control period interrupt and
current control period interrupt. Ul functions as interface layer are performed in main routine. POEG
hardware interrupt is used as emergency stop at detection of overcurrent by hardware.

Table 9-2 Interrupt priority

Interrupt level Priority function

15 Min

14

13

12

11

10 AGTO INT
Speed control period interrupt

9

8

7

6

5 ADCO ADIO(RA6T2, RA8T2)
ADCO SCAN END(RA6T3, RA4T1, RA8T1)
Current control period interrupt (A/D conversion end
interrupt)

Max

O | N W b

POEG3 EVENT(RA6T2) POEG1 EVENT(RA6T3, RA4T1)
POEGO EVENT(RA8T1, RA8T2)
Over current detection interrupt
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9.4 File and folder configuration
The lists of folder and file configuration of the sample program are shown below.

Table 9-3 File and folder configuration[1/2]

Folder |Subfolder File Remarks
ra_cfg Generated config header
ra_gen Generated register setting, main
function etc.
ra arm CMSIS source code
board Function definition for board (bsp)
fsp/inc/api bsp_api.h BSP API definition
fsp_common_api.h Common API definition
r_adc_api.h AD API definition
r_elc_api.h (RA6T3, RA4T1, RA8T1) ELC API definition
r_ioport_api.h 1/0 API definition
r_poeg_api.h POEG API definition
r_three_phase_api.h 3phase PWM API definition
r_timer_api.h Timer API definition

r_transfer_api.h

Transfer API definition

rm_motor_angle_api.h

Angle detection API definition

rm_motor_api.h

Motor control API definition

rm_motor_current_api.h

Current control API definition

rm_motor_driver_api.h

Motor driver API definition

rm_motor_position_api.h

Position control API definition

rm_motor_speed_api.h

Speed control API definition

fsp/inc/instances

r_adc_bh.h(RA6T2, RA8T2)
r_adc.h(RA6T3, RA4T1 and RAST1)

Function definition for ADC

r_agt.h

Function definition for AGT

r_elc.h(Only RA6T3, RA4T1 and RA8T1)

Function definition for ELC

r_gpt.h Function definition for GPT
r_gpt_three_phase.h Function definition for 3 Phase PWM
r_ioport.h Function definition for 1/0O

r_poeg.h Function definition for POEG

rm_motor_current.h

Function definition for current control

rm_motor_driver.h

Function definition for motor driver

rm_motor_sense_hall.h

Function definition for hall sensors

rm_motor_hall.h

Function definition for vector control
with hall sensors

rm_motor_speed.h

Function definition for speed control
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Table 9-4 File and folder configuration[2/2]

Folder Subfolder File Remarks
ra fsp/lib Library files
fsp/src bsp BSP driver folder
r_adc_b/r_adc_b.c(RA6T2, RA8T2) ADC driver
r_adc/r_adc.c(RA6T3, RA4T1 and RA8T1)
r_agt/r_agt.c AGT driver
r_elc/r_elc.c(Only RA6T3, RA4T1 and RA8T1) ELC driver
r_gpt/r_gpt.c GPT driver
r_gpt_three_phase/ r_gpt_three_phase.c 3 phase PWM driver
r_ioport/r_ioport.c 1/O driver
r_poeg/r_poeg.c POEG driver
rm_motor_current/rm_motor_current.c Current control driver
rm_motor_current/rm_motor_current_library.h Current control library API
definition
rm_motor_driver/rm_motor_driver.c Motor driver
rm_motor_sense_hall/rm_motor_sense_hall. | Hall sensors driver
c
rm_motor_hall/rm_motor_hall.c Vector control with hall sensors
driver
rm_motor_speed/rm_motor_speed.c Speed control driver
rm_motor_speed/rm_motor_speed_library.h |Speed control library API
definition
src application/main | mtr_main.h , mtr_main.c User main function
r_mtr_control_parameter.h Control parameters definition
r_mtr_motor_parameter.h Motor parameters definition
application/rmw |r_mtr_rmw.h, r_mtr_rmw.c Function definition for Analyzer
ul
ICS2_RA6T2.h, ICS2_RA6T3.h, ICS2_RAA4T1.h |Function definition for RMW
ICS2_RA8T1.h, ICS2_RA8T2.h communication
ICS2_RA6T2.0, ICS2_RA6T3.0, ICS2_RA4T1.0 | Communication library for GUI
ICS2_RA8T1.0, ICS2_RA8T2.0 tool
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FSP can be used to generate peripheral drivers easily.

FSP saves the settings information about the microcontrollers, peripheral functions, pin functions, and other
items that are used for the project in a Configuration Settings File (configuration.xml), and references the
information saved in the file. Settings of configuration can be changed with an operation in €2 studio.

Below folders are also generated automatically by FSP at structed a program project.

e ra

Information about selected target board, header and code files of selected FSP modules are installed below
this folder.

If you want to change code for adding functions, maintain the header files of modules and C code files
under ra/fsp/inc and ra/fsp/src.

e ra_cfg

Settings (as like “compile option”) about selected functions of FSP modules are registered below this folder.
Do not edit. These settings are able to be changed only by FSP operation.

e ra_gen

Files which include variables, and these initial values which are generated with configuration settings(Pins,
interrupts, property of each module and so on), set by FSP operation, are registered below this folder. These
files are always generated at program build. Therefore, it is no need to modify directly.
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9.5 Application layer

The application layer is used for selecting the user interface (Ul), setting command values for controlling
motor modules that use RMW, and updating parameters for control modules.

9.5.1 Functions
Table 9-5 lists the functions that are configured in the application layer.

Table 9-5 Functions available in the application layer

Functions Description

Main processing Enables or disables each user command in the system.

Ul processing Selects of Board Ul or RMW Ul, and manages these.

Manager processing Manages motor start/stop. Reads speed reference and reflects.
RMW Ul processing Acquires and sets parameters (including command values).

9.5.2 Configurations

Application layer is a user interface layer of motor control, which uses generated FSP modules (Speed,
Current and so on). Therefore, Application layer program of this sample program is implemented only as a
sample. Configurations of this application layer are implemented in “mtr_main.h” file as MACRO definitions.

Table 9-6 shows the configurations used in the application layer.

Table 9-6 List of configurations

File name Macro name Description
mtr_main.h CHATTERING CNT Chattering counts for switch read.

Maximum limit of speed reference
MTR_MAX_SPEED_RPM If you set large value of this, speed
reference is limited with this value.
Selection of Board UI/RMW Ul at reset

CONFIG_DEFAULT_UI

start.
MTR ADCH VR1 AD conversion channel of VR for speed
- - reference.
Table 9-7 List of initial values for configurations
Macro name Set value
CHATTERING_CNT 10
MTR_MAX_SPEED_RPM 2400
CONFIG_DEFAULT_UI BOARD_UI

RA6T2 Ver.1: 8
RA6T2 Ver.2 : 16

MTR_ADCH_VR1 RA6T3, RA4T1 : 5
RA8T1 : 7
RA8T2 : 15
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9.5.3 Structure and variable information

Table 9-8 list the variables that can be used by users in the application layer.

The variables which are listed in Table 9-8 can be changed by users.

When you change these values by RMW, these are reflected to variables listed in Table 9-9. The application
layer reflects these settings with each module parameter update process.

Table 9-8 List of variables

Variable

Description

g_ul_trig_enable_write

An internal flag displays enable of value update

com_ul mode_system

Change system mode
0: Stop motor rotation
1: Start motor rotation
3: Reset errors

g_ul _mode_system

System mode

0: Stop motor rotation
1: Start motor rotation
2: Error

com_ul_enable_ write

A flag displays user command for value update

(When this variable is set same value with
“g_ul_enable_write”, set values are reflected to each
variables.)

g_ul_enable_write

A flag displays enable of value update

com_u2_mtr_pp

Motor pole pairs

com_f4 mtr_r

Resistance [ohm]

com_f4 mtr_Id

Inductance of d-axis [H]

com_f4 _mtr_lIq

Inductance of g-axis [H]

com_f4 mtr_m

Magnetic flux [Wb]

com_f4_mtr_j

Inertia [kgm”2]

com_f4_current_omega

Natural frequency of current control [Hz]

com_f4 _current_zeta

Attenuation coefficient of current control

com_f4_speed_omega

Natural frequency of speed control [Hz]

com_f4_speed_zeta

Attenuation coefficient of speed control

com_f4_max_speed_rpm

Maximum speed reference (mechanical) [rpm]

com_f4 _overspeed_limit_rpm

Threshold of over speed detection (mechanical) [rpm]

com_f4_overcurrent_limit

Threshold of software over current detection [A]

com_f4_iq_limit

Limit of g-axis current [A]

com_f4_limit_speed_change

Step of speed change at acceleration/deceleration
(mechanical) [rpm]

com_f4_nominal_current

Nominal current [A]
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Table 9-9 List of variables of the structure for RMW to update parameters

Structure Description

Structure of configuration for parameters about interface
module which can be changed by user

Structure of configuration for parameters about speed
module which can be changed by user

Structure of configuration for parameters about current
module which can be changed by user

Structure of configuration for parameters about
g_user_motor_sense_hall_extended_cfg | angle/speed detection module which can be changed by
user

g_user_motor_hall_extended_cfg

g_user_motor_speed_extended_cfg

g_user_motor_current_extended_cfg
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9.5.4 Macro definition

Macro definitions are listed below.

Table 9-10 List of macros [1/2] (mtr_main.h)
Macro Name RA6T2 RA6T3 RA4T1
SW_ON 0 0 0
SW_OFF 1 1 1
SW1 ON 1 1 1
SW1 OFF 0 0 0
SW2_ON 0 0 0
SW2_ OFF 1 1 1
CHATTERING_CNT 10 10 10
MTR_CW - - -
MTR_CCW - - -
WAIT_STOP_COUNT - - -
MTR _LED ON BSP |0 _LEVEL_LOW BSP |0 _LEVEL_LOW BSP |0 _LEVEL_LOW
MTR_LED OFF BSP_I0 LEVEL HIGH | BSP 10 LEVEL HIGH | BSP_ |0 LEVEL HIGH
ICS Ul 0 0 0
BOARD Ul 1 1 1
LOOP_SPEED 0 0 0
LOOP_POSITION 1 1 1
MTR_MAX SPEED RPM 2400 2400 2400
STOP _RPM 400 400 400
MTR_AD12BIT DATA 4095.0f 4095.0f 4095.0f
VR1_SCALING (MTR_MAX_SPEED_R | (MTR_MAX_SPEED R | (MTR_MAX_SPEED_R
PM + 100) / PM + 100) / PM + 100) /

(MTR_AD12BIT_DATA
* 0.5f)

(MTR_AD12BIT_DATA
* 0.5f)

(MTR_AD12BIT_DATA
* 0.5f)

VR1_SCALING_POS

VR1_180

VR1 POSITION_DEAD_BAND

ADJUST_OFFSET OX7FF OX7FF OX7FF
MTR_FLG_CLR 0 0 0
MTR_FLG_SET 1 1 1
CONFIG_DEFAULT_UI BOARD_UI BOARD_UI BOARD_UI
CONFIG_LOOP_MODE - - -
MTR_ADCH_VR1 8 5 5

MTR_PORT_SW1

BSP_IO_PORT_13 P!I
N_04

BSP_IO_PORT_03_P!I
N_04

BSP_IO_PORT_03_P!I
N_04

MTR_PORT_SW2

BSP_IO_PORT_13 P!I
N_07

BSP_IO_PORT_02_P!I
N_00

BSP_IO_PORT_02_P!I
N_00

MTR_PORT_LED1

BSP_IO_PORT_13_PI
N_01

BSP_IO_PORT_01_PI
N_13

BSP_IO_PORT_01_PI
N_13

MTR_PORT _LED2

BSP_IO_PORT_13 P!I
N_02

BSP_IO_PORT_01_P!I
N_06

BSP_IO_PORT_01_P!I
N_06

MTR_PORT _LED3

BSP_IO_PORT_13 P!I
N_03
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Table 9-11 List of macros [2/2] (mtr_main.h)

Macro Name RAS8T1 RA8T?2

SW ON 0 0

SW_OFF 1 1

SW1 ON 1 1

SW1 OFF 0 0

SW2 ON 0 0

SW2 OFF 1 1

CHATTERING CNT 10 10

MTR CW - -

MTR CCW - -

WAIT STOP COUNT - -

MTR LED ON BSP 10 LEVEL LOW BSP 10 LEVEL LOW

MTR LED OFF BSP |10 LEVEL HIGH BSP IO LEVEL HIGH

ICS Ul 0 0

BOARD UI 1 1

LOOP SPEED 0 0

LOOP POSITION 1 1

MTR MAX SPEED RPM 2400 2400

STOP RPM 400 400

MTR AD12BIT DATA 4095.0f 4095.0f

VR1_SCALING (MTR_MAX_SPEED_RP | (MTR_MAX_SPEED RP
M + 100) / M + 100) /

(MTR_AD12BIT_DATA *
0.5f)

(MTR_AD12BIT_DATA *
0.5f)

VR1_SCALING_POS

VR1_180

VR1_POSITION_DEAD_BAND

ADJUST_OFFSET

MTR_FLG_CLR 0 0
MTR_FLG_SET 1 1
CONFIG_DEFAULT_UI BOARD_UI BOARD_UI
CONFIG_LOOP_MODE - -
MTR_ADCH_VR1 7 15

MTR_PORT_SW1

BSP_IO_PORT_10_PIN_
15

BSP_IO_PORT_10_PIN_
00

MTR_PORT_SW2

BSP_IO_PORT_10_PIN_
13

BSP_IO_PORT_10_PIN_
07

MTR_PORT_LED1

BSP_IO_PORT_10_PIN_
12

BSP_IO_PORT_06_PIN_
14

MTR_PORT_LED2

BSP_IO_PORT_10_PIN_
14

BSP_IO_PORT_10_PIN_
15

MTR_PORT_LED3

BSP_IO_PORT_10_PIN_
04
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Table 9-12 List of macros [1/2] (r_mtr_rmw.h)

Macro Name RAGT2 RAG6T3 RA4T1

USE BUILT IN 0 0 0

MTR ICS DECIMATION 5 5 3

ICS BRR 19 250 250

ICS INT MODE 1 1 1

MTR_SQRT 2 1.41421356f 1.41421356f 1.41421356f

MTR TWO PI 6.28318531f 6.28318531f 6.28318531f

MTR RAD RPM 60/MTR TWO PI 60/MTR TWO PI 60/MTR TWO PI
MTR RAD DEGREE 360/MTR_ TWO PI 360/MTR_ TWO PI 360/MTR_ TWO PI
MTR OVERCURRENT MARGIN MULT 1.5f 1.5f 1.5f

Table 9-13 List of macros [2/2] (r_mtr_rmw.h)

Macro Name RA8T1 RA8T?2

USE BUILT IN 0 0

MTR ICS DECIMATION 5 5

ICS BRR 19 19

ICS INT MODE 1 1

MTR_SQRT 2 1.41421356f 1.41421356f

MTR TWO PI 6.28318531f 6.28318531f

MTR RAD RPM 60/MTR TWO PI 60/MTR TWO PI
MTR RAD DEGREE 360/MTR_ TWO PI 360/MTR_ TWO PI
MTR OVERCURRENT MARGIN MULT 1.5f 1.5f
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9.6 Interface Module

The interface module manages motor rotation with specific control modules (speed and current). This
module controls data swapping between speed and current modules, total system mode of this project, and
protection functions.

9.6.1 Functions
Table 9-14 lists the functions of interface module.

Table 9-14 List of interface module functions

Functions Description

Mode management Switches the operation mode of the system in response to the
user command to control the motor.

Protection function Handles errors by using the system protection function.

Control method management Acquires and sets the states of speed control and current
control.

Speed and position information Acquires the speed and position information from current

acquisition control module.

Control module command value Set speed reference to speed control module via API

setting

Interrupt processing Perform user functions which are registered as a callback at
each interrupts (speed and current).
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9.6.2 Module configuration diagram
Figure 9-2 shows the module configuration.

