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1. Bk

K7 TVr—av/—bIWRYREITA 000 FO—5MCU)ZFERL. 2 BOXRAMERHE—
AERY MLFIEHTERET 50> TN TOT S LOFERARICOVWTHBET S EEZHMELTUVET,
vINLTRT S LIZE—2HEBADY Y k(Renesas Flexible Motor Control & 1) — X)L #lAEHE D Z &
T, E—2HHETS52ENTEET, £, E—2HlEBAFKZIEY—IL [Renesas Motor Workbench] [
ML THEY MCUDRET—2HEROC., E—42HEOLI—Y4/4 2027 —XUN)E L THERTETT, ¥
DTN TOG S5 L0 MCUBEERIY LTH, HEHOBIYAAEFRIRRLGEEESBIEC LT, #HT S
MCU DEEWPY 7 bz 7HENDSEL LTIFRALCIESLY,

LI, 2 DODE—REFNFNE—F 1, E—22EMLET,

2. RRIRER

2.1 EFRERRIRIR
RK7TV =23/ — bRV I DT EKR 21, kR 2-2ITRLEY,

R 211 N—FOz7HRERER

ok ERSM
RA6T2 (R7FA6T2BD3CFP) / RTKOEMA270C00000BJ
RA8T1(R7FA8T1AHECBD) / RTKOEMA5K0C00000BJ

<74 a2/CPUR— FEI4

A onN—aR—FEZ MCI-LV-1 / RTKOEM0000S04020BJ (2 & )

T—4% R42BLD30L3 (MOONS’ #t&) (2 &)

R 22 VYI Loz T7THREREE

e?studio /A —2 3 FSP/\—2 3 Y Y—ILFI—2 N—D3Y
GCC ARM Embedded:
V2023-10 V5.1.0 V10.3.1.20210824(RA6T2,RA6T3,RA4T1)
13.2.1.arm-13-7 (RA8T1)

CEA. BfYAR—FIOEFLTE, BHEERTFNECEHAVEHE CZEL,
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RA Family KAMARE—FIDEUHLARY MLFIE -2 E—42ERE)

22 N—FOTT7ERK
221 N—FOz7HEBE

(1) =FHE
Motor control evaluation system
CPU Card Inverter Board 1
Motor 1 Module DC24V input
< Ve
Bus Voltage 1 |« Power supply circuit 1
Rotation speed command < J
Switch input 1 User I/F circuit 1
LED output 1 >
v
Phase current input 1 | pu
Over current detection input 1 Inverter circuit 1
GPT output 1 >
PMSM
Inverter Board 2
Motor 2 Module
DC24V input
Bus Voltage 2 [« Power supply circuit 2 P v
il dc
Switch input 2 User I/F circuit 2 J
LED output 2 >
Phase current input 2
Over current detection input 2 [~ -
Inverter circuit 2 P
GPT output 2 >
PMSM
2 2-1 N—FOzT7HEREK
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RA Family KABRBPE—2DEUH LARY ML -2 E—2 55

2) E—421ES1—ILER

A/D converter input
- Ve
Bus voltage
Power supply circuit DC 24 V input
ADC [RuAN
Phase
IW_AIN current User I/F circuit 1
Cpan oo cserdedtty L] -4
| LED | LED | LED | |
Rotation speed command | 11121 |31]!
N VRI_1 Y-V oyl
| |
| |
Switch input = }
|
Motor rotation start/stop l }
1/0 Port | |
Error reset L 1 |
| |
| SW1_1 SW2_1 |
LED output | |
| |
| |
T |
|
/O Port ; |
| |
T |
L o |
GPT output
1y
t] v Inverter circuit
nverter circul
GPT Ew, —
] U,
r v
1w,
Over current detection
input
. lu Iw V, V, V,
Over current detection w v
POEG - [ Joc 0 1010
Phase current
detection
Motor 2 module
kS © £ %5 5 ‘é
T S < € € S v | | £
g|28|288 gl s ffl c%‘ N 2| 8|¢g
8 > =] 8
Flz|2]1%|2 >|%5[28]8¢ 21> >
w w w
PMSM

B 2-2 N—FIz7HEER (E—21EYa—))
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RA Family KAMABRHE—2DEUYLARY FLFIE -2 E—2 ERE)
(B) E—422FET1—IILER

A/D converter input
- Ve
Bus voltage
Power supply circuit DC 24 V input
ADC [RuAN
Phase
IW_AIN current User I/F circuit 2
Cpan I S R . ‘
| |
Rotation speed command | |
k———————————1& VRI_1 |
I
| |
| |
Switch input | / !
|
Motor rotation start/stop l }
1/0 Port | |
Error reset L == |
| |
} SW1_2 Sw2_2 }
LED output | |
| |
| |
T |
|
/O Port ; |
| |
T |
L o |
GPT output
1y
t] v Inverter circuit
nverter circul
GPT Ew, —
] U,
r v
1w,
Over current detection
input
. lu Iw V, V, V,
Over current detection w v
POEG - [ Joc 0 1010
Phase current
detection
Motor 1 module
kS © £ %5 5 ‘é
T S < € € S v | | £
els|2l2|¢8 AR 2le|k
8 > 2 8
Flz|2]1%|2 >|%5[28]8¢ 21> >
w w w
PMSM

23 N—RIIT7HERR (E—4%22FEYa—))
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222 A nNn—RKR— FiERE
HOTIYITRYTTFTIE, UTORDESIZCPUR—KRES UN—BR—F2KZEHLET,

2-4 CPUR— K &A vn—4a1KR— FOES
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223 R—Ka1i—Ha4247x—X
BTN IRz T7DA—YHA AT —RA—E%K 23I1ZRLET,

K23 1—HA4 3T —R

15H

A3 T —REES

HRE

EEERET 1

E—42 1 QT EER[(VR1_1)

T—4% 1 BEREERTEAN

START / STOP 1

E—2 18 FJTILRA v F(SW1_1)

T—4 1 [EERFIR/FILES

ERROR RESET 1

E—F2 18Ty a XA vF(SW2_1)

IS5—RENMCDERER

LED1_1

£—4#4 1 {84 LED(LED1_1)

T—4 1 ERERF =vd

o E—4 1{ZLLFF : JHAT
LED2 1 E—4 118148 LED(LED2_1) o IS—iRHME D RAT
o FEINER : JHAT
EBlEnEREESR 2 E—4% 2 Al £ EHRER(VRT_2) ET—4% 2 EEREREREARN
START /STOP 2 E—R 28 FTILRA v F(SW1_2) E—42 2 OERFARAZIEIES
ERROR RESET 2 E—R 28Ty 1 RAYF(SW2_2) IS—HKENSDEIFER
LED1 2 E—74 2 4% LED(LED1_2) o E—A 2EREHHE S -tq}
o E—4 2{ZLLHF : JHAT
LED2 2 E—4 2 {8148 LED(LED2_2) o IS—iRHME D BT
o BEEBENER L HAT
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KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

YUTWIITRDITDHRFA LI TI—RER 24, & 25ITRLET,

® 24 WMFAUETI—R (E—4 140)

