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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR
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RA Family

KAEARIE—F DHR—ILRY ~)LHIE

2. VATLBE

BTN TRz T7OMEBEHXUTICHBALES,

21 N—FO 7R
N—FO T 7HERERICRLET,

RAGT2

A/D converter input

Bus voltage
PAOG / ANCDS [ g

PAO4 / ANOOA [ I9cAN

Power supply circuit

Ve
DC 24 V input

GND

1shunt current

Rotation speed command

SW1

PB00 / AN0OO8

Switch input

PDO4 Motor rotation start/stop

:
=T

PDO7 Error reset

LED output

PDO1

é LED1
SW2 ¥

PD02

LED2)
y

GPT output

PBO4/GTIOC4A(Up)

PBO06/GTIOC5A(V,)

PBO08/GTIOCBA(W,)

PB05/GTIOC4B(Un)
PB07/GTIOC5B(Vy)

PB09/GTIOCEB(W,)

Over current detection
input

Over current detection

PC13/GTETRGD [ |

External input

PCO04
PCO05

PBO1

Inverter circuit

ES

1shunt current
detection

Ve port
GND port
HW port
HV port
HU port

port
port
port

Ve port
GND port
ENC_A
ENC_B
ENC_Z

W port

V port

U port

PMSM

B

2-1

N—FD T 7EREK
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RA Family KABBRPE—FZDHR—ILAY MLEIE — 1oy 2 bERBEAK
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N—FIOT7DRELENMBEICGYES, UTICEERARE

L1

| RENEXAS
S RTKOEM0000B120208) (7
B MADE IN JAPAN

Jumpef pin Default setting Function
- 1-2pin short : 2-/3-shunt current detection
48P T Aot 2-3pin short : 1-shunt current detection

X 2-2

Sy UN—FEFE
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RA Family

KAMAREBE—FDHR—ILRY FLEHIE —

1% 2 FERBREAR

23 N—FOz74a%%

231 A—HAL 2T —X
BTN Iz T7DAI—HF A2 T —R—E%K 2-1IZRLET,

21 AoN—4R—Fa1—HF/4T7x—X
IEH A3 T —REE HaE
EEnREES AT EE R (VR) EEnREEREARN
START / STOP FJILRA Y F(SWT) T— 4 [OERR A FIEES

ERROR RESET

Ty a1 RA v F(SW2)

IS—REMSDERES

LED1 ¥ LED(LED1) o E—AFERENRE D BT
o E—AR{ZLIHRF D JHKT
LED2 & LED(LED2) o I S—taHiE: -vd
o BEEHER : JHAT

BTN I DI TRHFA VAT —RAER 2-212RLET,

£ 22 WFA0BT7—R

R7FA6T2BD3CFP i#F4 Hhe
PA06 / ANOO6 A oN—2 BRETAE

PB00 / ANOO8 EEnRERSEAARVR_T)

PD04 START/STOP k% JLR A v F(SW1)
PDO7 ERRORRESET 7w ¥ a XA v F(SW2)
PDO1 LED s kT/:H KT 40

PD02 LED2 s KT/:H KT %il1ED

PA04 / ANOO4 HERAE

PB04 / GTIOC4A PWM tH H1(Up)

PB06 / GTIOC5A PWM H F1(Vp)

PB08 / GTIOC6A PWM H 73(Wp)

PB05 / GTIOC4B PWM tH 41(Un)

PB07 / GTIOC5B PWM tH 41(Vn)

PB09 / GTIOC6B PWM H 73(Wh)

PC04 R—ILt Y AA(HU)

PC05 R—ILt % AH(HV)

PBO1 R—ILE 2% AH(HW)

PC13 / GTETRGD BERBEEDO PWM BRAEIEALD
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

2.3.2 [EiD#sEE
YUTNY IOz 7 TCHEATIEADME—EEXR 2-3I12RLET,

*& 2-3 FELDHEERTER
Dihe -2 A
o [EEEEIRGEAN
12 Ew b AID32/\—4% | ANOO4, ANOO6, ANOO8 | e 1 v FEFRRIE
o AUN—LBREFEAIE

H

AGT AGTO 500 [us]A > Z—/\ILB AT

GPT CH4, CH5, CH6 H# PWM H A

PWM HAiRFE/NA1 4 v E—45 > RIREE
POEG Group D [ZL. PWM A %EEL

(1) 12 Ew k AID 3 > /3—%(ADC12)
1% hER. A VN—2BRERX. BERREEFEZ. (PO ILRAFVYyE—F] TAELET
(IN—Fxz7 ) AEFER), ADEHRIE, £+ ) 7TRHEAALEB L TEESETVLET,

(2) EHEENFERBARZ 1< (AGT)
500 [us]/ B2 —N\ILB AT ELTHERALET,

(3) LA PWM 2 1< (GPT)
FrRI4, 5. 6 DPWMHNBEE—FZEALT, Ty FESALAFEDHANETVETS,

(4) GPTHAKR—Fr72 Ty b4 xr—TJL (POEG)
BERBRHEE (GTETRGB iiF*. GTETRGD iiF®M Low LAJLEHE) (X PWM HAEFZE/NA1 14>
E—4 2 RIREICLET,

HAL/Common Stacks &) New Stack > ) Remove
@ g_ioport /0 Port @ g_poeg0 Port Output | | & Motor Vector Control with hall sensors(rm_motor_hall)
(riopert) Enable for GPT
(r_poeg)
@ @ @
T
@ Motor Speed Controller (rm_motor._speed) 4 Motor Current Controller (rm_motor_current)
@ 0]
ry
T T
@ g_timer3 Timer &7 Add Position Module | | & ADC and PWM Modulation (rm_motor_driver)
Low-Power (r_agt) [Optional]
@ @
T T
@ g_adco ADC Driver on %% Add ADC driver2 to & Three-Phase PWM (r_gpt_three_phase)
9 &I gp! P
radc b support Tshunit
[Option]
@ @
ry
T I T
& g_timer0 Timer, General | | @ g_timer1 Timer, General | | 4 g_timer2 Timer, Genera
PWM (r_gpt) PWM (r_gpt) PIWM (r_gpt)
@ @ @

B 2-3 FSP X% v £FH
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RA Family KABMABRE—FDHR—ILAY MLEIE — 13+ FERREAR
g_adc0 ADC Driver on r_adc_b
Settings Property Value
APl Info w Commen
Parameter Checking Default (BSP)
v Module g_adc0 ADC Driver on r_adc_b
w General
w Operation
w ADCO
Cenversion Metheod SAR Mode
Scan Mode Single Scan
w ADC 1
Cenversien Methed SAR Mode
Scan Mode Single Scan
ADC Successive Approximation Time
Synchronous COperation
Calibration
Sampling State Table
Mame g_adcd
Clock Configuration
w Interrupts
Lirniter Clip Pricrity
Conversion Error Pricrity
Crerflow Pricrity
Calibration End Pricrity
w 5Scan End Pricrity
Group 0 Disabled
Group 1 Disabled
Group 2 Disabled
Group 2 Disabled
Group 4 Disabled
Group Sto & Disabled
FIFC Pricrities
Callback MULL
Sample and Hold
Programmable Gain Amplifier
User Offset Table
lser Gain Table
Lirniter Clipping
2-4 ADC RSA/XDFSPaY 7445 L—>3a> [1/3]
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RA Family

KABBRPE—FZDHR—ILAY MLEIE — 1oy 2 bERBEAK

g_adc0 ADC Driver on r_adc b

Settings Property
APl Info w Virtual Channel 0
Scan Group
Channel Select
Sampling State Table ID
Channel Gain Table
Channel Offset Table
Add/Average Mode
Add/Average Count
Lirnit Clip Table Id
Conversion Data Format Select
Digital Filter Selection
w Virtual Channel 1
Scan Group
Channel Select
Sampling State Table ID
Channel Gain Table
Channel Offset Table
Add/Average Mode
Add/Average Count
Lirnit Clip Table Id
Conversion Data Format Select
Digital Filter Selection
~ Virtual Channel 2
Scan Group
Channel Select
Sampling State Table ID
Channel Gain Table
Channel Offset Table
Add/Average Mode
Add/Average Count
Limit Clip Table Id
Conversion Data Format Select
Digital Filter Selection
» Virtual Channel 3
Scan Group
Channel Select
Sampling State Table ID
Channel Gain Table
Channel Offset Table
Add/Average Mode
Add/Average Count
Limit Clip Table Id
Conversion Data Format Select
Digital Filter Selection
w Virtual Channel 4
Scan Group
Channel Select
Sampling State Table ID
Channel Gain Table
Channel Offset Table
Add/Average Mode
Add/Average Count
Limit Clip Tabkle Id

Value

Mone

AMNODDD

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Mormal Conversion)
Disabled

12-bit Data Format

Disabled

Mone

AMDO2

Sampling State Entry O

Dizabled

Disabled

Disabled

1-time conversion (Mormal Conversion)
Disabled

12-bit Data Format

Dizabled

Scan Group 0

AMNDD4

Sampling State Entry O

Disabled

Dizabled

Dizabled

1-time conversion (Mormal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 1

AMODOE

Sampling State Entry O

Disabled

Disabled

Dizabled

1-time conversion (Mormal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 1

AMODOE

Sampling State Entry O

Disabled

Disabled

Disabled

1-time conversion (Mormal Conversion)
Dizabled

255 ADC KSANDFSPavI445L—>3 Y [2/3]
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RA Family

KAEARIE—F DHR—ILRY ~)LHIE

1% bk

B A

g_adc0 ADC Driver on r_adc_b

Settings Property
APl Info ~ Scan Group 0

Self Diagnosis

External Trigger Enable

ELC Trigger Enable

w GPT Trigger Enable

GPT Channel 0 Request A
GPT Channel 1 Request A
GPT Channel 2 Request A
GPT Channel 3 Request A
GPT Channel 4 Request A
GPT Channel 5 Request A
GPT Channel 6 Request A
GPT Channel 7 Request A
GPT Channel & Request A
GPT Channel 9 Request A
GPT Channel 0 Request B
GPT Channel 1 Request B
GPT Channel 2 Request B
GPT Channel 3 Request B
GPT Channel 4 Request B
GPT Channel 5 Request B
GPT Channel 6 Request B
GPT Channel 7 Request B
GPT Channel & Request B
GPT Channel 9 Request B

Enable

Converter Selection

Start Trigger Delay

Scan End Interrupt Enable

Limit Clip Interrupt Enable

FIFQ Enable

FIFQ Interrupt Enable

FIFQ Interrupt Generation Level

g_adc0 ADC Driver on r_adc_b

Settings Property
APl Info w Scan Group 1

Self Diagnosis

External Trigger Enable

ELC Trigger Enable

w GPT Trigger Enable

GPT Channel 0 Request A
GPT Channel 1 Request A
GPT Channel 2 Request A
GPT Channel 2 Request A
GPT Channel 4 Request A
GPT Channel 5 Request A
GPT Channel & Request A
GPT Channel 7 Request A
GPT Channel 8 Request A
GPT Channel 9 Request A
GPT Channel 0 Request B
GPT Channel 1 Request B
GPT Channel 2 Request B
GPT Channel 3 Request B
GPT Channel 4 Request B
GPT Channel 5 Request B
GPT Channel & Request B
GPT Channel 7 Request B
GPT Channel & Request B
GPT Channel 9 Request B

Enable

Converter Selection

Start Trigger Delay

Scan End Interrupt Enable

Limit Clip Interrupt Enable

FIFO Enable

FIFQ Interrupt Enable

FIFC Interrupt Generation Level

Malue

oooooDRmOOo0o0o0o0o0o0o0~NOO0O0OQn

Enable
ADCO
o
Disable
Disable
Enable
Disable
o

Value

ooDooooooDooooDooRERIDOOODQN

Enable
ADCH
0
Disable
Disable
Disable
Disable
0

K 26 ADC FSA4/XDFSPa> 7445 L— 3 [3/3]
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

g_timer3 Timer, Low-Power (r_agt)

