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RA Family
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RA Family KABARPE—FZDR—ILE BT LA
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

222 R—Fa—HA4242T71—R
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ERROR RESET

Ty a1 RA v F(SW2)
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LED1 #f LED(LED1) o E—4HERENRE D RAT
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LED2 #® LED(LED2) o IS—iRHIEE D RAT
o EEENERF D HAT
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® 2-4 WFAUEFTI—R
B EE RA6T2 RA4T1 RA6T3 RAS8T1
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PWM H #1(Vp) PB06 / GTIOC5A P103/ GTIOC2A P103/ GTIOC2A P113/ GTIOC2A
PWM H H1(W5p) PB08 / GTIOCBA P111/ GTIOC3A P111/ GTIOC3A P300 / GTIOC3A
PWM H #1(Un) PBO5 / GTIOC4B P408 / GTIOC1B P408 / GTIOC1B P609 / GTIOC5B
PWM H 71(Vh) PBO7 / GTIOC5B P102 / GTIOC2B P102 / GTIOC2B P114 / GTIOC2B
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RA Family KAMARBE—FDHR—ILE YD )LHIHE
oY DIHFA 2T —RAERLET,
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RA Family KABARPE—FZDR—ILE BT LA
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AGT REEFIEA A —NILEALT | AGTO AGTO AGTO AGTO
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2.2.3.1 RA6GT2
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TWET,
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ESCIR

HAL/Common Stacks & New Stack >
 gioport /O Port # g_poeg0 Port Output % Motor Vector Control with hall sensors(rm_motor hall)
(rioport Enabe for GPT (1_poeg)
® 6] @
T
# Mator Speed Controller (rm_motor_speed) @ Motor Current Controller (tm_motar._current)
I
@ g timer3 Timer, %Y Add Position Module @ ADC and PWM Modulation (rm_motor_driver) # g motor.sense_hall
Low-Power (r_agt) (Optional] Motor Angle and Spes
Calculation with Hall
D ] @ semsors
1 e 1
T
% g_adc0ADC Driveron | | 5 Add ADC driver2 to 4 Three-Phase PWM (r_gpt_three_phase)
radcb support Tshunt [Option]
1
@ g_timer0 Timer, General | | @ g_timer1 Timer, General | @ g_timer2 Timer, General
PWM (r_gpt) PWM (r_gpt PWM (r_gpt}
® ® ®
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RA Family KAAERE—FDER—ILE YR LI
g_adc0 ADC Driver on r_adc b
Settings pilivey |
w Common
L inko Parameter Checking Default (BSP)
~ Module g_adc0 ADC Driver on r_adc_b
w General
w Operation
v ADCD
Conversion Method SAR Mode
Scan Mode Single Scan
v ADC 1
Conversion Method SAR Mode
Scan Mode Single Scan
w ADC Successive Approximation Time
ADCO 6
ADC 1 6
w Synchronous Operation
Enable for ADC O Disable
Enable for ADC 1 Disable
Synchronous Operation Penod Cycle 100
w Calibration
w AJD Calibration
Sampling Time 10
Conversion Time 6
w Sample and Hold Calibration
Sampling Time 25
Hold Time 3
w Sampling 5tate Table
Entry 0 10
Entry 1 95
Entry 2 95
Entry 3 95
Entry 4 95
Entry 5 95
Entry 6 95
Entry 7 95
Entry & 95
Entry 9 95
Entry 10 95
Entry 11 95
Entry 12 95
Entry 13 a5
Entry 14 95
Entry 15 95
Mame g_adcO
K 2-3 ADC KSA4/\MFSPavI7445L—>3Y [1/6]
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RA Family

KABARPE—FZDR—ILE BT LA

g_adc0 ADC Driver on r_adc_b

J0/74
v Common
Parameter Checking

Settings
AP Info

~ Module g_adc0 ADC Driver on r_adg_b

General
w Clock Configuration
Divider
Source
w Interrupts
+ Limiter Clip Priority
Conversion Error Priority
Overflow Priority
Calibration End Priority
~ Scan End Priority
Group 0
Group 1
Group 2
Group 3
Group 4
Group 5to 8
FIFO Pricrities
Callback
» Sample and Hold
~ Enable Unit
Unit 0
Urut 1
Unit 2
Unit 4
Urnit 5
Unit &
w Analog Channels 0-5
Sampling Time
Hold Time
v~ Analog Channels 6-11
Sampling Time
Hold Time

&

Default (BSP)

Div /1
PCLEC

Priority 5
Disabled
Disabled
Disabled
Disabled
Disabled

m_motor_dnver_cyclic

OO0O0ROR

d Ped
Ln

a5
5

2-4 ADC KSANDFSPaYTI 445 L— 3 [2/6]
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RA Family KAAERE—FDER—ILE YR LI
g_adc0 ADC Driver on r_adc_b
Settings JORT« £
w Virtual Channels
A info v Virtual Channel 0
Scan Group Scan Group 0
Channel Select ANOOO
Sampling State Table ID Sampling State Entry O
Channel Gain Table Disabled
Channel Offset Table Disabled
Add/Average Mode Disabled
Add/Average Count 1-time conversion (Normal Conversion)
Limit Clip Table Id Disabled
Conversion Data Format Select  12-bit Data Format
Digital Filter Selection Disabled
w Virtual Channel 1
Scan Group Scan Group 0
Channel Select ANOD2
Sampling State Table ID Sampling State Entry 0
Channel Gain Table Disabled
Channel Offset Table Disabled
Add/Average Mode Disabled
Add/Average Count 1-time conversion (Normal Conversion)
Limit Clip Table Id Disabled
Conversion Data Format Select  12-bit Data Format
Digital Filter Selection Disabled
+ Virtual Channel 2
Scan Group Scan Group 0
Channel Select ANOO4
Sampling State Table ID Sampling State Entry 0
Channel Gain Table Disabled
Channel Offset Table Disabled
Add/Average Mode Disabled
Add/Average Count 1-time corversion (Normal Conversion)
Limit Clip Table Id Disabled
Conversion Data Format Select  12-bit Data Format
Digital Filter Selection Disabled
2-5 ADC RS A/ XMDFSPav 7445 L—> 3> [3/6]
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RA Family

KABARPE—FZDR—ILE BT LA

g_adc0 ADC Driver on r_adc b

JorT« £
w Virtual Channels

Virtual Channel 0

Virtual Channel 1

Virtual Channel 2

~ Virtual Channel 3
Scan Group Scan Group 1
Channel Select ANO0S
Sampling State Table 1D Sampling State Entry 0
Channel Gain Table Disabled
Channel Offset Table Disabled
Add/Average Mode Disabled
Add/Average Count
Limit Clip Table Id Disabled
Conversion Data Format Select  12-bit Data Format
Digital Filter Selection Disabled
~ Virtual Channel 4

Scan Group Scan Group 1
Channel Select ANODO8
Sampling State Table ID Sampling State Entry 0
Channel Gain Table Disabled
Channel Offset Table Disabled
Add/Average Mode Disabled
Add/Average Count
Limit Clip Table Id Disabled
Conversion Data Format Select  12-bit Data Format
Digital Filter Selection Disabled

Settings
APl Info

1-time conversion (Normal Conversion)

1-time conversion (Normal Conversion)

¥ 2-6 ADC FSA4/\MFSPaYI7445L—>3Y

[4/6]

g_adc0 ADC Driver on r_adc_b

70174 -}
w Scan Groups
~ Scan Group 0

Self Diagnosis

External Trigger Enable

ELC Trigger Enable

~ 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 8 Request B
GPT Channel 9 Request B

Enable

Converter Selection

Start Trigger Delay

Scan End Interrupt Enable Enable

Limit Clip Interrupt Enable Disable

FIFO Enable Disable

FIFQ Interrupt Enable Disable

FIFO Interrupt Generation Level 0

Settings
APl Info

QgEDDDGDDDDDDDDDDDEDDDD
Nz
=3

2-7 ADC FZ A4/ \DFSPaY 745 L—23aY

[5/6]
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RA Family KABARPE—FZDR—ILE BT LA

g_adc0 ADC Driver on r_adc b

TONRTA |
v Scan Groups
Scan Group 0
~ 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 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 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 6 Request B
GPT Channel 7 Request B
GPFT Channel 8 Request B
GPT Channel 9 Request B

Settings
APl Info

Ooooo0oOo0DO0OoDbODOo0O00O0D0OROO0D

Enable Enable
Converter Selection ADC1
Start Trigger Delay 0

Scan End Interrupt Enable Disable
Limit Clip Interrupt Enable Disable
FIFQ Enable Disable
FIFQ Interrupt Enable Disable

FIFQ Interrupt Generation Level 0

K 2-8 ADC KSA/\DFSPaY 744 L—>3a [6/6]

g_timer3 Timer, Low-Power (r_agt)

Settings pialive] i
» Common
ARt lofo v Module g_timer3 Timer, Low-Power (r_agt)
v General
MName g_timer3
Channel 0
Mode il Peniodic
Period 500
Period Unit Microseconds
Count Source PCLKB
Output
Input
w Interrupts
Callback &) rm_motor_speed_cyclic
Underflow Interrupt Priority Priority 10
Pins
X 2-9 AGT KSA4/\@OFSPa>v2I74459L—Y3Y>
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RA Family KABARPE—FZDR—ILE BT LA

g_timer0 Timer, General PWM (r_gpt)

Settings JOKRTA fE
~ Common
APl Info Parameter Checking Default (BSP)
Pin Qutput Support Enabled with Extra Features
Write Protect Enable Disabled
Clock Source PCLKD
v Module g_timer0 Timer, General PWM (r_gpt)
v General
Name g_timer0
Channel @l 4
Mode (&) Triangle-Wave Symmetric PWM
Period (& 50.0
Period Unit 4 Microseconds
Qutput
Input
Interrupts
~ Extra Features
w Output Disable
Output Disable POEG Trigger
POEG Link POEG Channel 3
GTIOCA Disable Setting SetHi Z
GTIOCB Disable Setting SetHi Z
w ADC Trigger
~ Start Event Trigger (Channels with GTINTAD only)
Trigger Event A/D Converter Start Request A During Up Counting m}
Trigger Event A/D Converter Start Request A During Down Counting
Trigger Event A/D Converter Start Request B Duning Up Counting W]
Trigger Event A/D Converter Start Request B During Down Counting O
Dead Time (Value range varies with Channel)
ADC Trigger (Channels with GTADTRA only)
ADC Trigger (Channels with GTADTRB only)
Interrupt Skipping (Channels with GTITC only)
Extra Features 4 Enabled
Pins
B 210 GPT FSA/\DFSPavI74JL—>ay
g_poeg0 Port Qutput Enable for GPT (r_poeg)
Settings 70174 i
APl Info » Common
v Module g_poeg0 Port Qutput Enable for GPT (r_poeg)
w General
~ Trigger
GTETRG Pin
GFT Qutput Level O
Oscillation Stop O
ACMPHSO O
ACMPHS1 O
ACMPHS2 DO
ACMPHS3 O
Name g_poeg0
Channel 3
~ Input
GTETRG Polarity Active Low
GTETRG Moise Filter PCLEB/32
~ Interrupts
Callback g_poe_overcurrent
Interrupt Priority Priority 0 (highest)
B 211 POEG KA /SO FSPavI«4JL—v3 vy
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RA Family KABARPE—FZDR—ILE BT LA

2.2.3.2 RA4T1
(1)12 Ew k A/D 3 > /3—%4 (ADC12)

UMER. VEER. WHEBR. 1 oN\—28KREE. HIEEEREZ. V07 LAFv E— K]
TRHELEIUN—F2z7 Y HEER). ADERIE, Fr ) T7RERBENVAALEGHLTEESET

L\i—a—o

) EHEENFEREALAZ 1< (AGT)
1[ms]4 2 —nNILE3A4<TELTHERLET,

(3)RAPWM 2 1< (GPT)

FrrI1, 2. 3O PWMHEABEE—FZFEALT. Ty RIS LRFEOEAETVET,

4)GPTRAKR—Fr7O b Ty b4 x—TJL (POEG)

BERRHE (GTETRGB #iF® Low L NLIRHE) (X PWM HAmFZE/N A4 v E—5 2 KB

ngj—o

HAL/Common Stacks

# g joponvOPan @ Mator Vector Control with hal sensorsirm_metor_hall)
rjoport)

T
% Add Shared ADC
instance (Options|

& gumen I ex Gerer 4 g bmer2 Timer Gener
T gt P o0
® o} ®
2-12 FSP X422 vy 2%
g_adc0 ADC (r_adc)
Settings TO/F4 |
v Common
API Inf
2 Parameter Checking Default (BSP)
v Module g_adc0 ADC (r_adc)
v General
Name g_adc0
Unit 0
Resolution i 12-Bit
Alignment 3 Right
Clear after read On
Maode Single Scan
Double-trigger Disabled
Input

v Interrupts
Normal/Group A Trigger
Group B Trigger
Group Priority (Valid only in Group Scan Mode)
Callback
Scan End Interrupt Pnonty
Scan End Group B Interrupt Priority
Window Compare A Interrupt Pricrity
Window Compare B Intermupt Priority

Extra

GPT1 COUNTER UNDERFLOW (Underflow)
Disabled

Group A cannot interrupt Group B
rm_maotor_driver_cyclic

Prionty 5

Disabled

Disabled

Disabled

2-13 ADC KSANDOFSPaY 7445 L— 3y [1/6]
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RA Family

KABARPE—FZDR—ILE BT LA

g_adc0 ADC (r_adc)
JoiF4
~ Input

Settings
APl Info

~ Channel Scan Mask (channel availability varies by MCU)

Channel 0
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
Channel 9
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15
Channel 16
Channel 17
Channel 18
Channel 19
Channel 20
Channel 21
Channel 22
Channel 23
Channel 24
Channel 25
Channel 26
Channel 27
Channel 28
Temperature Sensor
Internal Reference Voltage