HHE RABT2 RA8T1
14 N—3BRETXAE PA06 / ANO0O6 P008 / AN0OO8
Bl EEHERSEAA(VR_) PB00 / ANOOS8 P014 / ANOO7
START/STOP FJILARA v F
(SW1_1) PD04 PA15
ERRORRESET 7w a XA vF
(SW2.1) PDO7 PA13
LED1_1 sKT/E KT 18 PDO1 PA12
LED2_1 s KT/;E KT #I1E PD02 PA14
U1 tBEFRAIE PA04 / AN0O0O4 P004 / ANOOO
W1 HERAIE PA0O / ANOOO P006 / AN0OO2
PWM H F(Up1) PB04 / GTIOC4A P115/ GTIOC5A
PWM H A (Ve1) PB06 / GTIOC5A P113/ GTIOC2A
PWM H 7 (Wp1) PB08 / GTIOCBA P300 / GTIOC3A
PWM H F3(Un1) PB05 / GTIOC4B P609 / GTIOC5B
PWM H A (Val) PB07 / GTIOC5B P114 / GTIOC2B
PWM H 7 (Wa1) PB09 / GTIOC6B P112 / GTIOC3B
BERBHED PWM BE2EILEAA PC13/ GTETRGD P613/ GTETRGA

x 25 WFAURAT—R (E—4R 24

HERE RABT2 RA8T1
A4 UN—32 BIRETAIE PE13 / AN025 P000 / AN100
E¥xEEESEAA(VR_2) PE14 / AN026 P009 / ANOO6
START/STOP FHILRA v F
(SW1_2) PCO00 P604
ERRORRESET 7y a XA vF
(SW2.2) PCO01 P504
LED1_2 sKT/;E KT H1E PD15 P606
LED2_2 s XT/;EKT H1E PC06 PA06
U2 tHEFRAIE PB02/ AN018 P513 / AN0O16
W2 HHERAIE PEO09 / AN021 P002 / AN102
PWM H F1(Up2) PCO08 / GTIOC7A P802 / GTIOC12A
PWM H A (Vs2) PA08 / GTIOC8A P603 / GTIOC7A
PWM H 7 (Wp2) PA10/ GTIOC9A P601/ GTIOC6B
PWM H F3(Un2) PC09/ GTIOC7B P803 / GTIOC12B
PWM H A7 (Vn2) PA09 / GTIOC8B P602 / GTIOC7B
PWM 7 (Wn2) PA11/ GTIOC9B P600 / GTIOC6B
BERBRHED PWM BEZFEIEAAN | PA12/GTETRGB P804 / GTETRGD
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224 [BiBHee
YTV T o7 THERAT SEAIME—RER 26 ITRLET.

x 2-6 FEAHRERIGR

B iD#EE & RABT2 RA8T1
U1 MBEREIE AN004 ANOOO
W1 HHERAIE ANO0O ANO002
4 UN—32BREBIE 1 8IFE AN006 AN008
AD 27— VR1_1 AR AN008 AN007
U2 HHERAIE ANO18 ANO016
W2 HEFEE AN021 AN102
A4 ON—3 BREE 2 BIE AN025 AN100
VR1_ 2 A A AN026 AN006
AGT REFIEA 2 — LB AT 1 AGTO AGTO
REFIEA 22—\ LEAT 2 AGT1 AGT1
U1 48 PWM H 5 CH4 CH5
V1 48 PWM H 5 CH5 CH2
W1 8 PWM A CH6 CH3
GPT U2 18 PWM H CH7 CH12
V2 8 PWM H 5 CHS8 CH7
W2 8 PWM H 1 CH9 CH6
POEG BERBEHEFO PWM B2FIEA N 1 | GTETRGD GTETRGA
BERBHEEO PWM BR2F1EAS 2 | GTETRGB GTETRGD
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2.24.1 RA6T2

(1)12 Ev k AID 31 > /3—% (ADC)
E—41, E—42 20 UMER. WHER. 1 oN\—4BKEX. NEEEERSEEZ. [V2FILR
FYUE—F] TAELETUN—FIz7 h)AHZEFER), ADEH#HIE. Fv ) 7TREAEIVAHEESL
THESETLET,

)IEHEENFEREARZ 1< (AGT)
500 [us]M/ 2 —nN\ILEAA<TE LTHERLET,

(3)iRFE PWM % 1< (GPT)
FrfJL4, 5, 6, FrRrILT, 8, 9D PWMHBHEMEFE—FZERALT., Ty FE2ALFEDHAZE
TUWES,

(4)GPTRAKR—Fr72 Ty kA4 x—T )L (POEG)
BEFREHEFE (GTETRGB fiF. GTETRGD iiF® Low LARJLEHE) (X PWM HAOlEFZENA4 >
E—4 U RREICLET,

2-5 FSPRA v &K

e} O X
| Properties < MEY & § = O

Shared ADC module (on rm_motor driver)

Settings Property Value
~ Common
Parameter Checking Default (BSP)
ADC_B Support Enabled
Shared ADC support Enabled
Supported Motor Number 2
~ Module Shared ADC module (on rm_motor_driver)
~ General
Name g_motor_adc_shared0
< >

26 ADCYz7—FEVa—ILOFSPaYT749L—>3 Y
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KAMARPAE—ZDEUHYLARY RLEE -2 E—5%EEE)

~ Virtual Channel 0
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 1
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 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 Fermat 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
~ Mirtual Channel 4
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

Scan Group 0
ANOOD

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Normal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 0
ANooz

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Normal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 0

ANDO

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Normal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 1

AMNOOE

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Normal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 1

ANOoE

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Normal Conversion)
Disabled

12-bit Data Format

Disabled

w Virtual Channel 5
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 &
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 7
Scan Group
Channel Select
Sampling State Table ID
Channel Gain Table
Channel Offset Table
Add/Average Mode

Limit Clip Table Id
Conversion Data Format Select

Digital Filter Selection
w Virtual Channel &
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 9
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

Scan Group 2

ANO18

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Mormal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 2
ANO2O

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Normal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 2

ANO21

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Mormal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 3

AN025

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Mormal Conversion)
Disabled

12-bit Data Format

Disabled

Scan Group 3
AND26

Sampling State Entry 0

Disabled

Disabled

Disabled

1-time conversion (Mormal Conversicn)
Disabled

12-bit Data Format

Disabled

-5 1HFRE T4 2 AFRE

B 2-7 ADC RSANRDOFSPaY 7445 L—ay [1/2]
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® =] % ~ Scan Groups
= s — = Scan Group 0
(] Properties X a5 d B Scan Group 1
g_adc0 ADC Driver on r_adc b ~ Scan Group 2
Settings Property ole ) é::’;il:Ig'?r?“er Enable
APLinfo w Scan Groups fCT gEg bl
~ Scan Group 0 rigger Enable
Self Diagnosis w GPT Trigger Enable
External Trigger Enable GPT Channel 0 Request A [
ELC Trigger Enable GPT Channel 1 Request A [
v GPT Trigger Enable GPT Channel 2 Request A O
GPT Channel 0 Request A [m) GPT Channel 3 Request A O
GPT Channel 1 Request A [m) GPT Channel 4 Request A o
GPT Channel 2 Request A [m) GPT Channel 5 Request A o
GPT Channel 3 Request A [m]
GPT Channel 4 Request A GPT Channel & Request A mi
GPT Channel 5 Request A o GPT Channel 7 Request A =
GPT Channel 6 Request A u] GPT Channel & Request A [m
GPT Channel 7 Request A o GPT Channel 9 Request A O
GPT Channel 8 Request A ] GPT Channel 0 Request B |mi
GPT Channel 9 Request A o GPT Channel 1 Request B O
GPT Channel 0 Request B [m) GPT Channel 2 Request B o
GPT Channel 1 Request B [m] GPT Channel 3 Request B o
GPT Channel 2 Request B [m) GPT Channel 4 Request B o
GPT Channel 3 Request B [m]
GPT Channel 4 Request B o GPT Chaninel 5 Request B E
GPT Channel 5 Request B o GPT Channel & Request B o
GPT Channel 6 Request B o GPT Channel 7 Request B o
GPT Channel 7 Request B o GPT Channel 8 Request B O
GPT Channel 8 Request B [m] GPT Channel @ Request B
GPT Channel 9 Request B o Enable Enable
Enable Enable Converter Selection ADC1
Convsr?el Selection ADCO Start Trigger Delay 0
Start Trigger Delay 0 Scan End Interrupt Enable Enable
Scan End Interrupt Enable Enable P "
Limit Clip Interrupt Enable Disable Limit Clip Interrupt Enable D!sa ble
FIFO Enable Disable FIFQ Enable Disable
FIFO Interrupt Enable Disable FIFQ Interrupt Enable Disable
FIFO Interrupt Generation Level 0 FIFO Interrupt Generation Level o
w Scan Group 1 w Scan Group 3
Self Diagnosis Self Diagnosis
External Trigger Enable External Trigger Enable
ELC Trigger Enable ELC Trigger Enable
GPT Trigger Enable GPT Trigger Enable
Enable Enable Enable Enable
Converter Selection ADC1 ne
Start Trigger Delay 0 Converter Selection ADCo
Scan End Interrupt Enable Disable Start Trigger Delay o
Limit Clip Interrupt Enable ble Scan End Interrupt Enable Disable
FIFO Enable Disable Limit Clip Interrupt Enable Disable
FIFO Interrupt Enable Disable Enable FIFO Enable Disable
FIFO Interrupt Generation Level 0 v FIFO Interrupt Enable Disable
S 24 FIFQ Interrupt Generation Level 0
E—2 1 AITHRE E—F2MAIT
S - S .
2-8 ADC RSA/NDFSPavI445L—3y [2/2]
a8 o x -] )
=] Properties X == ¥ § = [T Properties X | e ¥ 3§
g_timer3 Timer, Low-Power (r_agt) g_timer7 Timer, Low-Power (r_agt)
Settings Property Value Settings Property Value
Aplinfo |~ COmMOn bl | Commen
Parameter Checking Default (BSP) Parameter Checking Default (BSP)
Pin Output Support Disabled Pin Output Support Disabled
Pin Input Support Disabled Pin Input Support Disabled
v Module g_timer3 Timer, Low-Power (r_agt) v Module g_timer7 Timer, Low-Power (r_agt)
~ General v General
Name g_timer3 Name g_timer7
Counter Bit Width AGT 32-bit Counter Bit Width AGT 32-bit
Channel [ Channel 1
Mode (] Periodic Mode (&) Periodic
Period 500 Period 500
Period Unit Microseconds Period Unit Microseconds
Count Source PCLKB Count Source PCLKB
Output Output
Input Input
~ Interrupts ~ Interrupts
Callback (%) rm_motor speed_cyclic Callback (&) rm_motor_speed _cyclic
Underflow Interrupt Priority Priority 10 Underflow Interrupt Priority Priority 10
< > < >