Settings Property Walue
APlInfo | v Commen

Parameter Checking Default (BSP)

Pin Qutput Support Disabled

Pin Input Support Disabled

v Meodule g_timer3 Timer, Low-Power (r_agt)
w General

Mame g_timer3
Channel ]
Mode () Periodic
Pericd 20000
Pericd Unit Raw Counts
Count Source PCLKB

Output

Input

w Interrupts
Callback (&) rn_motor_speed_cyclic
Underflow Interrupt Pricrity Pricrity 10
2-7 AGT FSANRDFSPavI74JL—2ay
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KAMAREBE—FDHR—ILRY FLEHIE —

1% 2 FERBREAR

g_timer0 Timer, General PWM (r_gpt)

Settings Property
APl Infa | ¥ Common
Parameter Checking

Pin Qutput Support
Write Protect Enable
Clock Source
w Module g_timer0 Timer, General PWM (r_gpt)
w General
MName
Channel
Mode
Period
Pericd Unit
w Output
Custom Waveform

Duty Cycle Percent (enly applicable in PWM mode)

GTICCA Cutput Enabled
GTIOCA Stop Level
GTICCE Cutput Enabled
GTIOCB Stop Level
Input
Interrupts
w Extra Features
v COutput Disable
Output Disable POEG Trigger
POEG Link
GTIOCA Disable Setting
GTIOCE Disable Setting
w ADC Trigger

Value

Default (BSP)

Enabled with Extra Features
Dizabled

PCLED

g_timerd
5 4

() Triangle-Wave Asyrmetric PWM (Mode 3)
& 50
&

Microseconds

ED Ex

5

=]

True
Pin Level Low
True
Pin Level High

iy
|2 ]
il
(1]
frail
(E1}
iy
|2 ]

POEG Channel 2
SetHi Z
Set Hi Z

v Start Event Trigger (Channels with GTINTAD cnly)
Trigger Event A/D Converter Start Request A Durir [+
Trigger Event A/D Converter Start Request A Durir O
Trigger Event 4/D Converter Start Request B Durir [
Trigger Event A/D Converter Start Request B Durir O
w Dead Time

Dead Time Count Up (Raw Counts) (5 240
Dead Time Count Down (Raw Counts) (Channels witt T 240
w ADC Trigger (Channels with GTADTRA only)
ADC & Compare Match (Raw Counts) 10
v ADC Trigger (Channels with GTADTRE only)
ADC B Compare Match (Raw Counts) a0
Interrupt Skipping (Channels with GTITC only)
Extra Features (&) Enabled

2-8 GPT FZ4A4/NDFSPaYI749L—>3Y
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KAMABREIE—FZDHR—ILRY MLEITH — 1%k

B A

g_poeg0 Port OQutput Enable for GPT (r_poeg)

Settings Property
APl Info » Common
Parameter Checking

v Meodule g_poeg0 Port Output Enable for GPT (r_poeg)

v General
w Trigger
GQTETRG Pin
GPT Cutput Level
Oscillation Stop
ACMPHS0
ACMPHS1
ACMPHS2
ACMPHS3
Mame
Channel
w Input
GTETRG Polarity
GQTETRG Moise Filter
w Interrupts
Callback
Interrupt Pricrity

Value

Default (BSP)

oooooaoi®

_poegl0

W

Active Low
PCLEE/32

g_poe_overcurrent
Pricrity 0 (highest)

2-9 POEG FS4/\®FSPavI7445L—Y3Y

RO1AN6979JJ0100 Rev.1.00
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RA Family

KAEARIE—F DHR—ILRY ~)LHIE

— 1oy FERBREAR

24 VIO TERK

2.41

VIboxT - D7 AIER

YIRDITT7DIANTETFAIEREZTEIZRLET,

(B2 FTHILER)

—
ra_cfg

I
ra_gen

e
ra

AR B BB

HIVERDO =27 4 T~y &

BEVERD L VR ZHE

CMSIS VY —A=a— R

i, Ao BEESE

bsp_api.h : BSP API /&
r_adc_apih: AD API /I%'&E

inc

S |

r_ioport_api.h : /O API /E?Ja

api r_poeg_apih : POEG APl £ %

r_three phase api.h: 3 #H PWM APl B
r_timer_api.h: %A ~ API &

rm_motor_angle api.h: ﬁif_ API

rm_motor_api.h: E—% API ;I%
rm_motor_current_api.h : il APl &
rm_motor_driver apih: T—4 K 74’/\ API KE%%
(_ rm motor “speed apih: HE APl E#%

(Cr_adc_b.h: AD BHELEFR
r_ioport.h : /O BiEE %
r_poeg.h : POEG B & &

instances

r_three_phase.h : 3 f§ PWM B3

< ragth: AGT BIHESR

pre—

A

src application

R
iz, T2 IR R Y —

main

£ — X SR S — v FRenesas Motor Workbench | 0) Analyzer #REDFEIZ OV TIL, 44 BE B E S0,
[Renesas Motor Workbench] 2
kBT Ties / ICS(IH/V W A B — X HllfHIH 5% 34% > — /v [n Circuit Scope | @%)J NEIMENTHWDEERH D

(" bsp : BSP B 7 4 L 4

L rm_ _motor_speed/rm_motor_speed_library.h : JEEEHIEZ A 7 F U

- . r_mtr_ics.h, r mtr ics.c : Analyzer ¥ 'UT BE3# BE 5 E 2%
user_interface Ics  L..< ICS2 RA6T2.0: Y—/AHBET A7 T

r_gpth : GPT B 2%
rm_motor_sense_hall.h

ARV R - B AL B
rm_motor_hall.h

: T—Nt/*ﬂﬁiﬂ%% 2 THAE B E 7%
rm_motor_currenth : (i:%”ﬁﬂggﬁﬂiﬁa
rm_motor_driverh: T—% N7 A ~BEHESE
rm motor_speed.h : i i [3E l%

?4’7?9774'/1/

r_adc_b/r adc b.c: AD KT A N
r_agt/r agt.c: AGT K7 A
r_gpt/r_gptc: GPT FJ A /3
r_gpt_three_phase/r_gpt_three phase.c : 3 # PWM K J A /3
r_ioport/r_ioport.c : /O K Z A /3
r_poeg/r_poeg.c : POEG K7 A
rm_motor_current/rm_motor_current.c : E@(nufﬁ'ﬁﬁﬂ
rm_motor_current/rm_motor_current_library.h :

ST AN \
EE %Hﬁﬂ747‘7 )
APl E#
rm_motor_driver/rm_motor driver.c: E—X T A /X
rm_motor_driver/rm_motor_driver library.h: £— K ]\ FTANTA T

API &
rm_motor_sense_hall/rm_motor sense hall.c : ﬁar ?@nﬁ FZAN
rm_motor_hall/rm_motor_hall.c: ;R—/LE VP HifE—4% KT 4N
rm_motor_speed/rm_motor_speed.c : JEEEHIFE K A X

API £

mtr_main.h, mtr_main.c: = — X A B
r_mtr_ control _parameter.h : filfHl /< T A= X ER
r mtr motor parameter.h: T—% /X7 X —H FFH

ICS2_RA6T2.h: Y — L1 B 2%

R DA R Zli\

b AT ANK, T AN, B e

2-10 F#ILE - T7AIILIERK
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RA Family KAGBBRAE—FDHR—ILAY FILFEEH — 12w

~

B A

242 EDa—ILERK
YIRDITT7DED 21 —ILEREZR 2-11IZRLET,

Application

Main User Interface Module

mtr_main.c

Set User Command to Buffer

Middleware I

| Interface Module I

[ rm_motor_hall.c

Set Control Gain & Command
Control Module
~

[ rm_motor_current.c ] [ rm_motor_driver.c ]

[ rm motor sense hall.c ] [ rm_motor_speed.c ]

\ J

A

.

Set PWM duty
. I Get Voltage, Current & Angle/Speed
HAL Drivers

| radebe || v | [ copte | [ r_poeg.c ]

N\

Output PWM Signal

MCU / Inverter

Get A/D Converter Data & Sensor Signal

B 2-11 ESa1—/LIERK

RO1ANG6979JJ0100 Rev.1.00
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

25 YI bz T

YOTWYITEIzTDYVI LIz 7DEAREREZTRICRLET . XU MILHEIEOFEMICE L TIX
[XKABMARPHE—FDEUHLARY MLEHEE (7)LT 1) X L) (ROTAN3786)FSHB LT E&LY,

R 2-4 "=t YFERARS MLEIEY 7 bz 7T EKREH

IEH NE
Hl A=K Rk ILHIE
BI85 FREAB L & 1R H r—ILtE Y
E—4SEERRB/AZIE | SWIDLANJLIZKY HE
F 1= 1% Renesas Motor Workbench 55 A4
ANEE DC 24V
A0y RIKE | 240 [MHz]
F v 1) 7(PWMEREL | 20 [kHz)(F+ ') 7EH] : 50 [us])

TYREA L 2 [us]

il 0 2 £A ERGIE / (& - EEHTE : 50 [ps]
FEEHITE - 500 [us]

[B] Bx15 [ % CW : 0 [rpm] ~ 2400 [rpm]

CCW : 0 [rpm] ~ 2400 [rpm]

Bl R EH B RS ERHE R - 300 [Hz]

EEHER - 5[Hz)

FEEEHEESR : 1000 [Hz]

EHER : 50 [Hz]

AN SRBEIERTE | mBElELAIL ‘ Optimize more(-02) (7 7 # JL hE%FE)

ROM/RAM # 4 X ROM : 32.6KB
RAM : 3.7KB

REEF LA UTOWT IO DOEGDE., E—FHIEMESHNO X)EFRT VT4 TITF
%

BHDERN 3.54(=1.67*sqrt(2)*1.5) [A]Z#B1B(50 [us]EIZB51R)
A N—2 BEEEHN 60 [VIZ#BE(50 [us]EIZER)

A UN—ZBEEEMN 8[VIREH (50 [us]EIZEI1R)

[E]#R3E & A 4500 [rpm] % #BiB(50 [us]EIZE1R)

(1)
(2)
(3)
(4)
HERM S DBERBHIES (GTETRGD #FIZ Low LARLEBH)ZRE L
f=3m&. PWMEAmFENAA VE—F 2 RIZT S

R0O1AN6979JJ0100 Rev.1.00 Page 16 of 63



RA Family

KABBRPE—FZDHR—ILAY MLEIE — 1oy 2 bERBEAK

26 FlAAHESIES
AURTLTHEALTVLREYAH EBEIRME TRISRLET,

x® 2-5 EAAEEIRE

EAH BEE pUB::]
LA
15 Min
14
13
12
11
10 AGTO INT
500[us]Z Y ;A &AL 18
9
8
7
6
5 ADCO ADIO
AD 5 T EliA
4
3
2 N4
1
0 Max POEG3 EVENT
BEREETAA
Allocations
Interrupt Event ISR
a POEG3 EVENT (Port Qutput disable interrupt D) poeg_event_isr
1 AGTO INT (AGT interrupt) agt_int_isr
z GPT4 COUMTER OVERFLOW (Crverflow) gpt_counter_overflow_isr

2-12 FSP ElYRA#av T4 L—>3 Y

RO1AN6979JJ0100 Rev.1.00

Aug.04.23

RENESAS

Page 17 of 63




RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

3. #HEY7 by 7EREA
YT TR TICDODNTEHRBALET,

3.1 HIHAR

3.1.1 E—42iE£FH/{=1E
E—2DiEEN & F1EIE. Renesas Motor Workbench ™MD AN FE=(EZSWI AL DAAIZLE>THIEILE
ERP

SW1 IZIZRAR— FAEIY L TOHh, 'Low LRILDEZTRAEZ— F AL Yy FNBEIh TS & HIlT
L. "High'LRILDEEFE—L2EZEBELETHEHBLES,

312 ADZ#

(1) E—4EEREESE
E—2 DOEEEEHESEX Renesas Motor Workbench MDA D ZE =1L VR1 O HE(TFOJ{E) %
ADZEMTBHEICE>TRELET, ADE#EINI-VRDIEFX. UTORDKSI1Z, EInEEHESE
ELTHERALED,

x® 31 MEEmEREHFTEOLHL

FRIL
I Fr I
AH (HESE - AID ZEH{E)