000000000000 0D0O0000D000DO0O00RIFOROEF

214 ADC KSANDFSPav 7445 L— 3> [206]

g_timer3 Timer, Low-Power (r_agt)

plilive
v Common
Parameter Checking
Pin Qutput Support
Pin Input Support
v Module g_timer3 Timer, Low-Power (r_agt)
v General
Mame
Counter Bit Width
Channel
Mode
Period
Period Unit
Count Source
Qutput
Input
~ Interrupts
Callback
Underflow Interrupt Prionty

Settings
APl Info

|

Default (BSP)
Disabled
Disabled

g_timer3
AGTW 32-bit
]

(&) Penodic

1
Milliseconds
PCLKB

(&) rm_motor_speed_cyclic
Prionty 10

2-15 AGT KSA/NNDFSPaYv o714 L—ay
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RA Family KABABRPE—2DR—ILE YR L
e O X
[T Properties X s | = 0
g_timer0 Timer, General PWM (r_gpt)

Settings Property Value 2
v Common
APl Info Parameter Checking Default (BSP)
Pin Qutput Support Enabled with Extra Features
Write Protect Enable Disabled
v Module g_timer0 Timer, General PWM (r_gpt)
v General
Name g_timerQ
Channel a1
Mode [3) Triangle-Wave Symmetric PWM
Period (%) 50.0
Pernod Unit (3} Microseconds
v Qutput
Custom Waveform
Duty Cycle Percent (only applicable in PWM mode) 50
GTIOCA Output Enabled (%) True
GTIOCA Stop Level (%) Pin Level Low
GTIOCB Output Enabled (%) True
GTIOCB Stop Level (&) Pin Level High
Input
Interrupts
v Extra Features
~ Output Disable
QOutput Disable POEG Trigger
POEG Link POEG Channel 1
GTIOCA Disable Setting SetHi Z
GTIOCB Disable Setting SetHi Z
~ ADC Trigger
v Start Event Trigger (Channels with GTINTAD only)
Trigger Event A/D Converter Start Request A During Up Counting O
Trigger Event A/D Converter Start Request A During Down Counting O
Trigger Event A/D Converter Start Request B During Up Counting O
Trigger Event A/D Converter Start Request B During Down Counting O
v Dead Time (Value range varies with Channel)
Dead Time Count Up (Raw Counts) (3} 200
Dead Time Count Down (Raw Counts) (Channels with GTDVD only) (5} 200
ADC Trigger (Channels with GTADTRA only)
ADC Trigger (Channels with GTADTRB only)
Interrupt Skipping (Channels with GTITC only)
Extra Features (%) Enabled
v Pins v

2-16 GPT KSA /IO FSPaYv 71445 L—ay
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RA Family KABARPE—FZDR—ILE BT LA

g_poeg0 Port Output Enable for GPT (r_poeg)

Settings ZfE]éﬁ"-‘r i
v Common
ARl Parameter Checking Default (BSP)
v Module g_poeg0 Port Cutput Enable for GPT (r_poeg)
v General
~ Trigger
GTETRG Pin [~]
GPT Qutput Level O
Oscillation Stop (m|
ACMPHSO O
ACMPHS1 (m]
ACMPHS2 O
Name g_poegl
Channel 1
w Input
GTETRG Polarity Active Low
GTETRG Noise Filter PCLKB/128
w Interrupts
Callback g_poe_overcurrent
Interrupt Priority Priority 0 (highest)

2-17 POEG FSA4/\®FSPaYv 7445 L—>3 Y
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

2.2.3.3 RA6T3
(1)12 Ew k A/D 3 > /3—%4 (ADC12)

UHER. VEER. WHER. 1 UN\—42BREXE. REREEREZ.

VT IAEXY UE— K]

TRHELEIUN—F2z7 Y HEER). ADERIE, Fr ) T7RERBENVAALEGHLTEESET

L\i—a—o

Q) EHEENERLRNAZ 1< (AGT)

1[ms]4 2 —nNILE3A4<TELTHERLET,

(3)RAPWM 2 1< (GPT)

FrrI1, 2. 3O PWMHEABEE—FZFEALT. Ty RIS LRFEOEAETVET,

4)GPTRAKR—Fr7O b Ty b4 x—TJL (POEG)
BERELEEF (GTETRGB iiF® Low L AJLIEHE) (£ PWM HAHRFENAMA4 VE—F 2 RIREEIC

l/ i T o
HAUCommon Stacks Newsin
S sl T il
) @ @ @
2-18 FSP X2 vy £
g_adc0 ADC (r_adc)
Settings JO0RT1 i
v Common
ARljfo Parameter Checking Default (BSP)
v Module g_adc0 ADC (r_adc)
v General
Name g_adc0
Unit 0
Resolution i 12-Bit
Alignment 3 Right
Clear after read On
Maode Single Scan
Double-trigger Disabled
Input
w Interrupts
Normal/Group A Trigger GPT1 COUNTER UNDERFLOW (Underflow)
Group B Trigger Disabled
Group Priority (Valid only in Group Scan Mode) Group A cannot interrupt Group B
Callback rm_motor_driver_cyclic
Scan End Interrupt Pnonity Prionty 5
Scan End Group B Interrupt Prionty Disabled
Window Compare A Interrupt Priority Disabled
Window Compare B Interrupt Priority Disabled
Extra
2-19 ADC FSA/XDFSPav 744 L—>3Y [1/2]
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RA Family

KABARPE—FZDR—ILE BT LA

g_adc0 ADC (r_adc)
J0/T 4
w Input

Settings
API Info

w Channel Scan Mask (channel availability varies by MCU)

Channel 0
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel &
Channel 7
Channel 8
Channel 9
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15
Channel 16
Channel 17
Channel 18
Channel 19
Channel 20
Channel 21
Channel 22
Channel 23
Channel 24
Channel 25
Channel 26
Channel 27
Channel 28
Temperature Sensor
Internal Reference Voltage

[]DI:IDEI[]DEIDEI[]DEIDDDDDDDDDDDDHIDHDH

220 ADC KSANDFSPaY 7445 L—ay [2/2]

g_timer3 Timer, Low-Power (r_agt)
plaliva
~ Common

Parameter Checking

Pin Output Support
Pin Input Support

Settings
APl Info

v Module g_timer3 Timer, Low-Power (r_agt)

w General
Name
Counter Bit Width
Channel
Mode
Period
Period Unit
Count Source
Qutput
Input
w Interrupts
Callback
Underflow Interrupt Priority

-]

Default (BSP)
Disabled
Disabled

g_timer3
AGTW 32-bit
0

(&) Periodic
200
Microseconds
PCLKB

) rm_motor_speed_cyclic
Prionty 10

2-21

AGT FSA/NDFSPaY 7445 L—>3>
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RA Family KABABRPE—2DR—ILE YR L
e} O X
[ Properties X ) E ¥ § — O
g_timer0 Timer, General PWM (r_gpt)

Settings Property Value C
v Common
APl Info Parameter Checking Default (BSP)
Pin Qutput Support Enabled with Extra Features
Write Protect Enable Disabled
v Module g_timer0 Timer, General PWM (r_gpt)
v General
Name g_timer0
Channel &1
Mode [3) Triangle-Wave Symmetric PWM
Period (&) 50.0
Period Unit [4) Microseconds
v Qutput
Custom Waveform
Duty Cycle Percent (only applicable in PWM mode) 50
GTIOCA Output Enabled (&) True
GTIOCA Stop Level (%) Pin Level Low
GTIOCB Output Enabled (%) True
GTIOCEB Stop Level (5} Pin Level High
Input
Interrupts
~ Extra Features
~ Output Disable
Output Disable POEG Trigger
POEG Link POEG Channel 1
GTIOCA Disable Setting SetHi Z
GTIOCE Disable Setting SetHi Z
v ADC Trigger
~ Start Event Trigger (Channels with GTINTAD only)
Trigger Event A/D Converter Start Request A During Up Counting O
Trigger Event A/D Converter Start Request A During Down Counting O
Trigger Event A/D Converter Start Request B During Up Counting O
Trigger Event A/D Converter Start Request B During Down Counting O
~ Dead Time (Value range varies with Channel)
Dead Time Count Up (Raw Counts) (&) 200
Dead Time Count Down (Raw Counts) (Channels with GTDVD only) (&) 200
ADC Trigger (Channels with GTADTRA only)
ADC Trigger (Channels with GTADTRE only)
Interrupt Skipping (Channels with GTITC only)
Extra Features (1) Enabled w
222 GPT KSA4/AOFSPavI44JL—>3ay
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RA Family KABARPE—FZDR—ILE BT LA

g_poeg0 Port Output Enable for GPT (r_poeg)

Settings 70/7 8
v Common
ARLindp Parameter Checking Default (BSP)
w Module g_poeg0 Port Qutput Enable for GPT (r_poeg)
w General
w Trigger
GTETRG Pin [~]
GPT Output Level O
Oscillation Stop m]
ACMPHS0 O
ACMPHS1 O
ACMPHS2 O
Name g_poegl
Channel 1
w Input
GTETRG Polarity Active Low
GTETRG Moise Filter PCLKB/128
v Interrupts
Callback g_poe_overcurrent
Interrupt Priority Priority 0 (highest)

B 2-23 POEG FSA/NDFSPav2445L—3ay
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RA Family KABARPE—FZDR—ILE BT LA

2.2.3.4 RA8T1

(1)12 Ew k A/D 3 > /3—%4 (ADC12)
UMER. VHEER. WHER. 1 oN\—28KREX. RIEEESEEZ. [P0 ILAFvUE—F]
TAELETUN—FOzT7 b HEFER), ADZE#IZ, v ) T7RBAEIYVAAEEHLTEMESET
WET,

) IEHEENFERBAARZ 1< (AGT)
500 [us]4 A2 —/N\ILAATELTHERLET,

(3)iRE PWM 4 4 < (GPT)
FrRIL5 2. 3O PWMHEMBEE—FZFEALT. TY RIS LREOEAETVET,

4)GPTRAAR—Fr7Y b Ty b4 x—TJL (POEG)
BERELEEF (GTETRGA IiF® Low L AJLIEHE) (£ PWM HAHRFENAMA4 VE—F 2 RIKEEIC
LET,

HAL/Cammen Stacks &) New Stack >

# goport 0 Fart 4 Motor Vetor Cantrol with hal sensors{rm_metor_hall
(Ciogorn

# g.poeg0 Port Outpia
Enable for GPT {1 poeg)

‘2 e e
@
v SV p———
erd :.\ ner, General @ pert :n G ral
r.gp P
2-24 FSP XA v 2K
8 ] X
T roperies % #i-o
g_adc0 ADC (r_adc)
~
Settings Property Value
o v Common
nfo
Parameter Checking Default (BSP)
v Module g_adc0 ADC (r_adc)
~ General
MName g_adc0
Unit 0
Resolution (&) 12-Bit
Alignment (%) Right
Clear after read On
Mode Single Scan
Double-trigger Disabled
Input
v Interrupts
MNormal/Group A Trigger GPT5 COUNTER UNDERFLOW (Underflow)
Group B Trigger Disabled
Group Priority (Valid only in Group Scan Mode) Group A cannot interrupt Group B
Callback rm_motor_driver_cyclic
Scan End Interrupt Priority Priority 5
Scan End Group B Interrupt Priority Disabled
Window Compare A Interrupt Priority Disabled
Window Compare B Interrupt Priority Disabled W
225 ADC RSA4/DFSPav 7445 L—23y [1/2]
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

O g
O

Properties > T ?
g_adc0 ADC (r_adc)

Property Value
v Input
~ Channel Scan Mask (channel availability varies by MCU)
Channel 0
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 8
Channel 9
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15
Channel 16
Channel 17
Channel 18
Channel 19
Channel 20
Channel 21
Channel 22
Channel 23
Channel 24
Channel 25
Channel 26
Channel 27
Channel 28
Temperature Sensor
Internal Reference Voltage

Settings
API Info

ooooDoo0ooODoOo00O0D0DO00D0DD0D000000RRBEOO0DROR

2-26 ADC FSA/XMDFSPayv 7445 L—>3Y [22]

g_timer3 Timer, Low-Power (r_agt)

Settings TOIT4 fE
~ Common
AListo Parameter Checking Default (BSP)
Pin Qutput Support Disabled
Pin Input Support Disabled
~ Module g_timer3 Timer, Low-Power (r_agt)
v General
Mame g_timer3
Counter Bit Width AGT 16-bit
Channel 0
Mode i) Periodic
Period 500
Period Unit Microseconds
Count Source PCLKB
Output
Input
w Intermupts
Callback & rm_motor_speed_cyclic
Underflow Interrupt Priority Priority 10

227 AGT FSANDFSPav 7445 L—ay
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RA Family

KABARPE—FZDR—ILE BT LA

g_timer0 Timer, General PWM (r_gpt)

Settings JOI74
~ Common
AP Inf
2 Parameter Checking
Pin Qutput Support

Write Protect Enable
v Module g_timer0 Timer, General PWM (r_gpt)
v General
Name
Channel
Mode
Period
Period Unit
Qutput
Input
» Interrupts
~ Extra Features
v Qutput Disable
v Qutput Disable POEG Trigger
Dead Time Error
GTIOCA and GTIOCE High Level
GTIOCA and GTIOCE Low Level
POEG Link
GTIOCA Disable Setting
GTIOCE Disable Setting
w ADC Trigger
v Start Event Trigger (Channels with GTINTAD only)

iH

Default (BSP)
Enabled with Extra Features
Disabled

g_timer0

K]

(& Triangle-Wave Symmetric PWM
(& 500

(&l Microseconds

o

O

a

POEG Channel 0
SetHi Z

SetHi Z

Trigger Event A/D Converter Start Request A During Up Counting O
Trigger Event A/D Converter Start Request A During Down Counting O
Trigger Event A/D Converter Start Request B During Up Counting a
Trigger Event A/D Converter Start Request B During Down Counting O

Dead Time (Value range varies with Channel)
ADC Trigger (Channels with GTADTRA only)
ADC Trigger (Channels with GTADTRB only)
Interrupt Skipping (Channels with GTITC only)
Extra Features