E—42 1 AITHRE E—4% 2MITHRE

29 AGT FZ4A4/X\OFSPa>274JL—>3aY
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RA Family KABRBPE—2DEUH LARY ML -2 E—2 55

v Common
Parameter Checking Default (BSP)
Pin Output Support Enabled with Extra Features
Write Protect Enable Disabled
Clock Source PCLKD
w Module g_timer Timer, General PWM (r_gpt)
v General
MName g_timer0
Channel & 4
Mode (5 Triangle-Wave Symmetric PWM
Period & s0
Period Unit &) Microseconds
w Cutput
Custom Waveform
Duty Cycle Percent (only applicable in PWM mo 50
GTIOCA Output Enabled &) True
GTIOCA Stop Level ) Pin Level Low

GTIOCB Output Enabled
GTIOCE Stop Level
Input

&) True
(5 Pin Level High

Interrupts
w Extra Features
» Output Disable
Output Disable POEG Trigger

POEG Link POEG Channel 3

GTIOCA Disable Setting SetHiZ
GTIOCE Disable Setting SetHiZ
~ ADC Trigger
» Start Event Trigger (Channels with GTINTAD ¢
Trigger Event A/D Converter Start Request D
Trigger Event A/D Converter Start Request [+
Trigger Event A/D Converter Start Request D
Trigger Event A/D Converter Start Request O
v Dead Time (Value range varies with Channel)
Dead Time Count Up (Raw Counts) &) 240
Dead Time Count Down (Raw Counts) (Chanr |i, 240
ADC Trigger (Channels with GTADTRA cnly)
ADC Trigger (Channels with GTADTRE cnly)
Interrupt Skipping (Channels with GTITC only)
Extra Features (5 Enabled
w Pins
GTIOC4A PBO4
GTIOC4B PBOS

K&KHl: E—21 UM GPT

2-10 GPT KSA /D FSPav o714 L—3y

~ Common
Parameter Checking
~ Module g_poeg0 Port Output Enable for GPT (r_poeg)
~ General
w Trigger
GTETRG Pin
GPT Qutput Level
Oscillation Stop
ACMPHSD
ACMPHS1
ACMPHS2
ACMPHS3
Name
Channel
w Input
GTETRG Polarity
GTETRG Moise Filter
w Interrupts
Callback
Interrupt Priority

E—21M[EIT

=

ERTE

~ Common
Parameter Checking
~ Module g_poeg1 Port Output Enable for GPT (r_poeg)

Default (BSP)

w General

w Trigger
GTETRG Pin
GPT Qutput Level
Oscillation Stop
ACMPHS0
ACMPHS1
ACMPHS2
ACMPHS3

Name

ooooooE

_poegd

W

Channel
w Input
GTETRG Polarity
GTETRG Noise Filter
w Interrupts
Callback
Interrupt Priority

Active Low
PCLKB/32

g_poe_overcurrentd
Priority 0 (highest)

Default (BSP)

ooooooR

_poegl

=

Active Low
PCLKB/32

g_poe_overcurrent]
Priority 0 (highest)

E—42 2MAITEE

2-11

POEG FSA4/\MFSPaYv 7445 L—3 Y
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RA Family KAMARPAE—ZDEUHYLARY RLEE -2 E—5%EEE)

2.2.4.2 RAS8T1

(1)12 Ev k AID 21 > /3—% (ADC12)
E—41, E—42 20O UMBER. WHER. 41 VN\—42BKREX. REREEESHEEZ. VU ILR
XY UE—F] TRHAELETUN—FOzT7 b HEER), ADEHIE, T+ ) 7ERHEVAHEEEL
THESETLET,

Q) IEHEEENIERIAARAZ A< (AGT)
500 [us]q A2 —N\ILAA<TELTERLEY,

(3) ;LA PWM 2 1< (GPT)
FrpJL5, 2,3, FYrRrIL12, 7. 6 D PWMHEHAEEE—FEFRALT. TYRFESLFEOHAZE

TWET,

(4)GPTRAKR—Fr72 Ty kA4 x—T )L (POEG)
BEFREHEFE (GTETRGA fiiF. GTETRGD iF® Low LARJLERHE) (X PWM HAOlEFZENA4 >
E—4F 2 RIREIZLET,

HALCommon Stacks New
3 @ Moter Sensoriess Ve o {v‘:n
Motor Speed Controlier (rm_motor_speed) @ Motor Cuerent Controller (rm_mator_current)
=
$ g timer3 Timey, % % ADCand
Low-Por [Cptional]
o] @
=
A3 ADC drve Phose o4 o Shared ADC mock e
@ @®
Yl T | e —— »
WM (1 r.gpt) frgpy
® |® @ @® @
1 i} ]
2-12 FSP XA v U 2R (E—4% 11)
Newstad
@ g poegd Port Output @ g_poeg! PotOutput & Motor Sensortess Vector Control {sm_motor_sensorless)
nabie for GPT (. poeg) | [ Enabie for G (r poeg)
9] @ o
Motor Speed G o oo
o) ©
@ g Add Po ‘o) # ADC and PWM Modulation (n ver
u Optionai
@ o)
P Prase PN .. 9 snarea e
@
b gtmest Tmer Genr | [ g.tmers Tomec eneal [ g.tmer T Geoert | [ .30 A0C (3¢ P 9.2001 ADC (r.sde!
3 Bt B .50
[v) @ ® l® @
2-13 FSPRe v 2% (E—% 2 )
RO1AN6421JJ0120 Rev.1.20 Page 15 of 62



RA Family KABRBPE—2DEUH LARY ML -2 E—2 55

Shared ADC module (on rm_motor_driver)
Settings o7+ |
v Common
Parameter Checking Default (BSP)
ADC_B Support Disabled
Shared ADC support Enabled
Supported Motor Number 2
v Module Shared ADC module {on rm_mator_driver)
w General
Name g_motor_adc_shared(