CcwW 0 [rpm]~2400[rpm] : 0800H~OFFFH
BRI S{E ANOOE
CcCw 0 [rpm]~2400[rpm] : 07FFH~0000H

(2) 1 VN—2BRERE
UTDRDESITA VN—SBREFZAELEY . ZREOFHEBERE - EEERHEEERI
PWM ZLE)ICERLET,

x 32 AUN—SBREEDLEHLL

Lt
o (A 2N\ —2 BHREE : AD ZH#afE) F ¥ I

A N—2BREE | 0[V]~73.26 [V] : 0000H~O0FFFH ANO006

3) 1 v FER
UTORDESIT. 1 Orv U FEREFAEL. NI bLFIEICERLET,

x 33 1oy y FERODEHL

AL

AE (1o %> MEB - AD ZHiE) Fea

-8.25 [A]~8.25 [A] : 0000H~O0FFFH *

ERIE=(3.3V—1.65V)=(0.010hm x 20)=8.25A

[GE] A/D 43 DEMICEE L TIX., TRABT2 HIL—F 1—H—X3=a7I)L N— K9z 7k 238BL
TLEELY,

1% FER ANOO4

R0O1AN6979JJ0100 Rev.1.00 Page 18 of 63



RA Family KABBRPE—FZDHR—ILAY MLEIE — 1oy 2 bERBEAK

313 £

R7TVr—2a3v/—bREYIT LDz TTIE E—F~ODANEREIF/VULRIBER (LUE. PWM)

[CE->THERL., PWMRBIEI=AKEEEICE >TERLET,

=R

HRMEBEZERRICHATIAEN—DLELT. FrUT7ER (ZAK) LEFTEBERMELRT S
ETHHABREDNILABEZRODIZARLBENHY T, EREBEAFT Y TEREELIYKETH
FRAvFEX, IDESTFNELFTIZTEHET, EZRROETEEEZHREMICHNT 5FNHEFE

ES
K - 5S8R
A Xy THREAK) : PWMEATAD Y+
> wt
A ) ) ~ B - 3
TN crrm
» wt
A
U-ViZEIEE
(U DiERZ) - (VAEDER)
3-1 ZAKIEEEZDOHEE
RO1AN6979JJ0100 Rev.1.00 Page 19 of 63




RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

32D&SIC. HABE/NILADF v Y TRICHT BENEET 1—T 1 EFVET,

Ton| Torr

Ton x 100[%]

Ton+ Torr THEFE

Tai—T4=

32 Ta—T1ADEE

T, BEREMZUTOLSICERLES,

mERE  VEGERE  EAU —SBREE

CDEFEEZ, PNM Ta1—T A EZROBLSRAFICRBEE S ETRHREDHIHMEZTLNETD,

RO1ANG6979JJ0100 Rev.1.00

Page 20 of 63




RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

3.1.4 JKEEFR
3BICHU TV I RO TIZH TR REBBRERLET ., Yo TILY T D7 T,
TSYSTEM MODE] IZ& UKEEZEBLEY,

POWER ON/
RESET

ey

[ERROR EVENT [RUN EVENT]

SYSTEM MODE

- J
MODE
ERROR
STOP ERROR
EVENT RUN ERROR
ERROR ERROR ERROR ERROR
RESET

3-3 R—IEVHFERRT MLEIEY T bz 7 OREEBRE

(1) SYSTEM MODE
DRATLEBEREERLET ., BEM/AY MEVENT)OREICK Y., KENBRLET ., PATLDEE
REEIE, E—42EEHFIE (NACTIVE) . E—4EF (ACTIVE) . EEIKE (ERROR) BHYFET,

(2) EVENT
%& SYSTEM MODE H(= EVENT #i%64%9 5 &, M EVENT [CHE > T. SR TFLEEREHNR 3-3 &
DEDOHICERLET., FEVENT OELEERI TR ELHYET,

3 3-4 EVENT—%&

ARV MR REER
STOP A——BECEYRELET
RUN A—H—RBECIYRELET
ERROR VATLNEEERE LI-ESICRELET
RESET A—HY—BECIYRELFT
RO1AN6979JJ0100 Rev.1.00 Page 21 of 63
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RA Family KAMARBHE—IDR—ILRY MLEIE — 1oy > bFERBEARK
315 BREE- - AEH#HT
3.1.5.1 HEHT

ElEmEEDHETEIZLTOTZILTY XLIZE>TITVLET,

Rl P ESOEEZEX Y TEIYAATHREL., R—ILESOELORICRIEDF v 1) 7EIYAHAH
RELEAZHV T HIETERA G0 EOHARANETVET,

EXA60 EHE = v ) TEIYAHEEZ x Fv 1) 7EIYAHHARKE(50usec)

CNICEKYESHREELZFTLIEAHEFET,
ESAEErad/sec] = (27 x 60.360) +~ BRMA 60 EHifM[usec]

BL., R—ILESEL 1 RETOHREL LETREICIIZENKREVNEEZEZOND-ORENEL L
Tk, ERDESEL6 RN (ESA1A)DEZAVTERZIToTWET,

ERAREErad/sec] = 2 1+ BB A 360 EHARI(60 EEAR 6 |45 )[usec]

3.1.52 AEHTE
UTODREHNMNBRAZHELET,
A) [EEAMR

B) #ERE

BERARIEHR—ILE o HES/NNF—VICKYBRBLEY ., mR—ILE P ESONRI—VEERT HE—
RIZKYREL>TVEHDT, ESHEELEBICEDERMDR—ILE U HESESRDF—ILE Y ESZEL
RIS ETHEAMERET A ENTRELGYET,

B degree] RS R h— RS

360

300fF-=-=-="--

DA e wvimnimiind]

180 F-=-=-=--

120 |

HEICL DELINEZ
79

60 |-
0 — _ = —
S F—ILES 3
HEAENS Al it
Pn/1AMELLEE  aie
BEELTS A
Cw Cccw
Hall signal patterm 6->2->3->1->5->4 6->4->5->1->3->2
3-4 BRAEHE (EHMMEEEF)
RO1AN6979JJ0100 Rev.1.00 Page 22 of 63



RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

B 3-4 ARTERAR—IMESHN 602 EELLTVET ., chhbE—2DEEABMEEASR & HIMEESE
¥, CCTERAZUTORICKRELEFT .

EXArad] = 271 x 607360 + F"—ILIEEEANAE[rad] + # 7w FE[rad]

R—ILEERAEFR—ILESELRAIZEVWTEARBEGETHNE—21 712, #FABEEGETHNIE
2R /12 2/ ELET, TLT, FvUTEYAHDORAERBICZOBOHEEEEFRICEOVNTENIES:
EARTHNIEME, FARTHNIEFEELTWEET, BL., EERELEELEFEEELT—21.712
~2n /12 DEFEDEE LTWVET,

o IEA M [EIERRF
R—ILIEERAErad] = EE(—271.712) + #EEE[rad/sec] x ¥+ 1) 7E| Y ;A FHA(50usec)
X 1) 7 EAF[E 2

o WM [EERRF
R—ILEBTANAErad] = #HAEQT 712) — HEEE[rad/sec] X F v 1) 7 &) ;A A F#(50usec)
X &4 1) 7 EA A B

WFht —2n /12~2n /12 DEBZBZ-FEEAHRAAFT . B 3-4B ATIIERABZUT DK
CHRELFET.
BXfhlrad] = 27 x (60"2)7360 + K—ILESERAErad] + 4Tt v MElrad]

D2FY., FR—ILESOEERICENT 0 EOREAFEZL - TERAZHEELFT,

A7ty MERE—ZBERDORABBETEIZR—ILESRE (EVVMYMITRE) FERINT HHICHKE
LET,

3.1.6 WwREIAE
AK7TVr—23av/ —bREY I I 7 OBBEERNTER 3-5ITRLET, dHER. q BER.
EEINTIOESELXEET 75 JIC&>TE—F£aY FA—LLTWLET,

MOTOR_SPEED_ID | MOTOR_SPEED_ID_CONST MOTOR_SPEED MOTOR_SPEED_ID
lareference status UP (0) ; ) _ID_DOWN (2) " ZERO_CONST (3)
MOTOR_SPEED_IQ_ZERO_CONST MOTOR_SPEED_IQ_; MOTOR_SPEED_IQ_SPEED
lq reference status ©) AUTO_ADJ (2) _PI_OUTPUT (1)
MOTOR_SPEED_SPE! MOTOR_SPEED_SPEED_CHANGE
Speed reference status ED_ZERO, CONST (0);

Iq reference [A] A

lq reference during
open-loop control

15=0 control

0 9

Iq reference [A] A t[s]

speed Pl output

0
Speed reference [rad/s] |

Reference speed threshold
for sensorless switch control

]
|
|
|
Target speed reference f-—————————— L - — - — —— — pem————————
|
|
|
|
|
|
|
|

Sensorl itching T iti t[s]

B 3-5 "=t HERAAY MLHEIEY T b 7 ORBHEAS

R0O1AN6979JJ0100 Rev.1.00 Page 23 of 63




RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

317 LRTLREHEE
YUTWYITEIIT7E UTFOIS—REZFEL, ThEThOBEICRARLET SMEEZRELTVE
To VAT LRERECEDIEREMEIR 35 2SML TS,

o BERIZ—
N—FIz7hbNRAFLESEERBRH)IZEY. PWMEBAHFENAA VE—F D RREIZLE

—d—o
-, BEAEHAMTUMR, ViE. WHBREERL. BEABER) I v MEEEE)ERH L
HS. RBBIELET (V7 kY 7HRH),
. BEETS—
ERREMTA VA~ BREELEAL. BEEBEE) I v MELRB)ZMRI LB, B8

FIELET, BEEY Y I~1|Eli1ﬁ.‘:l:.'l§lﬁ§0)¢f_ﬁh1 0) h%%é%ﬁ LTEHREL-ETY,

e KEEIS—
BEXEREAH T, OoN—2BREELERL. BEXUEEXY I v MEZ TR --58)% R HE L=/
2. REFELELFET, BEEXU S Y MEXBREBROERENDREEFZEZEE L TCERELEETT,

o MEEETIS—
EEEEERAATEEZESRL. EEV Iy MEZHEBLEER., BREFELLES,

x 35 BURATLREMERTEE

T~ FEfE
BERITS— = ;ggﬁ }u;] ~ME [A] 2654
BEETS— iig;i;r@[w 28
EEBETS— gigéiéfﬁ[w 20
ElézEET S — iié;?¥ﬁ[mm g?o
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

3.1.8 1Y v MEMERAERE
BTN Y Iz F7THWS 120y Y MERICEBAERAEAZEIZCOVTHBELET,

3181 1% Y MERERBEXAI VYT

Point A to measure current

B

Point B to measure current
Up Ve We
iy +E

We
U T— T

3-6 FE#H PWMIRER (Bl : 7a1—T« K/NMEER W>V>U)

BTN IOz TTIEGPTAZ Y FERAWNT, HH#EPWM E—KFTOT Y K2 A LFHE=%PWM
HAIZKDEEET>TULNET, B 3-6 124 PWM DOER (Bl . Ta—F 1 X/MEER W>V>U) #5RL
ESCIR