(&) Enabled

2-28 GPT FSA4/N\DFSPa>27449L—3>

g_poeg0 Port Output Enable for GPT (r_poeg)

Settings 7EIéh'r4 i
v Commaon
ARl Parameter Checking Defauit (BSP)
v Module g_poeg0 Port Output Enable for GPT (r_poeg)
w General
w Trigger
GTETRG Pin [~
GPT Qutput Level O
Oscillation Stop a
ACMPHS0 O
ACMPHS1 O
Mame g_poegl
Channel 0
w Input
GTETRG Polarity Active Low
GTETRG Moise Filter PCLKB/128
~ Interrupts
Callback g_poe_overcurrent

Interrupt Pnonty

Prionty O (highest)

B 2-29 POEG FSA/NOFSPav2445L—3ay
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

23 YIbYIT7HER

231 YT b9x7 - T7A4ILEERK
YIRDITT7DIANTETFAIEREZTEIZRLET,

R 27 VI b9 T IHILEHER[1/2]

THILE ek 1% T7ANL o
ra_cfg HEBEBROOAV T4 T~V E
ra_gen BEEBROL SRS REME. A

1 VEARE
ra arm CMSIS Vv—Ra—F
board R— FEERERER
fsp/inc/api bsp_api.h BSP APl E%
r_adc_api.h AD APl E&
r_elc_api.n(RA4T1,RAGT3,RA8T1 DH) elc APl 25
r_ioport_api.h I/O APl E&
r_poeg_api.h POEG APl E%
r_three_phase_api.h 3§ PWM API £
r_timer_api.h 24 APl EE
r_transfer_api.h T—AR iRk APl %
rm_motor_angle_api.h AE APIEE
rm_motor_api.h E—4 APIEH
rm_motor_current_api.h EREE APl B
rm_motor_driver_api.h E—4 K54/ API EE
rm_motor_position_api.h SIEHE APl E&E
rm_motor_speed_api.h EE APl E&
fsplinc/instances | r_adc_b.h(RABT2) AD BEEZ
r adc.h(RA4T1,RA6T3,RA8T1)
r_agt.h AGT BEE=
r_elc.h(RA4T1,RAGT3,RA8T1 D) elc MEE S
r_gpt_three phase.h 3 1 PWM BEEEE
r_gpth GPT BEEEE
r_ioport.h I/0 B&EEE
r_poeg.h POEG BEEH
rm_motor_current.h BT EE &=
rm_motor_driver.h E—FRSAN\EEEE
rm_motor_sense_hall.h AREHELEEEEE
rm_motor_hall.h R—ILt VY HIHEREEE &=
rm_motor_speed.h HEEEEER
fsp/lib SA4T3) 774
R01AN6466JJ0121 Rev.1.21 Page 26 of 75
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RA Family KAMARBHE—2DR—ILE GRS FILFIE
£ 28 VI LI TIAHILFHERK[22]
7;”’ H$IT+ LT 74 e%s
ra fsp/src bsp BSPBEE T+ LA
r_adc_b/r_adc_b.c(RA6T2) AD K54/
r_adc/r_adc.c(RA4T1,RA6T3,RA8T1)
r_agt/r_agt.c AGT K354\
r_elc/r_elc.c(RA4T1,RA6T3,RA8T1 D &) elc FZ4 N
r_gpt/r_gpt.c GPT K543
r_gpt_three_phase/r_gpt_three_phase.c 3HHPWM K54 /\
r_ioport/r_ioport.c 10 K548
r_poeg/r_poeg.c POEG K54/
rm_motor_current/rm_motor_current.c BRGIE S AN
rm_motor_current/rm_motor_current_library.h BR&EIEHZATSY
AP| E&
rm_motor_driver/rm_motor_driver.c E—R2FZa4N
rm_motor_sense_hall/rm_motor_sense_hall.c AEHEEFZAN
rm_motor_hall/rm_motor_hall.c =LY
E—S K540
rm_motor_speed/rm_motor_speed.c HEHIE 40\
rm_motor_speed/rm_motor_speed_library.h REFIESA TS API EE
src application/main mtr_main.h , mtr_main.c aA—HA A %
r_mtr_control_parameter.h HEINTA—FERE
r_mtr_motor_parameter.h E—HNTA—FERE
application/user_i | r_mtr_ics.h, r_mtr_ics.c Analyzer Ul B83&E
nterface/ics B ER
ICS2_RA6T2.h, ICS2_RA4T1.h,ICS2_RA6T3.h, | V—ILRHBEE
ICS2_RA8T1.h 54751
ICS2_RA6T2.0,1CS2_RA4T1.0,ICS2_RA6T3.0, | V—ILFHEERE
ICS2_RA8T1.0 &
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RA Family KABARPE—FZDR—ILE BT LA

232 EDa—)LER
HBOTILYITIRITTFTDED2a—)LERER 2-30 IR LET,

Application Layer (User Application)

Main User Interface Module

mtr_main

Set User Command to Buffer

Middle Layer (Motor Control Process)
N\
Interface Module I
[ ]
Set Control Gain & Command
Control Module
~
[ rm_motor_current ] [ rm_motor_driver ]
[ rm_motor_sense_hall ] [ rm_motor_speed ]
\ W,
- y
Set PWM duty
. I Get Voltage, Current & Angle/Speed
Device Layer
| | —
N
MCU Module
ADC [ AGT ] [ GPT ] [ POEG ]
A\ V.
Output PWM Signal

MCU / Inverter

Get A/D Converter Data & Sensor Signal

B 2-30 ESa1— /LR
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

24

JYIRIITARYY

BTN Iz TV I MOz 7EREHETERIZRLETS,

*®

29 R—ILEUHARY FLFHIEY T b TERTHK

1EH

NE

Lk

AR R ILHIE

T— 42 [/ FL

SW1 DLAJLIZE Y HIE
ZF 1-1% Renesas Motor Workbench Hv 5 A

[EEEFREABAIE R H

R—ILt ¥

ARNEBE

DC 24V

A o0y EKEE

RABT2 : 240 [MHz]
RABT3 : 200 [MHz]
RA4T1 : 100 [MHz]
RA8T1 : 480 [MHz]

x4 1) 7 (PWM)E K

20 [kHz](F+ ') 7 /E#A : 50 [us])

TYREA L 2 [us]
il 10 FE) A RABT2 : 50 [us]
(B | SIE - EEHTE) | RABT3 : 50 [us]
RA4T1 : 100 [us]
RA8T1 : 50 [us]
HIE B B GREE) RABT2 : 500 [us]
RABT3 : 500 [us]
RA4T1 : 1000 [us]
RAS8T1 : 500 [us]
[B] 5 i & B CW : 0 [rpm] ~ 2400 [rpm]
CCW : 0 [rpm] ~ 2400 [rpm]
& HlfE R E A B R EiRHl#EZH - 300 [Hz]

RERIEIR : 5 [Hz]
FHRETHER : 1000 [Hz]
FEHTE R : 50 [Hz]

a2\ SRBIEERTE

BEIELARIL | Optimize more(-02) (7 7 #+ JL FE&SE)

fREEfFIL IR

UTOWINIDEHEDE, E—2HEESHAG K)EETI T4 71275

(1) BHEDEFRA 3.54(=1.67*sqrt(2)*1.5) [AlZEBB(BREIEHEL TER)
(2) 4 IN\— 2 BHREE A 60 [V]ZBB(EFHIHE A TER)

(B) A wN— A BREEA 8[V]IFH(E R HIEHEH TE)

(4) [EERZRE AY 4500 [rpm] % #B18 (E Fi /A 2 TEE1R)

HNEMSDBREFRREESZRELZEES. PWM HAIHFZNAMA4 2 E—4
DRIZT B

RO1AN6466JJ0121
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RA Family KABARPE—FZDR—ILE BT LA

25 FYAHBIEIREL
BTNV T b7 THEALTNREIYRAH L BEIBMEUTISRLET,
£ 210 B Y AHBEIAS

Y AH BEE plIsE
LA

15 Min

14

13

12

11

10 AGTO INT
B HIEE Y A A IR

9

8

7

6

5 ADCO ADIO
ADCO SCAN END(RA4T1,RA6T3,RA8T1)
AD ST & Y AAH (BRHIHEE Y AH0IE)

Max

O (N|wW|h~

POEG3 EVENT(RA6T2) POEG1 EVENT(RA4T1,RA6T3)
POEGO EVENT(RA8T1)
BEREEEYAH

Allocations
Interrupt Event ISR
0 POEG3 EVENT (Port Qutput disable interrupt D) poeg_event_isr
1 AGTO INT (AGT interrupt) agt_int_isr
2 ADCO ADIO (End of A/D scanning operation(Gr.0)) ade_b_adi0_isr
2-31 RA6T2FSP E|YRAA#I VT4 T L—a Y
Allocations
Interrupt Event ISR
0 AGTO INT (AGT interrupt) agt_int_isr
1 ADCO SCAN END (A/D scan end interrupt) adec_scan_end_isr
2 POEG1 EVENT (Port Output disable interrupt B) poeg_event_isr
2-32 RA4T1/6T3FSP ElYiAHI2 T4 L—2 3>
Allocations
Interrupt Event ISR
0 AGTO INT (AGT interrupt) agt_int_isr
1 ADCO SCAN END (End of A/D scanning operation) adc_scan_end_isr
2 POEGO EVENT (Port Qutput disable interrupt A) poeg_event_isr
2-33 RA8T1FSP ElYAA#IV T4 T L—a Y
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RA Family KABARPE—FZDR—ILE BT LA
3. HlEY T ko 7EREA

3.1 #HIHAR

311 E—42EE/EL

E—A DiLE & {ZIEIE. Renesas Motor Workbench M5 DA A ZE =X SWI ASDAANIZK>THIEILFET,
SW1 IZIXAAR— FHEY BT 5h, "High" LRILDEERZ—FRALYFHMNON LTS EHETL, "Low”
LRILDEZIFE—FEZEFLTHEHMLET,

3.1.2 A/D i

(1) E—2REEEESHE
E—2 DOEERFEEHESEX Renesas Motor Workbench MM A D ZE =1L VR1 O HE(TFOJ{E) %
ADZEMTHELICE>TRELET, ADEfSNI-{EIL. UTORDKLSIZ, BEELREESEEL LT
FAHLET.

® 31 EEGZREHETEOLEMRL
HH Ltk (F8H1E - AID ZiRE)
Ccw 0 [rpm]~2400[rpm] : 0800H~O0FFFH

EnEEESE

CCW | O [rpm]~2400[rpm] : 07FFH~0000H

(2) A VN—4BHRET
DLTDRDESIZ, 1 VN—2BBEXTZRHELEFT.,. TREDEHELBET - EEETHRBEERX
PWM Z1b)ICERLET,

K32 AVN—2BHRETDOEHL
IEH Ttk (4 VN—4 BEEE - AD i)

1A N—3BIRERE 0[V]~73.26 [V] : 0000H~O0OFFFH

(3) U#E. VH. WHER
UTORDESIZ, UM, V. WHERZAEL. X7 MLEIBICERLET,

& 33 U, V. WHERDEHL

IEH Ttk (U, WHER : AD EH#i{E)
-8.25 [A]~8.25 [A] : 0000H~0FFFH %
&7 = (3.3V-1.65V)/(0.010hm*20)=8.25A

U#. V. WHER
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RA Family KABARPE—FZDR—ILE BT LA

3.1.3 ZiH
BTN Y IO TTlE, E—E~ADAABEIZ/NVILRABER (LIE. PWM) [TE>TERLET,
PWM Duty L DEH #4700y, EEFMANERZ LIFE-0IZ. TRAZT-EBEEZHATEET,

3.1.3.1 IELRER
EREMEUTOLSICERLET,

v
M=

mZHE  VESEEE AL —SBREE

3.1.3.2 ZE[ANY FILEHA

KAHMABRBE—2DOANY FLFHEICENT, —RUICHEDEHEEIESERXEZXRRICERLET,
ECHN, ZDEFPWMAERD-ODERKE L THEAT S E. RRICE—ZICHMENLBEEDA >
NS FREEICHT 2EEFARIIHREEEMETHRK86.7[%]EF>TLEVWEY ., £2T, T
HAFIITHHEEEFEORKNELR/MENTFHEEZEH L. ThoZHHELERENMSBELZLDOZE
ERRELTHERLEY, TORE. TRAKOKRKXIRIEE/ 2ELHTY. REABEREXZOEFICEEFA

EIF100[%]EHYET,
v, V, 1
V1=V |+av|1
/44 Vi 1

w AV = -y = max{Vy, Vo, Y} s Vinin = min{V, Vo, V)

V.V, V, :UVWHEBEESE
V.V, V, : PWM £ A UV,WHEXIESEZEREK)

EREMZUTOESICERELET,

VJ
E

m: B Vo PWMASRAMELES S E: A o — Z REEE

m:
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

3.1.4 KEEH

3MNICHY TV I I TIZH TR REBBREZRLET., Yo TILY T D7 T,
TSYSTEM MODE] IZ& UKEEZEBLEY,

POWER ON/
RESET

SYSTEM MODE

S

[RUN EVENT]

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

31 k=L Y/ LARY LAY 7 Oz 7 DREERE

(1) SYSTEM MODE

VATLEMEREZRLET, B4R MEVENT)OREIZEY., RENBBLET., VATLOHE
KEEIZ, E—2ERE)ZLL (INACTIVE) . E—4%EE®) (ACTIVE) . %R (ERROR) n"HY ET,

(2) EVENT

% SYSTEM MODE H(Z EVENT " ®4&$ 5 &, £D EVENT [T - T, YR T LEMEKREAE 3-1 5
DEROHRIZEB LFET, £ EVENT OREEZERITRELGYET,

# 3-4 EVENT —E&

ARV M4

HREER

STOP

A—H—BECKYRELET

RUN

A—H—BECIYRELFET

ERROR

VATLNREEZRHE LI-EEITHELFET

RESET

A—H—BECKYRELET
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RA Family KABARPE—FZDR—ILE BT LA