214 ADC Yz 7—FKEVaA—ILOFSPaYT74JL—Y3 Y

g_adc0 ADC (r_adc) g_ade1 ADC (r_adc)
Settings ﬂjéﬁ‘ L Settings Pielive #
Vv Common ~ Common
AP ey Parameter Checking Default (BSP) Abl o Parameter Checking Default (BSP)
~ Module g_adc0 ADC (r_adc) ~ Module g_adc1 ADC (r_adc)
~ General ~ General
Name g_adc Name g_adc1
Unit [} Unit 1
Resolution 12-Bit Resolution 12-Bit
Alignment Right Alignment Right
Clear after read off Clear after read off
Mode Single Scan Mode Single Scan
Double-trigger Disabled Double-trigger Disabled
Input Input
~ Interrupts. ~ Interrupts.
Normal/Group A Trigger Software Normal/Group A Trigger Software
Group B Trigger GPT12 COUNTER UNDERFLOW (Underflow) Group B Trigger GPT7 COUNTER UNDERFLOW (Underflow)
Group Priority (Valid only in Group Scan Mode) Group A cannot interrupt Group B Group Priority (Valid only in Group Scan Mode) Group A can interrupt Group B; Group B scan restarts immediately
Callback rm_motor_driver_cyclic Callback rm_motor_driver_cyclic
Scan End Interrupt Priority Priority 5 Scan End Interrupt Priority Disabled
Scan End Group B Interrupt Priority Disabled Scan End Group B Interrupt Priority Priority 5
Window Compare A Interrupt Priority Disabled Window Compare A Interrupt Priority Disabled
Window Compare B Interrupt Priority Disabled Window Compare B Interrupt Priority Disabled
=
E—42 1 AITHRE E—42 2[ITEHRE
N S > s
2-15 ADC FZ4/\DFSPaYT747L— 3> [1/3]
g_adc0 ADC (r_adc) g_adel ADC (r_adc)
Setings  D/74 & setings  J0/T74 &
v Input ~ Input
AR lfo v Channel Scan Mask (channel availability varies by MCU) A2\ io vpchannel Scan Mask (channel availability varies by MCU)
Channel 0 Channel 0
Channel 1 Channel 1
Channel 2 Channel 2
Channel 3 o Channel 3 =]
Channel 4 o Channel 4 o
Channel 5 =] Channel 5 =]
Channel 6 &) Channel 6 o
Channel 7 Channel 7 o
Channel 8 = Channel 8 a
Channel 9 [m] Channel 9 o
Channel 10 =] Channel 10 o
Channel 11 o Channel 11 o
Channel 12 o Channel 12 o
Channel 13 =] Channel 13 a
Channel 14 o Channel 14 [u]
Channel 15 o Channel 15 o
Channel 16 O Channel 16 o
Channel 17 o Channel 17 o
Channel 18 o Channel 18 o
Channel 19 O Channel 19 [u]
Channel 20 o Channel 20 o
Channel 21 O Channel 21 o
Channel 22 o Channel 22 o
Channel 23 o Channel 23 o
Channel 24 o Channel 24 a
Channel 25 o Channel 25 [m}
Channel 26 o Channel 26 o
Channel 27 =] Channel 27 o
Channel 28 O Channel 28 o
Temperature Sensor o Temperature Sensor o
Internal Reference Voltage o Internal Reference Voltage a

Group B Scan Mask (channel availability varies by MCU) Group B Scan Mask (channel availability varies by MCU)
Addition/Averaging Mask (channe! availability varies by MCU and unit) Addition/Averaging Mask (channel varies by MCU and unit)
v Sample and Hold ~ Sample and Hold

~ Sample and Hold Channels (Available only on selected MCUs) ~ Sample and Hold Channels (Available only on selected MCUs)
Channel 0 Channel 0 o
Channel 1 Channel 1 o
Channel 2 Channel 2 a

Sample Hold States (Applies only to channels 0, 1, 2) Sample Hold States (Applies only to channels 0, 1, 2) 24

:E_g 1 Iﬁ”fn&fﬂ :E_g 2 I-II:I_J(—J-DQE

2-16 ADC FSA4/\DFSPa>I744JL—2 3> [2/3]
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RA Family

KAMBRAE—E2DEUHY LAY MILEIHE -2 E—2ERF)

w Group B Scan Mask (channel availability varies by MCU)

w Group B Scan Mask (channel availability varies by MCU)

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

E—2 1 RITRE

Internal Reference Voltage

ooooooDooO00DDOO0DOO0DOOO0OO0O0OOO0O0O0O0O0O0ONR

E—42 2[ITEHRE

2-17 ADC KSA /O FSPaYv2I7445L—>3>

[3/3]

g_timer3 Timer, Low-Power (r_agt)

J0I74

g_timer7 Timer, Low-Power (r_agt)

Underflow Interrupt Priority

T2 1AEITHRE

Priority 10

Settings -t Settings JOIF4
v
ABLIn(o Parameter Checking Default (BSP) APl Info Col;lan;o;em Checking
Pin Output Support Disabled Pin Output Support
Pin Input Support Disabled Pin Input Support
~ Module g_timer3 Timer, Low-Power (r_agt) w Module g_timer7 Timer, Low-Power (r_agt)
v General ~ General
Name g_timer3 Name
Counter Bit Width AGT 16-bit Counter Bit Width
Channel 0 Channel
Mode (&) Periodic Mode
Period 500 Period
Period Unit Microseconds Period Unit
Count Source PCLKB Count Source
Output Output
Input Input
~ Interrupts ~ Interrupts
Callback (& rm_motor_speed_cyclic Callback

Underflow Interrupt Priority

Default (BSP)
Disabled
Disabled

g_timer7

AGT 16-bit

1

{4 Periodic
500
Microseconds
PCLKB

(&) rm_motor_speed_cyclic
Prionty 10

E—F 2M@ITHRE

2-18 AGT RSA/NNDFSPav 2445 L—3>
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RA Family

KAMBRAE—E2DEUHY LAY MILEIHE -2 E—2ERF)

g_timer4 Timer, General PWM (r_gpt)

Settings JOIT4
v Common
AbLinio Parameter Checking
Pin Output Support

Write Protect Enable
v Module g_timerd Timer, General PWM (r_gpt)
v General
Name
Channel
Maode
Period
Period Unit
Qutput
Input
Interrupts
w Extra Features
v Qutput Disable
Output Disable POEG Trigger
POEG Link
GTIOCA Disable Setting
GTIOCE Disable Setting
v ADC Trigger
~ Start Event Trigger (Channels with GTINTAD only)
Tngger Event A/D Converter Start Request A During Up Counting
Trigger Event AfD Converter Start Request A During Down Counting
Trigger Event A/D Converter Start Request B During Up Counting
Trigger Event A/D Converter Start Request B During Down Counting
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

K&KHl: E—21 UM GPT

Default (BSPF)
Enabled with Extra Features
Disabled

g_timerd

@ 12

(& Tnangle-Wave Symmetric PWM
& 500

& Microseconds

POEG Channel 3
SetHiZ
SetHiZ

o
5

(a) Enabled

2-19 GPT RSA/NNDFSPaYv 2445 L—3>

g_poeg0 Port Output Enable for GPT (r_poeg)

g_poegl Port Output Enable for GPT (r_poeg)

J0/t74 & Settings 70/ 177 &
S v Common
APLInf ~ Common APl Info . oo o
& Parameter Checking Default (BSP) arameter Checking efault (BSP)
v Module g_poeg0 Port Output Enable for GPT (r_poeg) v Module g_poeg Port Output Enable for GPT (r_poeg)
v Genera_l ) v General
v Trigger v Trigger .
GTETRG Pin = GTETRG Pin =
GPT Output Level [m] GPT Output Level O
Oscillation Stop o Oscillation Stop o
ACMPHS0 [m] ACMPHSO O
ACMPHS1 o ACMPHS1 o
Name g_poegl Name g_poeg!
Channel 0 Channel 3
~ Input w Input
GTETRG Polarity Active Low GTETRG Polarity Active Low
GTETRG Noise Filter PCLKB/128 GTETRG Moise Filter PCLKB/128
~ Interrupts ~ Interrupts
Callback g_poe_overcurrentl Callback g_poe_overcurrent!