KDOHRA 2V FATIEET—LOWHDAMNON LTWBREELHYET, OB, 1 o2 MERICH
NBEF(dc)&E W HER(Iw)lE Ide=lw & WLV S BEZRICKEY T,

HOKRA > kB TIETF7—LD UBDHMNON LTWRREELYET, OB, Idc & UBER(IU)IE
Idc=-lu EWSBERIZBEVET, BYD1HETHD VHEERIVIEFILERY ZOE—ZAZAWLT Iv=-lu-lw
LEXTEET,

ﬁof HDARA U LA BIZEITFTS1 vy MERICRNTWSEREZWMBT S ENAHENIE. =
HOERZH/HAIEAEFEET,

EROFIET 2 —FT « DXRNEFRNWSVSU EHZBETT, PWM OHEAZERIZHEDZ OX/DMERIE
6/ —DHAEHLENRET I LERYFET, KAV FA B TREHERSIERET/ A AZ—2I2H -
THEDEABRMNELLEFT DT, FRIZEDNEZHADEYLETHARELERYET, Ta—T 1 2%ET
BEATIOXRNMEREASN>TVNSEIDT, TRIZTE DV THHEL-EREORB~DEIY B TEIVIERZ
B ENTREEHES>TVET,

® 36 Ta—TA4/N\F—UERER

Duty pattern Point A Point B
wW>V>U Iw -lu
w>u>V Iw -lv
V>W>U Iv -lu
V>U>W Iv -lw
u>w>Vv lu -lv
Uu>v>Ww lu -lw
RO1AN6979JJ0100 Rev.1.00 Page 25 of 63




RA Family KAMARPE—2DAR—ILAY MLFHEIE —

1% 2 FERBREAR

3.1.8.2 RA6T2 D#EEZ ALV 1 v v MEMEBRRMESE

318AICRLEHFRICT v Y MERICEB T 5ERAEETIHE. ADIVN—S2DEBRIAAZI VT %
PWVWM DT 1—T A REICH->THET ILENEYET, Yo TILY T D7 TIXRAGT2GPT £
£a1—)LD GTADTRA, RU GTADTRB LL AR & GTCNT AY VA EDaAVRTIYFIZL S AD T

IR ERMEEEICKY ChERRLTWETS,

g_timer0 Timer, General PWM (r_gpt)

Settings  Froperty
APl Infe | ¥ Commen
Parameter Checking
Pin Qutput Support
Write Protect Enable
Clock Source
w Module g_timerD Timer, General PWM (r_gpt)
General
Output
Input
Interrupts
» Extra Features
Output Disable
w ADC Trigger
w Start Ewent Trigger (GPTE/GPTEH enly)
Trigger Event A/D Converter Start Request A Durin
Trigger Event A/D Converter Start Request A Durin
Trigger Event A/D Converter Start Request B Durin
Trigger Event A/D Converter Start Request B Durin
Dead Time

Value

Default (BSF)

Enabled with Extra Features
Dizabled

PCLED

&l

& O

3-7 GPTADC k) E%E

RO1ANG6979JJ0100 Rev.1.00
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR
3183 TaA—T 4R

BA8NITRLIBRGZ A I VUM HEREESERIT 1 vy MEMICK HAERIEH /TS CEAHRE
IH, BEFD PWM Ta—T 1 DREFHITE > TIXAD ZRICHDLEEEAERLEGZ VA, ELLE
RIEZMBT D ENHEFREA, 24 IV TPERBEEGVEHICEALTUTO 2 OORIEERELTH
YE7,

(1) 2DO0HEDUYBZZAIVITNEELTVSES
2DODEDYYBZ A A S TAEEL TLTAD EHOADREISEREELZWNVEEIC. PWM O

Ta—TAREEEY. EMoYBRDLLIBDUYRZZ (I 27 % AD RIRICREGREANERA~NT
by CETEBMMZERLES.

(2) %4 IUTEBENTFARELEE
ERORICPWM DIV A R A S VT EBESERBEICTa—T 4 MNEL, PWMDF+ ) 7EED
RRICEZELTLESIHRLGBREIZAI VI ZEBESELENHRFRA, CORBIGEEFIERRELN
1EWMEEELHDT, PNMOUIYIRZ 24 S0 T &%y ) TRAADRRIZGHFRICERARICHIRZ
NMFEELEDELTVET,

Carriercycle | — \\\
A B . .
U '
[ ]
v 11 |
| !
i “l.expand
| [
U [
’ hlrnift : sh_i:l'.
V : P —
|
— —
3-8 FTa—T
R0O1AN6979JJ0100 Rev.1.00 Page 27 of 63




RA Family

KAMAREBE—FDHR—ILRY FLEHIE —

1% 2 FERBREAR

319 AD Y AH
AD FYUHEREY T IL—TDRAIVTERLET,

Carrier cycle

Motor control routine

Timer start

ADC trigger
from GPT

L 100us
50us
ADC trigger
from GPT

ADC trigger ADC trigger

from GPT from GPT

Scan 0 Scan 0
AD conversi n% AD conversjon
Motor control h Motor control
Scan 1 \ Scan 1
AD conversion AD conversion

Ay

ADC trigger
from GPT

ADC trigger
from GPT

Motor control

\ Scan 1

AD conversion

39 AD FYHBAZIY

RO1AN6979JJ0100 Rev.1.00
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

3.2 =LY FERANRY MLEHEIEY T by o 7REARTE

oI Y TIZE T AEEMIEIX, Iz 50[us]EEA(PWM x| 7 BENE| Y A# &, 500[us]E
HE YSAHD 2 DDEYRAHCEYBRENRTVET, B 310 12H D & 512, FEEEEEA 50[us]EHEIC
ETINZNET, FHEEH 500[us]APBICEFININBIZAYES,

~- 500 [us] interrupt Process -~ e 50 [us] Interrupt Process -——=-=-=========«
’ \ B
| L
! D g I + Vg* v, \7
| i ** HﬁI—P dq b, Voltage | -4
] a Flux- | . A \2 error |V,
| W Sp:led d weakl;ing . iqx : curPrle"t + Vqf Voltage v,, | Compen 7"}
! \ amg L UVW | -sation 5
1 | , + Limit
1 A ! oA x| sk
- . V, V,

: Wrer WLPF T Iq IdT : | Iq I q d 9:
| T ; Decoupling
| | | Control
! : ? ) * A 4 (]
: : ! ig" | ia"[ w* iy
| Speed | : dq
| LPF | \ ;
l l H a f
[} } VW
L} L}
} [}
| T 5 0
1 : \
! ]

[}
: H : w Angle_&Speed P HU,HV,HW
} T | <
| | \
\ ! \
N @ e e e e e e e e N e e e e e e e e e e —

3-10 FR—ILEUHERARY MLGIESIHB IOy IR

TR, 200EYRAHBEEELEYAHBRBITETINIBERIODVTORBEEFTEHET ., T
FERIZIZ. R—ILEVHFERARY MLEIEICE T2 FELEROAREHE L TVLET, ERICEHOLVEHR
DOFEM=DNTIE, YV—RI—FEBBIFEL,
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RA Family KAWEBRBE—2DHR—ILAY MLFEH — 12v2 bFERBHEAR
*& 3-7 50[us]EHAEIY A A BN ETRES—E(1/4)
271I% E# 4 IR E
mtr_callback_event E—4HEHa -y VB
) A7 : (motor_hall_callback_args_t *) p_args
mtr_main.c

I A=y IBEERS A= T—4
Hh: L

rm_motor_hall.c

rm_motor_hall_current_callback

A7 : (motor_current_callback_args_t *) p_args
| A—ILINY I BEBUSS A —E T—4

HAh: Gl

REHIEHOH D EBRHEED
AAIZEE

RM_MOTOR_HALL_ErrorCheck

A7 : (motor_ctrl_t * const) p_ctrl /| E—4A HlHE:&EFRA >4
(uint16_t * const) p_error/ £—4 T 5—I&#R

HH: fsp_err t/ BASKEITHE

IS—FTvYy

rm_motor_hall_copy_speed_current

A7 : (motor_speed_output_t *) st_output / REHIEHE N TF—4F
(motor_current_input_t *) st_input/ EFREIHAHT—42
HAh:EL

REHEANT—2EERAD
F—ARcaE—

rm_motor_driver.c

rm_motor_driver_cyclic

A7 : (adc_callback_args_t *) p_args
[ A=y YBEBNSA—ET—4
HAh: &L

E—HB2KSA4/8a—)L\v D
BA%K

rm_motor_driver_current_get

A A : (motor_driver_instance ctrl t*)p_ctrl/ E—% FS A /84 VR
2R

HAh: &L

AD ZEH}T—42 WG (HE
& BHRER)

RM_MOTOR_DRIVER_FlagCurrentOffsetGet

A7 : (motor_driver_ctrl_t * const) p_ctrl/ E—% K5 A /g
RA 24

(uint8_t * const) p_flag_offset/ BffA 7ty FRETET I35

HH o fsp_err t/ BASKEITHE

BRA 7ty MEZAIE

RM_MOTOR_DRIVER_PhaseVoltageSet

A7 : (motor_driver_ctrl_t * const) p_ctrl / E—4% K5 A /\HlfEHEEA
I

(float const) u_voltage / U 8 EE

(float const) v_voltage / V t8EE

(float const) w_voltage / W &£

H: fsp_err_ t/ BAETHRR

PWM 71— « St HADHEE
EF—4£8E

rm_motor_driver_modulation

A A : (motor_driver_instance ctrl t*)p_ctrl/ E—% FSA/8f VR
BUR

HAh: &L

PWM ZFRDET

RO1AN6979JJ0100 Rev.1.00
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RA Family KAMARBHE—IDR—ILRY MLEIE — 1oy > bFERBEARK
F 3-8 S0[us]EHIZEI Y AABENETREH—E(2/4)
T774IL% EE g IR

rm_motor_driver.c

rm_motor_driver_mod_run

A7 : (motor_driver_instance_ctrl_t*) p_ctrl/ E—% FZ14/3 1 VX
AR

(const float *) p_f4 v_in/ AH=HEBEE

(float *) p_f4_duty out/ HATa1—F«
HAh:EmL

ANSAEBE (31 K—3)
MBTFa—T %A YL ER
%

rm_motor_driver_set_uvw_duty

A 71 : (motor_driver_instance_ctrl_t *) p_ctrl/ E—% K34 /84 VX
2R

(float) f_duty u/UMBTa—74

(float) f_duty v/V#HETa1—T4

(float) f_duty w/WHT21—T+4

HAh: Gl

PWM 7a1—7 1 &%E

RM_MOTOR_DRIVER_CurrentGet

A7 : (motor_driver_ctrl_t*const) p_ctrl/ E—% KS4/8a> k
A—iLJavy

(motor_driver_current_get_t * const) p_current_get/ R1§5T—4%
HH o fsp_err t/ BASKEITHE

#ER. Vdc. Va_max 7—4
=W

rm_motor_current.c

rm_motor_current_cyclic

A7 : (motor_driver_callback_args_t *) p_args
[ A=y YBEBNSA—ET—4

HAh: &L

ERHIEE L E

RM_MOTOR_CURRENT_ParameterSet

A7 : (motor_current_ctrl_t * const) p_ctrl / EFRHIHEEER A >4
(motor_current_input_current_t const * const) p_st_input/ 4 > 7w k
BRT—%

HH o fsp_err t/ BASKEITHE

BREEMANT—5 &5HE

RM_MOTOR_CURRENT_CurrentSet

A7 : (motor_current_ctrl_t * const) p_ctrl / EFRHIHE SRR A 4
(motor_current_input_current_t const * const) p_st_current/ 4 > 7y
FERT—%

(motor_current_input_voltage_t const * const) p_st_voltage/ 4 > 7
FMEET—%

HAH:fsp_err t/ FAMETHER

dgBOERLEEEDT—42%

RM_MOTOR_CURRENT CurrentGet
A7 : (motor_current_ctrl_t * const) p_ctrl / EFRHIHEEER A 4
(float * const) p_id / ER#G L7T= d AER~DRA >4