315 BREE - AEHTE
3.1.51 HEHTE

EEREDHEEFUTOTILITY XLIZK >TITVET,

A=t U HESDOEILEF v ) 7EIYRAAHTHEREL., R—ILESOEILOREIZEEIDF v 1) 7EIYAHH
RELIEDEADU T HIETESRA 21 /6rad|(F—ILEESEIL 1 RE)DEAREEIZITLVET,

BRA 2776 Hifdusec] = Fr ) T7EIYVAARH x F+ 1) T7EIYIAHREHA(50usec)
CNIZEYBRAREZRD C EMNHEFT,
%ﬁﬁLg[rad/SeC] = 2 7[‘/6[rad] - Eé,ﬁﬁ 21 /6 EﬁFEﬁ[UseC]

BL., R—ILESELL 1 RETOMEL LEBSREICKIZENREVNLEEZ NS -ORANE
ELTIE, ERDESELE6EI(ERA 1 J—J)O)ﬂﬁ’éﬁﬁb\flﬁﬁﬁﬁofb\i?'o

BEXAEErad/sec] = 2r[rad] ~ B5A 2t (27 .76 HifE 6 |5 )[usec]
EESRYHTEEEHBT 8. ZOBED
F—EE 1EEQ ) A OB, SEELHET S
6 #E([rad/sec] =2n + F— IS S EL6ES BRI
5
4
’ [ ]
2 — ]
< >

FyrUu7r
B AH

%_}
F— N ESELH DR %
Fop U TR AKREIETEA

‘l'l.......lll llllllll e s s s 0

A

3-2 REHTEHSH
NEEFTIIAEREROREELZEHET 50, UTOLSLREICEEB®ZTLET,
Xy ) 7—APERALEILErad] = 2n[rad] + F+ U 7EYAAHEE(2 m HARE)
EXAEErad/lsec] = Fv U7 —FAHESALILErad] X F+ ) 7REEH(Hz)
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

3152 AEHTE

LT DIEHRM 5

A) [EEAMR
B) #ERE

BEXRAZHELET,

EERARIEAR—ILE o HESNAE—VICEYBRKELEY, R—ILEVHESDNEZ—VIIERT HE—F
[CEYRFESTLADT, EEAERIELIEERICZOERDOKR—ILE U HESESEDOR—ILE U HESZLER
$HCETHEAMZRET S ENFARREGYET,

EXRA(rad]

107m /6

8m /6

4w /6

2w /6

E— & EAREER

F—=IES

27
T
0 - N
S R—ILES
LRI D e
2n/12%ME L1-E% HERE
HEMET S o

. BEREE

Hall signal pattern

1>5>4->6->2->3

X 3-3 BRAEHE (EARMEEEF)

T — & AR

/

F—IES

LSS C]

0

BEERELS
2n/12%ME LF-E%
HEELT A

Hall signal pattern

1>3->2->6->4->5

X 3-4 BEXAEHETE (FHRELEE)
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RA Family KABARPE—FZDR—ILE BT LA

K 3-3A ATIHAR—ILEEN1-5 LEILLTVWET, A SE—2DEEARZEZEAR EHIEHEEET,
CCTESAZUTORIZEKELET,

A R (IEEA R [EEREF)
ESfi[rad] = 2n[rad] x HEFAEFAREAN6) + Rw—ILEERNAErad] + 4 7t Mi#[rad]

BHR—IEBDELRICEVWT 21 /6[rad|DEEAEZL - TCERAZHELET. AV EEARE
FBIEFR—ILESIZIEL TR 3-5DKSICHKELET,

*x 35 HEAEREE—E
r—ILES 1 5 4 6
HEMEFEE | 006) | 176 2/6 3.6 4,6 5/6

X 3-3A mTIER—ILIEEN1-5 XL LTS, REAERBEXR—IIESSICRET S 1.6
ERELFET,

: e
5 F—=IES //,’ZF:::_T

HERRE A
2n x1/64° 777
‘ ‘ ‘ ‘ ‘ ‘ T 1 IR
*vUT . v ) ~ I
LRI F—IMMESORIEF v U P AREIC - MESELBRDOHIAHT ]
BETOEMSEMES 22 ETHESR BEEAEERET 3,
HET 2,

X 3-5 Hw—ILESRNAEHERSE(IEA M[BEERE)

R—ILEBRAEIIR—IESELAICSVWTCEARRBETHIIE—21.712rad]. FAREETHNIE
2w /12[rad]ZMMEAEE LTHRELET, LT, ¥ UTEYRAHADEET S5-I, HEREFRIC
HEONWTENMEZEMELTWEET, HL, EEREVCEELEHEZEEL T—271./12[rad]~2 1 ~12[rad]
DEEDEE LTWVET,

1E AR [EERRF

R—IILES WA E[rad]

= ¥HME(—2r ~12) + H#EFEERE[rad/sec] X F+ ) TEIYAAREEA(50usec) X F+ 1) 7EIYIAAEIE
¥ 75 7] [B] BR F

R—ILESRNAE[rad]
= {HME(—27r.712) - #EERE[rad/sec] x ¥+ 1) 7E|Y ;AHE#A(50usec) x F+ 1) 7EIYAAEE

WIhd—2n/12~21 /12 DEEZB A -IBEFIRORAHFET,
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RA Family KABARPE—FZDR—ILE BT LA

KELELFTEIVNEOBHRIED:=OF v ) 7TAHERALTLELAVTUTOLSICHELTVET,
IE 75 [ [E] $n
hR—ILEERNAErad] = MHME(—271.712[rad]) + ¥+ ) 7—EAPEKAZLILE[rad]
i 75 7] (B B5 B
R—ILEERNAE[rad] = #HAER T ~12[rad]) — F+ U T7—RAPERALILE[rad]

A7ty MERE—ZBERDORABETEISR—ILESRE (EVVMYMITRE) FLERINT H5ICHRE
LET,

BRI, 3-3BATIEAR—ILEEN -4 [CEEL TSI EMND, R 35 DELEAFRARBEFRINT
ESAZUTOHRICKRELET,

B M (IEA R [EERHF)
BSRAAlrad] = 27x[rad] x H#EAEARER76) + ~—ILIEEERNAE[rad] + # 7t MiEfrad]

M 3-4CRATIE. R—ILESN 123 EXELTVET . ChhbE—FDEEARZFEAE & K
FY, TDEH. R IS5NEEAERRBEEAVTERAZUTORKRICKELFTT .

C A (71 EIERES)
EXAlrad] = 27frad] x HEAEFAEEG.6) + K—ILIESAAErad] + + 74 HElrad]

Bk, 3-4D HTIHKR—IIESEMNI-2IZEIL LTSI END, R IS5DEEAERABREZAINT
ERAZUTOHRICKRELET,

D M (75 M [ ERkF)
EXflrad] = 2n[rad] x HEAERREE.6) + R"—ILIESAAErad] + 7+ v ME[rad]
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KAARBE—2DHR—ILE YRS LLFIE

RA Family
3.1.6 WEAE
HOTWNYIT bz 7OREBFIHANETER 36 ICRLET, HMEBERINSEREFHICKS q@BERESE
TEELFEY,
Speed reference status { MTR_SPEED_ZERO; MTR_SPEED_CHANGE
_CONST (0)
Iq reference [A]
speed Pl output
0 >
Speed reference [rad/s] t[s]
Target speed reference
s

0
3-6 R—ILELHAT FLGIEY T bz 7 DIREBFHEEHAS

BRLURED D REEEAD

/ FYBMIRAL Yy aF(ERETLE
DED o o i s o o O i i o S —— E——— !
!
-‘-‘--“--“lf - T —
BRHEELFBRER L vy a3 LFIC
; ELEoEEREZBELEERE,S
TRHEEARYELS, T .

FBRELRE ORAREME
5 ]

100

3-7 RLLREHTESRS

REEICRH

BL.COZEEHEAXTIE. EXA 1 A2 [rad) 2 DEHRABMNSETIE, ELLVEREIFRZHTE T Hoen

TEFEEA

ZD1=8%. BB % HHRERENARET HETOHMEIEL. ATV TR THEA LITERUEEHEEEFERTS
CETRL—RGEBZERBELTVET,
BIERRE (FR—ILESIZ KA HETEEREMN R EE(f4_start_speed_rad)ITELI=ZETHELET,
ENELEOHEEREFRBERABITLES . TNETIEFLEECLIBA LTEEFHEMBELTRHWET,
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RA Family KABARPE—FZDR—ILE BT LA

31.7 {R¥EMA:

HUOTWNYITRITIE, UTOIS—REEZHSE, TNhETNDOGEICREFELET AHEEERELTLET,
VAT LGREREICEADLARRTEMEEIR 3-6 #SHBL TSI,

o BERIZ—
N—FIz7hoNRAFLESBERRLY)CKY . PWMBEHHFENAA VE—FVRIZLETS,

Fr-. BERERAYPTUME, V. WHERZEHRL. BERBEER) I v MEZEB)ZHRH LT
Frlc, RRIFELELFEI (VI bz 7HEH),

. BEETS—
ERRAMTA VA~ BREELEAL. BEEBEE) I v MELRB)ZMRI LB, K8
BIELFY. BEE) 3 v METREEBOBREOBRESEEE L TRELLETT,

e KE l:T:I7—
BEXEREH T oN—2BEREEEZFEHRL. BEXUEERX) = v MEZ TR =1B8)ZHRH L 1=K,
Sr’ééﬁt LET, BEEEY I v MEIIRHEBIROERENDRESF4ZEE L TCERELETT,

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

* 36 BURATLREMERTEE

I5— E3f[ED EEtREHA
BERTS— Jﬂ%/}ﬁ ) 2w ME [A] 3.54 | & HI1E E HA
BWEEILS— BEEYZ Y ME [V] 60 | & i 1En E 2A
KEEEFTS— EEEY =Y ME [V] 8 | B EHA
EEERETS HEEY Iy ME [rpm] 4500 | i i 10 FE £
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

318 AD ~UF
AD R HERFY U ILN—TDRAI VT ERLET,

Timer start

Carrier cycle

Scan 0
AD conversion

Motor control routine
Scan 1

AD conversion

< 50us R

ADC trigger
from GPT

Scan 0
AD conversion

Motor control

Scan 1
AD conversion

ADC trigger
from GPT

Scan 0
AD conversion

Motor control
Scan 1
i, AD convers\on\‘

ADC trigger
from GPT

Scan 0
AD conversion

Motor control
Scan 1
AD converslon\‘

ADC trigger
from GPT

I Motor control

3-8 AD RYHRAZIVY
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RA Family KABARPE—2IDR—ILEYRY FILEIHE
3.2 =LY RS MILEIEY 7 b 7SR

K= oYXy LLFHEHOFE IOy IRERLET,

o Speed control Process

\

e —————— o ———

I ] H
1 L. *
: e !l : + Va dq ﬂ» Voltage ib
[—_— @—>»] Speed 9| Flux- ! T Current A Vy error i’)
[ PI d keni ! g PI + A Voltags V_> Compen [y,
| | ’:_> + Limit UVW [~ -sation [~
| A | oA *k *k
: Weer [V T iq idT : : Ig] la Va Vd 9:
\ T + Decoupling
| | : Control
! ! —9 X A A 6
! ! 1 ig" | 1" W] iy
: Speed : : dq
| LPF ! \ i
1 1 | q
1 : N uvw
l H
1 1
+ 0
: L
] ! ]
: : | w Angle & Speed HU,HV,HW
| i ! )
\\ ____________________ /’ N e T T T T _
39 HR—ILtEHRY MLEIEBR IO Y IR
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RA Family

KAARBE—2DHR—ILE YRS LLFIE

3.3 BH—ER

x® 3-7 TRHFEBRE Y AHBEBARITEE—E(1/5)

| A=y YBEBRS A= T—4
HAh: &L

271 % E#%% IR E
mtr_callback_event 7|':—)l/‘b ?ﬁ%‘lﬁﬂ: —J
) A7 : (motor_callback_args_t *) p_args Ny U BEE
mtr_main.c

rm_motor_hall.c

rm_motor_hall_current_callback

A1 : (motor_current_callback_args_t *) p_args
[ =Ly BT A—E T—4

HAh: L

EEFIEOH HE BRI
DAAIZEY +

RM_MOTOR_HALL_ErrorCheck

A A : (motor_ctrl_t * const) p_ctrl / E— & HIEEEANRA >
Ed

(uint16_t * const) p_error/ E—#% T 5—1&%k
HH:fsp_err t/ BAEETHR

IS5—Fzvy

rm_motor_hall_copy_speed_current

A A : (motor_speed_output_t *) st_output / FEEH EHH HTF—
2

(motor_current_input_t *) st_input /| ERFIHA DT —4

HA: L

BEHAT—2E%ERAAN
F—AzaF—

RO1AN6466JJ0121
2024.12.23

Rev.1.21

RENESAS

Page 42 of 75




RA Family KAMARBE—FDHR—ILE YD )LHIHE
% 3-8 ERTIHELEI Y AAHBEHNETESR—E(2/5)
T77A4ILA BE# % IR

rm_motor_driver.c

rm_motor_driver_cyclic

A7 : (adc_callback_args_t *) p_args
| a— LNy NS A—ET—4
HAa:mL

E—H KS4/8a—)L\y
2 B

rm_motor_driver_current_get

A7 : (motor_driver_instance_ctrl_t*)p_ctrl/ E—4% K54/
AVRIAVR

HAa:mL

AD BT —2 ZWE (A8
BEREBRED

RM_MOTOR_DRIVER_FlagCurrentOffsetGet

A A : (motor_driver_ctrl_t * const) p_ctrl / E—4% K5 A /3l
HEBERRS V2

(uint8_t * const) p_flag_offset/ B RA 7Y MRETET 75
"