Reset
Interface module
SW VR . : o
LED P ok blomel.
Interrupt | [set inormation] | Interrupt Speed Spaed
' e control periodic
RMW i | current contro kil ecricd
Initialize : m(arE;qu;
Reset
Start motor
Stop motor Initialize
etc Reset
Interface Activate AD
process eto Driver conversion
(API) module [ | end
Status Event ———— interrupt
ete
—~ Management
Application
—* system mode
Error X
status it Speed/Angle Hall signals
control
JLédg;a error 1 Protection module madula,
et error function
Intermupt
Interrupt L. Sat information Interrupt
to
| spuped control
Interrupt Overcurrent
interrupt
Figure 9-2 Module configuration diagram of interface module
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9.6.3 State transition

Figure 9-3 is a state transition diagram of sample software. In the target software of this application note,
the software state is managed by “SYSTEM MODE".

POWER ON/
RESET

—

SYSTEM MODE

[STOP EVENT]
[ERROR EVENT]

[RUN EVENT]

\_ J
MODE
ERROR
STOP ERROR
EVENT RUN ERROR
ERROR ERROR ERROR ERROR
RESET

Figure 9-3 State Transition Diagram of Sample Software

(1). SYSTEM MODE

“SYSTEM MODE” indicates the operating states of the system. The state transits on occurrence of each
event (EVENT). “SYSTEM MODE" has 3 states that are motor drive stop (STOP), motor drive (RUN), and
abnormal condition (ERROR).

(2). EVENT

When “EVENT” occurs in each “SYSTEM MODE”, “SYSTEM MODE” changes as shown the table in
Figure 9-3, according to that “EVENT". The occurrence factors of each event are shown below.

Table 9-15 List of EVENT

EVENT name

occurrence factor

STOP

by user operation

RUN

by user operation

ERROR

when the system detects an error

RESET

by user operation
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9.6.4 Protection function

This control program provides the following error states and implements an emergency stop function in each
error state. For details about the values that can be specified for the settings of the system protection

function, see Table 9-16.

For Renesas Flexible Motor

Overcurrent error

Overcurrent errors can be detected on the hardware and in the software.

A high-impedance output is provided to the PWM output pin in response to an emergency stop signal
(overcurrent detection) from the hardware. This function monitors U-, V-, and W-phases at the
overcurrent monitoring interval. When this function detects an overcurrent (the status in which the current
is above the overcurrent limit value), it brings the program to an emergency stop (software detection).

Overvoltage error

This function monitors the inverter bus voltage at the overvoltage monitoring interval. When the function
detects an overvoltage (that is, a voltage above the overvoltage limit value), it brings the program to an

emergency stop. The overvoltage limit value is preset in consideration of conditions such as an error in

the resistor value of the detection circuit.

Low-voltage error

This function monitors the inverter bus voltage at the low-voltage monitoring interval. When the function
detects a low voltage (that is, a voltage below the low-voltage limit value), it brings the program to an
emergency stop. The low-voltage limit value is preset in consideration of conditions such as an error in

the resistor value of the detection circuit.

e Rotation speed error

This function monitors the speed at the rotation speed monitoring interval. When the rotation speed

exceeds the speed limit value, it brings the program to an emergency stop.

Table 9-16 Operating conditions and setting values for the system protection functions

Low-voltage error

Category Item Value
Overcurrent limit value [A] 2.4

Overcurrent error —— ;
Monitoring interval [us] Current control interval*1
Overvoltage limit value 60

Overvoltage error — g. A .
Monitoring interval [us] Current control interval*1
Low-voltage limit value [V] 8

Monitoring interval [us]

Current control interval*1

Rotation speed error

Speed limit value
(mechanical) [rpm]

4500

Monitoring interval [us]

Current control interval*1

*1 Refer to Table 9-1 Basic Specifications of Vector Control with Hall sensor Software.
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9.6.5 API
Table 9-17 lists API functions of interface module.

Table 9-17 List of API functions

API

Description

RM_MOTOR_HALL_Open

Generates instances of this module and the modules
to be used.

RM_MOTOR_HALL_Close

Close instances of this module and the modules to
be used.

RM_MOTOR_HALL_Run

Run the motor.

RM_MOTOR_HALL_Stop

Stop the motor.

RM_MOTOR_HALL_Reset

Reset this module and the modules to be used.

RM_MOTOR_HALL_ErrorSet

Set error state.

RM_MOTOR_HALL_SpeedSet

Set speed reference (mechanical) [rpm]

RM_MOTOR_HALL_StatusGet

Get current state of the project.

RM_MOTOR_HALL_AngleGet

Get rotor angle [rad]

RM_MOTOR_HALL_SpeedGet

Get rotation speed (mechanical) [rpm]

RM_MOTOR_HALL_ErrorCheck

Check error occurrence

RM_MOTOR_HALL_PositionSet

Set position reference [degree]
(Unsupported in vector control with hall sensors)

RM_MOTOR_HALL_WaitStopFlagGet

Get a flag of waiting motor stop
(Unsupported in vector control with hall sensors)

RM_MOTOR_HALL_ FunctionSelect

Select to use servo function
(Unsupported in vector control with hall sensors)
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9.6.6 Structure and variable information
The structures and variables for interface module are listed below.

Table 9-18 List of structures and variable for interface module [1/2] (rm_motor_api.h)

Structure Members Description
motor_callback args t *p_context Address of context data for callback
function
event Event data of callback
motor_cfg_t *p_motor_speed_instance | Address of speed control module instance
*p_motor_current_instanc | Address of current control module instance
e
*p_callback Address of registered callback function
*p_context Address of context data for registered
callback function
*p_extend Address of structure of extended
configuration data to refer
motor_api_t *open Function address to open module
*close Function address to close module
*run Function address to activate module (start
motor rotation)
*stop Function address to inactivate module
(stop motor rotation)
*reset Function address to reset module
*errorSet Function address to set error data
*speedSet Function address to set speed reference
(mechanical) [rpm]
*positionSet Function address to set position reference
(Unsupported in vector control with hall
sensors)
*statusGet Function address to get moving status
*angleGet Function address to get rotor angle
*speedGet Function address to get rotation speed
(mechanical) [rpm]
*waitStopFlagGet Function address to get a flag for waiting
“STOP” (Unsupported in vector control
with hall sensors)
*errorCheck Function address to check error

occurrence

*functionSelect

Function address to select servo function
(Unsupported in vector control with hall
Sensors)
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Table 9-19 List of structures and variable for interface module [2/2] (rm_motor_api.h)

Structure Members Description
motor_instance_t *p_ctrl Address of structure of variables to be
used in the module
*p_cfg Address of structure of configuration data
*p_api Address of structure of API functions
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Table 9-20 List of structures and variable for interface module (rm_motor_hall.h)

Structure Members Description
motor_hall_statemachine_t ul_status Moving status
ul_status_next Next moving status
ul current_event Current happened event
u2_error_status Error status
motor_hall_extended_cfg_t f _overcurrent_limit Limit (threshold) of over current detection
[Al
f_overvoltage_limit Limit (threshold) of over voltage detection
[Vl
f overspeed_limit Limit (threshold) of over speed
detection(mechanical) [rpm]
f lowvoltage_limit Limit (threshold) of low voltage detection
[Vl
motor_hall_instance_ctrl_t open Module opened information
u2_error_info Error status
st_statem Structure of state machine
st_speed_input Structure of input data from speed control
module
st_speed_output Structure of output data to speed control
module
st_current_input Structure of input data from current control
module
st_current_output Structure of output data to current control
module
*p_cfg Address of structure of configuration to
refer
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9.6.7 Macro and enumeration definition
The macros and enumerations for interface module are listed below.

Table 9-21 List of macros for interface module

File name Name of MACRO Defined value Description

rm_motor_hall. | MOTOR_HALL_OPEN (M << 24U0) | (T Opened information

c << 16UV) | (H' <<

8U) | (L' << 0V)
MOTOR_HALL_RAD2RPM 30.0F / To use rad/s => rpm
3.1415926535F translation
MOTOR_HALL_FLG_CLR 0 Clear a flag
MOTOR_HALL_FLG_SET 1 Set a flag
MOTOR_HALL STATEMAC | 3 Size of status of state machine
HINE_SIZE_STATE
MOTOR_HALL STATEMAC | 4 Size of event of state machine
HINE_SIZE_EVENT
MOTOR_HALL_STATEMAC | 0x00 No error happened
HINE_ERROR_NONE
MOTOR_HALL_STATEMAC | 0x01 Error of outbound of event
HINE_ERROR_EVENTOUT
BOUND
MOTOR_HALL STATEMAC | 0x02 Error of outbound of status
HINE_ERROR_STATEOUT
BOUND
MOTOR_HALL STATEMAC | 0x04 Error of exception about action
HINE_ERROR_ACTIONEXC
EPTION
RO1AN6466EJ0132 Rev.1.32 Page 72 of 141

Jun.30.26 RENESAS



Vector control for permanent magnetic synchronous motor with hall sensors

Control Series

For Renesas Flexible Motor

Table 9-22 List of Enumeration type for interface module [1/2] (rm_motor_api.h)

Enumeration

Defined

with hall

G_SET

Members Description
type name value
motor_error_t MOTOR_ERROR_NONE 0x0000 | No error happened
MOTOR_ERROR_OVER_C | 0x0001 | Over current error detected by hardware
URRENT_HW
MOTOR_ERROR_OVER_V | 0x0002 | Over voltage error
OLTAGE
MOTOR_ERROR_OVER_S | 0x0004 | Over speed error
PEED
MOTOR_ERROR_HALL_TI | 0x0008 | Timeout error of hall signal detection
MEOUT (Not happen in vector control with hall
sensors)
MOTOR_ERROR_BEMF_TI | 0x0010 | Timeout error of BEMF signal detection (Not
MEOUT happen in vector control with hall sensors)
MOTOR_ERROR_HALL_P | 0x0020 | Unused
ATTERN
MOTOR_ERROR_BEMF_P | 0x0040 | BEMF signal pattern error (Not happen in
ATTERN vector control with hall sensors)
MOTOR_ERROR_LOW_VO | 0x0080 | Low voltage error
LTAGE
MOTOR_ERROR_OVER_C | 0x0100 | Over current error detected by software
URRENT_SW
MOTOR_ERROR_INDUCTI | 0x0200 | Induction calibration error (Not happen in
ON_CORRECT vector control with hall sensors)
MOTOR_ERROR_UNKNO OxFFFF | Unknown error
WN
motor_callback_ | MOTOR_CALLBACK EVEN | 1 Callback event before cyclic speed control
event_t T_SPEED_FORWARD process
MOTOR_CALLBACK_EVEN | 2 Callback event after cyclic speed control
T_SPEED_BACKWARD process
MOTOR_CALLBACK_EVEN | 3 Callback event before cyclic current control
T_CURRENT_FORWARD process
MOTOR_CALLBACK_EVEN | 4 Callback event after cyclic current control
T_CURRENT_BACKWARD process
MOTOR_CALLBACK_EVEN | 5 Callback event before A/D conversion end
T_ADC_FORWARD interrupt process (Not happen in vector
control with hall sensors)
MOTOR_CALLBACK_EVEN | 6 Callback event after A/D conversion end
T_ADC_BACKWARD interrupt process (Not happen in vector
control with hall sensors)
MOTOR_CALLBACK_EVEN | 7 Callback event before cyclic speed control
T_CYCLE_FORWARD process (Not happen in vector control with
hall sensors)
MOTOR_CALLBACK_EVEN | 8 Callback event after cyclic speed control
T_CYCLE_BACKWARD process (Not happen in vector control with
hall sensors)
motor_wait_stop | MOTOR_WAIT_STOP_FLA | 0 Clear a flag for waiting stop
_flag t(Nouse | G_CLEAR
in vector control | MOTOR_WAIT_STOP_FLA |1 Set a flag for waiting stop

sensors)
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Table 9-23 List of Enumeration type for interface module [2/2] (rm_motor_api.h)

Enumeration
type name

Members

Defined
value

Description

motor_function_
select_t (No use
in vector control
with hall
sensors)

MOTOR_FUNCTION_SELEC |0

T_NONE

No servo function is selected

MOTOR_FUNCTION_SELEC |1

T_INERTIA_ESTIMATE

Inertia estimation function is selected

MOTOR_FUNCTION_SELEC | 2

T_RETURN_ORIGIN

selected

Return origin position function is

Table 9-24 List of Enumeration type for interface module (rm_motor_hall.h)

Enumeration Defined o
Members Description
type name value
motor_hall_ctrl_ | MOTOR_HALL_CTRL_STOP 0 Stop state
status_t
- MOTOR_HALL_CTRL_RUN 1 Run (active) state
MOTOR_HALL_CTRL_ERROR 2 Error state
motor_hall_ctrl_ | MOTOR_HALL_CTRL_EVENT_STOP 0 Event to stop (inactive)
event_t
- MOTOR_HALL_CTRL_EVENT_RUN 1 Event to run (active)
MOTOR_HALL_CTRL_EVENT_ERROR | 2 Event of error
MOTOR_HALL_CTRL_EVENT_RESET | 3 Event to reset
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9.7 Speed Control Module

Speed control module calculates speed PI with speed reference which is set by user and rotation speed
from current module. And it outputs current reference to current module.

9.7.1 Functions
Functions of speed control module are listed below.

Table 9-25 Functions of speed control module

Function Description

Speed control Calculate speed Pl and output current reference

9.7.2 Module configuration diagram
Figure 9-4 shows the module configuration diagram.

Speed Control

A 4

: Speed
w* PI control

A4
5
r

Figure 9-4 Module configuration diagram of speed control module
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9.7.3 API
Table 9-26 lists API functions of speed control module.

Table 9-26 List of API functions of the speed control module

API Description

RM_MOTOR_SPEED_Open Generates instances of speed control module and
the modules to be used.

RM_MOTOR_SPEED_Close Close instances of speed control module and the
modules to be used.

RM_MOTOR_SPEED_ Reset Initializes the module.

RM_MOTOR_SPEED_ Run Activates the module.

RM_MOTOR_SPEED_SpeedReferenceSet Set speed reference.

RM_MOTOR_SPEED_PositionReferenceSet Set position reference.
(Unsupported in vector control with hall sensors)

RM_MOTOR_SPEED_ParameterSet Set parameters from current control module.
RM_MOTOR_SPEED_SpeedControl Perform speed control process.
RM_MOTOR_SPEED_ParameterGet Get parameters of speed control module.

(These parameters are set to current control module
via interface module.)

RM_MOTOR_SPEED_ParameterUpdate Updates the control parameters by user setting.
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9.7.4 Structure and variable information
Structures and variables of speed control module are listed below.