Interrupt Prionty

T2 1 AIITHRE

Prionty O (highest)

Interrupt Priority

E—F 2MAITHRE

Priority 0 (highest)

2-20 POEG FSA4/\OFSPav7449JL—>3>
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RA Family

KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

23 YIFrOTTHER

231 YIb+b9xT7 - T714ILER
VI IITDIANETET7ANERETRICRLET,

xR 27 VIO T IAILTHER[/2]

T+ILE H$ITITHILE T7ANL e
ra_cfg HEERDIAY T4 TAYE
ra_gen HEIERD L DR 2 REME.
A UEBE
ra arm CMSIS YV—Xa—Fk
board R— FREEERESR
fsp/inc/api bsp_api.h BSP API EE£&
r_adc_api.h AD API| B
r_elc_api.c(RAST1 D& ) elc APl E&
r_ioport_api.h I/O API EE2&
r_poeg_api.h POEG API £
r_three_phase_api.h 3 8 PWM API £
r_timer_api.h 243 APl E%

r_transfer_api.h

T— SR APl EE

rm_motor_angle_api.h

AE APIEE

rm_motor_api.h

E—4 APIEE

rm_motor_current_api.h

ERFIE APl E&

rm_motor_driver_api.h

E—4% FS54/\ API €&

rm_motor_speed_api.h

EE API B

fsp/inc/instances

r_adc_b.h(RAGT2)
r_adc.h(RA8T1)

AD B EEE

r_agt.h

AGT BEEH

r_elc.n(RA8T1 D)

elc BEEEE

r_gpt_three_phase.h

38 PWM B EER

r_gpth GPT BEEE=
r_ioport.h 110 BEE R
r_poeg.h POEG BEE

rm_motor_current.h

BERHIHEEE &

rm_motor_driver.h

E—42 RS A/ \BE&E

rm_motor_estimate.h

rm_motor_sensorless.h

EE
AREHTNIEEETEE
oY L RHIEHBEEES

rm_motor_speed.h

fsp/lib

SA4TSVIT741L
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RA Family KAWMABRBE—ZDEUOH LARY FLGIE -2 E—2EFF)
® 28 VI LI TI+ILEHER2/2]
i $I T LA IrAN s
ra fsp/src bsp BSP BEE 7 #+ JL
¢

r_adc_b/r_adc_b.c(RA6T2) AD FZ 4N
r_adc/r_adc.c(RA8T1)
r_agt/r_agt.c AGT K54\
r_elc/r_elc.c(RA8T1 M) elc K4/
r_gpt/r_gpt.c GPT F54 /N
r_gpt_three_phase/r_gpt_three_phase.c 3 PWM K5

A
r_ioport/r_ioport.c 10O k34N
r_poeg/r_poeg.c POEG F5 1 /\
rm_motor_current/rm_motor_current.c BRI S A

/N
rm_motor_current/rm_motor_current_library.h BRGIEHZA4 T

)

API E &
rm_motor_driver/rm_motor_driver.c E—FFZA4N
rm_motor_estimate/rm_motor_estimate.c AEHEENSA

/N
rm_motor_estimate/rm_motor_estimate_library.h | BEHTES A T

51 API E%
rm_motor_sensorless/rm_motor_sensorless.c oY LR

E—2FZa4N
rm_motor_speed/rm_motor_speed.c REHIEH S A

AN
rm_motor_speed/rm_motor_speed_library.h REGES AT

51 APl €%

src | application/main mtr_main.h , mtr_main.c aA—H AL B

#
r_mtr_control_parameter.h FEINZ A—4

&
r_mtr_motor_parameter.h E—RINTA—

AER

application/user_interface/ics | r_mtr_ics.h , r_mtr_ics.c Analyzer Ul B§
ICS2_RA6T2.h, ICS2_RA8T1.h Y—ILF@EE
4T3
ICS2_RA6T2.0,1CS2_RA8T1.0 Y—ILHBER
EEER
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RA Family KAMARPAE—ZDEUHYLARY RLEE -2 E—5%EEE)

232 EDa1—ILER
BTN IR TFOED 2 —IILEREZR 2-21 I2RLET,

Application Layer (User Application)

Main User Interface Module

mtr_main

Set User Command to Buffer

Middle Layer (Motor Control Process)
N\
Interface Module I
[ [ rm_motor_sensorless ] ]
Set Control Gain & Command
Control Module
~
[ rm_motor_current ] [ rm_motor_driver ]
[ rm_motor_estimate ] [ rm_motor_speed ]
. J
- y
Set PWM duty
. I Get Voltage, Current & Angle/Speed
Device Layer
| | —
N
MCU Module
[ ADC ] [ AGT ] [ GPT ] [ POEG ]
A\ V.
Output PWM Signal
Get A/D Converter Data & Sensor Signal
MCU / Inverter
221 EVa—ILHER
RO1AN6421JJ0120 Rev.1.20 Page 21 of 62



KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

24 YIBRDITARYY
BTN YIT IOV I bz 7EREHETRICRLET,

RA Family

R 29 LUHLAARY MILEHIEY 7 by 7 ERER

=

RE

Lk P

AY Ul

B85 F R AB AL B 4R

oY LR

E— % [EEFAKR/AFL

E—% 11ESW1_1.

E—H2[ESWI 2D LARNLIZK Y HIE
F f=1% Renesas Motor Workbench mi5 A1

ANEE

DC 24V

AL o0y RIKEE

RABT2: 240 [MHz]
RA8T1: 480 [MHz]

x4 1) 7 (PWM)E K

20 [kHZ](F+ ') 7 FE#A : 50 [us])

Ty R2AL 2 [us]
il R HA(ER) RAG6T2: 50 [us]
RA8T1: 50 [us]

HEEHCEE - f1iE)

RAGT2: 500 [us]
RA8T1: 500 [us]

[B] 85 52 75 &7 CW : 0 [rpm] ~ 2400 [rpm]
CCW : 0 [rpm] ~ 2400 [rpm]
f=f= L. 500 [rpm]A FIFEEAF — T > )L— T TERE)

& Hi1H R EH BRE BRI R : 300 [Hz]
HEHER : 5[Hz)
FEEBEHETE R : 1000 [Hz]
EHER : 50 [Hz]

VNS SRBILERTE &EE LA ‘ Optimize more(-02) (T 7 # JL FERTE)

RiEFELELE [E—% 1] (E—% 2]
UTOWIFNHODEHEDREF., E—2 1 | LTOVWTIAIDOEHDOEE, E—4 2
FIEEBSHNO RN)EFET I T4 T2 | HIEMESHANOG X)ZFET VT4 T
EXKS) EXKS)
(1) %‘*Ha) EE./}IL (1)%‘*50) EE./JIL

3 54(=1. 67*Sqrt(2) 1.5)
B(ERHEE HA TELR)
(2) ’f UIN—F BREEM 60 [VIZEE
1B (E 7 E 2 TEEAR)
(B) 1 N—Z BIREEMN 8[VIXRiE
(BREIEE A TER)
(4) [EEREE A 4500 [rpm] Z BB (ER
Tl A HA TEIR)

AlZi

NEMSDBERREESFREL
=55, PWM B HiEFZENAA >
E—ﬁpxtié

3.54(="1 67*sqrt(2)*1 5)
1B(E R w1 E 2 TEEAR)
2 *f UIN—ZBREEN 60 [V]ZiHE
B(EFRHIEE 2 TEER)
(3) 1 wN— A BREEA 8V
(ERHHELATER)
(4) BIEEEE A 4500 [rpm] % BB (E R
il fE1 B B TEEFR)

[AlZ&

NEMrLDOBERBRBESZHREL
=%5&. PWM B HiGFENAA 2
E—§>XE¢6
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RA Family

KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

2.5 #YAaESTIES
YOIV T b7 THEALTWSEIYAH EBEIRLEUTISRLES,

& 2-10 BV AHBEIEN

Y sAH BxE I
LRI
15 Min
14
13
12
11
10 AGTO/1 INT
500[us]EI Y sAAMLIE (E—43 12 £IZEILAN)IL)
9
8
7
6
5 ADCO ADIO/2(RA6T2) ADC0/1 SCAN END(RA8T1)
ADEBMETEIVIAH (E—F 12 HICELAIL)
4
3
2 v
1
0 Max POEG1/3 EVENT(RA6T2) POEG0/3 EVENT(RA8T1)
BEREERYAHA (E—2 12 &£ICRLARIL)
Allocations
Interrupt ~ Event ISR
0 AGTO INT (AGT interrupt) agt_int_isr
1 ADCO CALENDO (End of calibration of A/D converter unit 0) adc_b_calend0_isr
2 ADCO CALEND1 (End of calibration of A/D converter unit 1) adc_b_calend1_isr
3 ADCO ADIO (End of A/D scanning operation{Gr.0)) adc_b_adi0_isr
4 ADCO ADI2 (End of A/D scanning operation(Gr.2)) adc_b_adi2_isr
5 POEG3 EVENT (Port Output disable interrupt D) poeg_event_isr
6 AGTT INT (AGT interrupt) agt_int_isr
7 POEG1T EVENT (Port Qutput disable interrupt B) poeg_event_isr
2-22 RABT2FSP BlYiA#av T4 JL—2 3y
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 ADC1 SCAN END (End of A/D scanning operation) adc_scan_end_isr
3 POEGO EVENT (Port Qutput disable interrupt A) poeg_event_isr
4 POEG3 EVENT (Port Qutput disable interrupt D) poeg_event_isr
5 AGT1 INT (AGT interrupt) agt_int_isr