H:fsp err t/ BAMETHRR

BERA 7ty MEZAE

RM_MOTOR_DRIVER_PhaseVoltageSet

A 71 : (motor_driver_ctrl_t * const) p_ctrl/ E—42 K5 A /34l
HEERRS V2

(float const) u_voltage / U #8EE

(float const) v_voltage / V #8EE

(float const) w_voltage / W tBEE

HH:fsp_err_t/ BIETHR

PWM Ta—T«5#HERAD
HEET—2%%E

rm_motor_driver_modulation

A7 : (motor_driver_instance_ctrl_t*)p_ctrl/ E—4% K54/
AVRIVR

HAa:mL

PWM ZFRDEST

rm_motor_driver_mod_run

A7 : (motor_driver_instance_ctrl_t*)p_ctrl// E—2 F35A
INAVRE VR

(constfloat*)p_f4 v in/ ANW=MHEE

(float *) p_f4 duty out/ HAT 1 —TFT«

HAh:HL

AAN=ZHBE (A 7K—
S) Do Ta—TFTa4HY4A4Y
ILEFE

rm_motor_driver_set_uvw_duty

A 71 : (motor_driver_instance_ctrl_t *) p_ctrl/ E—4 K54 /\
AVRAUR

(float) f_duty u/U#Ta1—F«

(float) f_duty v/VHT1—T 4

(float) f_duty w/W T 1—F «

ael s I A

PWM 7 1—7 1 8&%E

RM_MOTOR_DRIVER_CurrentGet

A7 : (motor_driver_ctrl_t * const) p_ctrl/ E—4 K54 /30
vhko—)LJowvy

(motor_driver_current_get_t * const) p_current_get / B§T—
2

HA:fsp err t/ BAMETHRR

HER. Vdec., Va_max
T—AEmE
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RA Family KABARPE—2DR—ILE YA FILHIH
* 3-9 BERGEEAE Y AHEBARITEH—E(3/5)
2714I% B4 pUBETE S
ERGIEE SRR

rm_motor_current.c

rm_motor_current_cyclic

A7 : (motor_driver_callback_args_t *) p_args
I A=Wy YBEHNT A= T—4

HA: AL

RM_MOTOR_CURRENT_ParameterSet

A : (motor_current_ctrl_t * const) p_ctrl / &I f4EE AR
104

(motor_current_input_current_t const * const) p_st_input/ 4
vT v hERT—4

HH o fsp_err t/ BABETHR

BRHEEMANT—2 ERE

RM_MOTOR_CURRENT_CurrentSet

A : (motor_current_ctrl_t * const) p_ctrl / &I f4EE AR
104

(motor_current_input_current_t const * const) p_st_current /
17Ty FERT—%

(motor_current_input_voltage_t const * const) p_st_voltage /
ATy FVBRET—4

HH o fsp_err t/ BABETHRR

diq HDEREBEEDT—
R EHRE

RM_MOTOR_CURRENT_CurrentGet

A7 : (motor_current_ctrl_t * const) p_ctrl / B &4 AR
A4

(float * const) p_id / EX#F L= d HER~DKRA 24

(float * const) p_iq / BX#G L1z q ®HEFRA~ADKRA 242

HA o fsp_err t/ FARETHE

d/q BERZ MG

motor_current_transform_uvw_dq_abs
A7 : (const float) f_angle / [E¥sfE
(const float *) f_uvw / UVW R A > %
(float *) f_dq/dq &RA >4

HA: gL

UVW — dq BEAZEZE (4t
)
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RA Family KAWBRBE—FDHR—ILE YR ~LFIE
F* 3-10 FRHIEEEAZ Y AAHBEEBAEITEE—E (4/5)
T74IL% e IR E
motor_current_angle_cyclic ERsHORMEESTS
~ - " AEEETOER

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_rad / [E#xEE

(float const) phase_rad / {48

HAH:fsp_err t/ FAMETHER

EREELO—2ET—4
ERE

RM_MOTOR_CURRENT_CurrentReferenceSet

A7 : (motor_current_ctrl_t * const) p_ctrl / EFRHIHE SRS 4
(float const) id_reference / d 1 E 5 S

(float const)iq_reference / q BHERIES

HAH:fsp_err t/ FAMETHER

RM_MOTOR_CURRENT_PhaseVoltageGet
A7 : (motor_current_ctrl_t * const) p_ctrl / EFRIHEEERA 4
(motor_current_get_voltage_t * const) p_voltage /| RIGEET—4%

HAH:fsp_err t/ BAMETHER

RESh=HEEEERE

motor_current_pi_calculation

A 71 : (motor_current_instance_ctrl_t *) p_instance / BifRA Y XA >
Aarvko—iL

HAh: L

BRAY MLaT Y REER
DEFRNY LA SHAEE
Ry bILVEHE

motor_current_pi_control
71 : (motor_current_pi_params_t *) pi_ctrl / Pl §l{E1/35 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

HH : float/ HIBR L 1-1E

HesHE D IR

motor_current_decoupling

A7 : (motor_current_instance_ctrl_t *) p_ctrl
A

(float) f_speed_rad / [E$5EE

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

HAh: &L

| BiRGIEHA O RE Y

FETF i

motor_current_voltage_limit
A A : (motor_current_instance_ctrl_t *) p_ctrl / EFRHMEA VX2 VX
HAh:%EL

BEAY MILOFIR
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RA Family KABARPE—2DR—ILE YA FILHIH
x® 3-11 ERHIEEYRYAHBEBARTEE—E(5/5)

T74IL%A epied PUEEY VS
motor_current_transform_dq_uvw_abs dq — UVW BEAZZE(HEXTZE
A A : (const float) f_angle / BIEEAE i)
rm_motor_current.c (const float *) f_dq/ dq &E7RA >4
(float *) f_uvw / UVW #87RA >4
HAh: &L
rm_motor_voltage_error_compensation_main EEREME

A7 : (motor_currnt_voltage_compensation_t *) st_volt_comp / EE
REWET—42

librm_motor_current.a (float*)p_f4_v_array/ V77 LV RERE

(float *)p_f4_i_array/ ) 77 LV RER

(float) f4_vdc /| BHEEE

HAh: &L

RM_MOTOR_SENSE_HALL_FlagPiCtriSet PIHIBIRTD D 5T & HE
A7 : (motor_angle_ctrl_t * const) p_ctrl / BEHIEEEARL V4
(uint32_t const) flag_pi / Pl &I#H1Z={TH 754

H o fsp_err t/ BASETHRR

RM_MOTOR_SENSE_HALL_SpeedSet EEERERE
A7 : (motor_angle ctrl_t * const) p_ctrl / fE&IfEEANR S L4
(float const) speed_ctrl / 1) 77 L > R [ElE5EE

rm_motor_sense_hall.c (float const) damp_speed / # > E > ¥ BIS5EE
HA:fsp_err_t/ BASETHR
RM_MOTOR_SENSE_HALL_AngleSpeedGet 0—42 OFE & EiE%E F R
A# : (motor_angle_ctrl_t * const) p_ctrl / fEHIEHEEERA 242 =
(float * const) p_angle /| BET—4 (MIHBERE T — 2 (FIRBHkRE
(float * const) p_speed / EET—4 TA)

(float * const) p_phase_err/ SItHRET—4
A fsp_err t/ BASETHRE

R_GPT_THREE_PHASE_DutyCycleSet BRAIDT1—TAH1AY
A7 : (three_phase ctrl_t * const) p_ctrl / =445 1 < HlEEEERS | LBRE
VA
r_gpt_three_phase.c (three_phase_duty cycle_t * const) p_duty cycle/ XRETFa—T 4%
149

HiA: fsp_err t/ BAHETHR
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RA Family KABARPE—2DR—ILE YA FILHIH
& 3-12 ZFEHEEHEYAHBEBARTEE—E(1/3)

274I)% E#% B E

mtr_callback_event A=t oHHlEa—IL/Ny
A7 : motor_callback_args_t * p_args VB

[ A=y VBN A= T—4
mtr_main.c HAh: gL

get_vr1 VR1 O A/D ZH#:AERE
AR L

HA o uint16_t/ ZiafiE
RM_MOTOR_CURRENT_ParameterGet TR SREFIEA S
AA : (motor_current_ctrl_t* const) p_ctrl/ R bo—)JAay | T—42 ERE

9

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

HA:fsp_err t/ BASIEITHSE

rm_motor_hall_speed_callback BREFIE—IL/ Ny VB
A 71 : (motor_speed_callback_args_t *) p_args / a—JL/\v I B
INFGA—=BT—4

Hh:%GL

rm_motor_hall_copy_current_speed BRUEAT—2E5REAA
A7 : (motor_current_output_t *) st_output/ BEFRHAT—4 T—ARIC3E—
(motor_speed_input_t *) st_input/ EEAHT—4
Hh:%GL

rm_motor_current.c

rm_motor_hall.c
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RA Family KAMARBE—FDHR—ILE YD )LHIHE
* 3-13 REHIEEEAZ Y AAHBEBEAETEE—E(2/3)
T774ILA EE g MBS

rm_motor_speed.c

rm_motor_speed_cyclic

A7 : (timer_callback_args_t *) p_args / 3 —JL/\y I BEEUNT A —
2T—4

Hh:%GL

HEFHOREHEE (217
BV IAHFEQFUH L)

RM_MOTOR_SPEED_ParameterSet

A A : (motor_speed_ctrl_t* const)p_ctrl/ E—42FEI> FA—)L
JRyy

(motor_speed_input_t const * const) p_st_input/ FREAH/NT A —
2

o fsp_err_t/ BABETHER

EEANNTA—F ZRTE

RM_MOTOR_SPEED_SpeedControl

A A : (motor_speed_ctrl_t * const)p_ctrl/ E—42FEI> FA—)L
JRyy

M fsp_err t/ BAEITHE

diq MERIEREEFE (&
ERlHO A1 TOER)

rm_motor_speed_set_speed_ref_hall

A 71 : (motor_speed_instance_ctrl_t *) p_ctrl/ E—4%2&EA VR4
VR

i float/ Y I7 LU REE

HEHETEEEN

rm_motor_speed_set_iq_ref_hall

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

H:float/q&h) 77 LU RER

qHMOERETELZEN

rm_motor_speed_set_id_ref_hall

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

7 float/d# ) 77 LY RER

dHMOERETEEZEN

RM_MOTOR_SPEED_ParameterGet

A# : (motor_speed_ctrl_t*const)p_ctrl/ E—42FEI> FA—)L
JRyy

(motor_speed_output_t * const) p_st_output / FEH AT —4

M fsp_err t/ BAEITHE

EEREOHNNSA—5%
g
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RA Family KABABRPE—2DR—ILE YR L
& 3-14 EERIEHEIE YAARBEBAERTER—E(3/3)
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

A 71 : (motor_speed_flux_weakening_t *) p_fluxwkn / S5HHEREE
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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KAARBE—2DHR—ILE YRS LLFIE

3.4 Contents of control
341

Configuration Options

E—2AR—ILEIHYRY MLFHIEIE D 2 —ILO#ERF 7 3 »I&. RA Configurator Z{EFR L TR TE

FY,

REMBEUTORICEHLFET,

FEINF-A T a3 vF,. a— FOEREC hal_data.c/h ICHEMICERBREINET,

% 3-15 Configuration Options (rm_motor_hall.h)

FFoavae

FTFToars

RE

Limit of over current (A)

h’i—a—o

HERNCDEZEZDE. PWM EHAR— AT TITHRES

Limit of over voltage (V)

SNFEJ,

BREENCODEZEZ S E. PWM HAR— AF JIZETE

Limit of over speed (rpm)

ShFEJ,

EEEREACDBEEEZ D E. PWM HAR— bAF TIZERE

Limit of low voltage (V)

ShFEJ,

BIREENCOEEZTEHS E. PWM HAR— FAF TICETE

% 3-16 Configuration Options ##A{E (rm_motor_hall.h)

rToavs RAGT2 RA4T1 RAGT3 RA8T1
Limit of over current (A) 1.67 1.67 1.67 1.67
Limit of over voltage (V) 60.0 60.0 60.0 60.0
Limit of over speed (rpm) 4500.0 4500.0 4500.0 4500.0
Limit of low voltage (V) 8.0 8.0 8.0 8.0

3.4.2 Configuration Options for included modules
E—SAEUYLAAY MLHEEES 2 —LIZIE. UTOED2—IHEENFET,

Current Module
Speed Module
Angle Module
Driver Module

FEINODEDa2—IICEH. EVHLARY FLHEIES 2 —ILER LB/ A—20HY FT,
T VREREBEUTORITRLET,
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KAARBE—2DHR—ILE YRS LLFIE

*® 3-17 BERHIEHAERA T ay

Configuration Options (rm_motor_current.h)

FFoars

RE

General | Shunt type

U MEREWVWK DAVWTERBRHEZE1TS
MEBERLFETS,

General | Current control decimation

BRI E

General | PWM carrier frequency (kHz)

PWM &+ 1) 7 &K

General | Input voltage (V) ABERE [V]
: HUTILEBEHEDE EHEERLE
General | Sample delay compensation +

General | Period magnification value

BEEREMEROEIFE

General | Voltage error compensation

BEREREOAYN EHZEERLET,

General | Voltage error compensation table of voltage 1

BEENEEREMET—TILA

General | Voltage error compensation table of voltage 2

BEDEEREMET—TIL2

General | Voltage error compensation table of voltage 3

BEQBEBEMET —J /L 3

General | Voltage error compensation table of voltage 4

BEENEEREMET—T I 4

General | Voltage error compensation table of voltage 5

BENEEREMET—IIS

General | Voltage error compensation table of current 1

EROEEBREMET—T I

General | Voltage error compensation table of current 2

EROEEBREMET—TIL2

General | Voltage error compensation table of current 3

BERDEEREMET—IIS

General | Voltage error compensation table of current 4

BROBERERET — I 4

General | Voltage error compensation table of current 5

ERDEEBREMET—TIIS

Design Parameter | Current Pl loop omega

BRI R E A RIRE [HZ]

Design Parameter | Current Pl loop zeta

ERHIEREZ R

Motor Parameter | Pole pairs

EEIE

Motor Parameter | Resistance (ohm)

1 [ohm].