Table 9-27 List of structures and variables of speed control module [1/2] (rm_motor_speed_api.h)

Structure Members Description
motor_speed_callback args t | *p_context Address of context data for callback
function

event Event data of callback
motor_speed_input_t fid d-axis electrical current

f iq g-axis electrical current

f vamax Maximum value of vector current [A]

f speed_rad Rotation speed (electrical) [rad/s]

f_position_rad

Rotor position (angle) [rad]

f ed Estimated d-axis voltage [V]
(No use in vector control with hall sensors)
f eq Estimated g-axis voltage [V]

(No use in vector control with hall sensors)

f phase_err_rad

Phase error [rad]
(No use in vector control with hall sensors)

ul flag_get iref

Flag of enable getting current reference

ul adjust_status

Adjusting (draw in) status at start up
(No use in vector control with hall sensors)

ul adjust_mode

Adjusting (draw in) mode at start up
(No use in vector control with hall sensors)

ul adjust_count_full

Flag of full of counter
(No use in vector control with hall sensors)

ul _openloop_status

Open loop status at induction calibration
(No use in vector control with hall sensors)

f _openloop_speed

Speed of open loop at induction calibration
(No use in vector control with hall sensors)

f_openloop_id_ref

d-axis current reference at induction
calibration
(No use in vector control with hall sensors)

motor_speed_output_t

f id_ref

d-axis current reference

f iq_ref

g-axis current reference

f ref_speed_rad_ctrl

Speed reference internally (electrical)
[rad/s]

f damp_comp_speed

Damping speed at open loop (electrical)
[rad/s]
(No use in vector control with hall sensors)

ul flag pi

Flag of started PI control

motor_speed_position_data_t
(No use in vector control with
hall sensors)

e_step_mode

Position control mode

e_loop_mode

Control method (Speed or Position)

position_reference_degree

Position reference [degree]
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Table 9-28 List of structures and variables of speed control module [2/2] (rm_motor_speed_api.h)

Structure Members Description
motor_speed_cfg_t *st_input Address of structure of input data from
current control module
*st_output Address of structure of output data to

current control module

*p_timer_instance

Address of instance of cyclic timer module

*p_position_instance

Address of instance of position control
module

(No use in vector control with hall sensors)

*p_callback Address of registered callback function

*p_context Address of context data for registered
callback function

*p_extend Address of structure of extended
configuration data to refer

motor_speed_api_t *open Function address to open module

*close Function address to close module

*reset Function address to reset module

*run Function address to run (activate)

*speedReferenceSet Function address to set speed reference

*positionReferenceSet Function address to set position reference
(Unsupported in vector control with hall
sensors)

*parameterSet Function address to set data to speed
control module

*speedControl Function address to perform speed control

*parameterGet Function address to get parameters for
setting to current control module

*parameterUpdate Function address to update configuration

motor_speed_instance_t *p_ctrl Address of structure to be used in the

module

*p_cfg Address of structure of configuration data

*p_api Address of structure of API functions
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Table 9-29 List of structures and variables of speed control module [1/5] (rm_motor_speed.h)

Structure Members Description
motor_speed_pi_params_t f err Error
f kp Gain parameter for proportional term
f ki Gain parameter for integral term
f refi Integral term
f_ilimit Limit of integral term

motor_speed_design_params_t

f speed_omega

Natural frequency of speed PI [HZz]

f speed_zeta

Attenuation coefficient of speed PI

f_ed_hpf_omega

Natural frequency of HPF [Hz]
(No use in vector control with hall sensors)

f ol _damping_zeta

Attenuation coefficient of damping
(No use in vector control with hall sensors)

f _phase_err_Ipf_cut_freq

Cut off frequency of LPF of phase error
(No use in vector control with hall sensors)

f _observer_omega

Natural frequency of speed observer [Hz]
(No use in vector control with hall sensors)

f _observer_zeta

Attenuation coefficient of speed observer
(No use in vector control with hall sensors)

motor_speed_Ipf t
(No use in vector control with
hall sensors)

f_pre_output

Previous (last) output data

f_pre_input Previous (last) input data

f omega_t Natural frequency of LPF [Hz]
f gain_ka Gain of LPF

f gain_kb Gain of LPF

motor_speed_2nd_order_|Ipf_t
(No use in vector control with
hall sensors)

f4_pre_output

Previous (last) output data

f4_pre2_output

2 times previous output data

f4_pre_input

Previous (last) input data

f4_pre2_input

2 times previous input data

(No use in vector control with
hall sensors)

f4_omega_t Calculated value
f4_omega2_t Calculated value
f4_omega2_t2 Calculated value
f4_gain_ka Gain of LPF
f4_gain_kb Gain of LPF
f4_gain_kc Gain of LPF
motor_speed_oldamp_sub _t st_ed_Ipf Structure for LPF

f damp_comp_gain

Gain of damping at open loop

f fb_speed_limit_rate

Limit rate of speed feedback
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Table 9-30 List of structures and variables of speed control module [2/5] (rm_motor_speed.h)

Structure

Members

Description

motor_speed_oldamp_t
(No use in vector control with hall
sensors)

f4_ol_id_up_step

Step of increase of d-axis current [A]

f4 ol _id _down_step

Step of decrease of d-axis current [A]

f4_ol_iq_down_step_ratio

Ratio of decrease of g-axis current

f4 ol id_ref

d-axis current reference at open loop
[Al

f4_id_down_speed rpm

Threshold of speed to judge decrease
current (electrical) [rpm]

f4_id_up_speed_rpm

Threshold of speed to judge increase
current (electrical) [rpm]

f4_opl2less_sw_time

Period to change to sensorless from
open loop

f4_switch_phase_err_rad

Phase error at change to sensorless

motor_speed_motor_parameter_t | u2_mtr_pp Pole pairs
f4 mtr_r Resistance [ohm]
f4_mtr_Id d-axis inductance [H]
f4_mtr_Iq g-axis inductance [H]
f4_mtr_m Magnetic flux [Wb]
f4_mtr_j Inertia [kgm”2]
motor_speed_flux_weakening_t *pmotor Address of structure of motor
parameters
f4_ia_max Maximum current of d/q-axis [A]
f4_va_max Maximum voltage of d/g-axis [V]
f4_vfw_ratio Maximum voltage ratio in flux
weakening
f4_id_demag Demagnetization current
f4_id_min Minimum current of d-axis [A]
f4 v fw Limit of voltage vector in flux
weakening
u2_fw_status Status of flux weakening
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Table 9-31 List of structures and variables of speed control module [3/5] (rm_motor_speed.h)

Structure

Members

Description

motor_speed_observer_t
(No use in vector control with hall
sensors)

f4_speed_rad

Rotation speed (electrical)
[rad/s]

f4_ref_torque

Torque reference

f4_ref pre_torque

Previous (last) torque
reference

f4_ref _speed_rad

Previous speed (electrical)
[rad/s]

f4_ref pre_speed rad

Previous (last) speed
reference (electrical) [rad/s]

f4_hpf k1 Coefficient of HPF #1
f4_hpf k2 Coefficient of HPF #2
f4_hpf k3 Coefficient of HPF #3
f4 k1 Coefficient of observer #1
f4 k2 Coefficient of observer #2

f4_hpf _ref speed_rad

Speed reference in HPF
(electrical) [rad/s]

f4_hpf _ref pre_speed_rad

Previous (last) speed
reference in HPF (electrical)
[rad/s]

f4_hpf_omega

Natural frequency of HPF [Hz]

st_Ipf

Structure for LPF

motor_speed_disturbance_observer t

(No use in vector control with hall
sensors)

f4_gain_distubance_estimate

Gain of disturbance

f4_gain_speed_estimate

Gain of speed

f4_estimated_distubance

Estimated disturbance

f4_estimated_speed

Estimated speed (electrical)
[rad/s]

f4_inertia

Motor inertia

f4_ctrl_period

Period of observer process

st_Ipf

Structure for LPF
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Table 9-32 List of structures and variables of speed control module [4/5] (rm_motor_speed.h)

Structure

Members

Description

motor_speed_extended_cfg_t

ul ctrl_method

Control method (Speed or Position)
(Only speed is effective in sensorless)

f speed_ctrl_period

Period of speed control [Hz]

f_limit_speed_change

Step of speed at speed change (electrical)
[rad/s]

f_maximum_speed_rpm

Maximum rotation speed (electrical) [rpm]

f omega_t

Natural frequency of speed PI [HZz]

f id_up_speed_rad

Speed to judge increase d-axis current

f iq_limit

Limit of g-axis current [A]

f ol_fb_speed_limit_rate

Limit of speed reference

f natural_frequency

Natural frequency of observer
(No use in vector control with hall sensors)

ul openloop_damping

Flag to select open loop damping
(enable/disable)
(No use in vector control with hall sensors)

ul flux_weakening

Flag to select flux weakening control
function (enable/disable)

ul less_switch

Flag to select the tolerance function from
open loop to sensorless (enable/disable)
(No use in vector control with hall sensors)

ul observer_swtich

Flag to select speed observer function
(No use in vector control with hall sensors)

observer_select

Selected method of speed observer
(No use in vector control with hall sensors)

ol_param

Structure of open loop control
(No use in vector control with hall sensors)

ol_sub_param

Structure of sub data of open loop control
(No use in vector control with hall sensors)

d_param

Designed parameters for Pl control

control_type

Method of motor control

mtr_param

Structure of motor parameters
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Table 9-33 List of structures and variables of speed control module [5/5] (rm_motor_speed.h)

Structure

Members

Description

motor_speed_instance_ctrl_t

ul_ active

Flag of active

ul_state_speed_ref

State of setting speed reference

ul_flag get iref

Flag to get current reference

ul state id_ref

State of calculation of d-axis current

ul_state_iq_ref

State of calculation of g-axis current

f_rpm2rad

Parameter to transform rpm => rad/s

f_ref_speed_rad_ctrl

Internal speed reference (electrical) [rad/s]

f ref_speed_rad

Speed reference (electrical) [rad/s]

f_speed_lIpf_rad

Speed in LPF
(No use in vector control with hall sensors)

e_status

Status of speed control

ul flag down_to ol

Flag to switch to open loop
(No use in vector control with hall sensors)

f_ol_ig_down_step

Step of declaration of g-axis current at open
loop [A]
(No use in vector control with hall sensors)

f phase_err_rad_|Ipf

Phase error after LPF
(No use in vector control with hall sensors)

f_init_phase_err_rad

Initial value of phase error
(No use in vector control with hall sensors)

f_opl_torque_current

Torque current value to change open loop
(No use in vector control with hall sensors)

f damp_comp_speed

Damping speed in open loop (electrical) [rad/s]
(No use in vector control with hall sensors)

f damp_comp_gain

Damping gain of open loop
(No use in vector control with hall sensors)

f fb_speed_limit_rate

Limit of speed feedback

ul _enable_flux_weakning

Flag of selection of flux weakening control
function (enable/disable)

st_flxwkn Structure for flux weakening control function

*p_cfg Address of structure of configuration data to
refer

pi_param Structure for PI control

st_input Structure of input data from current control

st_speed_Ipf Structure for speed LPF

(No use in vector control with hall sensors)

st _phase_err_Ipf

Structure for phase error LPF
(No use in vector control with hall sensors)

st_observer

Structure of speed observer
(No use in vector control with hall sensors)

st_disturbance_observer

Structure of disturbance speed observer (No
use in vector control with hall sensors)

openloop_sub

Structure of sub data for open loop
(No use in vector control with hall sensors)

st_position_data

Structure of position control
(No use in vector control with hall sensors)

timer_args

Argument data for timer callback
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9.7.5 Macro and enumeration definition
The macros and enumerations for speed control module are listed below.

Table 9-34 List of macros of speed control module [1/2]

File name | Name of MACRO Defined value | Descriprion
rm_motor_ ('M' << 24U) | (T' | Module opened
speed.c MOTOR_SPEED_OPEN << 16U) | ('S' <<

8U) | (P' << 0U)

MOTOR_SPEED_FLAG_CLEAR | O Clear a flag
MOTOR_SPEED_FLAG_SET 1 Set a flat
MOTOR_SPEED_MULTIPLE_2 | 2.0F 2.0

2.0F* 2PI
MOTOR_SPEED_TWOPI 3.1415926535F

MOTOR_SPEE | To transform rpm => rad/s
MOTOR_SPEED_TWOPI_60 D_TWOPI /

60.0F
MOTOR_SPEED_DIV_8BIT 1.0F / 256.0F Divided by full 8bit

MOTOR_SPEED_RAD_TRANS

3.1415926535F /
180.0F

To transform speed

MOTOR_SPEED_ROOT3 1.7320508F V3
MOTOR_SPEED_SPEED_ZER 0 Speed reference state
O_CONST Speed set 0 constancy
Speed reference state
MOTOR_SPEED_POSITION_C P o .
= - - 1 Position control (No use in vector control
ONTROL .
with hall sensors)
MOTOR_SPEED_SPEED CHA Speed reference state
2
NGE PI control
Speed reference state
MOTOR_SPEED_OPEN_LOOP . . .
- - - 3 Induction calibration open loop
INDUCTION . .
- (No use in vector control with hall sensors)
d-axis reference state
MOTOR_SPEED_ID_UP 0 . .
- - - d-axis increasing
d-axis reference state
MOTOR_SPEED_ID_CONST 1 .
- - - d-axis constancy
d-axis reference state
MOTOR_SPEED_ID_DOWN 2 . .
d-axis decreasing
MOTOR_SPEED_ID_ZERO_CO 3 d-axis reference state
NST d-axis 0 constancy
d-axis reference state
MOTOR_SPEED_ID_FLUXWKN | 4 . )
using flux weakening process
d-axis reference state
MOTOR_SPEED_ID_OPENLOO . o ,
P 5 Induction calibration open loop (No use in
vector control with hall sensors)
MOTOR_SPEED_IQ_ZERO_CO 0 g-axis reference state
NST g-axis 0 constancy
MOTOR_SPEED_IQ_SPEED_PI 1 g-axis reference state
_OUTPUT PI control
MOTOR_SPEED_IQ_AUTO_AD 9 g-axis reference state
J Draw in at start up
-axis reference state
MOTOR_SPEED_IQ_DOWN 3 q

g-axis decreasing
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Table 9-35 List of macros of speed control module [2/2]

File Name of MACRO Defined Description
name value
“opebde | MOTOR_SPEED_CALCULATE A | U (No use in vector contol with hall
—SPEEA-C | NGLE_ADJUST 90DEG P
- - Sensors)
Draw in to O degree direction at start up
MOTOR_SPEED_CALCULATE_A 5 N . ¢ trol with hall
NGLE ADJUST ODEG (No use in vector control with hal
- - sensors)
MOTOR_SPEED_CALCULATE_A 3 Draw in finished (No use in vector
NGLE_ADJUST_FIN control with hall sensors)
MOTOR_SPEED_CALCULATE_A 4 ONpen |qu runf at Indtucltlohtﬁzzllt:{atlon
NGLE ADJUST OPENLOOP (No use in vector control with hal
- - sensors)

Table 9-36 List of Enumeration type for speed control module (rm_motor_speed_api.h)

Enumeration

Defined

Members Description

type name value

motor_speed_e | MOTOR_SPEED EVENT_FOR |1 Event before cyclic speed control

vent_t WARD process
MOTOR_SPEED_EVENT_BAC | 2 Event after cyclic speed control
KWARD process
MOTOR_SPEED_EVENT_ENC | 3 Event for cyclic encoder process
ODER_CYCLIC
MOTOR_SPEED EVENT _ENC | 4 Event for draw in process at using
ODER_ADJUST encoder sensor

motor_speed_lo | MOTOR_SPEED LOOP_MOD |0 Speed control

op_mode_t E_SPEED
MOTOR_SPEED _LOOP_MOD |1 Position control
E_POSITION (No use in vector control with hall

sensors)

motor_speed_st | MOTOR_SPEED STEP_DISAB | 0 Calculate position reference

ep_t(Nousein |LE

vector control MOTOR_SPEED STEP _ENAB |1 Linear follow position reference

with hall
sensors)

LE
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Table 9-37 List of Enumeration type for speed control module (rm_motor_speed.h)

ontrol_type_t

Enumeration Defined o
Members Description

type name value

motor_speed ¢ | MOTOR_SPEED_CONTROL_ | 0 Sensorless

TYPE_SENSORLESS

MOTOR_SPEED_CONTROL_ | 1
TYPE_ENCODER

Use encoder sensor

MOTOR_SPEED_CONTROL_ | 2
TYPE_HALL

Use hall sensor

MOTOR_SPEED_CONTROL_ | 3
TYPE_INDUCTION

Use induction sensor

motor_speed_o
penloop_dampin
g_t

(No use in
vector control
with hall
sensors)

MOTOR_SPEED_OPENLOO |0
P_DAMPING_DISABLE

Disable open loop damping function

MOTOR_SPEED_OPENLOO |1
P_DAMPING_ENABLE

Enable open loop damping function

motor_speed_fl
ux_weaken_t

MOTOR_SPEED_FLUX_WEA | 0

Disable flux weakening control

KEN_DISABLE function
MOTOR_SPEED FLUX WEA | 1 Enable flux weakening control
KEN_ENABLE function

motor_speed_le
ss_switch_t

(No use in
vector control
with hall
sensors)

MOTOR_SPEED_LESS_SWI | 0
TCH_DISABLE

Disable switching function at open
loop to PI control

MOTOR_SPEED_LESS_SWI | 1
TCH_ENABLE

Enable switching function at open
loop to PI control

motor_speed_o
bserver_switch_
t (No use in
vector control
with hall
sensors)

MOTOR_SPEED_OBSERVER | 0
_SWITCH_DISABLE

Disable speed observer function

MOTOR_SPEED_OBSERVER | 1
_SWITCH_ENABLE

Enable speed observer function

motor_speed_o
bserver_select_t

MOTOR_SPEED_OBSERVER | 0
_SELECT_NORMAL

Normal observer

(No use in MOTOR_SPEED_OBSERVER | 1 Disturbance observer

vector control _SELECT_DISTURBANCE

with hall

sensors)

motor_speed _ct | MOTOR_SPEED_CTRL _STA |0 Status of speed control

rl_status_t TUS_INIT Initialize
MOTOR_SPEED CTRL _STA |1 Status of speed control
TUS _BOOT Boot

MOTOR_SPEED_CTRL_STA | 2
TUS_RUN

Status of speed control
Run (PI control)
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9.8 Current Control Module

Current control module calculates PI with current reference from speed control module and detected current
by driver module. And it sets calculated PWM duty to driver module. This module has angle module (detect
module). This module sets parameters from driver module to angle module and acquire speed and angle
data from angle module. These data present to speed control module and interface module.