2-23 RAST1FSP ElYAHaAv T4 L— 3y
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RA Family KAMARPAE—ZDEUHYLARY RLEE -2 E—5%EEE)
3. HEHY T bz 7ERA

3.1 #FIHAR

311 E—FEH/IEL

E—2DEEEF & F1EIE. Renesas Motor Workbench M5 DA A EF-IE SW1_1, SW1 2 h 5D AAIC
KOTHIELET, SW1_1, SWI1_2 [IZIZABAAR—EAEY H TSN, "High'LRNILDEZFRZ—FRAS v
FHAONLTWSEHETL, "Low' LRILDEZIFXE—2%#FILT HLHMLET,

3.1.2 AD ZEi#

(1) E—4EEImEEESE
E—A2 OREEREEESEIX Renesas Motor Workbench ™5 DA A FE 1= VR1_ 1. VR1_ 2 DHEHIE(TF
AJE)Z ADEHTHEICE>TRELET, ADEBRINTMEE. UTOERD&SIZ. BERERE
SELELTHERALET,

& 31 EERRERTEOLEMRLL
HE Ltk (FBR1E - AD ZiRME)
Ccw 0 [rpm]~2400[rpm] : 0800H~0FFFH

[B1 %553 B HE T fiE

CCW | 0 [rpm]~2400[rpm] : 07FFH~0000H

(2) 41 VN—4BEERE
UTORDESIZ, A vN—42BREFZHMELET . TRAXROEHLBERE - EEERE(ERKT
PWM 1) ICERLET,

x 32 AUN—SBREEDOLEHLL
IHH Ttk (4 N—S BIREE : AD TIE)

1 N—32BREE 0[V]~73.26 [V] : 0000H~OFFFH

(3) U, WHER
UTORDESIZ, U, WHERZREL. XU MLHEEICERLEYS,

& 3-3 U, WHEROEL

EHE Tk (UM, WHRER : AD Z£H#1{E)
-8.25 [A]~8.25 [A] : 0000H~0FFFH %
B7{E=(3.3V—1.65V)/(0.01 Q x 20)=8.25A

U, WHER
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RA Family KABRBPE—2DEUH LARY ML -2 E—2 55
3.1.3 Z&R

BUOTINY TR 7Tl E—F~ADAABEIT/NLATEER (LI, PWM) IZ&>TERLET,
PWM Duty L DEH 170y, BEEFBAMNERZ LITSE0IZ. ERAZToEBEEZHATEEY,

3.1.3.1 IELRER
EREMEUTOLSICERELES,

m:EHAR  VIEREEE EAUN—AEBRERE

3.1.32 ZEFANY FILEHA

KABBRBAE—2DOANY FLFHEICENT, —RUICHEDEBBEEFERXEZXBERICERLET,
ECHN, ZDEEFPWMERD-ODOERKELTEAT SE. RRICE—ZICHMENLIBEEDA >
N—EBREFICHT IEEFARSHRMEAEERE TRKA86.7[%]EE>TLEVEY ., £ T, TRk
HAFIICRBEEERENFRELF/MEDOTEZRELHL. ThoZHHELEFENOBELEZLOD
EEFRELTHERLEY . TORRE. TRAKOKRKIRIEE/ 2ELEAY. REBEREZOEFICEEF

BEE100[%|EHTY FT,
Vv V. 1
V=V, |+ar|1
V! V. 1

s AV = —memin = max{Vy, Vo Vs Vi = mindVy, V,, V)

Vo Vo Vyy 1 UV W HBEEIERIE
V., V), Vi, - PWM AR U VW HHEEESEZERR)

FREMELUTOLSICEELET,

V’
E

m: BV PWMAERMARELEES E: A o\ — X REE

m:
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RA Family KABRBPE—2DEUH LARY ML -2 E—2 55

3.14 REE®

3MNICHYTINYIT R I TICETHIREBBRZEZRLET., Yo TILY T FH 7T,

[SYSTEMMODE] & YKEZEELEY, E—2 1. T2 2HICRALHBMBYET,

POWER ON/
RESET

SYSTEM MODE

S

[RUN EVENT]

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

B 3-1 Y LAARY FLGIEHY T b9 27 DREEBR

(1) SYSTEM MODE

DATLEEREEFRLET, FARY MNEVENT)OREAIZK Y, REABBLET., VATLOEE
KEEIX., E—4ERE)EIE (INACTIVE) . E—4%EE®) (ACTIVE) . EEIKE (ERROR) nHY FT,

(2) EVENT

& SYSTEM MODE #1Z EVENT W gAY $&. £D EVENT T2 T, YR T LEMEIREAR 3-1 &
DERDKICEHLET, & EVENT DREEREFRELYVET,

% 3-4 EVENT—E&

AR5

REER

STOP

A—H—BECLYRELET

RUN

A—HF—RECIYRELET

ERROR

DATLNEEEBRH LI-EEICTRELFET

RESET

A—H—BECLYRELET
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RA Family

KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

3.1.5 WmEAE

YTV T r 7 DREFIHAETZEZR 3-2ITRLET, dBMER. HER. REZTLThOERE
EEBIZITFTICE>TE—RZIVFA—LALTVES, =2 1. T2 2HICRALHIEELZY F

-g_O

I4 reference status

I reference status

Speed reference status

lq reference [A] A

lq reference during
open-loop control

[
I reference [A] ‘

0
Speed reference [rad/s] |
Target speed reference

Reference speed threshold
for sensorless switch control

MOTOR_SPEED_ID§ MOTOR_SPEED_ID_CONST MOTOR_SPEED MOTOR_SPEED_ID
_UP (0) i ™) _ID_DOWN (2) _ZERO_CONST (3)
MOTOR_SPEED_IQ_ZERO_CONST MOTOR_SPEED_IQ_; MOTOR_SPEED_IQ_SPEED
AUTO_ADJ (2) _PI_OUTPUT (1)
MOTOR_SPEED_SPE! MOTOR_SPEED_SPEED_CHANGE
ED_ZERO_CONST (0)} ()
i 1 i
\ | \ \
\ ! [
1 |
********* y i I
| \ \
| I I
I I
1 ! !
} | } 14=0 control
I |
? \ ‘ -
I } } t[s]
I
I I
1 ! !
} | } speed Pl output
| I I
| \ \
|
} N
| I I
: >
¥ >
[ ! ! t[s]
} I I
| \ |
e ‘f 7777777777 T
| |
" I I
B |
| \ \
| I I
| I I
| |
! \ |
I ! ! .
t g >
Sensorless Switching Transition t[s]

3-2 EUHLAARY MLFHEIEY 7 bz 7 DEBHEAR
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RA Family KABRBPE—2DEUH LARY ML -2 E—2 55

3.1.6 {REEHERE

YUTNYTRITIE, UTOIS—REFZHLE, TNTNDGEICRAFELET 2HEEFRELTLVET,
AT LREMEEICEDIERTEER 35 F2SBLTLEEL,

o BEERIS—
N—FOzT7hoDBREAFLES@EERBRB)ZLY., PWM BAHFENAAVE—FVRIZLET,

Fr-. BERERBAHATUME,. VHE. WHEBRZEHAL. BER@ERY I v MEZBB)ZRH L=
K<, BRFIELES (VI b 7iRH),

o & "]:T;I%—
BEREAHTA UN—BREEZESRL. BEFE@BER) I v MEZBB)ZHRE LI-FIZ. B&
1-—-JJ'_ Li?‘ BEEY Ty MEFBREEROEREDREEFZEELTHELETT,