Motor Parameter | Inductance of d-axis (H)

d#+q o505 VR [H]

Motor Parameter | Inductance of g-axis (H)

q#A UH U2 VR [H]

Motor Parameter | Permanent magnetic flux (Wb)

&R [Wh.

Motor Parameter | Rotor inertia (kgm*2)

A4 F— % [kgm”2].
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RA Family KABABRPE—2DR—ILE YR L
% 3-18 Configuration Options #HA{E (rm_motor_current.h)
v i 2 RAGT2 RA4T1 RA6T3 RAS8T1
General | Shunt type 2shunt 2shunt 2shunt 2shunt
General | Current control decimation 0 1 0 0
General | PWM carrier frequency (kHz) | 20.0 20.0 20.0 20.0
General | Input voltage (V) 24.0 24.0 24.0 24.0
General | Sample delay compensation Enable Disable Disable Disable
General | Period magnification value 1.5 1.5 1.5 1.5
General | Voltage error compensation Enable Enable Enable Enable
General | Voltage error compensation 0.477 0.477 0.477 0.477
table of voltage 1
General | Voltage error compensation 0.742 0.742 0.742 0.742
table of voltage 2
General | Voltage error compensation 0.892 0.892 0.892 0.892
table of voltage 3
General | Voltage error compensation 0.979 0.979 0.979 0.979
table of voltage 4
General | Voltage error compensation 1.009 1.009 1.009 1.009
table of voltage 5
General | Voltage error compensation 0.021 0.021 0.021 0.021
table of current 1
General | Voltage error compensation 0.034 0.034 0.034 0.034
table of current 2
General | Voltage error compensation 0.064 0.064 0.064 0.064
table of current 3
General | Voltage error compensation 0.158 0.158 0.158 0.158
table of current 4
General | Voltage error compensation 0.400 0.400 0.400 0.400
table of current 5
Design Parameter | Current Pl loop 300.0 300.0 300.0 300.0
omega
Design Parameter | Current Pl loop zeta | 1.0 1.0 1.0 1.0
Motor Parameter | Pole pairs 4 4 4 4
Motor Parameter | Resistance (ohm) 1.3 1.3 1.3 1.3
Motor Parameter | Inductance of d-axis 0.0013 0.0013 0.0013 0.0013
(H)
Motor Parameter | Inductance of g-axis 0.0013 0.0013 0.0013 0.0013
(H)
Motor Parameter | Permanent magnetic | 0.01119 0.01119 0.01119 0.01119
flux (Wb)
Motor Parameter | Rotor inertia (kgm”2) | 0.000003666 | 0.000003666 | 0.000003666 | 0.000003666
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KAARBE—2DHR—ILE YRS LLFIE

*® 3-19 FEHHAERA Ta v

Configuration Options (rm_motor_speed.h)

T a4t

A&

Common | Position support

L& i1 AT A5 4R

General | Speed control period (sec)

1R [ i) 10 B #[sec]

General | Step of speed climbing (rpm)

RELHORT v TE[rpm], MR &FET
COEICE>TEREZFRIELET,

General | Maximum rotational speed (rpm)

RARERE [rpm]

General | Speed LPF omega

R LPF EHE K [Hz]

General | Limit of g-axis current (A)

qEER) I vk [A]

General | Step of speed feedback at open-loop

F—TUIL—THESTEERT Y T(HERI
EIZHY BEEERE)

General | Natural frequency

NELREA TS —/\OEHFIREIH

General | Open-loop damping

F—ToN—THEE L THIEHOER

General | Flux weakening

55 SO R R il 1 D E4R

General | Torque compensation for sensorless transition

Y LYY E ZHIEHOER

General | Speed observer

BREA THF—N\NEBEOFDEHEERL
EXED

General | Selection of speed observer

REF TV —N\DEEEERLET,

General | Control method

a2 ba—ILARDERPID or IPD)

Open-Loop | Step of d-axis current climbing

dBMEREREMER T v 7 [A/msec]

Open-Loop | Step of d-axis current descending

dEHERBFERER T 7 [A/Imsec]

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

qEERETERERT Y 7 [A/msec]

Open-Loop | Reference of d-axis current

F—T U — Tl d MERERE [A]

Open-Loop | Threshold of speed control descending

d BERE S ERE IR EE[rpm]

Open-Loop | Threshold of speed control climbing

d BERIEFEMERIREE [rpm]

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

T LAY B ZNEER [s]

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

Y LRSI Y & X A REAIAR
#4) [deg]

RE(E

X

Design parameter | Speed Pl loop omega

REHHREREKHK He]

Design parameter | Speed PI loop zeta

R E I RBE R

Design parameter | Estimated d-axis HPF omega

d EEFRREE HPF hy A T REIKE [Hz]

Design parameter | Open-loop damping zeta

F—ToN—THE U EVTHEHBEZREK

Design parameter | Cutoff frequency of phase error LPF

BSIHEERE LPF hy b A JEIKE [Hz]

Design parameter | Speed observer omega

BELF T —n\hy b TRAKEH [Hz)

Design parameter | Speed observer zeta

BEAF THF—N\BEEFRHK

Motor Parameter | Pole pairs

EEIE

Motor Parameter | Resistance (ohm)

£ [ohm]

Motor Parameter | Inductance of d-axis (H)

d&#A V59432 R [H]

Motor Parameter | Inductance of g-axis (H)

q#A v F D8 R [H]

Motor Parameter | Permanent magnetic flux (Wb)

e

Motor Parameter | Rotor inertia (kgm*2)

A4 F— % [kgm 2]
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RA Family KABABRPE—2DR—ILE YR L
% 3-20 Configuration Options ##A{E (rm_motor_speed.h)

7T arsk RAGT2 RA4T1 RA6T3 RA8T1
Common | Position support - - - -
General | Speed control period (sec) 0.0005 0.001 0.0005 0.0005
General | Step of speed climbing (rpm) 0.5 0.5 0.5 0.5
General | Maximum rotational speed (rpm) 2400.0 2400.0 2400.0 2400.0
General | Speed LPF omega 10.0 10.0 10.0 10.0
General | Limit of g-axis current (A) 1.67 1.67 1.67 1.67
General | Step of speed feedback at open- 0.2 0.2 0.2 0.2
loop
General | Natural frequency 100.0 100.0 100.0 100.0
General | Open-loop damping Disable Disable Disable Disable
General | Flux weakening Disable Disable Disable Disable
General | Torque compensation for Disable Disable Disable Disable
sensorless transition
General | Speed observer Disable Disable Disable Disable
General | Selection of speed observer Normal Normal Normal Normal
General | Control method - - - -
Open-Loop | Step of d-axis current climbing | 0.3 0.3 0.3 0.3
Open-Loop | Step of d-axis current 0.3 0.3 0.3 0.3
descending
Open-Loop | Step of g-axis current 1.0 1.0 1.0 1.0
descending ratio
Open-Loop | Reference of d-axis current 0.3 0.3 0.3 0.3
Open-Loop | Threshold of speed control 500 500 500 500
descending
Open-Loop | Threshold of speed control 400 400 400 400
climbing
Open-Loop | Period between open-loop to 0.025 0.025 0.025 0.025
BEMF (sec)
Open-Loop | Phase error(degree) to decide | 10 10 10 10
sensor-less switch timing
Design parameter | Speed PI loop omega 5.0 5.0 5.0 5.0
Design parameter | Speed Pl loop zeta 1.0 1.0 1.0 1.0
Design parameter | Estimated d-axis HPF 2.5 2.5 2.5 2.5
omega
Design parameter | Open-loop damping - - - -
zeta
Design parameter | Cutoff frequency of 10.0 10.0 10.0 10.0
phase error LPF
Design parameter | Speed observer omega | - - - -
Design parameter | Speed observer zeta - - - -
Motor Parameter | Pole pairs 4 4 4 4
Motor Parameter | Resistance (ohm) 1.3 1.3 1.3 1.3
Motor Parameter | Inductance of d-axis (H) | 0.0013 0.0013 0.0013 0.0013
Motor Parameter | Inductance of g-axis (H) | 0.0013 0.0013 0.0013 0.0013
Motor Parameter | Permanent magnetic flux | 0.01119 0.01119 0.01119 0.01119
(Wb)
Motor Parameter | Rotor inertia (kgm?#2) 0.000003666 | 0.000003666 | 0.000003666 | 0.000003666
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RA Family KABARPE—FZDR—ILE BT LA

R—ILAFE—ETUTILESAN\ERLT T ay

Configuration Options (rm_motor_sense_hall.h)
ES

= 3-21

ATLavsa
Hall sensor | U phase input port
Hall sensor | V phase input port
Hall sensor | W phase input port
Hall sensor | sensor pattern #1
Hall sensor | sensor pattern #2
Hall sensor | sensor pattern #3
Hall sensor | sensor pattern #4
Hall sensor | sensor pattern #5
Hall sensor | sensor pattern #6
PWM Carrier Frequency
Correction parameter of rotor angle
Default counts of carrier interrupt
Maximum counts of one rotation
Target value for pseudo speed (rad/s)

U #Br—ILE2 Y R—bk

V HBR—ILtEo Y R—k

W #h—IL oS R—k
=Lt PR —2 1

Sy |V AV WA o)
r—ILtoH/NE—2 3
R—ILtoHNE—1 4
R—ILEoHIE—2 5
R—ILEHINE—2 6

PWM ) 7 BlR#
O—2fDHIE/NTA—4
R—ILESEILBDF I TEIYAHDT IAILEAD U
1 BERDEDTRKF+TEIY AH 5K
SLLREHTEBIERE

reaches (msec)

Target time until the pseudo speed update

BELLEEHEE D B AREE A D EERE

Rotation counts to start speed estimation

REMTEZRINT 5757 A5 EERRE K

Carrier counts at startup

RLLEEHEERIT 5757 B85 F VT EIVIAHEH

Speed to judge start

Pl %1% Bfda 9 %# B [rad/sec]

#F 3-22 Configuration Options #EA{E (rm_motor_sense_hall.h)

v A Z RAGT2 RA4T1 RA6T3 RA8T1

Hall sensor | U phase input port BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_12_PIN_04 _00_PIN_08 _00_PIN_08 _09 PIN_07

Hall sensor | V phase input port BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_12_PIN_05 _00_PIN_06 _00_PIN_06 _09_PIN_05

Hall sensor | W phase input port BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11_PIN_01 _00_PIN_15 _00_PIN_15 _09 _PIN_06

Hall sensor | sensor pattern #1 1 1 1 1

Hall sensor | sensor pattern #2 5 5 5 5

Hall sensor | sensor pattern #3 4 4 4 4

Hall sensor | sensor pattern #4 6 6 6 6

Hall sensor | sensor pattern #5 2 2 2 2

Hall sensor | sensor pattern #6 3 3 3 3

PWM Carrier Frequency 20.0 10.0 20.0 20.0

Correction parameter of rotor 0.4 0.4 0.4 0.4

angle

Default counts of carrier interrupt | 300 300 300 300

Maximum counts of one rotation | 500 500 500 500

Target value for pseudo speed 100.0 100.0 100.0 100.0

(rad/s)

Target time until the pseudo 300.0 600.0 300.0 300.0

speed update reaches (msec)

Rotation counts to start speed 2 2 2 2

estimation

Carrier counts at startup 400 400 400 400

Speed to judge start 250.0 250.0 250.0 250.0
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RA Family KABARPE—FZDR—ILE BT LA

% 323 ADCEPWMEDaL—Y3y RSAN\ERA T3y

Configuration Options (rm_motor_driver.h)

a2 S
Common | ADC_B Support ADC_B fERER
Common | Shared ADC support ADC ¥ 7— KEZ a—/)LEAEIR
Common | Supported Motor Number HHE—2 BT
General | Shunt type B A RER
General | Modulation method ZHRAXFER
General | PWM output port UP U7 v/I\—F—LR— EE
General | PWM output port UN UBD—7—7—LKR— FEE
General | PWM output port VP VT viI"—F —LR— FEE
General | PWM output port VN VHO—7—7—LKR—EE
General | PWM output port WP W7 v/S—F7—LR— FRE
General | PWM output port WN WHAa—7—7—LHR— FRE
General | PWM Timer Frequency (MHz) PWM 4 1 < EliEE [MHz]
General | PWM Carrier Period (Microseconds) PWM &+ ') 7EH] [Micro seconds]
General | Dead Time (Raw Counts) T K24 LAY ME [Raw Counts]
General | Current Range (A) B LYY [A]
General | Voltage Range (V) BERHLUY V]
General | Counts for current offset measurement 7ty FREBRERERYK

General | A/D conversion channel for U Phase current | U f#E##&H AD Fv U RILES
General | A/D conversion channel for W Phase current | W ##E#i#&H AD F v > R ILES
General | A/D conversion channel for Main Line Voltage | B EE#&HE AD F v VU RILES
General | A/D conversion channel for V Phase current | W ##EF&H AD F v U RILES

General | A/D conversion channel for sin signal sinfE8/HH AD Fv o RILEE

General | A/D conversion channel for cos signal cos EEHM AD F¥ U RILEE

General | Using ADC scan group X535 ADC EDa—ILDAF¥Y VT )L—
THREERBLET,

General | A/D conversion unit for U Phase current UEERKEH ADC 1=y &S

General | A/D conversion unit for W Phase current W HER&EE ADC 1=v+&ES

General | A/D conversion unit for main line voltage BREERE ADC 1=vhBES

General | A/D conversion unit for V Phase current VHEFHKRH ADC 1=+ ES

General | A/D conversion unit for sin signal sin E8#H ADC 1=vh&ES

General | A/D conversion unit for cos signal cos {§5#H ADC 1 =vrHES

General | ADC interrupt module BVIAAEFRESESHADC EV1—ILES

General | Adjustment value to current A/D Bk A/ID FZ{E(1shunt )