9.8.1 Functions

Functions of current control module are listed below.

Table 9-38 Functions of current control module

Function

Description

Current control

Calculate current Pl and output PWM duty

Offset adjustment of current A/D

Calculate A/D offset at each phase current detection

Voltage error compensation

Compensation for the error of voltage by PWM deadtime

Transform of axis

Transform current data from U/V/W to d/g-axis. And retransform

from d/g-axis to U/V/W.

Modulation

Modulate to PWM signal to improve efficiency.

Decoupling control

Avoid the interference between d-axis and g-axis.

9.8.2 Module configuration diagram

Figure 9-5 shows the module configuration diagram.

Current control

Transform
2] UVW—dq iq

Current
Pl vd

control

Vq
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control

'l
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Vg*
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vector [
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dg—-UVW

Vu*

W

Vw*

Voltage phase .
[¢)
lead

compensation

Voltage
error
compensation

Vu*(Phase voltage)

Vv*(Phase voltage)

Vw*(Phase voltage)

Figure 9-5 Module configuration diagram of current control module
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9.8.3 API
API functions for current control are listed below.

Table 9-39 List of API functions for the current control module

API

Description

RM_MOTOR_CURRENT_Open

Generates instances of current control module and the
modules to be used.

RM_MOTOR_CURRENT _Close

Close instances of current control module and the
modules to be used.

RM_MOTOR_CURRENT _Reset

Initializes current control module and the modules to be
used.

RM_MOTOR_CURRENT_Run

Activates current control module.

RM_MOTOR_CURRENT_ParameterSet

Set parameters from speed control module.

RM_MOTOR_CURRENT_CurrentReference
Set

Set current reference from speed control module.

RM_MOTOR_CURRENT_SpeedPhaseSet

Set speed and phase information.

RM_MOTOR_CURRENT_CurrentSet

Set detected current data.

RM_MOTOR_CURRENT _ParameterGet

Get parameters about current control module.
(These parameters are set to speed control module via
interface module.)

RM_MOTOR_CURRENT_CurrentGet

Get current and voltage data.

RM_MOTOR_CURRENT_PhaseVoltageGet

Get phase voltage data.

RM_MOTOR_CURRENT_ParameterUpdate

Updates the control parameters by user setting.
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9.8.4 Structure and variable information
Structures and variables of current control module are listed below.

Table 9-40 List of structures and variables for the current control module [1/2]

(rm_motor_current_api.h)

Structure Members Description
motor_current_callback_arg | *p_context Address of context data for callback function
s_t event Event data of callback
motor_current_output_t f id d-axis electrical current [A]

f iq g-axis electrical current [A]

f_vamax Limit of voltage vector [V]

f _speed_rad Rotation speed (electrical) [rad/s]

f _speed_rpm

Rotation speed (mechanical) [rpm]

f_rotor_angle

Rotor angle [rad]

f_position_rad

Position data [rad]

f ed Estimated d-axis voltage [V]
(No use in vector control with hall sensors)
f eq Estimated g-axis voltage [V]

(No use in vector control with hall sensors)

f phase_err_rad

Phase error [rad]
(No use in vector control with hall sensors)

ul_flag_get iref

Flag of start to calculate current reference

ul_adjust_status

Adjusting (draw in) status at start up
(No use in vector control with hall sensors)

ul_adjust_count_full

Flag of full of counter
(No use in vector control with hall sensors)

ul openloop_status

Open loop status at induction calibration
(No use in vector control with hall sensors)

f_openloop_speed

Speed of open loop at induction calibration
(No use in vector control with hall sensors)

f _openloop_id_ref

d-axis current reference at induction
calibration (No use in vector control with hall
Sensors)

motor_current_input_t

f id_ref

d-axis current reference [A]

f iq_ref

g-axis current reference [A]

f ref _speed_rad_ctrl

Speed reference internally (electrical) [rad/s]

f damp_comp_speed

Speed at open loop damping (electrical)
[rad/s]
(No use in vector control with hall sensors)

ul flag pi Flag of start PI control
motor_current_input_current | iu U phase electrical current [A]
L iv V phase electrical current [A]
iw W phase electrical current [A]
motor_current_input_voltag | vdc Inverter bus voltage [V]
et va_max Limit of voltage vector [V]
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Table 9-41 List of structures and variables for the current control module [2/2]

(rm_motor_current_api.h)

Structure Members Description
motor_current_get_voltage | u_voltage U phase voltage [V] (No use in vector
t control with hall sensors)
v_voltage V phase voltage [V] (No use in vector
control with hall sensors)
w_voltage W phase voltage [V] (No use in vector
control with hall sensors)
vd_reference Reference of d-axis voltage
*vq_reference Address for reference of g-axis voltage
motor_current_cfg_t *p_motor_driver_instance | Address of instance of driver module
*p_motor_angle_instance | Address of instance of angle (detect)
module
*p_callback Address of registered callback function
*p_context Address of context data for registered
callback function
*p_extend Address of structure of extended
configuration data to refer
motor_current_api_t *open Function address to open module
*close Function address to close module
*reset Function address to reset module
*run Function address to run module (start
motor rotation)
*parameterSet Function address to set parameters from
speed control module
*currentReferenceSet Function address to set current reference
*speedPhaseSet Function address to set rotation speed and
rotor angle
*currentSet Function address to set each phase
current
*parameterGet Function address to get parameters to
output to speed control module
*currentGet Function address to get current data
*phaseVoltageGet Function address to get voltage data
*parameterUpdate Function address to update configuration
motor_current_instance_t *p_ctrl Address of structure to be used in the
module
*p_cfg Address of structure of configuration data
*p_api Address of structure of API functions
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Table 9-42 List of structures and variables for the current control module [1/4] (rm_motor_current.h)

Structure Members Description
motor_current_pi_params_t | f_err Error
f kp Gain parameter for proportional term
f ki Gain parameter for integral term
f refi Integral term
f_ilimit Limit of integral term

motor_current_design_para
meter_t

f_current_omega

Natural frequency of current Pl [Hz]

f current_zeta

Attenuation coefficient of current Pl

motor_current_motor_para | u2_mtr_pp Pole pairs
meter_t :
f4 mtr_r Resistance [ohm]
f4_mtr_Id d-axis inductance [H]
f4_mtr_Iq g-axis inductance [H]
f4_mtr_m Magnetic flux [Wb]
f4_mtr_j Inertia [kgm”2]
motor_currnt_voltage_comp | f comp_v Correction of voltage
ensation_t : .
f comp_i Correction of current
f_slope Coefficient of line interpolation
f_intcept Coefficient of line interpolation

f volt_comp_array

Array of voltage compensation

f vdc

Inverter bus voltage [V]

f_volt_comp_limit

Limit of voltage compensation

ul_volt_err_comp_enable

Selection of voltage error compensation
function (enable/disable)
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Table 9-43 List of structures and variables for the current control module [2/4] (rm_motor_current.h)

Structure Members Description
motor_current_extended_c | ul_control_type Sensor type
fg_t (sensorless/encoder/hall/induction)
shunt Shunt type (1/2/3)
f comp_v Table of voltage for voltage error
compensation
f comp_i Table of current for voltage error
compensation
vcomp_enable Selection of voltage compensation function

(enable/disable)
ul sample_delay comp_e | Selection of sample delay compensation
nable function (enable/disable)

f period_magnitude_value | Ratio of period for sample delay
compensation

f_current_ctrl_period Period of current control [sec]

f_ilimit Limit of current [A]

*p_motor_parameter Address of structure of motor parameters

*p_design_parameter Address of structure of current PI control
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Table 9-44 List of structures and variables for the current control module [3/4] (rm_motor_current.h)

Structure Members Description
motor_current_instance_ctrl | open Module opened information
t ul_active A flag of module active
f vd_ref d-axis voltage reference [V]
f vq_ref g-axis voltage reference [V]
f id_ref d-axis current reference [A]
f_iq_ref g-axis current reference [A]
f iu_ad U phase current [A]
f iv_ad V phase current [A]
f iw_ad W phase current [A]
f id_ad d-axis current [A]
f iq_ad g-axis current [A]
f vdc_ad Inverter bus voltage [V]
f speed_rad Rotation speed (electrical) [rad/s]

f _rotor_angle

Rotor angle [rad]

f_position_rad

Position data [rad]

f refu U phase voltage reference [V]
f refv V phase voltage reference [V]
f refw W phase voltage reference [V]
f va_max Limit of voltage vector
f ed Estimated d-axis voltage
(No use in vector control with hall sensors)
f eq Estimated g-axis voltage
(No use in vector control with hall sensors)
f_phase_err Phase error

(No use in vector control with hall sensors)

ul flag crnt offset

Flag of getting current offset

f sin_ad_data

Sine input data of induction sensor
(No use in vector control with hall sensors)

f cos_ad_data

Cosine input data of induction sensor
(No use in vector control with hall sensors)

*p_cfg

Address of structure of configuration data to refer
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Table 9-45 List of structures and variables for the current control module [4/4] (rm_motor_current.h)

Structure Members Description

motor_current_instance_ctrl | st_pi_id Structure for d-axis Pl control

t st_pi_iq Structure for g-axis Pl control
st_vcomp Structure for voltage error compensation
st_input Structure for input data from speed control

module

*p_angle_instance

Address of instance of angle (detect)

module

*p_driver_instance

Address of instance of driver

module
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9.8.5 Macro and enumeration definition
The macros and enumerations for current control module are listed below.

Table 9-46 List of macros of current control module

MOTOR_CURRENT_TWOPI

File name Name of MACRO Defined Description
value
rm_motor_current. (M'<< 24U) | | Opened information
¢ (T' << 16U) |
MOTOR_CURRENT_OPEN (C << 8U) |
(T' << 0V)
MOTOR_CURRENT_FLG_CLR | 0 Clear a flag
MOTOR_CURRENT_FLG_SET | 1 Set a flag
2.0F * 2P|

3.141592653
5F

60.0F / To transform rad/s => rpm
MOTOR_CURRENT 60_TWOP | MOTOR_CU
| RRENT_TWO

PI
MOTOR_CURRENT SQRT 2 | 1.41421356F | V2
MOTOR_CURRENT SORT 3 | 1.7320508F | \3
MOTOR_CURRENT DIV_KHZ | 0.001F To transform kHz => Hz
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Table 9-47 List of Enumeration type for current control module (rm_motor_current_api.h)

Enumeration

Defined

BACKWARD

Members Description

type name value

motor_current_ e | MOTOR_CURRENT_EVENT_ | 1 Callback event before cyclic current

vent_t FORWARD control process
MOTOR_CURRENT_EVENT_ | 2 Callback event for cyclic current
DATA_SET control process
MOTOR_CURRENT_EVENT_ | 3 Callback event after cyclic current

control process

Table 9-48 List of Enumeration type for current control module (rm_motor_current_api.h)

Enumeration

Defined

_DELAY_COMPENSATION_E
NABLE

Members Description
type name value
motor_current_¢ | MOTOR_CURRENT_CONTR | O Sensorless
ontrol_type_t OL_TYPE_SENSORLESS
MOTOR_CURRENT_CONTR |1 Encoder
OL_TYPE_ENCODER
MOTOR_CURRENT_CONTR | 2 Hall
OL_TYPE_HALL
MOTOR_CURRENT_CONTR | 3 Induction
OL_TYPE_INDUCTION
motor_current_s | MOTOR_CURRENT_SHUNT_ | 1 1shunt
hunt_type_t TYPE_1_SHUNT
MOTOR_CURRENT_SHUNT_ | 2 2shunts
TYPE_2_SHUNT
MOTOR_CURRENT_SHUNT_ | 3 3shunts
TYPE_3_SHUNT
motor_current v | MOTOR_CURRENT_VOLTAG | 0 Disable voltage compensation
oltage_compens | E_ COMPENSATION_SELECT function
ation_select_t _DISABLE
MOTOR_CURRENT_VOLTAG | 1 Enable voltage compensation
E_COMPENSATION_SELECT function
_ENABLE
motor_current_ s | MOTOR_CURRENT_SAMPLE | 0 Disable sample delay compensation
ample_delay co | _DELAY_COMPENSATION_D function
mpensation_t ISABLE
MOTOR_CURRENT_SAMPLE | 1 Enable sample delay compensation

function

RO1AN6466EJ0132 Rev.1.32

Jun.30.26

RENESAS

Page 96 of 141

For Renesas Flexible Motor




Vector control for permanent magnetic synchronous motor with hall sensors

Control Series

For Renesas Flexible Motor

9.9 Driver Module

The driver module works as an interface between each motor modules and MCU peripherals. Appropriately
configuring the driver module allows you to use microcontroller function allocation and the differences of the
board to be used without modifying the motor module.

9.9.1 Functions
Table 9-49 lists the functions of

the driver module.

Table 9-49 List of functions of the driver module

Functions

Description

Acquisition of the A/D
conversion value

Acquires A/D converted values such as the phase current and inverter bus

voltage.

PWM duty setting

Sets the PWM duty value that is to be output to U, V, and W-phases.

PWM start/stop

Controls whether to start or stop (active or inactive) of PWM output.

9.9.2 Module configuration diagram
The module configuration of driver module is shown below.
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Figure 9-6 Module configuration diagram of driver module
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9.9.3 API
Table 9-50 lists and describes the API functions for driver module.

Table 9-50 List of API functions for the driver module

API Description
RM_MOTOR_DRIVER_Open Generate instances of driver module and the modules

to be used.
RM_MOTOR_DRIVER Close Sslcéze. instances of driver module and the modules to be
RM_MOTOR_DRIVER_Reset Reset the module.
RM_MOTOR_DRIVER_PhaseVoltageSet Set phase and PWM voltage of each phase.
RM_MOTOR_DRIVER_CurrentGet Get each phase current and inverter bus voltage.

Perform the measurement of A/D offset and get the
finish flag of measurement.

RM_MOTOR_DRIVER_CurrentOffsetRestart | Restart current offset measurement.

RM_MOTOR_DRIVER_FlagCurrentOffsetGet

RM_MOTOR_DRIVER_ParameterUpdate Updates the control parameters by user setting.
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9.9.4 Structure and variable information
Structures and variables of driver module are listed below.