(float * const) p_iq/ B L1 q AERA~ADRA >4

HA o fsp_err t/ BASKEITHE

diq BEREWF

motor_current_transform_uvw_dq_abs
A7 : (constfloat) f_angle / E¥5fEE
(const float *) f_uvw / UVW #8RA > &
(float *) f_dq / dq 81 > &

HAh: Gl

UVW — dq EERRZEHR(HE 0 22
1)

RO1AN6979JJ0100 Rev.1.00

Aug.04.23

RENESAS

Page 31 of 63




RA Family KAMABRHE—FIDR—ILARY FILEIE — 1oy FERBHAR
= 3-9 50[us|AHEAEIY A ABEMAETEB—E(3/4)
T74IL% e IR E
motor_current_angle_cyclic RRHGDOEMAMIEIS 15
- - - AEEEIOER

rm_motor_current.c

A 71 : (motor_current_instance_t *) p_instance / &iiA VA A VR

HAh:%EL

RM_MOTOR_CURRENT SpeedPhaseSet
A7 : (motor_current_ctrl_t * const) p_ctrl / EFRHIHEEERA >4
(float const) speed / [E#5:EE

(float const) phase / 1148

HH o fsp_err t/ BASKEITHE

EREELO—2BET—4
ERE

RM_MOTOR_CURRENT_CurrentReferenceSet
A7 : (motor_current_ctrl_t * const) p_ctrl / EFRHIHE SRS 4
(float const) id_reference / id

(float const) iq_reference / iq
A fsp_err_t/ BASETHE

RM_MOTOR_CURRENT_PhaseVoltageGet
A7 : (motor_current_ctrl_t * const) p_ctrl / EFRIHEEERA 4
(motor_current_get_voltage_t * const) p_voltage / BRIGEET—4

HH o fsp_err t/ BASKEITHE

RESh=HEEEERE

motor_current_pi_calculation

A7 : (motor_current_instance_ctrl_t*) p_ctrl/ &4 > A2 XY
FE—JL

HAh: &L

BREAY MLavTy FEERE
DERRY L SHABE
Ry bLEE

motor_current_pi_control
A7 : (motor_current_pi_params_t *) pi_ctrl / Pl §l{E1/X5 A —4
H A : float / Pl I HiE

PI il

motor_current_limit_abs

A7 : (float) f4_value/ 2 —4" v b DIE
(float) f4_limit_value / IR {E

5 : float/ HIBR L F=1E

HesHE D IR

motor_current_decoupling

A7 : (motor_current_instance_ctrl_t *)p_ctrl / EFFIEHA R4 >
A

(float) f_speed_rad / [E$5EE

(const motor_current_motor_parameter_t*) p_mtr/ E—42EfR{/\5
r—4

HAh: &L

FETF i

motor_current_voltage_limit
A7 : (motor_current_instance_ctrl_t *) p_ctrl/ BiR&I#A VX2 VR
HAh: Gl

BEAY MILOFIR
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RA Family KAMARBHE—IDR—ILRY MLEIE — 1oy > bFERBEARK
F 3-10 50[us]EHAZIY ;A ABAEAEITRAE— & (4/4)
7744 EE g IR

rm_motor_current.c

motor_current_transform_dq_uvw_abs
A7 : (constfloat) f_angle / EIE5A E
(const float *) f_dq/ dq &E7RA >4
(float *) f_uvw / UVW #7R4 > &

HAh: &L

dg — UVW EEZZEHR(EXT
1)

librm_motor_current.a

rm_motor_voltage_error_compensation_main

A7 : (motor_currnt_voltage_compensation_t *) st_volt_comp / EE
REMET—4

(float *)p_f4_v_array/ ) 27 LV REE

(float *)p_f4_i_array/ ) 77 LV RER

(float) f4_vdc /| BHEEE

HAh: &L

BEREME

rm_motor_sense_hall.c

RM_MOTOR_SENSE_HALL_FlagPiCtriSet
A7 : (motor_angle_ctrl_t * const) p_ctrl / BEHIEEEARL >4
(uint32_t const) flag_pi / Pl HIE1ETH 754

HA:fsp_err t/ BASETHRE

Pl HIHIEITD TS5 7 #H/E

RM_MOTOR_SENSE_HALL_AngleSpeedGet
A7 : (motor_angle ctrl_t * const) p_ctrl / fEE&IfEEANR LS 248
(float * const) p_angle /| AET—4

(float * const) p_speed / EZET—4

(float * const) p_phase_err / fiitgi8&5F—4%

H: fsp_err t/ BAETHRR

O—4 DHAE & EERRE &
L&

(RIHRERET— 2 (FEIGHEE
BA)

r_gpt_three_phase.c

R_GPT_THREE_PHASE_DutyCycleSet

A A : (three_phase_ctrl_t * const) p_ctrl / =484 A < §I{EHEE KR A
VA

(three_phase_duty_cycle_t * const) p_duty cycle/ (kT 1 —T 1Y
149

HH:fsp_err t/ FAMETHER

EFIAIDTA—TA4H4Y
JVERGE
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RA Family KAMABRHE—FIDR—ILARY FILEIE — 1oy FERBHAR
& 3-11 500[us]EEAEI Y :AA B NEITRER—E(1/2)
T74IIL%A E# 4 B E

mtr_callback_event E—A#lEa—LNy Y B
A7 : (motor_hall_callback_args_t *) p_args
I A=Wy JBEBRSA—ET—4

mtr_main.c HAh: gl
get_vr1 VR1 O A/D ZH#:AERE
AR L

H A uint16_t/ ZHa1E

rm_motor_current.c

RM_MOTOR_CURRENT_ParameterGet

A7 : (motor_current_ctrl_t * const) p_ctrl/ Effa> ta—)LJAY
9

(motor_current_output_t const * const) p_st_output/ 79 Ty +E
RT—%

HH:fsp_err t/ BASIEITHSE

ERHIED S REFEA N
TS ERE

rm_motor_hall.c

rm_motor_hall_speed_callback

A 71 : (motor_speed_callback_args_t *) p_args / a—JL/\v o %
NSA—ET—4

HAh: L

EEHEI—IL/y VB

rm_motor_hall_copy_current_speed

A : (motor_current_output_t *) st_output/ EFHEHT—4%
(motor_speed_input_t *) st_input / ZEEANTF—4

HAh: L

BRHEAT—2E5EREAR
F—AlZaF—

rm_motor_speed.c

rm_motor_speed_cyclic

A7 : (timer_callback_args_t *)p_args / 3 —JL/Ny I BEAHBNS A—
2T—4

HA: AL

HEFHOREHEE (217
BV IAHBEDIEUH L)

RM_MOTOR_SPEED_ParameterSet

AH : (motor_speed_ctrl_t*const)p_ctrl/ E—42FEa> FA—)L
JRyy

(motor_speed_input_t const * const) p_st_input/ FREAH/NT A —
Ed

M fsp_err t/ BAETHE

EEANNTA—F ERTE

RM_MOTOR_SPEED_SpeedControl

A A : (motor_speed_ctrl_t * const) p_ctrl/ E—4:&EEI> O—JL
Jawyy

H: fsp_err t/ BASIETHE

diq MERIEREEE (&
EFIHED A > TO+ER)

rm_motor_speed_set_speed_ref

A7 : (motor_speed_instance_ctrl_t *) p_ctrl/ E—%2&EA VR4
VR

i float/ Y I7 LU RERE

REETEEEN

rm_motor_speed_set_iq_ref

A7 : (motor_speed_instance_ctrl_t*)p_ctrl/ E—2FEAS VR4
VAR

Hh o float/q&) 77 LU RER

qHMOERETEEZEN

rm_motor_speed_set_id_ref

A7 : (motor_speed_instance_ctrl_t*)p_ctrl/ E—2FEAS VR4
VAR

H:float/d &) 77 LU RER

dBMOERETEEEN

RM_MOTOR_SPEED_ParameterGet

A : (motor_speed_ctrl_t * const) p_ctrl/ E—4:&EED> hO—JL
Jawyy

(motor_speed_output_t * const) p_st output/ FEEHHT—4

H: fsp_err t/ BASETHE

HEFHOHANSA—2 %
ms
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RA Family KABARBE—F2DHR—ILAY FLGIE — 1Py > FERBHAR
& 3-12 500[us]EEAEI Y :AA B NEITRER—E(2/2)
271 % E#% B E
rm_motor_speed_first_order_Ipf — R LPF 022

librm_motor_speed.a

A7 : (motor_speed_lpf_t *) p_lpf / —# LPF #:&KRA > 42
(float) f_input/ AHTF—4
HA:float/ 74 L2 —H&DT—4

rm_motor_speed_fluxwkn_set_vamax

AJ1: (motor_speed_flux_weakening_t *) p_fluxwkn / S5 HEREE
KR1 >4

(float) f4_va_max /| ZKEE~Y kL

Hh: &L

RRBERY FILERTE

rm_motor_speed_fluxwkn_run

A 71 : (motor_speed_flux_weakening_t *) p_fluxwkn / S5HHEREE
KR1 >4

(float) f4_speed_rad /| E—4 BREE

(const float *) p_f4_idq / d/q E1E7

(float *) p_f4_idq_ref / d/q&h') 77 L > A&

Hh: &L

B RFIERAT
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

3.3 Contents of control

3.3.1  Configuration Options

R—ILE Y FERRY FLEIEE S 2 —I)LOERA T 3 ~I&. RA Configurator A L TR TEE
¥, ZTEIhE=ATL 3 E,. 3— FOAERMEIZ common_data.c/h, % U hal_data.c/h ICEEMICRBE S
nNEYT, #TSaVRERTEEE. & 33ICEBLET,

*® 3-13 HBERA T av

Configuration Options (rm_motor_hall.h)
TFTarsk kS

Limit of over current (A) HERNCDIEZEBZDE. PWMHEAR— FAF TIZRES
WEA(E: 1.67 nEY,

Limit of over voltage (V) BHRBEEMNCDEEZB A D E. PWM HAR— bAF JIZERTE
#HAfE: 60.0 ShET,

Limit of over speed (rpm) BEEENCDEZBZDE. PWM EBHKR— A ZIZHTE
#)HA{E: 4500.0 ShET,

Limit of over speed (rpm) BREENCDEZTES L. PWM HAR— kA A TIZERTE
#HAfE: 8.0 ShET,

Motor Vector Control with hall sensors{rm_motor_hall)

Settings Property Walue
APl Info w Common

Parameter checking Default (BSP)
w Module Motor Vector Control with hall sensors{rm_motor_hall)

w General
Mame g_motor_hallo
Limit of owver current (A) 1.67
Limit of over voltage (V) 60,0
Lirnit of over speed (rpm) 4500.0
Limit of low voltage (V) 8.0
Interrupts

311 =LY FERARY MLEIHOFSPa>Y 2745 L—2 3y
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

3.3.2 Configuration Options for included modules
R—LE B ERARNY FLGIEED 2 —LICEK, LTOED2—AEEFRET,

Current Module
Speed Module
Angle Module
Driver Module

EFf-. INHDED2—ILIZIE, R—ILE Y FERRY FLHIEED 2 —ILER LEBR/INS A —20H
UET, 7T a B ERTEBEUTORICSRLET,

* 314 ET—4BRaV M O—SERA T ay

Configuration Options (rm_motor_current.h)

FFoars

A&

Voltage error compensation
#HAE: Enable

BEEREREOAY EDZEERLET,

Shunt type
HHAME: 1shunt

x v MERZE WS ODRAVWTERBRHEZT 50 E
BERLEY,

Motor Parameter | Pole pairs
MEAE: 4

A5t 38

Motor Parameter | Resistance (ohm)
MHAfE: 1.3

1 [ohm].

Motor Parameter | Inductance of d-axis (H)
#HATE: 0.013

d#q o580 % VR [H]

Motor Parameter | Inductance of g-axis (H)
#HATE: 0.013

q#A UH U2 VR [H]

Motor Parameter | Permanent magnetic flux
(Wb)
#)HA1E: 0.01119

&R [Wh.