General | Minimum difference of PWM duty PWM T 21—T1D&/MNE(1shunt )

General | Adjustment delay of A/D conversion ADC DFRZEFE(1shunt )

General | 1shunt interrupt phase 1shunt BFD ADC EI|Y) A A FEAEF(UVW)

General | Input Voltage (V) BREEANE

General | Resolution of A/D conversion A/D O v /N—4B Rk

General | Offset of A/D conversion for current ADaVN—=BZANF Tt b+

General | Conversion level of A/D conversion for BEZ#BLAIL

voltage

General | GTIOCA stop level 7 —LEFELERLANL

General | GTIOCB stop level T7—LELERFLANL

Modulation | Maximum duty PWMHRKT1—T 4

Ty R LEZBRBVNV-RXT1—T«
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#F 3-24 Configuration Options #EA{E (rm_motor_driver.h) [1/2]
TFarsk RAGT2 RA4T1 RA6T3 RA8T1

Common | ADC_B Support Enabled - - -

Common | Shared ADC support | Disabled Disabled Disabled Disabled

Common | Supported Motor 1 1 1 1

Number

General | Shunt type 2shunt 2shunt 2shunt 2shunt

General | Modulation method SVPWM SVPWM SVPWM SVPWM

General | PWM output port UP BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11_PIN_04 _04_PIN_09 _04_PIN_09 _01_PIN_15

General | PWM output port UN BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11_PIN_05 _04_PIN_08 _04_PIN_08 _06_PIN_09

General | PWM output port VP BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11_PIN_06 _01_PIN_03 _01_PIN_03 _01_PIN_13

General | PWM output port VN BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11_PIN_07 _01_PIN_02 _01_PIN_02 _01_PIN_14

General | PWM output port WP BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11_PIN_08 _01_PIN_11 _01_PIN_11 _03_PIN_00

General | PWM output port WN BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT | BSP_IO_PORT
_11_PIN_09 _01_PIN_12 _01_PIN_12 _01_PIN_12

General | PWM Timer Frequency | 120.0 100.0 100.0 120.0

(MHz)

General | PWM Carrier Period 50.0 50.0 50.0 50.0

(Microseconds)

General | Dead Time (Raw 240 200 240 240

Counts)

General | Current Range (A) 16.5 16.5 16.5 16.5

General | Voltage Range (V) 73.26 73.26 73.26 73.26

General | Counts for current 500 500 500 500

offset measurement

General | A/D conversion 4 0 0 0

channel for U Phase current

General | A/D conversion 0 2 2 2

channel for W Phase current

General | A/D conversion 6 4 4 8

channel for Main Line 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 | O - - -
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KAARBE—2DHR—ILE YRS LLFIE

% 3-25 Configuration Options #EA{E (rm_motor_driver.h) [2/2]

FFoarg

RAGT2

RA4T1

RAGT3

RA8T1

General | A/D conversion unit for
U Phase current

General | A/D conversion unit for
W Phase current

General | A/D conversion unit for
main line voltage

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

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)

240

240

240

24.

0

General | Resolution of A/D
conversion

OxFFF

OxFFF

OxFFF

OxFFF

General | Offset of A/D
conversion for current

Ox7FF

Ox7FF

Ox7FF

Ox7FF

General | Conversion level of
A/D conversion for voltage

1.0

1.0

1.0

1.0

General | GTIOCA stop level

Pin Level Low

Pin Level Low

Pin Level Low

Pin

Level Low

General | GTIOCB stop level

Pin Level High

Pin Level High

Pin Level High

Pin

Level High

Modulation | Maximum duty

0.9375

0.9375

0.9375

0.9

375
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35 #lfEoo— (ZA—F¥—1F)

3.5.1 A4 nE

-
-

A0

~
%

FSPES1—ILDFEE

A EREHOHEME

A—H AT —ROHHE

Y—ILRBIEHEED L

Yty

- ur?

[Analyzer]\I/

[Board]

BIE/INSA—E AN

com_ul_mode_systemMDIEN S
EHADEMEE—FEER

LEDHI|HED

v

SWIKEEM D
EROE}EE—FER

(B0 555 2 RGE

EnEEEREDRE

LE D £

3-10 A UAEIO—Fv—k
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RA Family KABARPE—2DR—ILE YA FILHIH
3.5.2 ERHIEEAHEIYAHA (F+ ) 7EHBEYAH) 0E

( BRI AR YA AL >

UtE-WAB B IR

AN—SBREERT

BRATIMRE
VIEERE N

[INACTIVE MODE]
SYSTEM MODE

[ACTIVE MODE]

[t 88eh]
B 7y MBS TR

[FtEsET]

UVWAB ESR = dadlh BT 251 UFE- WA EF A 7t Rl BRI

|
i R EEHE

BAPIHIE

IETFib

EEFIRQE

doBEBE=>UVWIREE i

BEREARN

PWM duty &

PWML S 2R & TE

. .

ST

3-11 ERHFEBAHRINYAALEIO—Fr— b
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RA Family KABARPE—FZDR—ILE BT LA
3.5.3 FEEFIEELE Y AHNIE

< R I EEA Y A AL >

RIFEERELPFALIE

RELPFALEE

[5t $ep]

B35 R ERHE 5T T HERD

[(FtHEET]

[ ERiE B 45 B ERE

k3
FB OB R N EF AT

(&3]

BOURFIEIL FSP B&EICL Y
55 Ot SR 120 EMETEFT,

e

3-12 FEREBAHREYAALEIO—Fr— b
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3.5.4 BERBHENYAHWLE

BERBEEIYAHA X, YOTLY T Iz T7IZEITSE PWMEBAGRFDNAA VE—F U RAGEEH®T
RETBHEYAATT, TDI=8. RE|YIAAHNIEDOEITEIRR A TEHEEIZ PWM B AEFIZNA 14V E—
FURREICHE-2TEY., E—E2~ADOHAEFELELTHET,

( B EFRHEN Y AAH LR >

POEGY vk

BERRETS—tvh

IS—RT—2Xtvk

POEGEIVAAZE1E

v

3-13 BERREFNYAALEIO—Fv—
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4. YTV T 7 OBREHBE
BT TR T OEEICDONTHRBALET,

41 DAV RA—F
E— A2 F{HBIF TIE Y — )L [Renesas Motor Workbench] #BE 3> T ILa— FEEESED5ES.
TROFIETHAVvIRE— b TNTOSTY FEEITLET,

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

(2) A1 N—FFKR—FLEDFITILRAL YFSW1)ZON [ZFTBHEE—AEDEELET, FTILASYF
(SWNZELYEZ B EICE—FDORERBIZILEZRYRLET, E—FNAEFEICEIEL TS5
BlEAN—FR—FLDOLEDI ANRITLET, CDEE, 41 /N\—2KR—FEDLED2 NRATL
TWABEIEIS—DIARELTVET,

B) E—ADEEGARAELEET HBEE. 41 N —2K—FLORY 12— LEH(VR) TRELET,

— RYa—LERVRZAIZETY : BEEYICEER

— RYa—LERNVR)ZEICET : kEFETEY (C[EER

(4) TS—HIRELEGA. A VN—2FR—FLEDLED2AAITL. BEENMFIELET, BRT S5
[ZIEA VR—=FR—=FDRTILRAL Y F(SW1)Z OFFIZLEZETT YL 2RS4 vy F(SW2)EHL T

{FEELy,
(5) ENMEREREZBRT I HEEIE. E—2DEENMELEL TSI EZ®ERL. KELCEROHE 1% OFF
IZLET,
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RA Family KABARPE—FZDR—ILE BT LA

42 E—AHH|IHEBEAFEZIEY—JL 'Renesas Motor Workbench J

421 #WME

YTV T b7 TIE, E—2FIEBEIREZIE Y —ILIRenesas Motor Workbench] 1 —4H4 >4
7 —X(BlE/fELLiES. BEREERF)ELTHERALEY ., ERAAEG EDFMIE Renesas Motor
Workbench 1—H—X<v=a7JL] #83RBLTLEEL,

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

@ Renesas Motor Workbench  <RMT File > C:¥Users¥HIICS¥e2_studio¥workspace 1¥11_2moterSRAGT2_MOLY _25PM _LESS FOC_E25 Vio2¥sre ¥application ¥user_interface¥ics o x

File Option Help

Connection File Information

COM COM3 v Clock RMT File RA6T2_MCILV1_2SPM_LESS_FOC_E25_V102... 2023/06/07 10:29:09

Status Connect -- USB Serial Port Map File RA6T2_MCILV1_2SPM_LESS_FOC_E2S V102.. 2023/06/06 9:30:34

Configuration Select Tool

CPU RAGT2

Motor Type Brushless DC Motor

Control Sensorless vector control (Speed control)

Inverter RSSK for Motor Easy

Project File Path C:\Users\HiICS\e2_studio\workspace11111_2motor\RA6T2_MCILV1_2SPM_LESS_FOC_E25_V1ew | () Details v

Hame Date Modified ze
25_V102.mt 2023/06/01 16:15:24 508 KB
S_V102_20230605.rmt 2023/06/05 10:54:44 517 KB

) RABT2_MCILY1_25PM_LESS_FO
€ RAST2_MCILVL_25PM_LESS_FO!

G RAST2_MCILV1_25PM_LESS_FOC_E2S_V102_20230606.rmt 2023/06/06 14:49:22 516 KB
5 RAST2_MCILY1_25PM_LESS_FOC_E2S_V102_20230606b.mt 7
G RAST2_MCILV_25PM_LESS_FOC_E25_Vi02 202305060 ERA. rmt

5_V102_20230606 bi8BBSSER) rmt

516 KB

516 KB

S15KB

{5 RAST2_MCILV_25PM_LESS_FOC_EIS V102 202306065RHHEALrmt 2023/06/07 11:21:21 st6 kB

4-1 Renesas Motor Workbench 41%8

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

1) Y—LF7AL4ay aull =)y LY—ILEREFLET,

(2) Main Window ® MENU /A—H'i5, [File] — [Open RMT File(O)]Z#R L £,
JaT Y kT4 ILE D src/application/user_interfacelics” 7 + LA RNIZ#H S RMT 7 7 1 JLZ R HRAH
F7,

(3) "Connection’® COM THftSnrf-F v D COM Z&EIRL FY,

(4) ABID Select Tool M Analyzer RZ %9 1) v L. Analyzer #EExEELFT,

(5) "4.2.4Analyzer HEREIREBI  ZREICE—X ZHEBLF T,
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4.2.2 Easy a2 1EH
Easy aeZEAL. T38RI IHELUTISRLES,

e 1—H4 % T 1—RX% Renesas Motor Workbench ERIZEET %
@ “RMWUI'Z ON IZ9 3,

(LU Turn ON

E Reset : RMW UI
Position ()

= Ref speed [rpm]
EEd 0 2000
1500
1000

500

4-2 Renesas Motor Workbench {#RIZZEE T 5 FIE

o E—ARZFMEEEHES
@ “‘Run"R2 > #=#9,
@ S EEEE % ‘Refspeed’ RS54 ¥ TAHT %,

@CIick “Run” button @Set “Ref speed”
A

v
’ Ready Sequence .
Ref spee ¢

Parameter Value 0
rpm

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

-2400 2400
Speed control period [us] 500

4-3 E—A2[EEDFIRE

o E—A%EEFEILEIES
@ “Stop"RA 2 E#HT,

(DClick “Stop” button

Ref speed
Start P 3
Parameter Value 2 0 0 0
vdc V] 242 I rpm
Current control period [us] 50 /
-2400 2400
Speed control periad [us] 500

4-4 E—RFILDOFIE
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o IEF->TLES (T5—) FEDWLE
@D “Reset’RA yF#%#ONIZT B,
@ “Reset’RA wF % OFFIZF 5,

@Turn ON
(2Turn OFF

E Reset RMW UI
Position (:)

== Ref speed [rpm]
2ed 0 2000
1500

1000

500

4-5 TS5—RBROFIE
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KAARBE—2DHR—ILE YRS LLFIE

4.2.3 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 kS
com_u1_sw_userif (*) uint8_t A—HA R ITT—RRAYF
0:Analyzerfff 1:/R—FER (F74I)LH)
com_u1_mode_system (*) 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 14— % [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_max_speed_rpm float EEZRKEREMAE) [rpm]
com_f4 overspeed_limit_rpm float REBRBI S —REEWEA) [rpm]
com_f4_overcurrent_limit float BRiEET > —FIEA]
com_f4_iq_limit float q BERRKMEA]
com_f4_limit_speed_change float EEEMTRKIBEEERA) [rad/s]
com_u1_enable_write uint8_t EHESHR R

(g_ul_enable_write L RIC{EZEETRAATZHZRICES
A FEFT)

RO1AN6466JJ0121 Rev.1.21
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KAARBE—2DHR—ILE YRS LLFIE

424

Analyzer H#REIRVEHI

Analyzer e = AL, E— 2 ZBFETHHZUTITRLET . #FE. B 4-6 TRY"Control Window”

TITWWET, "Control Window” D EEf#A L.

TLEEL,

o A—HA R T1—R% Analyzer FRIZEET S
“‘com_u1_sw_userif OW?IWRHIFz v V" BRA->TWS I LEZMHRLET,

(1)
()
®)

o E—

(1)
()
®)
(4)
(®)

(6)
(7)

[Writel#IZ 0 ZA N LET,
“Write’/R2 &2 v LET,

2 ERESED

IRenesas Motor Workbench 1—H—X<v=a17JL] #SHEL

“com_u1_mode_system”,“com_f4_ref speed_rpm”, “com_u1_enable_write"® [W?] #&IZF v

PASTWEHIEEHRLET,

S ElEREE #“com_f4_ref speed_rpm’® [Write] #ICADLET,

“Write’/R2 &2 v LET,

“‘Read"7R2 > % L T D “com_f4_ref _speed_rpm”,’g_u1_enable_write"® [Read] %A L

iTO

MCU ADZEHE~ARB S 5=, “com_ul_enable_write’ [C@THEE L 1="g_u1_enable_write”

ERLCEZADLEYS,

“com_u1_mode_system’® [Write]l##IZ"1”ZAHLE T,

‘Write’ R &0 v LES,

(4) Click “Read” button

\T«J Window \

[A¥ Read E'\‘. Write

(3)(7) Click “Write” button

(1) Click

i Commander

VAR REE ] Variable List |~ Alias Name

C) Status Ir (6) erte “15!