Table 9-51 List of structures and variables for driver module [1/2] (rm_motor_driver_api.h)

Structure Members Description
motor_driver_callback _args | event Event data of callback
t
- *p_context Address of context data for callback
function
motor_driver_current_get t | iu U phase electrical current [A]
iv V phase electrical current [A]
iw W phase electrical current [A]
vdc Inverter bus voltage [V]
va_max Limit of voltage vector
sin_ad sine signal input of induction sensor
(No use in vector control with hall sensors)
cos_ad cosine signal input of induction sensor

(No use in vector control with hall sensors)

motor_driver_cfg_t

*p_adc_instance

Address of instance of A/D conversion
module

iu_ad_ch A/D channel for U phase current

iv_ad_ch A/D channel for V phase current

iw_ad_ch A/D channel for W phase current

vdc_ad _ch A/D channel for inverter bus voltage

sin_ad_ch A/D channel for sine signal of induction
sensor (No use in vector control with hall
sSensors)

cos_ad_ch A/D channel for cosine signal of induction

sensor (No use in vector control with hall
sensors)

*p_adc2_instance

Address of instance of 2nd A/D conversion
module (This is used at 2unit ADC
peripheral using.)

shunt

Shunt type

*p_three_phase_instance

Address of instance of three phase PWM
control module

*p_callback Address of registered callback function

*p_context Address of context data for registered
callback function

*p_extend Address of structure of extended

configuration data to refer
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Table 9-52 List of structures and variables for driver module [2/2] (rm_motor_driver_api.h)

Structure Members Description
motor_driver_api_t *open Function address to open module
*close Function address to close module
*reset Function address to reset module
*phaseVoltageSet Function address to set each phase voltage
*currentGet Function address to get current and voltage
data
*flagCurrentOffsetGet Function address to perform measurement
of current offset and to get finish flag
*currentOffsetRestart Function address to restart measurement
of current offset
*parameterUpdate Function address to update configuration
motor_driver_instance_t *p_ctrl Address of structure to be used in the
module
*p_cfg Address of structure of configuration data
*p_api Address of structure of API functions
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Table 9-53 List of structures and variables for driver module [1/4] (rm_motor_driver.h)

Structure Members Description
motor_driver_modulation_t f4 vdc Inverter bus voltage [V]
f4 1 div_vdc Divided by inverter bus voltage (to
calculate)

f4_voltage_error_ratio

Error ratio of voltage

f4_max_duty

Maximum PWM duty

f4_min_duty

Minimum PWM duty

f4_neutral_duty

Neutral PWM duty (O[V] output)

ul sat_flag

Saturation flag

motor_driver_shared_instan
ce_ctrl_t

open

Shared module open information

registered_motor_count

Registered motor count in shared module

*p_context

Address of context data for shared module

motor_driver_extended_sha
red_cfg_t

*p_adc_instance_first

Address of instance of 1st A/D conversion
module

*p_adc_instance_second

Address of instance of 2nd A/D conversion
module

*p_shared_instance_ctrl

Address of structure of variables to be used
by shared module
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Table 9-54 List of structures and variables for driver module [2/4] (rm_motor_driver.h)

Structure

Members

Description

motor_driver_extended_cfg
_t

u2_pwm_timer_freq

PWM timer clock frequency [MHz]

u2_pwm_carrier_freq

PWM carrier frequency [kHz]

pwm_carrier_freq

PWM carrier frequency [kHz]

u2_deadtime

Dead time

f _current_range

Maximum detected current value [A]

f vdc_range

Maximum detected inverter bus voltage
value [V]

f ad_resolution

Resolution of A/D conversion

f ad_current_offset

Current offset at A/D port (O[A] digits)

f ad_voltage _conversion

A/D conversion level

u2_offset_calc_count

Counts to measure current offset

modulation_method

Modulation method

port_up PWM U upper phase port number
port_un PWM U lower phase port number
port_vp PWM V upper phase port number
port_vn PWM V lower phase port number
port_wp PWM W upper phase port number
port_wn PWM W lower phase port number

f ad_current_adjust

Adjustment value for current conversion
for 1shunt detection (No use in vector
control with hall sensors)

s4_difference_minimum

Minimum difference of PWM duty
(No use in vector control with hall sensors)

s4_adjust_adc_delay

Adjustment delay of A/D sampling timing
for 1shunt detection (No use in vector
control with hall sensors)

trigger_phase

Trigger phase of interrupt to get 1shunt
current (No use in vector control with hall
sensors)
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Table 9-55 List of structures and variables for driver module [3/4] (rm_motor_driver.h)

Structure Members Description

motor_driver_extended_cfg | adc_group Which ADC scan group to use in ADC_B

t module
iu_ad_unit A/D unit number for U phase current
iv_ad_unit A/D unit number for V phase current
iw_ad_unit A/D unit number for W phase current
vdc_ad_unit A/D unit number for inverter bus voltage
sin_ad_unit A/D unit number for sine signal of

induction sensor (No use in vector control
with hall sensors)

cos_ad_unit A/D unit number for cosine signal of
induction sensor (No use in vector control
with hall sensors)

mod_param Structure of modulation variables
interrupt_adc Which ADC module happens A/D
conversion end interrupt
*p_shared_cfg Address of configuration data of shared
module
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Table 9-56 List of structures and variables for driver module [4/4] (rm_motor_driver.h)

Structure

Members

Description

motor_driver_instance_ctrl_t

open

Module open information

u2_carrier_base

PWM carrier counts

u2_deadtime_count

Deadtime counts

f iu_ad U phase electrical current [A]
f iv_ad V phase electrical current [A]
f iw_ad W phase electrical current [A]
f vdc_ad Inverter bus voltage [V]
f sin_ad sine signal input of induction sensor
(No use in vector control with hall sensors)
f cos_ad cosine signal input of induction sensor
(No use in vector control with hall sensors)
f refu U phase voltage reference [V]
f refv V phase voltage reference [V]
f refw W phase voltage reference [V]

ul flag_offset_calc

Flag of finish of current offset measurement

u2_offset_calc_times

Counter to measure current offset

f offset iu Current offset of U phase current

f offset iv Current offset of V phase current

f offset_iw Current offset of W phase current

f sum_iu_ad Summation of current offset to calculate for
U phase current

f sum_iv_ad Summation of current offset to calculate for

V phase current

f sum_iw_ad

Summation of current offset to calculate for
W phase current

min_phase Minimum duty phase (for 1shunt)
(No use in vector control with hall sensors)
mid_phase Medium duty phase (for 1shunt)

(No use in vector control with hall sensors)

u4_gtioca_low_cfg

GTIOCA configuration for low output

u4_gtiocb_low_cfg

GTIOCB configuration for low output

ul flag_port_enable

Flag of PWM port active/inactive

st_modulation

Structure of modulation

*p_cfg

Address of configuration data to refer

adc_callback _args

Arguments for A/D conversion end interrupt
callback

timer_callback_args

Arguments for timer interrupt callback

*p_shared_instance_ctrl

Address of structure to be used in shared
module
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9.9.5 Macro and enumeration definition
The macros and enumerations for driver module are listed below.

Table 9-57 List of macros of driver module

File name

Name of MACRO

Defined value

Description

rm_motor_driver.c

MOTOR_DRIVER_OPEN

(M'<<24U) | (T' << 16UV) |
('D'<<8U) | (R'<< 0U)

Open information of driver
module

MOTOR_DRIVER_SHARED_AD
C_OPEN

(M' << 24U) | (T' << 16U) |
('S' << 8U) | (‘A" << 0U)

Open information of shared
module

MOTOR_DRIVER_FLG_CLR 0 Clea a flag
MOTOR_DRIVER_FLG_SET 1 Set a flag
MOTOR_DRIVER_KHZ_TRANS | 1000U To transform kHz => Hz
MOTOR_DRIVER_DEF_HALF 0.5F 0.5
MOTOR_DRIVER_MULTIPLE_T 2.0
- - - | 2.0F
WO
MOTOR_DRIVER_ADC_DATA _ OXOO00OEEE Mask of A/D converted data
MASK
MOTOR_DRIVER_METHOD_SP 0 Modulation method SPWM
WM
MOTOR_DRIVER_METHOD_SV 1 Modulation method SVPWM
PWM
MOTOR_DRIVER_SATFLAG_BI Shift data of Saturation bit
1<<0
TU for U phase
MOTOR_DRIVER_SATFLAG_BI Shift data of Saturation bit
1<<1
TV for V phase
MOTOR_DRIVER_SATFLAG_BI Shift data of Saturation bit
- - - 1<<?2
T™W for W phase
MOTOR_DRIVER_VDC_TO_VA 0.6124F Coefficient to transform limit
MAX_MULT ' of voltage vector
¥OTOR_DRIVER_SVPWM_MUL 1 165F \4/3
MOTOR_DRIVER_IO_PORT_CF | ;. 200000, IO port configuration for
G_LOwW output low level
MOTOR_DRIVER_IO_PORT_CF | ;. 200000c 10 port c_onflguratlon for
G_HIGH output high level
MOTOR_DRIVER_|O_PORT_PE 0x0010000 (Ii/loarlwsf:( S:allii)olraw(}gr eripheral
RIPHERAL_MASK 9 perp
- mode
Mask of 10 port
MOTOR_DRIVER_IO_PORT_GP |, rrerrrr configuration for general

I0_MASK

mode
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Table 9-58 List of Enumeration type for driver module (rm_motor_driver_api.h)

TYPE_3_SHUNT

Enumeration Members Defined Description
value
motor_driver_ev | MOTOR_DRIVER_EVENT_ |1 Callback event before driver module
ent_t FORWARD process
(A/D conversion end interrupt)
MOTOR_DRIVER_EVENT_ | 2 Callback event for calculation of A/D
CURRENT converted data
(A/D conversion end interrupt)
MOTOR_DRIVER_EVENT_ | 3 Callback event after driver module
BACKWARD process
(A/D conversion end interrupt)
motor_driver_sh | MOTOR_DRIVER_SHUNT_ | 1 1shunt
unt_type_t TYPE_1 SHUNT
MOTOR_DRIVER_SHUNT_ | 2 2shunts
TYPE_2_SHUNT
MOTOR_DRIVER_SHUNT_ | 3 3shunts

Table 9-59 List of Enumeration type for driver module (rm_motor_driver.h)

_PHASE

Enumeration Members Defined Description
value
motor_driver_ se | MOTOR_DRIVER_SELECT A | 0 1st ADC module instance
lect_adc _instan | DC_INSTANCE_FIRST
ce_t MOTOR_DRIVER_SELECT A | 1 2nd ADC module instance
DC_INSTANCE_SECOND
motor_driver m | MOTOR_DRIVER_MODULATI | 0 Modulation method SPWM
odulation_metho | ON_METHOD_SPWM
d_t MOTOR_DRIVER_MODULATI | 1 Modulation method SVPWM
ON_METHOD_SVPWM
motor_driver_ph | MOTOR_DRIVER_PHASE U |0 U phase
ase t _PHASE
MOTOR_DRIVER_PHASE_V_ | 1 V phase
PHASE
MOTOR_DRIVER_PHASE_W | 2 W phase
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9.10 Detection of Angle/Speed Module
Detection module detect rotation speed and rotor angle using the method described 7.6.

9.10.1 Functions
Table 9-60 lists the functions of the detect module.

Table 9-60 List of functions of the detect module

Functions Description

Detection of speed and angle Detect rotation speed and rotor angle with hall sensors.

9.10.2 Module configuration diagram
Figure 9-5 shows the module configuration diagram.

Detect speed/angle module

w

Hall sigmals

Detect
speed/angle

‘theta® Timer counts
« —— ’ HAL

A/D conversion end
interrupt

Figure 9-7 Module configuration diagram of detect module
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9.10.3 API

Table 9-61 lists and describes the API functions for detect module.

Table 9-61 List of API functions for detect module

API

Description

RM_MOTOR_SENSE_HALL_Open

Generate instance of detect module.

RM_MOTOR_SENSE_HALL_Close

Close instance of detect module.

RM_MOTOR_SENSE_HALL_Reset

Reset the module.

RM_MOTOR_SENSE_HALL_CurrentSet

Set current data.

RM_MOTOR_SENSE_HALL_SpeedSet

Set speed (electrical) [rad/s] data.

RM_MOTOR_SENSE_HALL_FlagPiCtrISet

Set a flag to start PI control.

RM_MOTOR_SENSE_HALL_AngleSpeedGet

Get detected rotor angle and rotation speed.

RM_MOTOR_SENSE_HALL_EstimatedComponentGet

Get detected voltages.

RM_MOTOR_SENSE_HALL_ParameterUpdate

Updates the control parameters by user
setting.

RM_MOTOR_SENSE_HALL InternalCalculate

Perform internal calculation.
(Unsupported in vector control with hall
Sensors)

RM_MOTOR_SENSE_HALL_AngleAdjust

Perform a draw in at start up.
(Unsupported in vector control with hall
Sensors)

RM_MOTOR_SENSE_HALL_EncoderCyclic

Perform cyclic process for encoder.
(Unsupported in vector control with hall
sensors)

RM_MOTOR_SENSE_HALL_InfoGet

Get information about calibration of induction
Sensors.

(Unsupported in vector control with hall
sSensors)

RM_MOTOR_SENSE_HALL_CyclicProcess

Perform cyclic process at period interrupt.
(Unsupported in vector control with hall
sensors)

RM_MOTOR_SENSE_HALL_SensorDataSet

Set data of induction sensors.

(Unsupported in vector control with hall
sSensors)
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9.10.4 Structure and variable information
Structures and variables of detect module are listed below.

Table 9-62 Structures of detect module [1/2] (rm_motor_angle_api.h)

sensors)

Structure Member Description
motor_angle cfg_t *p_context Address of context data of detection of
angle/speed module
*p_extend Address of extended configuration data to
refer
motor_angle_current_t id d-axis electrical current [A]
iq g-axis electrical current [A]
motor_angle_voltage_reference_t | vd d-axis voltage reference [V]
\Ys| g-axis voltage reference [V]
motor_angle_ad_data_t sin_ad_data sin signal data of induction sensor

(No use in vector control with hall

cos_ad_data

cos signal data of induction sensor

sensors)

motor_angle_encoder_info_t

e_adjust_status

Draw in status at start up

(No use in vector control with hall

ul_adjust_count_full

Flag of counter full about time manage at
start up

e_open_loop_status

Open loop status of induction calibration

f_openloop_speed

Speed of open loop at induction
calibration

f_openloop_id_ref

d-axis current of open loop at induction
calibration
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Table 9-63 Structures of detect module [2/2] (rm_motor_angle_api.h)

Structure Member Description
motor_angle_api_t *open Function address to open module
*close Function address to close module
*reset Function address to reset module
*currentSet Function address to set current data
*speedSet Function address to set speed (electrical) [rad/s]
data
*flagPiCtrISet Function address to set a flag of start PI control

*internalCalculate

Function address to perform internal calculation
(Unsupported in vector control with hall sensors)

*angleSpeedGet

Function address to get rotation speed and rotor
angle

*angleAdjust

Function address to perform draw in at start up
(Unsupported in vector control with hall sensors)

*encoderCyclic

Function address to perform cyclic process of
encoder (Unsupported in vector control with hall
sensors)

*cyclicProcess

Function address to perform cyclic process
(Unsupported in vector control with hall sensors)

*sensorDataSet

Function address to set induction sensor data
(Unsupported in vector control with hall sensors)

*estimatedComponentGet

Function address to get estimated component

*infoGet

Function address to get information about
induction calibration (Unsupported in vector
control with hall sensors)

*parameterUpdate Function address to update configuration

motor_angle_instance_t | *p_ctrl Address of structure to be used in the module
*p_cfg Address of structure of configuration data
*p_api Address of structure of API functions
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Table 9-64 Structures of detect module (rm_motor_sense_hall.h)

Structure Member Description
g]u(?[tcir_sense_hall_ln f4_ref_speed_rad_ctrl Internal speed reference (electrical) [rad/s]

motor_sense_hall_e | port_hall_sensor_u

Port number of hall sensor U phase

xtended_cfg_t port_hall_sensor_v

Port number of hall sensor V phase

port_hall_sensor_w

Port number of hall sensor W phase

ul hall_pattern

Array of motor hall pattern

f pwm_carrier_freq

Frequency of PWM carrier [kHZz]

f _angle_correct

Correction of rotor angle [rad]

ul_trigger_hall_signal_count

Counts to judge motor rotation

f4_target pseudo_speed_rad

Target pseudo speed (electrical) [rad/s]

f4_reach_time_msec

Time to reach pseudo speed [ms]

u2_trigger_carrier_count

Estimated speed 0 until this trigger

u2_default_counts

Default counts for period of hall signal to
reset

u2_maximum_period

Maximum counts of hall signal period

ul_hall_polepairs

Hall pole pairs

f4_start_speed_rad

Speed to judge start (electrical) [rad/s]

motor_sense_hall_in | open

Module opend information

stance_ctrl_t ul_hall_signal

Detected hall pattern

ul_last_hall_signal

Previous detected hall pattern

direction

Rotation direction

last_direction

Previous rotation direction

u2_carrier_count

Counter of carrier interrupt

u2_hall_period

Measured period of hall signal change

ul_period_counter

Counter to measure the period

f_angle

Detected rotor angle [rad]

f_angle_per_count

Angle change per carrier period

f _calculated_speed

Calculated rotation speed (electrical) [rad/s]

ul_hall_signal_memory

Memorized hall pattern at startup

hall_signal_status

Hall signal captured status

ul_hall_signal_count

Rotation counter

f4_pseudo_speed _rad

Pseudo speed at startup (electrical) [rad/s]

f4_add_pseudo_speed rad

Additional step of pseudo speed (electrical)
[rad/s]

u2_startup_carrier_count

Counter of carrier interrupt at startup

st_input

Structure of input data

ul_startup_flag

The flag to judge startup

*p_cfg

Address of structure of module configuration
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9.10.5 Macro and enumeration definition
The macros and enumerations for detect module are listed below.