. 1&%&13—
1& BERBARTA ON—SBREEZESRL. BEX(EEE) I v MEZTRE - 158)ZRH L 1=K
5%5 WSIELES . EBEY v MERBRERIBOENENREFEZEEL THRELLETY,

o MMEEIS—
EiEERAAYCTEREZERAL. EE) Iy MEZEBLIGS, BREFELLET,

& 35 BURATLREWERTEB

ITo5— RAfE 1R HA
BERTS— BERY) v ME [A] 3.54 BB 57 ) 10 ) £A
BEEITZ— BEY I v ME [V] 60 i 10 B HA
BEEETS— ﬁ.%ﬁ: )=y ME [V] 8 B i il ) #A
EEEETS— HE' Sy ME [rpm] 4500 B il 10 8 A
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317 F¥ ) 7REEAEIY AH

2E—RHHEDBZEE. 1 DDENYAHANBRT2 DOE—F ZHIHT ZLIEBRNIELLE-H. XD
PWM @ duty BFFICEICEDHEWNMEENHY ET, ZO0H, T ) 7RBEIVIAHXEZE—2 1, E—42 2
BICELDZ8A SV TRESEET,

AHEETOTSLTE, E—228F v U TRHDORBEITICLETERLTVET,

Timer start

75us L 25us 50us
!

Motor 1 side carrier cycle

i
' Interrupt

Interrupt ! Interrupt

Motor 2 side carrier cycle

| | |
| | |
: : :
A YA YA YA
Interrupt u- Interrupty D- Interrupt Iu- Interrupt 1 D-
8 c c c

Initial setting Initial period timer(addjustment) Normal period timer Normal period timer Normal period timer
Cycle setling register | - 75, 75us 50us 50us 50us
GPT32En.GTPR A
4 2 2 A
Transfer Transfer Transfer Transfer
Buffer register 50us 50us 50us 50us 50us

GPT32En.GTPBR

- L/

Set initial period timer value

3-3 FvTHAMAE

CHDRFEIZE-T, E=2 208~ UTRE 75[us]MET LI=-D5., LIBEDOREEAA 50[us]&#E Y F£9,
DA, ¥v ) T7RHENYAAIERFICKELLESBYET, @, E—21EE—220Fv ) TEREEY
AAIE, 25[us]AEATREIZHRELET, TDA. EVAHAOLERME (T 5 —HAEROLERBEHT) %.
25[us]AIZURSO LB HY T
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RA Family KAMARE—FIDEUHLARY MLFIE -2 E—42ERE)

32 U LARY MLFIEIY 7 b o 7T
U LARY MLFIEOHE IOy I RERLET,

BYAHZA IO OBEFRE. E—421EE—42 20 PWM BEBIZHIHERERCICT IHRERAHY
7,

- Speed control Process N ymmm——— Carrier Interrupt Process

] \ {

| |
L} *

| | +

| ig* 1H AL dq ﬂ» Voltage i‘,

! I ke I~ T WL« 1 | current A . Vy ermor _V>V

: ig™= —T—)O 1] g . Pl + Vq Voitage N v, > Com.pen V.

] Open-loop to Sensorless w : + Limit uvw -sation

| Switching Control | "2 __ _ ! ! LA

. g TE H | iy A IdA Vq** vt 0 :

| 7 x A q | !

| | ! Decoupling

| | : Control

| 1NE e O S 8
| la"| W A iy

| | [ —1dq

! 1 ! i .

[} [} ! Iq

I | ! - uvw

| } N e

I * | ¥ Va'[Vd

1 w 1 t .

| [ e L Y

! e Weomp |\ ¥ vy

| \I e !

| Oporieon | 1% 1] eewr

| ping | Observer

| Control | H

] Vo

| - . |

| | q

] T pa ]

M e e e e e e . . - o . . . ./ 7 o o e

,~~ Speed control Process -+ R ittt Carrier Interrupt Process -------=-=-==—===
| \ |
| [} ig* !
: o | d ! Vg’ Voltage _“’V

q \ 4 > error |V,
| W*—@—p] Speed 5| Flux- \ T Current Vv, | ALY
| W Pl weakening | | la_ | Pl v, Com.pen V,
! 0 > - .sation [~
| H |
| A ) . A Vo Vi
: Wrrr WLPF T Iq IdT ] ] Ig| la q d (]
\ : ) Dt(e;couplmg
] | ontrol

}
i . 9 I S 0
| \ 1 ig*| ia*] w ig
: Speed 1 : ®—1 dq
| LPF ! H .
| Iq

| ! ' uvw
1 | Vo*| va'l
|
I : i 9 Y VVYY
| H |
[} }
| : ] W | Angle & Speed Ae BEMF
[} T - Estil < Observer
[} | ]
[ ) 1
\ , \

® 3-5 oY LARY MLEIEBEE DOy o B(w oY LX)
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RA Family KAWMABRBE—ZDEUOH LARY FLGIE -2 E—2EFF)
33 BMH—Ex
& 3-6 BiRHIHELEYAARNEITEE—E(1/5)
274 I% %% PUBLE S
mtr_callback_event0 T oH LRSIEHI =Ly
A A : (motor_callback_args_t *) p_args VEH E—% 14
I A=Wy YEBINSA =2 T—4
HAh: gL
mtr_main.c

mtr_callback_event1

A1 : (motor_callback_args_t *) p_args
I A=Wy YBEBINS A =2 T—4
HAh: gL

Y LRSEI—ILNY
BB -5 24

rm_motor_sensorless.c

rm_motor_sensorless_current_callback

A1 : (motor_current_callback_args_t *) p_args
I A=y YEBINS A =2 T—4

HAh: gL

REFIED W HZE=EFREIE
DAAIZEY +

RM_MOTOR_SENSORLESS_ErrorCheck

AJ : (motor_ctrl_t * const) p_ctrl / E— & #lfiEEAR A >
A

(uint16_t * const) p_error/ E—#% T 5—1&%k

HA o fsp_err t/ BABETHRR

IS—FzIv7

rm_motor_sensorless_copy_speed_current

A7 : (motor_speed_output_t *) st_output / FEEHIHE HT—
2

(motor_current_input_t *) st_input / BFREHIHA LT —4

HAh: L

BREHNDT—2EERAN
F—AIZaEF—
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RA Family KAWABRIEE—2DOEUHLAARY MLEIE -2 E—42EEF)
x 3-7 ERFIEEEAE| Y AHAETEE—E(2/5)
T74IL% BE#% B E

rm_motor_driver.c

rm_motor_driver_cyclic

AR : (adc_callback_args_t *) p_args
| 3= LNy D EBNRS A —RT—4
HA: AL

E—RFSA4/8a— LNy
2 B

rm_motor_driver_current_get

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

HAh: Gl

AD £ T—42 ZEF (18
BEREBREED)

RM_MOTOR_DRIVER_FlagCurrentOffsetGet

A7 : (motor_driver_ctrl_t* const) p_ctrl/ E—% K54 /3%l
SRR 22

(uint8_t * const) p_flag_offset/ BifiA 7t v MRETET 75
5

HA o fsp err t/ BABETHRE

BRA 7ty MEZAIE

RM_MOTOR_DRIVER_PhaseVoltageSet

A7 : (motor_driver_ctrl_t * const) p_ctrl/ E—4% K54 /34
HIEERRA V2

(float const) u_voltage / U t8EE

(float const) v_voltage / V ¥8EE

(float const) w_voltage / W t8E £

H: fsp_err_t/ BIMETHR

PWM T a—F«5HERD
HEET—2%%KTE

rm_motor_driver_modulation

A7 : (motor_driver_instance_ctrl_ t*)p ctrl/ E—4 K54 /\
AVRAUR

HAh:GL

PWM ZEEH D ET

rm_motor_driver_mod_run
A7 : (motor_driver_modulation_t *) p_mod / ZFRT—%
(const float*) p_f4 v_in/ AKW=MHEE