Variable Name
com_ul_mode_system | INT8
com_ul_mode_system1 | INTS
com_f4_ref speed_rpm = FLOAT
com_f4_ref speed_rpm1 FLOAT

com_ul_enable_write INTS
g_ul_enable_write UINTS
com_ul_sw_userif INTS

Qo
Qo
Qo
Qo
Qo
Qo
Qo

(5) Write (“0” or “17)

Data Type Scale Base

Decimal
Decimal
Decimal
Decimal
Decimal
Decimal

Decimal

E E EEEREE

Wriy/

1
1
2000
-2000

(2) Write reference

4-6 E—HZEEDFIE
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o E—A%E{EIETES

(1) “com_u1_mode_system”®D[Write#lIZ"0"Z AN LET,
(2) "Write"ih2 2 EV v LET,

(2) Click “Write” button

Control Window \

(/¥ Read ‘ [N write ‘ i

i Commander () status I

Variable Data Variable List Alias Name

Variable Name

Data Type Scale Base R? Read W? Write

com_ul_mode_system  INTS Q0  Decimal ¥ 1 ¥ o
com_ul_mode_system1 INTS Q0 Decimal ¥ 1 ¥ o
(1) Write “0”

X 47 E—A2FLOFIE
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EFE-TLESE (T5—) HEDWE
(1) “com_u1_mode_system”®[Write]ff(Z"3"& AN LFET,

(2) “Writ'R2 &5 vy LET,

(2) Click “Write” button

Control Window \
[1% Read i () Status I

‘ E\ Write ‘ #5 Commander
VA ENREEM  Variable List — Alias Name
Data Type Scale Base R? Read W? Write

Variable Name
com_u1_mode_system  INT8 Q0 Decimal ¥ 1 ¥ |3
com_ul_mode_system1 INTS Q0 Decimal ¥ 1 ¥ 3

(1) Write “3”

K 4-8 I S—f#KROFIE
425 Tuner #gE
Tuner #8E#{# AT B(ZIL. Renesas Motor Workbench MRt 3T I7 7ML, TIEFEHUTILY T+

DIFICRBEEINTLNS
[RABT2(RABT3,RA4T1,RA8T1)_MCILV1_SPM_HALL_FOC_TUNER_E2S Vxxx] £BULET,
Tuner #REDEAEIZDULVTIL. Renesas Motor Workbench 1—H—X<v = a7 IILZSBEELY,

Page 70 of 75
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426 BEIEEEDEEH

B> FILY 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 HUTIWVYILIITDBERERTEEEET H(EIEL— + 10Mbps DIHFE)
@ r_mtricsh®ICS BRRDIEZ 1IZEET S
@ r_mtr_ics.h ® MTR_ICS_DECIMATION D{E# 1 IZZEET 3

#define MTR_ICS DECIMATION (1)
(& B Tre &
Qdefine ICS_BRR (1)

detine TCS_INT_MODE )

ie -

4-9 r_mtr_ics.h MIEIE

e Renesas Motor Workbench D BIERERTEF*LEE L TERT S
@ Main Window @ Clock R4 > % # L TIE#% 80,000,000 IZZET %

(CDIEILESE L— k% 1Mbps , 5 10Mbps [CEE L1=1=&. T 7+ )L MMED 8,000,000 % 10 &L

THELNET, )
@ Connection ® COM T#EfHFDF v D COM %#EIRT %

File Option Help
Connection
oM v

Status Clock Setting n

4-10 Clock KR DERTE

BHICKBT 55, BER—FOUtEy FMRICBERTHSFIEZHRYRL TS,

RO1AN6466JJ0121 Rev.1.21

Page 71 of 75



RA Family KABARPE—FZDR—ILE BT LA

427 EINMUBBESATZ)DERAX
HUOTILYIT O TCRER—KFEFELIICEIL b VBEEIES A TS5 #HLVT Renesas Motor
Workbench L& 52 FIEEZRLE T,

e PC & CPU R— FD##k
@ CPUKR—FK&PCZUSB/ILZILVEBRERFZN L TERT S

o ELFAUEBERTOC Y FOHEMRABT2 921600bps D4l)
@ ICS2_RABT2.0 D&EERZEMIRT S

Settings ¥ r g
Resource
Builders
v C/C++ Build Configuration:  Debug [Active] | | Manage Configurations...
Build Variables
Environment
Logging W) Tool Settings 1% Toolchain # Build Steps Build Artifact [si) Binary Parsers @ Error Parsers
Settings
Tool Chain Editor (& Target Processor Linker flags (-Xlinker [option]) 8 i
C/C++ General (& Optimization
Meu (5 Warnings
Project Natures (% Debugging
Project References w & GNU Arm Cross Assembler
Renesas QF (& Preprocessor
Run/Debug Settings (& Includes
Task Tags @ Wamings
Validation # Miscellaneous

~ %) GNU Arm Cross C Compiler
(& Preprocessor
(&2 Includes
(@ Optimization

Other chjects 4 =)

(& Wamings
(& Miscellaneous
~ B GNU Arm Cross C Linker
(& General
& Libraries
(52 Miscellaneous
~ % GNU Arm Cross Create Flash Image
(5 General
+ 8 GNU Arm Cross Print Size Generatemap | “${BuildArtifactfileBaseName).map” ]

(£ General [ Cross reference (-Xlinker --cref)

4-11 1CS2_RA6T2.0 D& $:fAM

@ ICS2_RA6T2_Built_in.o #&#&9 %

|'.'.’.':7' filter text | s.:tﬁngg - -
Resource
Builders

~ C/C++ Build Configuration: |Debug [ Active] ~| | Manage Configurations...

Build Variables
Envircnment

Logging  Tool Settings 3 Toolchain #* Build Steps Build Artifact [ah Binary Parsers €3 Error Parsers

Settings

Toel Chain Editor (3% Target Processor Linker flags (-Xlinker [option]) & %)
(fCe+ General tf Optimization I
Mcu ( Wamings
Project Natures (2 Debugging
Project References ~ & GNU Arm Cross Assembler
Renesas QE (#8 Preprocessor

i A% lnchudes. 1
Run/Debug Settings -
Task Tags @ Add file path %
Validation .
v File:
[rkspace loc:/siProjNamei/sre/application/user_interface/ics§C52_RAGT2 Builtin.of [|

B Cancel Workspace... | | File system...

= Libraries
(% Miscellaneous
~ ) GNU Arm Cross Create Flash Image

(@ General
~ 18 GMNU Arm Cross Print Size Generate map "${BuildArtifactFileBaseName}.map”
(& General [ Cross reference (-Xlinker --cref)

4-12 ICS2_RA6T2_Built_in.o Z & &

R01AN6466JJ0121 Rev.1.21 Page 72 of 75



RA Family

KAARBE—2DHR—ILE YRS LLFIE

® r_mtr_ics.hn ® USE_BUILT_IN D{EZ 1 ICEET 3

[=define USE_BUILT IN (1) |
#if USE_BUILT_IN

sdefine MTR_ICS_DECIMATION (1)

/= For ICS =,

sdefine ICS_BRR (21)
sdefine ICS_INT_MODE (1)

4-13 r_mtr_ics.h DIEIE

e Renesas Motor Workbench ®@ER—L— FEREZZEE L THEHKT S
@ Main Window ® Option * =1 —#\ 5 Baudrate Dialog TiE#% 921,600 [CZEE T 3
@ Connection ® COM T#EfHFDF v D COM %#EIRT %

File mm Help

Option Dialog

Baudrate Dialog

Connectio

COM

Status

bps

X 4-14 Baudrate D{EIE
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5. 3FZKXa1 AV

e RABT2 Y )—T 1—H—XI=a7I)L Nn—Foxz7#H (RO1UH0951)
e RABT1 Y )I—T 1—H—X3=a7I)L N—Foxz7#H (RO1UH1016)

¢ Renesas Flexible Software Package (FSP) User's Manual
(PDF KR : R11UMO0155, Web iR : RA Flexible Software Package Documentation)

o MABARIRIE e2studio 2022-07 Lt A —H—XIY =27 94 v I RE— A4 F (R20UT5210)
o KAMARBYE—R2DEUY LAY LG (ZL3) XLH) (ROTAN3786)

e Renesas Motor Workbench 1—H#—X< =217/l (R21UZ0004)

e Renesas Motor Workbench 7 4 v 2 X2 — k54 F (R21QS0011)

e MCK-RA6T2 1 —H—Xv=a7JL (R12UZ0091)

e MCK-RA8T1 1—H¥—Xv=a7JL (R12UZ0133)
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G S

BEIZES
Rev. 17H R—T RA b+

1.00 2022.6.29 - RFEAT
1.10 2023.8.30 - ¢ Renesas Flexible Motor Control ') —XAIZE#

o [3.1.6 IHENAE] ZFH
1.20 2024.1.23 - RAS8T1, RA6T3, RA4T1 B &2 ak 18N
1.21 2024.12.23 - MNEIOT Ty FEE
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ARCERALOIESER

CCTIE, S aVERLRISERT S MEALOEESE] ITOVWTHBALES, BAOHEALOIESTEICOVTIE. AFFa1 AV MSLUTY
ZHAHLT YT T—LESBLTLESL,

1. HEIXE

CMOS H@ DM Y L OFREIHBR L EZ LT T FEL, CMOS HAEFBWVHERICE > T — MERWIRZE LSS EHHY FF ., ElRPR
BFORICE., SHAHFESISERALTV2EEMHO FL—OIAD U r—2, BBHEOEEN. SRy —ALEEFAL. AN TIRIZET—RX%
BLTKEZN, T3RFYIREICKBLIZY. HFEMoY LAVTIEE, Ffz, CMOS BB EFE LFzAR—FIZOVWTHRABOHNELT
<FEEL,

2. BERBRABOWLE

BRIEARZ., HROKEITETY, BRIZARICE, LSIORBEROKEITHEETHY. LERIORELEZHFOREEITETT . S
Ty MEFTY LY FFREADBE. BEREANS Uty FBENCLLETOHM. HFORBRIRIEIETEEEA, RIS, ABAAT—F Uty
FMgEEEERALTY Y I READEE. BREANLG Y Y FOAN B —FEEICET 2ETOHM. HFOKREBIRIETEEEA,

3. BRAIBICEITHANESR

LBAUKDERLNF ITRED L EFIT, ANESPALATLT v TEREANBNTLEEN, ANEELARATLT v TERASDEREAICL
Y. REEZSISEC LY., BERERSRNAABRFESLSELYTIEENHYETT, BHPIC TERAT IRKITETHANES] 2OV TOREH
DHHHEMIT. TORBETFH>TLESLY,

4. KRERHFOME

KEAHFIE. TREFAFFOME] (CH->TREL TS, CMOS #EDAHHFDA VE—F U RIE, —fRIZ. N (A VE—FUREHST
WET, RERARTFERABRRETEESES L. FERRIZKY., LSIEZND/ 4 XHAMMEh, LSIRBTEEERSTNZY . ANESLEEINT
EEEERIITBASDYET,

5. 28AvYII2LT

Uty b, 70V IORRELER. Uty FERIRLTCESL, TAYSLERTROI Oy /Y EZIRE. OVBZEIOVINRELIR
ISYYBEZ TS, Yty M. SNERIRTF (FENERIRER) AV 0y Y TEEZFEBTSIRXTATIE, 78y IHR+HRELT:
B, VY FEBRLTCESIY, £z, TRV S LOZRTTHBRERT (FLENBRIRER) 2AV 09V ICYYBEZLEEE. OYBZED
Iy IPB+RRELTHLYYBEZ TS,

6.  ANIHFOENIKR

AR A ZORFKIC&E BDEBEASBRIEORRICAY ETOTEELTLEEL, CMOS #EDAAN/ 4 XL EITERL T, Vi (Max.) »d
Vih (Min.) ETORRICEEED LS HHEF, REELSIZRCIBINHYET. ANLRLAAENHEERFDBE5A. Vie (Max.) A5 Vi
(Min.) ¥FTHEBZBET P2EBHMBRICF v 2T/ A XBERALLEVNESITEALTIEZEL,

7. UY—TJFFLR (FPHMEE) 07 XELE
JHE—T7 FLR (FHEE) D7V R EZBIELETS., 7 FLREEICE, FEOHREERICEIYFFTOhTWNS UHF—TF7 FLR (FH4%E
B) BAHYVET, ChoD7 FLRETZIVEALEEEDEHEICOVTIE, RIETEFFADT, PI/EALLBVESITLTLLEEL,

8. HFMOMEIZDONT

HEQOELIERICEFTTI58F. BRBETLICVRTLIMERBRZREEL TCEIL, BLIYL—TDOTA a0 TELREN/NES E, I5vPa
AEY, LATYMREA—VOWEELZEICKY . BERMBHEOEHET, FEE. BitEv—C0, VA XME. /4 ABHELENELDIHEENHY F
T, BENESHRERET B5HEE. BLAORBTLICORTLIHERBREREL TS,



CEHEETE

1. AEHICRBINER., VI FYz7HLCINSICEET 2BHRIT. FEERRUIOBEN. CAMEHBETIEOTT, B, YVI+2z7H
FUINEICHEET 2EMEFEAT HHE. BEROBEICENT., BEHROBE - SXTLERACLESIL, ChODOFERICERLTELEE
(BEHFLRIEZBVTLICELEBELEAFET. UTRALTY, ) ICEAL. Sk, —UZ0EEZZEAVFERA,

2, LHMSFLFAEHICBRHEIALERZT—4. B R, FOJS L, 7TV XL, CAEBAZOFEROERICER L THRE LIE=E0HH
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