Table 9-65 List of macros of detect module

File name

Name of MACRO

Defined value

Description

rm_motor_sense
_hall.c

MOTOR_SENSE_HALL_OPE
N

(M << 24V) | (T
<< 16U) | (S' <<
8U) | (H' << 0U)

Module opened information

MOTOR_SENSE_HALL_TWO

2.0F *

PI 3.1415926535F 2m

MOTOR_SENSE
l\EAg;gE —SENSE_HALL_30D _HALL_TWOPI /| 2m/12

12.0F
MOTOR_SENSE_HALL_60D
EGREE 60.0F 60
MOTOR_SENSE_HALL_360
DEGREE 360.0F 360
MOTOR_SENSE_HALL U_S 5 Signal shifting value to make
HIFT hall pattern for U phase
MOTOR_SENSE_HALL_V_S 1 Signal shifting value to make
HIFT hall pattern for V phase
MOTOR_SENSE_HALL_CAL . _
CULATE_KHZ 1000.0F Conversion kHz=>Hz
MOTOR_SENSE_HALL_CAL . _
CULATE_MSEC 1000.0F Conversion second => msec
MOTOR_SENSE_HALL_FLA 1 Set afla
G_SET 9
MOTOR_SENSE_HALL_FLA

= - - 0 Clea a flag

G_CLEAR
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Table 9-66 List of enumeration of detect module (rm_motor_angle_api.h)

Enumeration Member Value | Description
motor_sense_encod | MOTOR_SENSE_ENCODE Draw in 90-dearee direction at start
er_angle_adjust_t R_ANGLE_ADJUST 90 DE |1 N 9
) GREE P
(No use in vector
control with hall MOTOR_SENSE_ENCODE
sensors) R_ANGLE_ADJUST 0 DEG | 2 Draw in O degree direction at start up
REE
MOTOR_SENSE_ENCODE 3 Draw in finished
R_ANGLE_ADJUST_FINISH
MOTOR_SENSE_ENCODE
R_ANGLE_ADJUST OPENL | 4 Open loop at induction calibration
OOP
motor_angle open_ | | MOTOR_ANGLE_OPEN_LO 0 Open loop is inactive at Induction
oop_t OP_INACTIVE calibration
(No use In vector MOTOR_ANGLE_OPEN_LO Open loop is active at induction
control with hall OP_ACTIVE 1 calibration
sensors) -
motor_angle _error t | MOTOR_ANGLE_ERROR _ . . L
0 Induction calibration is success
. NONE
(No use in vector
control with hall MOTOR_ANGLE_ERROR_I 1 Induction calibration is error
sensors) NDUCTION

Table 9-67 List of enumeration of detect module (rm_motor_sense_hall.h)

Enumeration Member Value | Description
motor_sense_hall di | MOTOR_SENSE_HALL DIR | 1 Rotation direction clockwise
rection_t ECTION_CW
MOTOR_SENSE_HALL_DIR | 0 Rotation direction counter clockwise
ECTION_CCW
motor_sense_hall_si | MOTOR_SENSE_HALL SIG | 1 Hall sianal isn't captured
gnal_status_t NAL STATUS_INITIAL 9 P
MOTOR_SENSE_HALL_SIG | 0 Hall signal is captured
NAL STATUS_CAPTURED 9 P
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10. Setting the parameters

10.1 Overview

In this sample program, initial data of each module can be set by FSP configurator. Set values are
automatically reflected to common_data.c/h and hal_data.c/h at code generation. Set values are also
included to need parameters of each module at initial process (open process).

A part of parameter can be changed by RMW. Target parameters are listed in “9.5.3". How to change values
is referred to RMW manual.

10.2 List of Interface module parameters

The changeable parameters that are used in Interface module are listed in Table 10-1. And initial value are
listed in Table 10-2 and Table 10-3. Setting can be changed in “Property” TAB on e? studio FSP. About other
modules, same method can be used.

Table 10-1 Configuration Options (rm_motor_hall)

Option name Description

Limit of over current (A) When electric current over this value, PWM ports are set to OFF.

Limit of over voltage (V) When entered inverter bus voltage over this value, PWM ports are set
to OFF.

Limit of over speed (rpm) When rotation speed over this value, PWM ports are set to OFF.

Limit of low voltage (V) When entered inverter bus voltage below this value, PWM ports are set
to OFF.

Callback Callback function to be called at Speed/Current cyclic process.

Table 10-2 Initial value of configuration options [1/2] (rm_motor_hall)

Option name RA6T2 RA6T3 RA4T1
Limit of over current (A) 1.13 1.13 1.13
Limit of over voltage (V) 60.0 60.0 60.0
Limit of over speed (rpm) 4500.0 4500.0 4500.0
Limit of low voltage (V) 8.0 8.0 8.0
Callback mtr_callback_event | mtr_callback _event | mtr_callback event

Table 10-3 Initial value of configuration options [2/2] (rm_motor_hall)

Option name RA8T1 RA8T2
Limit of over current (A) 1.13 1.13
Limit of over voltage (V) 60.0 60.0
Limit of over speed (rpm) 4500.0 4500.0
Limit of low voltage (V) 8.0 8.0
Callback mtr_callback_event | mtr_callback_event
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10.3 List of Speed control module parameters

The changeable parameters that are used in speed control module and these initial values are listed below.

Table 10-4 Configuration Options (rm_motor_speed)

Options

Description

Common | Position support

Support position control

General | Speed control period (sec)

The period of speed control process [sec].

General | Step of speed climbing (rpm)

The step of speed fluctuation (mechanical) [rpm].
Program controls speed by this step at acceleration
and deceleration.

General | Maximum rotational speed (rpm)

Maximum rotational speed (mechanical) [rpm]

General | Speed LPF omega

Speed LPF parameter omega [Hz].

General | Limit of g-axis current (A)

Limit of g-axis current [A].

General | Step of speed feedback at open-loop

Rate of reference speed for feedback speed limiter at
Open loop.

General | Natural frequency

Natural frequency for disturbance speed observer.

General | Open-loop damping

Select enable/disable of damping control at Open
loop.

General | Flux weakening

Select enable/disable of flux weakening control at
high speed.

General | Torque compensation for sensorless
transition

Select enable/disable of soft switching at the
transition from Open loop to PI control.

General | Speed observer

Select enable/disable of speed observer process

General | Selection of speed observer

Select the method of speed observer

General | Control method

Select the position control method.

Open-Loop | Step of d-axis current climbing

The d-axis current reference ramping up rate
[A/msec].

Open-Loop | Step of d-axis current descending

The d-axis current reference ramping down rate
[A/msec].

Open-Loop | Step of g-axis current descending
ratio

The g-axis current reference ramping down
proportion to reference before open loop [A/msec].

Open-Loop | Reference of d-axis current

The d-axis current reference in open loop drive [A].

Open-Loop | Threshold of speed control
descending

The speed threshold to ramp down the d-axis current
(mechanical) [rpm].

Open-Loop | Threshold of speed control
climbing

The speed threshold to ramp up the d-axis current
(mechanical) [rpm].

Open-Loop | Period between open-loop to
BEMF (sec)

Time to switch open loop to sensorless [sec].

Open-Loop | Phase error(degree) to decide
sensor-less switch timing

Phase error to decide sensorless switch timing
(electrical angle) [degree].

Design parameter | Speed Pl loop omega

Speed PI Control parameter omega.

Design parameter | Speed PI loop zeta

Speed PI Control parameter zeta.

Design parameter | Estimated d-axis HPF
omega

Natural frequency [Hz] for HPF in open loop damping
gain design.

Design parameter | Open-loop damping zeta

Damping ratio for open loop damping gain design.

Design parameter | Cutoff frequency of phase
error LPF

The cut-off frequency [Hz] of phase error LPF gain
design.

Design parameter | Speed observer omega

Speed observer omega.

Design parameter | Speed observer zeta

Speed observer zeta.

Motor Parameter | Pole pairs

Pole pairs of target motor.

Motor Parameter | Resistance (ohm)

Resistance of motor [ohm].

Motor Parameter | Inductance of d-axis (H)

D-axis inductance [H].

Motor Parameter | Inductance of g-axis (H)

Q-axis inductance [H].

Motor Parameter | Permanent magnetic flux
(Wb)

Magnetic flux [Wb].

Motor Parameter | Rotor inertia (kgm”"2)

Rotor inertia [kgm”2].
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Table 10-5 Configuration Options initial value [1/2] (rm_motor_speed)

Options RAG6T2 RA6T3 RA4T1
Common | Position support - - -
General | Speed control period (sec) 0.0005 0.0005 0.001
General | Step of speed climbing (rpm) 0.5 0.5 1.0
General | Maximum rotational speed (rpm) 2400.0 2400.0 2400.0
General | Speed LPF omega 10.0 10.0 10.0
General | Limit of g-axis current (A) 1.13 1.13 1.13
General | Step of speed feedback at open-loop 0.2 0.2 0.2
General | Natural frequency 100.0 100.0 100.0
General | Open-loop damping Disable Disable Disable
General | Flux weakening Disable Disable Disable
General | Torque compensation for sensorless Disable Disable Disable
transition

General | Speed observer - - -
General | Selection of speed observer - - -
General | Control method - - -
Open-Loop | Step of d-axis current climbing 0.3 0.3 0.6
Open-Loop | Step of d-axis current descending 0.3 0.3 0.6
Open-Loop | Step of g-axis current descending 1.0 1.0 1.0
ratio

Open-Loop | Reference of d-axis current 0.3 0.3 0.3
Open-Loop | Threshold of speed control 500.0 500.0 500.0
descending

Open-Loop | Threshold of speed control climbing 400.0 400.0 400.0
Open-Loop | Period between open-loop to BEMF 0.025 0.025 0.025
(sec)

Open-Loop | Phase error(degree) to decide 10.0 10.0 10.0
sensor-less switch timing

Design parameter | Speed Pl loop omega 3.0 3.0 3.0
Design parameter | Speed Pl loop zeta 1.0 1.0 1.0
Design parameter | Estimated d-axis HPF omega 2.5 2.5 2.5
Design parameter | Open-loop damping zeta 1.0 1.0 1.0
Design parameter | Cutoff frequency of phase error | 10.0 10.0 10.0
LPF

Design parameter | Speed observer omega - - -
Design parameter | Speed observer zeta - - -
Motor Parameter | Pole pairs 4 4 4
Motor Parameter | Resistance (ohm) 1.32 1.32 1.32
Motor Parameter | Inductance of d-axis (H) 0.0021 0.0021 0.0021
Motor Parameter | Inductance of g-axis (H) 0.0021 0.0021 0.0021
Motor Parameter | Permanent magnetic flux (Wb) 0.0115 0.0115 0.0115
Motor Parameter | Rotor inertia (kgm”2) 0.0000032 0.0000032 0.0000032
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Table 10-6 Configuration Options initial value [2/2] (rm_motor_speed)

Options RA8T1 RA8T2
Common | Position support - -
General | Speed control period (sec) 0.0005 0.0005
General | Step of speed climbing (rpm) 0.5 0.5
General | Maximum rotational speed (rpm) 2400.0 2400.0
General | Speed LPF omega 10.0 10.0
General | Limit of g-axis current (A) 1.13 1.13
General | Step of speed feedback at open-loop 0.2 0.2
General | Natural frequency 100.0 100.0
General | Open-loop damping Disable Disable
General | Flux weakening Disable Disable
General | Torque compensation for sensorless transition Disable Disable
General | Speed observer - -
General | Selection of speed observer - -
General | Control method - -
Open-Loop | Step of d-axis current climbing 0.3 0.3
Open-Loop | Step of d-axis current descending 0.3 0.3
Open-Loop | Step of g-axis current descending ratio 1.0 1.0
Open-Loop | Reference of d-axis current 0.3 0.3
Open-Loop | Threshold of speed control descending 500.0 500.0
Open-Loop | Threshold of speed control climbing 400.0 400.0
Open-Loop | Period between open-loop to BEMF (sec) 0.025 0.025
Open-Loop | Phase error(degree) to decide sensor-less 10.0 10.0
switch timing

Design parameter | Speed Pl loop omega 3.0 3.0
Design parameter | Speed PI loop zeta 1.0 1.0
Design parameter | Estimated d-axis HPF omega 25 25
Design parameter | Open-loop damping zeta 1.0 1.0
Design parameter | Cutoff frequency of phase error LPF 10.0 10.0
Design parameter | Speed observer omega - -
Design parameter | Speed observer zeta - -

Motor Parameter | Pole pairs 4 4
Motor Parameter | Resistance (ohm) 1.32 1.32
Motor Parameter | Inductance of d-axis (H) 0.0021 0.0021
Motor Parameter | Inductance of g-axis (H) 0.0021 0.0021
Motor Parameter | Permanent magnetic flux (Wb) 0.0115 0.0115
Motor Parameter | Rotor inertia (kgm”2) 0.0000032 0.0000032
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10.4 List of Current control module parameters
The changeable parameters that are used in current control module and these initial values are listed below.

Table 10-7 Configuration options of current control (rm_motor_current)

Option name

Description

General | Shunt type

Selects how many shunt resistances to use
current detection.

General | Current control decimation

Counts of decimation about current control
period interrupt

General | PWM carrier frequency (kHz)

PWM carrier frequency [kHz]

General | Input voltage (V)

Input voltage [V]

General | Sample delay compensation

Selects whether to “enable” or “disable” sample
delay compensation

General | Period magnification value

Period magnification value for sampling delay
compensation.

General | Voltage error compensation

Selects whether to “enable” or “disable” voltage
error compensation.

General | Voltage error compensation table of
voltage 1

Table of voltage error compensation about
voltage #1

General | Voltage error compensation table of
voltage 2

Table of voltage error compensation about
voltage #2

General | Voltage error compensation table of
voltage 3

Table of voltage error compensation about
voltage #3

General | Voltage error compensation table of
voltage 4

Table of voltage error compensation about
voltage #4

General | Voltage error compensation table of
voltage 5

Table of voltage error compensation about
voltage #5

General | Voltage error compensation table of
current 1

Table of voltage error compensation about
current #1

General | Voltage error compensation table of
current 2

Table of voltage error compensation about
current #2

General | Voltage error compensation table of
current 3

Table of voltage error compensation about
current #3

General | Voltage error compensation table of
current 4

Table of voltage error compensation about
current #4

General | Voltage error compensation table of
current 5

Table of voltage error compensation about
current #5

Design Parameter | Current Pl loop omega

Current PI control omega parameter [Hz].