Motor Parameter | Rotor inertia (kgm”2)
#)#A{E: 0.000003666

A4 F— % [kgm”2].

Design Parameter | Current Pl loop omega
#HAfE: 300.0

BERHIEREAREKS Hz]

Design Parameter | Current Pl loop zeta
#EAfE: 1.0

ERHIERE=F

RO1AN6979JJ0100 Rev.1.00
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RA Family

KAEARIE—F DHR—ILRY ~)LHIE

— 1%k

B A

Motor Current Controller {rm_motor_current)

Settings Property
APl Info w Common

Parameter Checking

w MModule Motor Current Controller (rm_motor_current)

w General
Mame
Sensor type
Shunt type

Current control decimation
PWM carrier frequency (kHz)

Input voltage (V)

Sample delay compensation
Veoltage error compensation

Voltage error compensation table of voltage 1

Voltage error compensation table of voltage 2

\oltage error compensation table of voltage 3
Voltage error compensation table of voltage 4
Voltage error compensation table of voltage 5

Voltage error compensation table of current 1

Voltage error compensation table of current 2
\eltage error compensation table of current 2
Veltage error compensation table of current 4
Voltage error compensation table of current 5

w Interrupts
Callback
» Design Parameter

Current Pl loop omega (Hz)

Current Pl loop zeta
w Motor Parameter

Pcle pairs

Resistance (ochm)

Inductance of d-axis (H)
Inductance of g-axis (H)
Permanent magnetic flux (Wk)

Retor inertia (kgm™2)

Value

Default (BSP)

g_motor_currentd
.L Hall
1shunt
0

20,0
24.0
Enable
Enable
0.477
0.742
0.882
0.979
1.009
0.021
0.034
0.064
0.158
0.400

(&) rm_motor_hall_current_callback

3000
1.0F

4
1.3

0.0012
0.0012
0.01119
0.000002666

X 3-12 E—4THarvrO0—5OFSPa>YIJ445L—3y
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

% 315 E—4RAE—Farvro—SERA T a2 (112)

Configuration Options (rm_motor_speed.h)

7 arg AR
Speed control period (sec) 1R [ {8 ) #A[sec]
#HATE: 0.0005
Step of speed climbing (rpm) REZBOX T v SE[rpm], MR & BET
YHAfE: 0.5 COEICE > TEREZHBMLET,
Maximum rotational speed (rpm) =KRE [rpm]
#HATE: 2400.0
Speed LPF omega RE LPF BB RKR# [Hz)
¥HAE: 10.0
Speed at Id climbing (rpm) d BVERDEMZHIE S HEAfE[rad / s], EEAZDFEIC
#HAfE: 400 ETHFET., BEFFICIHMERZENSEET,
Limit of g-axis current (A) qEER) IV~ [A]
WEATE: 1.67
Step of speed feedback at open-loop T—TN—THESERERTY T
#EAfE: 0.2
Flux weakening 55 O HI{H D2 IR
#HAfE: Disable

R0O1AN6979JJ0100 Rev.1.00 Page 39 of 63



RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

% 316 E—4RAE—Farv rO—5#ERA T3 (22)

Configuration Options (rm_motor_speed.h)

TFoavs AE
Open-Loop | Step of d-axis current climbing dBEREREMER T v 7 [A/msec]
#EAfE: 0.3
Open-Loop | Step of d-axis current descending dEHERBEFERER T v T [A/msec]

WEAfE: 0.3
Open-Loop | Step of g-axis current descending ratio qEERERERERT Y 7 [A/msec]
#EAfE: 1.0
Open-Loop | Reference of d-axis current A—T I —THEHEE d BERIESE [A]
WEAfE: 0.3
Open-Loop | Threshold of speed control descending d BERERERERERE[rpm]
#HATE: 500.0
Open-Loop | Threshold of speed control climbing d BHEREREMERBZRE [rpm]
#HA{E: 400.0
Open-Loop | Period between open-loop to BEMF (sec) | #ZA—F 2 IL—Th 5 DY & Z NIBRER [s]
#¥HAE: 0.025
Design parameter | Speed Pl loop omega REFIEHRERBRE Hz)
#EAfE: 5.0
Design parameter | Speed Pl loop zeta EEHHREEGRY
WEATE: 1.0
Motor Parameter | Pole pairs ITPOE
MEAE: 4
Motor Parameter | Resistance (ohm) i1 [ohm]
WEATE: 1.3
Motor Parameter | Inductance of d-axis (H) déhf o292 X [H]
#HAfE: 0.0013
Motor Parameter | Inductance of g-axis (H) qEA VAU AR [H]
#HA{E: 0.0013
Motor Parameter | Permanent magnetic flux (Wb) MR [Wb]
#HEAE: 0.01119
Motor Parameter | Rotor inertia (kgm”2) A4 F— v [kgm”2]
##A{E: 0.000003666

&
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KABBRPE—FZDHR—ILAY MLEIE — 1oy 2 bERBEAK

Motor Speed Controller (rm_motor_speed)

Settings
APl Info

Property

w» Common

Parameter Checking
Postion Support

v Module Motor Speed Contreller (rm_motor_speed)
w General

MName

Speed control period (sec)

Step of speed climbing (rpm)
Maximum rotational speed (rpm)
Speed LPF omega

Speed at Id climbing (rpm)

Limit of g-axis current [A)

Step of speed feedback at open-loop
Natural frequency

Open-loop damping

Flux weakening

Torque compensation for sensorless transition
Speed cbserver

Selection of speed cbserver

Control method

Control type

w Open-Loop

Step of d-axis current climbing

Step of d-axis current descending

Step of g-axis current descending ratic

Reference of d-axis current

Threshold of speed control descending

Threshold of speed control climbing

Pericd between open-loop to BEMF (sec)

Phase error{degree) to decide sensor-less switch timing

w Design parameter

Speed Pl loop cmega

Speed Pl loop zeta

Estimated d-axis HPF cmega
Open-loop damping zeta

Cutoff frequency of phase error LPF
Speed cbserver omega

Speed cbserver zeta

w Motor Parameter

Pole pairs

Resistance (ohm)

Inductance of d-axis (H)
Inductance of g-axis (H)
Permanent magnetic flux (W)
Roter inertia (kgm®2)

w Interrupts

Callback
Input data
Output data

Value

Default (BSF)
Disabled

g_motor_speed0
0.0005

0.5

2400.0

10.0

400

1.67

0.2

100.0
Enable
Dizable
Disable
Enable
Disturbance
PID

&) Hall

0.3
0.3
1.0
0.3
500
400
0.023
10

5.0
1.0
25
1.0
10.0
200.0
1.0

4
1.3

0.0013
0.0013
0.01118
0.000003666

&) r_motor_hall_speed_callback

&) (g_motor_hallo_ctrl.st_speed_input)

[;:, (g_motor_hall0_ctrl.st_speed_output)

3-13 E—4AE—FarvrO—5OFSPa>v7445L—3 >
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RA Family KAMARPE—ZDAR—ILAY MLHEE — 1oy FERBREAR

* 317 E—4

ToTIWESANEREAToay

Configuration Options (rm_motor_sense_hall.h)

T a4t

PMW Carrier Frequency (kHz)
#HAE: 20.0

F ) TREKE [kHzZ]

Correction parameter of rotor angle
WHAE: 0.4

AEMIENE

Default counts of carrier interrupt
#HEAE: 1000

REF v ) 7EHRIER

Maximum counts of one rotation
#HA{E: 5000

R—ILt U ESHEFRIR#REKIE

g_motor_sense_hall0 Motor Angle and Speed Calculation with Hall sensors (rm_motor_sense_hall)

Settings  Froperty
APlInfo | ¥ Commen
Parameter Checking

Value

Default (BSP)

v Module g_motor_sense_hall0 Moter Angle and Speed Calculation with

w General
Name
w Hall sensor
U phase input port
V phase input port
W phase input port
sensor pattern #1
sensor pattern #2
sensor pattern #3
sensor pattern #4
sensor pattern #5
sensor pattern #6
PWM Carrier Frequency (kHz)
Correction parameter of rotor angle
Default counts of carrier interrupt
Maximum counts of one rotation

g_motor_sense_hall0

BSP_IO_PORT_12_PIN_04
BSP_IO_PORT_12_PIN_05
BSP_IO_PORT_11_PIN_01
;

5

4

b

2

3
20,0
0.4

1000
5000

314 ET—ATFUFILESANOFSPaY 7445 L—S3 >
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RA Family KAWEBRBE—2DHR—ILAY MLFEH — 12v2 bFERBHEAR
% 3-18 ADC EPWMEYal—YavRSAN\ERAToay
Configuration Options (rm_motor_driver.h)
TToave kS

PWM timer frequency (MHz)
#EAfE: 120

PWM % 4 < EE# [MHZz]

PWM carrier period (micro seconds)
#HAME: 50

PWM -+ 1) 7 E#i [Micro seconds]

Dead time (raw counts)
W EAfE: 240

Ty K24 LAY ME [Raw Counts]

Current range (A)
MHAE: 16.5

ERBRHL VS (A

Voltage range (V)
¥HAfE: 73.26

BEERHELLS V]

Counts for current offset measurement
#HA{E: 500

7ty FRERHEERK

Shunt type
MHAE: 1shunt

Ur v MERZEW DE-TERHBEEROBRE %
TOINEERBEERET,

A/D conversion channel for U phase current
MEAE: 4

UMERBEAD F¥ o RILES

A/D conversion channel for main line voltage
MHAE: 6

BREEHRE AD Fv¥ o RILES

Input voltage
HHAE: 24.0

BHREE A N

Resolution of A/D conversion
WEA(E: OXFFF

A/D O /N—4B SRk
ADC ED a1 —ILDHREFZERLI-IGEIC
EhETLESL,

Offset of A/D conversion for current
#HAE: OX7TFF

ADaVIN—FAH(A Tty F
BERICEHETHRELTLESL,

Conversion level of A/D conversion for voltage
#HAfE: 1.0

BEZHBLANL
CPUBEMNELBEEICHRELTLESLY,

GTIOCA stop level
HHAfE: Pin level Low

E7—LEFLERFLAL

GTIOCB stop level
FHAME: Pin level High

T7—LEIEELARL

Maximum duty
#HATE: 0.9375

PWMHRXTa1—T4«
Ty R LEZBRBVNV-RXT1—T«
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RA Family

KAWMARIHE—FDHR—ILART MLEEH — 12w b

ADC and PWM Modulation {rm_motor_driver)

Settings
APl Info

~ Common
Parameter Checking
ADC_B Support
v Module ADC and PWM Modulation (rm_motor_driver)
w General

MName

Shunt type

Medulation method

PWM cutput port UP

PWM cutput port UN

PWM cutput port VP

PWM cutput port VN

PWM cutput port WP

PWM cutput port WN

PWM Timer Frequency (MHz)

PWDM Carrier Period (Microseconds)

Dead Time (Raw Counts)

Current Range (A)

Woltage Range (V)

Counts for current offset measurement

A/D conversien channel for U Phase current
A/D conversien channel for W Phase current
A/D conversien channel for Main Line Voltage
A/D conversien channel for V Phase current
A/D conversien channel for sin signal

A/D conversicn channel for cos signal
Adjustment value to current A/D

Minimum difference of PWM duty
Adjustment delay of A/D conversion

Input Vieltage (V)

Resolution of A/D conversion

Offset of A/D conversion for current
Cenversion level of A/D conversicn for voltage
GTIOCA Stop Level

GTIOCE Stop Level

w Modulation

Maximum Duty

w Interrupts

Callback

Value

Default (BSP)
Enabled

g_motor_driverD
1shunt
SVPWM

0
0
0
0
0
0
1

20
50
240
16.5
73.26
500

27

28

0.0

480

120

24.0

OxFFF

O TFF

1.0

Pin Level Low
Pin Level High

0.9375

fa) rm_motor_current_cyclic

315 ADC EPWMEDalL—Y 3 v RIA4/\DFSPaV T4 L—2ay
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34 #Ep7Oo— (7O—Fv—Fh)
341 AA 0