Design Parameter | Current Pl loop zeta

Current PI control zeta parameter.

Motor Parameter | Pole pairs

Pole pairs of target motor.

Motor Parameter | Resistance (ohm)

Resistance of motor [ohm].

Motor Parameter | Inductance of d-axis (H)

D-axis inductance [H].

Motor Parameter | Inductance of g-axis (H)

Q-axis inductance [H].

Motor Parameter | Permanent magnetic flux (Wb)

Magnetic flux [Wb].

Motor Parameter | Rotor inertia (kgm”"2)

Rotor inertia [kgm”2].
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Table 10-8 Configuration Options initial value [1/2] (rm_motor_current)

Option name RA6T2 RA6T3 RA4T1
General | Shunt type 2shunt 2shunt 2shunt
General | Current control decimation 0 0 1
General | PWM carrier frequency (kHz) 20.0 20.0 20.0
General | Input voltage (V) 24.0 24.0 24.0
General | Sample delay compensation Enable Enable Enable
General | Period magnification value 15 15 2.0
General | Voltage error compensation Enable Enable Enable
General | Voltage error compensation table of | 0.477 0.477 0.477
voltage 1
General | Voltage error compensation table of | 0.742 0.742 0.742
voltage 2
General | Voltage error compensation table of | 0.892 0.892 0.892
voltage 3
General | Voltage error compensation table of | 0.979 0.979 0.979
voltage 4
General | Voltage error compensation table of | 1.009 1.009 1.009
voltage 5
General | Voltage error compensation table of | 0.021 0.021 0.021
current 1
General | Voltage error compensation table of | 0.034 0.034 0.034
current 2
General | Voltage error compensation table of | 0.064 0.064 0.064
current 3
General | Voltage error compensation table of | 0.158 0.158 0.158
current 4
General | Voltage error compensation table of | 0.400 0.400 0.400
current 5
Design Parameter | Current Pl loop omega 300.0 300.0 300.0
Design Parameter | Current Pl loop zeta 1.0 1.0 1.0
Motor Parameter | Pole pairs 4 4 4
Motor Parameter | Resistance (ohm) 1.32 1.32 1.32
Motor Parameter | Inductance of d-axis (H) 0.0021 0.0021 0.0021
Motor Parameter | Inductance of g-axis (H) 0.0021 0.0021 0.0021
Motor Parameter | Permanent magnetic flux (Wb) | 0.0115 0.0115 0.0115
Motor Parameter | Rotor inertia (kgm*2) 0.0000032 0.0000032 0.0000032
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Table 10-9 Configuration Options initial value [2/2] (rm_motor_current)

Option name RA8T1 RA8T2
General | Shunt type 2shunt 2shunt
General | Current control decimation 0 0
General | PWM carrier frequency (kHz) 20.0 20.0
General | Input voltage (V) 24.0 24.0
General | Sample delay compensation Enable Enable
General | Period magnification value 15 15
General | Voltage error compensation Enable Enable
General | Voltage error compensation table of voltage 1 0.477 0.477
General | Voltage error compensation table of voltage 2 0.742 0.742
General | Voltage error compensation table of voltage 3 0.892 0.892
General | Voltage error compensation table of voltage 4 0.979 0.979
General | Voltage error compensation table of voltage 5 1.009 1.009
General | Voltage error compensation table of current 1 0.021 0.021
General | Voltage error compensation table of current 2 0.034 0.034
General | Voltage error compensation table of current 3 0.064 0.064
General | Voltage error compensation table of current 4 0.158 0.158
General | Voltage error compensation table of current 5 0.400 0.400
Design Parameter | Current Pl loop omega 300.0 300.0
Design Parameter | Current Pl loop zeta 1.0 1.0
Motor Parameter | Pole pairs 4 4
Motor Parameter | Resistance (ohm) 1.32 1.32
Motor Parameter | Inductance of d-axis (H) 0.0021 0.0021
Motor Parameter | Inductance of g-axis (H) 0.0021 0.0021
Motor Parameter | Permanent magnetic flux (Wb) 0.0115 0.0115
Motor Parameter | Rotor inertia (kgm*2) 0.0000032 0.0000032
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10.5 List of Driver module parameters
The changeable parameters that are used in driver control module and these initial values are listed below.

Table 10-10 Configuration options of driver module [1/2] (rm_motor_driver)

Option name Description

Common | ADC_B Support ADC_B module support

Common | Shared ADC support Selection of using shared ADC module

Common | Supported Motor Number Number of driven motors

General | Shunt type Current detection method selection

General | Modulation method Selection of the method of modulation

General | PWM output port UP Port setting of U phase upper arm

General | PWM output port UN Port setting of U phase lower arm

General | PWM output port VP Port setting of V phase upper arm

General | PWM output port VN Port setting of V phase lower arm

General | PWM output port WP Port setting of W phase upper arm

General | PWM output port WN Port setting of W phase lower arm

General | PWM Timer Frequency (MHz) PWM Timer Clock Frequency [MHZz]

General | PWM Carrier Period (Microseconds) PWM Carrier Period [ps]

General | Dead Time (Raw Counts) PWM Dead time [raw counts]

General | Current Range (A) Measurement Range of Electric current [A]

General | Voltage Range (V) Measurement Range of Inverter Voltage [V]

General | Counts for current offset measurement Counts of measurement the offset of A/D
Conversion at electric current input.

General | A/D conversion channel for U Phase A/D channel for U-phase current

current

General | A/D conversion channel for W Phase A/D channel for W-phase current

current

General | A/D conversion channel for Main Line A/D channel for inverter bus voltage

Voltage

General | A/D conversion channel for V Phase A/D channel for V-phase current

current

General | A/D conversion channel for sin signal A/D channel for sin signal

General | A/D conversion channel for cos signal A/D channel for cos signal

General | Using ADC scan group Set ADC scan group according to ADC module
setting.

General | A/D conversion unit for U Phase current Select the A/D conversion module for U phase
current

General | A/D conversion unit for W Phase current Select the A/D conversion module for W phase
current

General | A/D conversion unit for main line voltage Select the A/D conversion module for inverter
bus voltage

General | A/D conversion unit for V Phase current Select the A/D conversion module for V phase
current
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Table 10-11 Configuration options of driver module [2/2] (rm_motor_driver)

Option name Description
General | A/D conversion unit for sin signal Select the A/D conversion module for sin signal
General | A/D conversion unit for cos signal Select the A/D conversion module for cos signal
General | ADC interrupt module Select from which module ADC interrupt happens
General | Adjustment value to current A/D Current A/D timing adjustment (for 1shunt)
General | Minimum difference of PWM duty Minimum difference of PWM duty setting (for 1shunt)
General | Adjustment delay of A/D conversion | A/D conversion delay timing adjustment (for 1shunt)
General | 1shunt interrupt phase Which phase is used to detect 1shunt current

(for 1shunt)
General | Input Voltage (V) Range of input for inverter bus voltage
General | Resolution of A/D conversion Resolution of A/D conversion

Please set same value with ADC module setting.
General | Offset of A/D conversion for current Offset level of A/D conversion input for current
Please set according to the circuit.

General | Conversion level of A/D conversion Conversion level of A/D conversion for voltage

for voltage Please set when the MCU main voltage is different.
General | GTIOCA stop level Output level of upper arm at stop status

General | GTIOCB stop level Output level of lower arm at stop status

Modulation | Maximum duty Maximum duty of PWM

Maximum duty except dead time.
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Table 10-12 Configuration Options initial value [1/4] (rm_motor_driver)

Option name RA6T2 RA6T3 RA4T1

Common | ADC_B Support Enabled - -

Common | Shared ADC support Disabled Disabled Disabled

Common | Supported Motor Number 1 1 1

General | Shunt type 2shunt 2shunt 2shunt

General | Modulation method SVPWM SVPWM SVPWM

General | PWM output port UP BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
11 PIN_04 04 _PIN_09 _04_PIN_09

General | PWM output port UN BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11 PIN_O05 04 _PIN_08 04 _PIN_08

General | PWM output port VP BSP_1I0_PORT | BSP_IO_PORT | BSP_IO_PORT
_11 PIN_06 _01_PIN_03 _01_PIN_03

General | PWM output port VN BSP_1I0_PORT | BSP_IO_PORT | BSP_IO_PORT
_11 PIN_O7 _01_PIN_02 _01_PIN_02

General | PWM output port WP BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11 PIN_08 _01 PIN_11 _01 PIN_11

General | PWM output port WN BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11 PIN_09 _01 PIN_12 _01 PIN_12

General | PWM Timer Frequency (MHz) 120 100 100

General | PWM Carrier Period 50 50 50

(Microseconds)

General | Dead Time (Raw Counts) 240 200 200

General | Current Range (A) 16.5 16.5 16.5

General | Voltage Range (V) 73.51 73.51 73.51

General | Counts for current offset 500 500 500

measurement

General | A/D conversion channel for U 4 0 0

Phase current

General | A/D conversion channel for W 0 2 2

Phase current

General | A/D conversion channel for Main Ver.1l: 6 4 4

Line Voltage Ver.2: 7

General | A/D conversion channel for V - - -

Phase current

General | A/D conversion channel for sin - - -

signal

General | A/D conversion channel for cos - - -

signal

General | Using ADC scan group 0 - -

General | A/D conversion unit for U Phase - 0 0

current

General | A/D conversion unit for W Phase - 0 0

current

General | A/D conversion unit for main line - 0 0

voltage
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Table 10-13 Configuration Options initial value [2/4] (rm_motor_driver)

Option name RA8T1 RA8T2

Common | ADC_B Support - Enabled

Common | Shared ADC support Disabled Disabled

Common | Supported Motor Number 1 1

General | Shunt type 2shunt 2shunt

General | Modulation method SVPWM SVPWM

General | PWM output port UP BSP_IO_PORT BSP_IO_PORT
_01_PIN_15 _06_PIN_05

General | PWM output port UN BSP_IO_PORT BSP_IO_PORT
_06_PIN_09 _06_PIN_04

General | PWM output port VP BSP_IO_PORT BSP_IO_PORT
_01_PIN_13 _06_PIN_03

General | PWM output port VN BSP_IO_PORT BSP_IO_PORT
_01_PIN_14 _06_PIN_02

General | PWM output port WP BSP_IO_PORT BSP_IO_PORT
_03_PIN_00 _06_PIN_12

General | PWM output port WN BSP_IO_PORT BSP_IO_PORT
_01_PIN_12 _06_PIN_13

General | PWM Timer Frequency (MHz) 120 250

General | PWM Carrier Period (Microseconds) 50 50

General | Dead Time (Raw Counts) 240 500

General | Current Range (A) 16.5 16.5

General | Voltage Range (V) 73.51 73.51

General | Counts for current offset measurement 500 500

General | A/D conversion channel for U Phase current | O 6

General | A/D conversion channel for W Phase current | 2 10

General | A/D conversion channel for Main Line 8 7

Voltage

General | A/D conversion channel for V Phase current | - -

General | A/D conversion channel for sin signal - -

General | A/D conversion channel for cos signal - -

General | Using ADC scan group - 0

General | A/D conversion unit for U Phase current 0 -

General | A/D conversion unit for W Phase current 0 -

General | A/D conversion unit for main line voltage 0 -
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Table 10-14 Configuration Options initial value [3/4] (rm_motor_driver)

Option name RA6T2 RA6T3 RA4T1
General | A/D conversion unit for V Phase - - -
current
General | A/D conversion unit for sin signal - - -
General | A/D conversion unit for cos signal - - -
General | ADC interrupt module - 1st 1st
General | Adjustment value to current A/D - - -
General | Minimum difference of PWM duty - - -
General | Adjustment delay of A/D conversion - - -
General | 1shunt interrupt phase - - -
General | Input Voltage (V) 24.0 24.0 24.0
General | Resolution of A/D conversion OxFFF OXFFF OxFFF
General | Offset of A/D conversion for current Ox7FF OX7FF Ox7FF
General | Conversion level of A/D conversion for | 1.0 1.0 1.0
voltage
General | GTIOCA stop level Pin Level Low Pin Level Low Pin Level Low
General | GTIOCB stop level Pin Level High Pin Level High Pin Level High
Modulation | Maximum duty 0.9375 0.9375 0.9375
Table 10-15 Configuration Options initial value [4/4] (rm_motor_driver)
Option name RA8T1 RA8T2

General | A/D conversion unit for V Phase current - -
General | A/D conversion unit for sin signal - -
General | A/D conversion unit for cos signal - -
General | ADC interrupt module 1st -
General | Adjustment value to current A/D - -
General | Minimum difference of PWM duty - -
General | Adjustment delay of A/D conversion - -
General | 1shunt interrupt phase - -

General | Input Voltage (V) 24.0 24.0
General | Resolution of A/D conversion OXFFF OxFFF
General | Offset of A/D conversion for current OX7FF Ox7FF
General | Conversion level of A/D conversion for 1.0 1.0

voltage

General | GTIOCA stop level

Pin Level Low

Pin Level Low

General | GTIOCB stop level

Pin Level High

Pin Level High

Modulation | Maximum duty

0.9375

0.9375
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10.6 List of Detect speed and angle module parameters
The changeable parameters that are used in detect speed and angle module and these initial values are

listed below.

Table 10-16 Configuration options of detect module (rm_motor_sense_hall)

Option name

Description

Hall sensor | U phase input port

Port number of hall sensor input for U phase

Hall sensor | V phase input port

Port number of hall sensor input for V phase

Hall sensor | W phase input port

Port number of hall sensor input for W phase

Hall sensor | sensor pattern #1

Hall pattern #1

Hall sensor | sensor pattern #2

Hall pattern #2

Hall sensor | sensor pattern #3

Hall pattern #3

Hall sensor | sensor pattern #4

Hall pattern #4

Hall sensor | sensor pattern #5

Hall pattern #5

Hall sensor | sensor pattern #6

Hall pattern #6

Process Frequency (kHz)

PWM carrier frequency [kHz]

Correction parameter of rotor angle

Correct value of rotor angle [rad]

Default counts of carrier interrupt

Default counts for period of hall signal to reset

Maximum counts of one rotation

Maximum counts of hall signal period

Target value for pseudo speed (rad/s)

Target value for pseudo speed (electrical) [rad/s]

(msec)

Target time until the pseudo speed update reaches

Time to reach pseudo speed [msec]

Rotation counts to start speed estimation

Counts to judge motor rotation

Carrier counts at startup

Counts of carrier interrupt at startup

Speed to judge start

Rotation speed to judge rotation started
(electrical) [rad/s]
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Table 10-17 Configuration Options initial value [1/2] (rm_motor_sense_hall)

Option name RA6T2 RA6T3 RA4T1
Ver.1: BSP_IO_PORT BSP_IO_PORT
BSP_IO_PORT _00_PIN_08 _00_PIN_08
. 12 _PIN_04
Hall sensor | U phase input port Ver? -
BSP_IO_PORT
_11 PIN_02
Ver.1: BSP_IO_PORT BSP_IO_PORT
BSP_IO_PORT _00_PIN_06 _00_PIN_06
. 12_PIN_05
Hall sensor | V phase input port Ver2 -
BSP_IO_PORT
_12 PIN_00
Ver.1: BSP_IO_PORT BSP_IO_PORT
BSP_1I0_PORT _00_PIN_15 _00_PIN_15
. 11 PIN_O1
Hall sensor | W phase input port Ver2 -
BSP_IO_PORT
11 PIN_10
Hall sensor | sensor pattern #1 1 1 1
Hall sensor | sensor pattern #2 5 5 5
Hall sensor | sensor pattern #3 4 4 4
Hall sensor | sensor pattern #4 6 6 6
Hall sensor | sensor pattern #5 2 2 2
Hall sensor | sensor pattern #6 3 3 3
Process Frequency (kHz) 20.0 20.0 10.0
Correction parameter of rotor angle 0.4 0.4 0.4
Default counts of carrier interrupt 300 300 300
Maximum counts of one rotation 500 500 500
Target value for pseudo speed (rad/s) 100.0 100.0 100.0
Target time until the pseudo speed 300.0 300.0 600.0
update reaches (msec)
Rotation counts to start speed estimation | 2 2 2
Carrier counts at startup 400 400 400
Speed to judge start 250.0 250.0 250.0
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Table 10-18 Configuration Options initial value [2/2] (rm_motor_sense_hall)

Option name RA8T1 RA8T2

Hall sensor | U phase input port BSP_IO_PORT BSP_IO_PORT
_09_PIN_07 _10_PIN_08

Hall sensor | V phase input port BSP_IO_PORT BSP_IO_PORT
_09_PIN_05 _10_PIN_10

Hall sensor | W phase input port BSP_IO_PORT BSP_IO_PORT
_09_PIN_06 _10_PIN_09

Hall sensor | sensor pattern #1 1 1

Hall sensor | sensor pattern #2 5 5

Hall sensor | sensor pattern #3 4 4

Hall sensor | sensor pattern #4 6 6

Hall sensor | sensor pattern #5 2 2

Hall sensor | sensor pattern #6 3 3

Process Frequency (kHz) 20.0 20.0

Correction parameter of rotor angle 0.4 0.4

Default counts of carrier interrupt 300 300

Maximum counts of one rotation 500 500

Target value for pseudo speed (rad/s) 100.0 100.0

Target time until the pseudo speed update 300.0 300.0

reaches (msec)

Rotation counts to start speed estimation 2 2

Carrier counts at startup 400 400

Speed to judge start 250.0 250.0
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10.7 Parameters about protection function

rm_motor_hall / Limit of over current
Set the threshold to judge overcurrent. Actual value is calculated by “input value * sqrt(2) * 1.5".

rm_motor_hall / Limit of over voltage
Set the threshold to judge over voltage error. Please select reasonable value with your environment.

rm_motor_hall / Limit of low voltage
Set the threshold to judge low voltage error. Please select reasonable value with your environment.

10.8 Changing the PWM carrier frequency
If you want to change PWM carrier frequency, please change below items.

rm_motor_driver / PWM Carrier Period
Set the period of PWM carrier.

rm_motor_current / PWM carrier frequency
Set the frequency of PWM carrier.

rm_motor_sense_hall / Process Frequency (kHz)
Set the period of PWM carrier.

10.9 modulation method

In this sample program, one of two pulse-width modulation drive modes can be selected. The default is the
space vector PWM (MOD_METHOD_SVPWM). You can select the method at “Modulation method” option in
driver module.

If the pulse-width modulation drive mode is changed to sinusoidal PWM, the voltage utilization is limited to
86%, whereby the appropriate voltage cannot be output to the motor, and the inverter bus voltage must be
set higher to obtain the desired voltage. When space vector PWM is used, the voltage utilization is 100%
with respect to the inverter bus voltage.

rm_motor_driver / Maximum duty
Maximum duty of PWM. Please use default setting “0.9375” normally.
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10.10 Parameters for inverter

10.10.1 Deadtime

rm_motor_driver / Dead Time (Raw Counts)
Set dead time which is written in specification or design document about the inverter as counts of the timer
(GPT). For example, if the timer clock is “120[MHz]" and deadtime is “2[us]”, please set “240".

10.10.2 Current detection gain

rm_motor_driver / Current Range (A)
Set the range to detect electrical current. In the specification of MCILV-1, when 0.0 to 3.3[V] input, =
8.25[A] (peak to peak 16.5[A]) is detected. Please set value of “peak to peak”.

Table 10-19 Current signal specifications for MCI-LV-1

3-phase output current value ADC Input voltage value ADC conversion value
+8.25A 3.3v 4095

0A 1.65V 2047

-8.25A oV 0

MCI-LV-1 inverter’ s internal

i i
i — 0.0825 — 33V i — 4095 — 8.25A
i0.0lohm - i 0.0V # 1.65Vi # 2047 # i 0.0A
i 6,25 -0.0825V Y5y aftect 0.0v i 12bit ADC 0  Thschapers W g o5A
1 1

Figure 10-1 Current detection calculation flow

10.10.3 Voltage detection gain

rm_motor_driver / Voltage Range (V)
Set the value when maximum digits (12bit conversion : 4095) is detected, how match inverter bus voltage
is inputted. For MCI-LV-1, when ADC input is 3.3[V], detected voltage is correspond to 73.51[V] (this ratio
depends on circuit). Therefore, set “73.51" in this configuration.

Table 10-20 Inverter bus voltage signal specifications for MCI-LV-1

Inverter bus voltage value ADC Input voltage value | ADC conversion value
ov ov 0
73.51V 3.3V 4095
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10.10.4 Voltage error compensation parameters
Performing a switching test using an actual inverter, or creating a voltage compensation table using the
voltage error value for dead time obtained from the relationship between dead time and carrier period.
The relationship between current and voltage obtained in the switching test yields a configurable value for
a more effective voltage compensation table.

The limit of the compensation voltage value can be calculated by the following formula.

Compensation voltage limit = (carrier frequency [kHz] x dead time [us] + 1000) x inverter bus voltage
value

If the relationship between Iu and Vu (Iv-Vv, lw-Vw) cannot be obtained experimentally for the slope near
the zero cross, it is necessary to calculate the table by considering the above equation and the
characteristics of the main circuit.

Compensation voltage [V] 4 Limit

I »

! Y Current command
Interpolation current

and voltage data

Figure 10-2 Relationship between the compensation voltage value/limit and current command value

Table 10-21 Example of setting for compensation about current and voltage

rm_motor_current/\Voltage error | rm_motor_current/Voltage error
No. . )
compensation table of voltage compensation table of current
0 0.477 0.021
1 0.742 0.034
2 0.892 0.064
3 0.979 0.158
4 1.009 0.400
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10.11 Motor parameters

If motor parameter information is not available from the motor manufacturer, motor parameters R, Ld, and Lq
can be obtained simply by using an LCR meter. The inductive voltage can also be obtained simply by using
an oscilloscope. The methods described here are simplified methods that does not take into account
magnetic saturation or other phenomenon and is intended to turn the motor quickly, being subject to
individual differences and measurement errors. Therefore, when using the parameters in actual product
development, measurement should be performed using measurement equipment whose accuracy is
ensured.

The LCR meter should be calibrated periodically, and measurement should be made in a warm-up complete
state after at least 30 minutes of power on. In addition, perform open compensation and short compensation
in advance to reduce probe errors using the 4-terminal pair method. For details, refer to the LCR meter's
instruction manual.

Pole pairs
Set the number of pole pairs of the motor. The number of pole pairs is 1/2 the number of poles. Refer to the
motor specifications.

Resistance

For wiring when measuring with an LCR meter, select two of the motor's three-phase output wires U, V,
and W and connect the probes to them. To measure the resistance, use the DC resistance (DCR) mode.
Because the resistance value obtained is the composite resistance of the two phases, the resistance value of
the motor for one phase can be obtained by halving it. The unit is ohm.

Inductance of d-axis, Inductance of g-axis

For wiring when measuring with an LCR meter, select two of the motor's three-phase output wires U, V,
and W and connect the probes to them. For the measurement mode, use the series equivalent circuit mode
(Ls). For detailed measurement methods, refer to the LCR meter's instruction manual.

Turn the axis slowly and note down the maximum and minimum inductance values that are displayed. Here,
1/2 of the maximum value is Lg and 1/2 of the minimum value is Ld.

Set the obtained Ld and Lq. The unit is H (henry).

Rotor inertia

Specify the inertia (moment of inertia) of the motor's rotor and shaft. The unit is kg m2. Usually, you can find
a description in the documentation provided with the motor. If a load is installed, inertia on the load side
should also be added to the setting.

Nominal current
Specify the motor's rated current (RMS). The unit is ampere. It is indicated on the nameplate of the motor
or in the accompanying documentation.

Permanent magnetic flux

Select two of the motor's three-phase output wires U, V, and W and connect them to the oscilloscope. For
example, connect the oscilloscope probes to the U and V phases so that the voltages can be measured. The
U-V phase line voltage value can be obtained by connecting a motor that can rotate at the rated speed to the
end of the motor shaft and rotating it at the rated speed. Dividing the line voltage value by V3 gives the peak
value of inductive voltage per phase. You can obtain the magnetic flux linkage W from the equation of the
inductive voltage = wW. Convert the rated speed to the electrical angular speed frequency f[Hz], substitute w
with 21rf to make the inductive voltage = 2mif¥, rearrange the equation, substitute a value to obtain the
magnetic flux linkage WY[WDb].
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In cases where a motor cannot be mounted on the end of the shaft, a simple method of obtaining voltage
waveforms by quickly rotating the motor by hand can also be used. However, accuracy cannot be
guaranteed, and the method can only be used for test run purposes. When turned by hand, the voltage
waveform similar to the following image is obtained. In this case, select a cycle close to a constant speed
with a sine wave, and find the peak and cycle of the voltage.

Emf'peak[ V1

t[sec]

In this algorithm, the peak value must be converted to an RMS value. Therefore, divide it by V2 to obtain the
RMS value, Emf'ims.

A ! 1
Emf';s[V] = Emf peak[v] X ﬁ

To convert the obtained time t[sec] to Hz, apply the formula f'=1/t. Find the ratio of the obtained f[Hz] to the
electrical angular frequency [Hz] obtained from the rated speed of this IPM motor, and multiply the voltage
Emfrms[V] obtained simultaneously by the ratio.

electrical angular frequency[Hz]

f'[Hz]

Emf[V] = Emf’ . s[V] X

As a result, the inductive voltage [V] that is generated when this IPM motor rotates at its rated speed can be
determined simply. To determine the inductive voltage, it must be measured by rotating the motor shaft at
the rated speed using a load test device.

Next, the magnetic flux linkage W[Wb] is obtained from the inductive voltage. In general, inductive voltage
and magnetic flux linkage have the relationship as below. f is the electric angular frequency [Hz] at rated
speed.

Emf[V] = ¥ = 2nf¥

The magnetic flux linkage W[Wb] can be obtained by rearranging the equation and substituting the inductive
voltage Emf[V] obtained above and the electric angular frequency [Hz] during rated speed operation.

_ Emf[V]
T 2nf

Specify the obtained magnetic flux linkage W to Magnetic Flux of each module.
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10.12 Parameters for current control

rm_motor_current / Current Pl loop omega, rm_motor_current / Current Pl loop zeta

The control gain is adjusted by tuning the natural frequency for the current control system and the
attenuation coefficient for the current control system. Set the natural frequency for the current control system
in proportion to the frequency at which to perform current control. The natural frequency can be set to about
1/10 of the current control frequency (PWM carrier frequency). However, in many cases, a lower value may
be set with a margin in consideration of noise during position detection and current detection.

For example, if the current control frequency is 20 kHz (current control operates at 50 us intervals), you can
specify a current control system intrinsic frequency of 2 kHz because it can be set up to 1/10. In practice,
however, a high natural frequency may be too sensitive due to the electrical constants of the motor
parameters, and is often set at a frequency below 2 kHz (for example from 500 Hz to 1 kHz).

For the attenuation coefficient for the current control system, a value in the range from 0.7 to 1.0 is ordinarily
set. Setting a value nearer to 1.0 makes response more stable and moderate.

10.13 Parameters for speed control

rm_motor_speed/Speed Pl loop omega, rm_motor_speed/Speed PI loop zeta

In the speed control module, the control gain is adjusted by tuning the natural frequency for the speed
control system(Speed Pl loop omega) and the attenuation coefficient for the speed control system( Speed PI
loop zeta). Increasing the natural frequency for the speed control system improves the responsiveness,
expanding the following capability of the speed to the commanded speed. The maximum settable natural
frequency for speed control is limited to 1/3 of the maximum settable natural frequency for current control to
prevent interference with current control. If the natural frequency of the current control system is 500 Hz,
then 500 Hz/3 = 166 Hz.

For the attenuation coefficient for the speed control system, a value in the range from 0.7 to 1.0 is ordinarily
set. Setting a value nearer to 1.0 makes response more stable and moderate. Make adjustment while
checking the speed responsiveness.

rm_motor_speed/Step of speed climbing
Set the rate at which the speed increases (acceleration) when the speed command value is set. If set value
is big, speed increases faster. When “1” is set, the speed is increased by 1rpm per speed control period.

10.14 Parameters for sample delay compensation
rm_motor_current/Period magnification value

Set the value which compensates the period from current detection timing to PWM duty set timing.
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11. Control flowcharts

11.1 Main process

/ Main process \\
-

Initialization of FSP module

Initialization of main variables

User interface initialization

Initialization of communication
function for tools

Reset process

)4
[Board]
ul?
[Analyzer] \
Change the operation mode ofthe
\J motor from the SW state

Inputvarious parameters ‘

Command rotation speed
‘ determination

Change the operating mode of the
motor

‘ Command rotation speed setting

LED control

LED control

Figure 11-1 Main Process Flowchart
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11.2 Current Control Period Interrupt Process

( Current control period interrupt process )

Get U phase and W phase current

Get inverter bus voltage

Error check

Cancel current offset and V phase current
calculation

SYSTEM MODE

INACTIVE MODE

ACTIVE MODE

Current offset adjustment

Incompleted

Completed ?

Completed

(u,v,w) to (d,q) transform

Position and speed estimation

Current PI control

Decoupling control

Voltage limit

(d,q) to (u,v,w) transform

Voltage error compensation

PWM duty calculation

PWM register setting

U phase and W phase
current offset adjustment

Ce

Figure 11-2 Current control Period Interrupt Process Flowchart
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11.3 Speed control Period Interrupt Process

C Speed control period interrupt pmcess)

Phase error LPF

Speed LPF

[Incompleted]

Speed reference
Adjustment Completed ?

[Completed]

Speed reference setting

g-axis current reference setting

d-axis current reference setting

F

[Disable]

Flux weakening control enable?

[Enable]

Flux weakening control

= O

F Y

Figure 11-3 Speed Control Period Interrupt Process Flowchart
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11.4 Over Current Detection Interrupt Process

The overcurrent detection interrupt is an interrupt that occurs when an external overcurrent detection signal
is input. The PWM output terminal are put in the high impedance state. Therefore, at the start of execution of
this interrupt processing, the PWM output terminal is already in the high impedance state and the output to

the motor had been stopped.
( Over current detection interrupt process)

Reset POEG

Set over current error

Set error status

Disable POEG interrupt

= O

Figure 11-4 Over Current Detection Interrupt Process Flowchart
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12. FAQ
12.1 Troubleshooting

Table 12-1 shows typical phenomena and their solutions.

Table 12-1 List of phenomena and their solutions

Phenomena

Solution

When a load is applied, the
motor keeps turning at a
speed other than the
setting.

The motor is stepped out. The motor is out of control and must be stopped
immediately.

Inappropriate motor parameters or control parameters or hardware
performance limitations such as sensors may prevent control. Reconsider
the design.

Motor cannot rotate after
stopping due to an error.

For details, see 6.7 c). It explains how to recover from errors.

The motor stops with an
error even after starting.

See 6.7 c) for the cause of the error. After that, please confirm settings about
the cause of errors.

The values set from RMW
are not reflected.

Manipulate variables in com_ul_enable_write to rewrite the parameters.
When the timing for writing values to com_ul_enable_write is prior to
writing parameters, the internal reflection process operates first. Address
as the following:

e Putcom_ul enable write on the last line.

e Write com_ul_enable_write twice or toggle write
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12.2 Frequently asked questions

12.2.1 The value of a variable displayed in RMW is abnormal.

When any change is made to the software, it is necessary to register the Map file “src/application/rmw/*.map”
with RMW to update the variable status of the software. If you omit this step, the variable may not display
correctly. For details, see 6.5.
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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 LS| 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 I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or 1/0
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 LS|, 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 Vi
(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 Vi. (Max.) and Vin (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 LSl 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.
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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 Quiality": 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. lItis 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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