\
v

AL

FSPEZa—)LDHHHE

AU EREROOHUE

A—HF AT —RDOUEIE
Y—ILRBEHEEO ML

Uty

-
-

_— — [Board]

v

\
[Analyzer] T

SWOIKEEN S
EADOEHEE—FER

BIENTA—EAS

| EIERRE R
com_ul_mode_systemMDIEHN D
EADEEE—FEER
‘ EERRE RS EDEE
LE DIl {En ‘
LE DIl {0
3-16 A4 V0B IO—Fv—+
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3.4.2 50 [us]A#ABIYAHA (F+ ) 7TREHEIYAAH) 0E

< 50[us]E #AEI L sA 3R >

l

12 v MBI

AVN—LBREE RS

TRt 7y E
SHEERE L

[INACTIVE MODE]
SYSTEM MODE

[ACTIVE MODE]

[5+ 3R]

BRA Ty MEFTHESE THER

[FtHEET]

UVWARER = doB R 1% BRA 7RI ERIE

B PIH|

FETFiHIE

EEHIROE

daBf EE = UVWHH BE X it

EEREHE

PWM duty B H

PWML & A% 5E

!< ®

e

3-17 50[us]EAZI Y AAHME T O—F v — b
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3.4.3 500 [us]EHAZ V) ;A A J0L1E

< 500 [us] B HA8IY A A 01 >

fIERR ZELPFALIE

RELPFALIE

(R &E4]

[EEnE B R EFTE 5T THERR

GtEET]

B ERs B 45 B R

BB IE RIEEE

dEHEIE R E

k3]
SISO M ERAIHEIZFA]
Eopil OB HIEIE FSP BREIZL Y
AL TEFES,
EEL A ]
3-18 500 [us]E#ENI Y AANE T O—F v — b
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344 BEEFRREINYAHNE

BERBREEIYRAHRE, Yo TILYIT Dz T7IZE TS PWMHEARFDNA A VE—F U AHIEHEHST
% GTETRGD HALANILHERBMEICK DHNERBREFICRET HFNYRAA T, TDR=H. AF YA
AHUIBDEITHIBEE R TIEEEIC PWM B AGFIEINA A VE—F D RKREIZHE->THEY ., E—F~DHE A
FIELTWET,

( BERRHEYAHLE >

POEGUt Yk

BERREIS—tvb

I—RT—HR vk

POEGEIYAAEE

o

3-19 BERRHEBYAALEIO—Fr—+
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1% bk

B A

4. BTV T b T DREBE

41 A bDA4 UR—F
BTV ME. LTOFIET e2 studio 124 ViRk— b TEET,
(1)

File — Import

File | Edit Source Refactor Mavigate Search Project
New Alt+Shift+N »
Open File...

(7} Open Projects from File System...

Recent Files >

Close Editor
Close All Editors

Ctrl+W
Ctrl+Shift+W

Save Ctrl+S
Save As..
Save All Ctrl+Shift+5

Revert

Move...
Rename... F2
Refresh F5

Convert Line Delimiters To >
Print...

Import...

G E

Export...

Properties Alt+Enter

Switch Workspace >
Restart
Exit

4-1 T7A4I)LA=a—

()

lExisting Projects into Workspace] ZZERL. [RNRE2FV 1)V O LET,

@

Select

Create new projects from an archive file or directory.

Select an import wizard:

245

| type filter text

v [= General
JE Archive File
[« CMSIS Pack
(=¥ Existing Projects into Workspace
[} File System
[T Preferences
() Projects from Felder or Archive

72 Rename & Imnort Fxistina (/C++ Proiect intn Worksnace

4-2 AUKR—FrAZa—
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1% bk

B A

B 7RSI I FANEERLET,

FinshiR2 &0 w9 93dE. FOoY) bHAUR—F

ShFEYS,

Q Import

Import Projects

Select a directory to search for existing Eclipse projects.

(®) Select root directory: | C¥work¥RAET2_MCILVI_SPM_HALL_FOC_E25 V100 w |

(O Select archive file:

Projects:

RAGT2_MCILV1_SPM_HALL_FOC_E25_/100 (C:¥work¥RAGT2_MCILV1_SPM_HALL_FOC_E25_\'100)

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

I,?:‘ < Back Next >

m}
|' s

E T
A

Browse...

Select All

Deselect All

Refresh

New...

Cancel

4-3 TJOPxY bOA UR—F

42 EIFETFNYY
le2 studio I—HF—XT=aF7ILIA v I RE—rHA K (R20UT5210) | #8BLTLESLY,
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43 A4V RZA—F
E— A F{HBIF TIE Y — )L [Renesas Motor Workbench] #BE 3> TIILa— FZEESE S5 S,
TEDFIEBTHA Y IRE— TN TOCY FEEITLET,

(1) RELEEREAZ., XUty FRIZA VN—42KR—FLE® LED1, LED2 IXE(TIKREET, E—4F
FEIELTULET,

(2) A1 N—FFKR—FLEDFITIRAL YFESW1)ZON [ZTBHEE—A2DEELET, FTILASYF
(SWNHZEYYEBZ S EICE—FDEERBFLEEZRYERLET, E—2HAEREICEHEL TS5
BlEAVN—FR—FLEDOLEDI ANRATLET, CDEE, 41 N—2KR—FEDLED2 NRATL
TWABEIEIS—DIARELTLET,

(B) E—4ADEEAAEZLEET BB, 41 vNN—2KR—FEORY 1 —LEBR(VR)THAELET,

— RYa—LERVRZAIZETY : BEEYICEER

— RYa—LERNVR)ZEICET : kEFEEY (C[EER

4) ITS—HIERELEBE, 41N —2FR—FLEDOLED2 AELTL., RENEILELET., BIRT S0
[2IEA VN—FR—FD T ILARAS v F(SWN)ZE OFFIZLIE=ETT Y a2 RS vy F(SW2)EHLT

{f2aELy,
(5) ENMEREREEZBRT IS8, E—2DEENMELEL TS I EZ#ERL. KELCEREROH 1% OFF
IZLET,
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4.4 TE—HRHIEAFEZEY—)L Renesas Motor Workbench]

441 BE

YTV T b T TIE, E—2 FIEBIFEZIE Y —ILIRenesas Motor Workbench] 1 —4H4 >4
7 —X(BlE/fELLiES. BEREERF)ELTHERALEY ., ERAAEG EDFMIE Renesas Motor
Workbench 1—H—X<v=a27JL] #83RBLTLEEL,

E— A2 H|{HBIF 1B Y — )L Renesas Motor Workbench] [£#2t WEB U4 FL YU AFLTLEELY,

(@ Renesos Motor Workbench  <RMT Filer: CVUsers¥HIICSYe2 studiosworkspace 11¥11_2motor¥RAGT2_ MCILV1_2SPM_LESS, FOC_E25, V102kare Kepplication¥user interface¥ics o x
File Option Help
Connection File Information
CcCOoM COM3 v Clock RMT File RA6T2_MCILV1_2SPM_LESS_FOC_E2S V102... 2023/06/07 10:29:09
Status Connect -- USB Serial Port Map File RA6T2_MCILV1_2SPM_LESS_FOC_E25_V102... 2023/06/06 9:30:34
Select Tool

Configuration

CPU RAET2

Motor Type Brushless DC Motor

Control Sensorless vector control (Speed control)

Inverter RSSK for Motor Easy Analyzer

Project File Path  C:\Users\HilCS\e2_studio\workspace11\11_2motor\RA6T2_MCILV1_2SPM_LESS_FOC_E2S_ViC¥ () Details v
Name Date Modified

€ RABT2_MCILV1_28PM_LESS_FOC._E25_v102.mt 2023/08/01 16:15:24 508 KB

€25 RAST2_MCILV1_25F 55_FOC_E25_V102_20230605.rmit 2023/06/05 10:54:44 517 KB

5 RAST2_MCI SS_FOC_E25_V102_20230606.rmt 2023/06/06 14:49:22 516 KB
RAET],MC[.WJSPM,LESS,FUC,EES,V]Jij[liSU&[lGh.rmt 2023/06/06 17:08:59 516 KB
i RAST2_MCILV_25PM_LESS_FOC_E25_V102_20230606LEMEERSLrmt 2023/06/07 10:20:08 516 KB
6 RAST2_MCILV1_25PM_LESS_FOC_E25_V102_20230606bR HEFEBL.rme 2023/06/07 10:14:14 515 KB
(i RAST2_MCILVI_2S9M_LESS_FOC_E25_V102_20230606bREEEAL mt 2023/06/07 11:21:21 516 KB

4-4 Renesas Motor Workbench #41&8

o E—AX&HIHBAKZIEY—IL IRenesas Motor Workbench] D {ELVA

(1) Y=L742 REEEM #7") v LY—ILEFEBLET,

(2) Main Window ® MENU /A—M 5, [File] — [Open RMT File(O)]%#:&IR L E T,

TaT Y kT4 ILE D src/application/user_interfacelics” 7 # LA RNIZ#H S RMT 7 7 A JLZ R HRAH
EX R

(3) "Connection’® COM TS nf=F v bD COM ZEIRLFT,

(4) GERID Select Tool M Easy F1=I% Analyzer R2 %5 1) v LET,

(5) "4.4.2 Easy #HEEIRMEHI" E1=1374.4.3 Analyzer AEREH —E 2 TICE— 2 £BEILFT,
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4.4.2 Easy a2 {EH
Easy #Ee&EAL. E—2 BRI IHZLUTIZRLET,

e 1—H4A A TJx—RX% Renesas Motor Workbench FRIZZELE T,
(1) “RMW UPZONIZLET,

(LU Turn ON

E Reset : RMW UI
Position (:)

= Ref speed [rpm]
EEd 0 2000

1500
1000

500

4-5 Renesas Motor Workbench {#RIZZE 3 5 F|E

o E—A%MEELR
(1) “RunRALEHY v LET,
(2) 65 MEIEEEE % “‘Refspeed’ RS A H# TAALET,

@Ciick “Run” button 2)Set “Ref speed”
\

v
> Ready Sequence .
Ref spee |

Parameter Value 0
rpm

Vde [V] 0
Current control period [us] 50

-2400 2400
Speed control period [us] 500

X 4-6 E—ZEEIZDOFIE

e E—A%EEIE
(1) “Stop" "2 &0y LET,

(LClick “Stop” button

Ref speed
Start P £
Parameter Value 2 0 0 0
Ve [V] 2442 I bz
Current control period [us) 50
-2400 2400
Speed control period [us] 500 =

4-7 E—SFLDOFIR
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o IEF->TLES (T5—) FEDWLE
(1) “Reset’RA4 vy F%#ONIZLZET,
(2) “Reset’ZA v F % OFF [ZLET,

@Turn ON
(2Turn OFF

E Reset RMW UI
Position ()

=== Ref speed [rpm]

2ed 0

2000

1000

1500
‘ 500

4-8 I S—EBKROFIE
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1% 2 FERBREAR

4.43 Analyzer HREFZ$H—&

Analyzer 1—H' A U3 Tz —RAERABOANRAER—EBEEZR 41I12RLET, 4B, Tho0EH~D
AFS{EIX com_u1_enable_write IZ g_u1_enable_write & F C{EFZAAEIGEICHIGT 2EHA~ARESh
F9, =L, )DMFF5NT=ZHIE com_ul_enable_write [TIKFELEFE A,

& 4-1 Analyzer #EEATREH—E

T4 it NE

com_u1_sw_userif (*) uint8_t A—HA R ITT—RRAYF
0:Analyzerfff 1:/R—FER (F74I)LH)
com_u1_mode_system1(*) uint8_t AT—FER
0: RFYTE—F. 1:SVE—F. 3: Uty

com_f4 ref speed_rpm float HEESE #WA) [rpm]
com_u2_mtr_pp uint16_t 18 %3 450
com_f4_mtr_r float Ein Q]
com_f4_mtr_Id float déhf o292 X [H]
com_f4_mtr_Iq float qEhA > F U2 R [H]
com_f4_mtr_m float MR [Wb]
com_f4_mtr_j float A4 F— v [kgm”2]
com_f4_current_omega float ERHIEHRESRRE K [HZ]
com_f4_current_zeta float ERHIEHRBAZ R
com_f4_speed_omega float EEHHREFTRIK Hz)
com_f4_speed_zeta float REFIEHRREHREK
com_f4 ref id float A—T I —THHEF d BERIESE [A]
com_f4 ol _id_up_step float d BERESENERTY T
com_f4_ol_id_down_step float d BERESERERTY T
com_f4_id_down_speed_rpm float d BERIETERME R RE(FEWA) [rpm)
com_f4_id_up_speed_rpm float d BEREFEMER R RE(FEMA) [rpm)
com_f4_max_speed_rpm float RERKERWA) [rom]
com_f4_overspeed_limit_rpm float EEBBI S —BMEEWA) [rpm]
com_f4_overcurrent_limit float BiRiEE T T —RIEA]
com_f4_iq_limit float q BHERZKIEA]
com_f4_limit_speed_change float EEESRKEBEERA) [rad/s]
com_u1_enable_write uint8_t EHEEHMZEHA

(g_u1_enable_write LRI C{EZEEFRAAIGEICEE
A A

RO1AN6979JJ0100 Rev.1.00
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444

Analyzer H#REIRVEHI

Analyzer e = AL, E— 2 ZEBFETHHZUTITRLET . #EE. B 4-9 TRY"Control Window”
TITWLWET, "Control Window’ D E#lld. TRenesas Motor Workbench 11— —X<%=a27)L] ZSHEL
TLESLY,

e 1—H4A % T 1—RX% Renesas Motor Workbench {ERIZZEE

(1)
()
®)

“com_u1_sw_userif QW?IMHIF v 7" BRA->TWS I LEHRLET,
[WritelfIZ0 ZAALFET,
“Write"R2 &2y LET,

e E—H%MEiImSED

(1)

()
©)

“com_u1_mode_system”,“com_f4_ref speed_rpm”, “com_u1_enable_write’® [W?] fIZF v 5
MADTWAZ LZEZHELET,

5 ElEnEE #“com_f4_ref speed_rpm’® [Write] #IZADLZET,

“Write"R2 &9 1) v LET,

(4) “Read’RA %5 vH LT, REDcom_f4 ref speed_rpm”,”g_ul_enable_write’® [Read] ##
FHERLET,
(5) MCUNDZEHIE~RBEE D=6, “com_ul_enable write” IZ@THEEL1="g_ul_enable_write”
LEILEZADLET,
(6) “com_u1_mode_system’® [Write]f#Z"1"Z= AN LFET,
(7) “Write"/R2 &9 w9 LET,
@ Click "Read"” button X TDClick "Write” buttom
{
Control Window \
[ Read E-\ Write fi¥¥ Commander () status Indi
DCheck
VA E e SNEIEM  Variable List — Alias Name
Variable Name Data Type Scale Base R? Read
com_ul_mode_system INTS Qo Decimal & | 1
com_ul_sw_userif INTS Q0 | Decimal & 0 0 2Write
com_f4_ref speed rpm FLOAT Qo Decimal & 1500 Reference speed
com_ul_enable_write INTS Qo Decimal
g_ul_enable_write UINTS Qo Decimal &

BEWrite("0" or "1%)

4-9 E—ZEEDFIE
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o E—AREELIES
(1) “com_u1_mode_system”MD[Write#fIZ"0"Z AN LET,
(2) "Write" KRB &S vy LET,

@Click “Write” button

Control Window \

E\ Read ET\ Write {5} Commander (%) statu:
\EELERRE G Variable List — Alias Name ®Write 0"
Variable Name Data Type Scale Base R? Read W? Write
com_ul_mode_system | INT8 Q0 | Decimal ¥ 0 Mo
4-10 E—4EFEILOFIE
o IFFEF->TLE-Iz (T5—) HBEDOUNE
(1) “com_u1_mode_system”®D[Write|#IZ"3" 2 AN LET,
(2) “Write"R2>%&5 ) vs LET,
®@Click “Write” button
ET\ Write 5 Commander (™) statu:
VEE SR RE G Variable List — Alias Name
Variable Name Data Type Scale Base R? Read W? Write
com_ul_mode_system  INT8 Q0  Decimal ¥ 0 *-"'/3
@ Write 3"
4-11 T 5—HEBROFIE
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445 BEEREDEEH

B> )L T k9 = 7 T Renesas Motor Workbench D @{EREEX* LRI 2FIEEZRLET, TET S{E
[Z2DULvTlE. TRenesas Motor Workbench 1—H—X<v=a7J)L] 2B LTLEELY,

o HUTWNYILIITDRERERTEEEET H(EIEL—  10Mbps DIFE)
(1) r_mtr_icssh® ICS BRROD{EZ 1 [CEBLET,
(2) r_mtr_ics.h ® MTR_ICS_DECIMATION OfE#* 1 [CEELE9 .

| #define MTR_ICS DECIMATION (1)

=P ol <

I #define ICS_BRR (1)
erine TCS INT_MODE Y

A

4-12 r_mtr_ics.h DIEIE

e Renesas Motor Workbench D BIEREREFEE L TERT 5
(1) Main Window @ Clock RA ZEHLTEZ 80,000,000 [CEELFET,

(CDIEIKBEIE L— k% 1Mbps 25 10Mbps [CEE L f=1=8. T 7+ )L MMED 8,000,000 = 10 &L

TH/HELoNET, )
(2) Connection ® COM TH#fHDF v D COM ZRIRLFT,

File Option Help

Connection

CoM v | — |

Clock Setting

Status

\ ]

[ 8.000.000 HE]

4-13 Clock iR DERTE

BICKkBT 2RI, BER—FOYty MRICEERTHAFIRERYVRLTIEEL,
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446 EILNMAUBBESATZVDERAE
HUOTILYIT O TCRER—KFEFELIICEIL b VBEEIES A TS5 #HLVT Renesas Motor
Workbench L& 52 FIEEZRLE T,

e PC & CPU R— FD#ES:
(1) CPUKR— K& PC % USBIVY ZILEBREREENLTERELET.

e ELMAVBBERITOD Y DX (921600bps D)
(1) ICS2_RA6T2.0 DEBREMHELET

type filter text

Resource
Builders
w C/C++ Build
Build Variables
Environment
Logging
Settings
Teol Chain Editor
C/C++ General
MCU
Project Natures
Project References
Renesas QF
Runy/Debug Settings
Task Tags
Validation

Settings

Configuration: |Debug [ Active ]

%) Tool Settings 183 Toolchain  # Build Steps

(=3 Target Processor
(= Optimization
(= Wamings
f’c Debugging
~ B8 GNU Arm Cross Assembler
(2 Preprocessor
22 Includes
L'?? Wamings
35 Miscellanecus
~ B8 GMNU Arm Cross C Compiler
(# Preprocessor
& Includes
(& Optimization
& Wamings
LE; Miscellaneous
~ B8 GMU Arm Cross C Linker
(& General
2 Libraries
(5 Miscellaneous
~ B8 GNU Arm Cross Create Flash Image
(% General
~ B8 GMU Arm Crosg Print Size
&2 General

Build Artifact [i1) Binary Parsers €3 Error Parsers

Linker flags (-Xlinker [eption])

* | | Manage Configurations...

a i

Other objects

Generate map

| "${BuildArtifactFileBazeName).map®

space |oc:/${ProjNamel/src/application/user_interface/ics/IC52 RABT2.0}"

[ Cross reference (-Xlinker --cref)

4-14

ICS2_RABT2.0 D& %MK
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RA Family KABAERYPE—FZDR—ILAY FLEIE — 1%

(2) 1CS2_RA6T2 Built_in.o #Z4 LET,

type filter taxt | Sﬂﬁl'lgl . .
Resource
Builders
v CfC++ Build Configuration: |Debug [ Active ] ~ | | Manage Configurations...
Build Variables
Enwvironment
Logging ¥ Tool Settings | ¥ Toolchain & Build Steps Build Artifact [si} Binary Parsers € Error Parsers
Settings
Toel Chain Editor (3 Target Processor Linker flags (-Xlinker [option]) & %) §
C/C++ General lﬁ Optimization
MCU (E Wamings
Project Natures .g% Debugging
Project References w B3 GNU Arm Cross Assembler
Renesas QF (% Preprocessor
Run/Debug Settings B2 Includec
Task Tags {8} Add file path %
Validation

v File

[srkspace_toc/siProjMamel/sre/application/user_interfacesicsfCs2_RABT2 Builtin.o} [] [

v 5 E Cancel Workspace... File system...

5 Libraries
(5 Miscellanecus
« B3 GMNU Arm Cross Create Flash Image

& General
v B GNU Arm Cross Print Size Generate map “${BuildArtifactFileBaseName}.map®
% General [ Cross reference (-Xlinker --cref)

4-15 1CS2_RA6T2_Built_in.o & &

(3) r_mtr_ics.h ® USE_BUILT INDEZ 1IZZEELEY,

[rdefine USE_BUILT IN (1) |
#if USE_BUILT_IN

sdefine MTR_ICS_DECIMATION (1)

/* For ICS */

sdefine ICS_BRR (21)
sdefine ICS_INT_MODE (1)

4-16 r_mtr_ics.h MIEIE
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e Renesas Motor Workbench M@ER—L— FEEEZZER L THERT S
(1) Main Window @ Option * —a1—h\ 5, Baudrate Dialog TfE% 921,600 [CEE L E T,
(2) Connection ® COM f o, #E#EHFDF Y D COM ZEIRLFT,

rile  [NCNTIMM  Help

Option Dialog
I Baudrate Dialog I l
Connection \
Baudrate Setting n ‘/—\
COM Clock
[ 609] bps
Status

4-17 Baudrate DEE
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5.

SEZRXTa1 AV b

RA6T2 Y )I—F A—H—Xv=a7)L N—FKoz7# (RO1UH0951)

Renesas Flexible Software Package User's manual
(PDF ki : R11UMO0155, Web ki : RA Flexible Software Package Documentation)

KAMARHAE—2DE Y LARS MLEIHE (7)IL3 1) XL (RO1AN3786)
Renesas Motor Workbench 1—H—X< =2 7))L (R21UZ0004)
MCK-RA6T2 1 —H—X<v=a7JL (R12UZ0091)
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HETAE
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HAECHERALDFESIE
CCTIE RAaVERLKRIERYT S MERALOEESRE] ITOVWTHBALEY., BIHOFEALOFESTEICONTIE. AFRF21 AV MELUTY

ZHALTYTT—hrEBRBLTIESL,

1. HERRE
CMOS DY KL DBRIFFHERHLEZLAF TS, CMOS #RIFBNVHERICE >TY — MEBHIZEZEL LI EAHY FET . EMOR
AOBICIE, BHAHEHESICERALTVSEEEDO FL—OIADUr—X, SEHOREM. 2B —XGLEEFAL. AL TIREICEFT—
ZEBLTLESYD, FS5RFYIREICHE LY., HFEM-oY LBEVWTLESL, Fiz, CMOS #FERE Lz/R— FIZTO2WLWTHREBDIE
WELTLEELY,

2. BREAROLE
BREABL., RROKEEIFETT., BREBARKICE. LS| ORBEBROKEEITEETHY . LR IDBREPLRIHEFOREIITETT, s
Uty MFEFTY LY FFHRGDBE, BREANS £y B ERICHELETOHME. IHFOREBEIFRATEELA, RRIC. RENNT—F>
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