(float *) p_f4_duty out/ HAT 1 —TFT«
HAa:mL

ANZHEE N1 KR—
S) hoTa—TFTa4HY4Y
ILEFHE

rm_motor_driver_set_uvw_duty

A7 : (motor_driver_instance_ctrl t*)p_ctrl/ E—%2 K54\
ARRAUR

(float) f duty u/UBBT a1 —T«

(float) f duty v/ VT 1—F«

(float) f duty w/WHBTF1—F 4

HAH o fsp_err t/ BIBETHE

PWM 7 1—7F 1 5RE

RM_MOTOR_DRIVER_CurrentGet

AF : (motor_driver_ctrl_t * const) p_ctrl/ E£—4% K54 /\20
vhka—iJavy

(motor_driver_current_get_t * const) p_current_get/ IG5 —
2

HA:fsp_err t/ BABETHRE

#E#R. Vdc. Va_max
T—AEWME
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RA Family KABRBPE—2DEUH LARY ML -2 E—2 55
*® 3-8 BRFIEHEANEYAHARTEB—E@S/5)
J74IL% E#4 pUBELE S

rm_motor_current.c

rm_motor_current_cyclic

A 71 : (motor_driver_callback_args_t *) p_args
[ A=Y IBEBUNS A= T—4
HA:#HL

w7 il B A B 1F

RM_MOTOR_CURRENT_ParameterSet

A7 : (motor_current_ctrl_t * const) p_ctrl / TR HIEHEE KR
1243

(motor_current_input_current_t const * const) p_st_input/ A
>Fy M BRT—4

HH:fsp_err t/ BIBETHE

BRFMANT—2 EHRE

RM_MOTOR_CURRENT_CurrentSet

AJ : (motor_current_ctrl_t * const) p_ctrl / &7k E AR
15

(motor_current_input_current_t const * const) p_st_current /
1Ty FNERT—42

(motor_current_input_voltage_t const * const) p_st_voltage /
1Ty FNEET—42

HH:fsp err t/ BABETHR

diq WOEH & BEDT —
5 ERE

RM_MOTOR_CURRENT_CurrentGet

AJ : (motor_current_ctrl_t * const) p_ctrl / &Rk E AR
1A%

(float * const) p_id / B L1z d ®HEFRA~AD KA >4

(float * const) p_iq / Ex#§ L1z q ®HEFRA~AD KA >4

HH o fsp_err t/ BABETHR

d/q BMEREME

motor_current_transform_uvw_dq_abs
A A : (const float) f_angle / E#xfEE
(const float *) f_uvw / UVW #RA > &
(float *) f_dq / dq &7R1 > &
Hi:HL

UVW — dq FEAZZE # (4t
ZEHf)
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RA Family KAARBRE—FDEHLARY MLFIHE -2 E—2EFE)
= 3-9 TERFIEEEAZIYAAHRETEB—E(4/5)
7744 %2 MIEREE
motor_current_angle_cyclic RRHADORMAMIEI= 5115
- - - AEREIOER

rm_motor_current.c

A A : (motor_current_instance_t *) p_instance / B4 Y A2 VR

HAh: &L

RM_MOTOR_CURRENT_SpeedPhaseSet

A7 : (motor_current_ctrl_t * const) p_ctrl / EFRHIEHEEAR A >4
(float const) speed / E#5EE

(float const) phase / 48

HA o fsp_err t/ BAIETHSRE

BREELO—2—HET—
BERE

RM_MOTOR_CURRENT_CurrentReferenceSet

A7 : (motor_current_ctrl_t * const) p_ctrl / EFRHIEHEEAR A >4
(float const) id_reference / d 1ERIES

(float const)iq_reference / q BE g S

HA o fsp_err t/ BASIETHRE

&
it
of
&
=
Rt
w‘ls
Il

RM_MOTOR_CURRENT_PhaseVoltageGet

A7 : (motor_current_ctrl_t * const) p_ctrl / BRI EHEEAR A >4
(motor_current_get voltage_t * const) p_voltage / RRISEET—4
HA: fsp_err t/ BAIEITHSR

RESN-AEEENE

motor_current_pi_calculation

A7 : (motor_current_instance_ctrl_t*) p_ctrl / &j{A > A2 >RXaY
rE—JL

HAh: AL

BRAY LTy FEER
DERNY b SHABE
Y PILERE

motor_current_pi_control
A7 : (motor_current_pi_params_t *) pi_ctrl / Pl {1/ 85 A —4
H A : float / Pl il{#1H S8

PI il

motor_current_limit_abs

AA : (float) f4_value / 2 —4"y FDE
(float) f4_limit_value / #IFR{E

H A : float/ #IMR L1-1E

HEHE D IR

motor_current_decoupling

A7 : (motor_current_instance_ctrl_t *) p_ctrl / ERFHIEA VR E2 >
3

(float) f_speed_rad / [E%5EEE

(const motor_current_motor_parameter_t*) p_mtr/ E—42 &/
A—4

HAh: &L

TS HIE

motor_current_voltage_limit
A A : (motor_current_instance_ctrl_t *) p_ctrl/ EFEEA A Z VX
HAh:#HL

BEARY FILOFIR
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RA Family KAWABRIEE—2DOEUHLAARY MLEIE -2 E—42EEF)
= 3-10 TIRHIEIEHAZI Y :AHREITEAE—E(5/5)
T774IL% REE 4 MIEHEE

rm_motor_current.c

motor_current_transform_dq_uvw_abs
A7 : (constfloat) f_angle / EEEFEE
(const float *) f_dq / dq Ea7R 1 > &
(float *) f_uvw / UVW #87RA > 4

HA: &L

dq — UVW EERZZ#a(fExtZE
#)

librm_motor_current.a

rm_motor_voltage_error_compensation_main

A# : (motor_currnt_voltage_compensation_t *) st_volt_comp / &£
BERET—4

(float*)p_f4_v_array/ ') 77 LV RERE

(float*)p_f4_i_array/ ') 77 LY REHR

(float) f4_vdc /| BHRERE

HAh:#HL

EEREME

rm_motor_estimate.c

RM_MOTOR_ESTIMATE_FlagPiCtriSet

A A : (motor_angle_ctrl_t * const) p_ctrl / fEHIfEHEEARRA >4
(uint32_t const) flag_pi / Pl #I1#1RTH 7545

HH o fsp_err t/ BA%ERITHRE

Pl #IHEFTD T ST &

RM_MOTOR_ESTIMATE_SpeedSet

A7 : (motor_angle_ctrl_t * const) p_ctrl / & E #IlEH#&EAR A >4
(float const) speed_ctrl / 1) 77 L > A EIEREE

(float const) damp_speed / # > E > 7 BIEREE

HiA: fsp_err_t/ BAMETHR

REFREHE

RM_MOTOR_ESTIMATE_CurrentSet

A A : (motor_angle_ctrl_t * const) p_ctrl / fEHIfEEEARRA >4
(motor_angle_current_t * const) p_st_current/ ERT—4%
(motor_angle_voltage_reference_t * const) p_st_voltage / BET—4%
HA o fsp_err t/ BA%EITHE

dq DERT—4% LBEES
BEEE

RM_MOTOR_ESTIMATE_AngleSpeedGet

A A : (motor_angle_ctrl_t * const) p_ctrl / fEHIEEEARRA >4
(float * const) p_angle / AET—4

(float * const) p_speed / FET—4

(float * const) p_phase_err / i3 T—%

HA o fsp_err t/ BA%EITHE

O—2—NAEEEEREE
mE

RM_MOTOR_ESTIMATE_EstimatedComponentGet

A7 : (motor_angle_ctrl_t * const) p_ctrl / & E#IEH#EEAR A >4
(float * const) p_ed / # 7 d BAL S

(float * const) p_eq / #E q BHAL S

H o fsp_err_t/ BAMETHER

d/q BRL S DI E EZ BTG

r_gpt_three_phase.c

R_GPT_THREE_PHASE_DutyCycleSet

A7 : (three_phase_ctrl_t * const) p_ctrl / =484 4 < HI##EE AR A
Dz

(three_phase_duty_cycle_t * const) p_duty_cycle /
1471

HFA: fsp_err t/ BAETHE

BEAIDTa1a—T14HAY
JVERTE
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RA Family KABRBPE—2DEUH LARY ML -2 E—2 55

x 3-11 FEFIEEHE Y AHRAERTER—E(1/3)

T74IE %2 A IEREE
mtr_callback_event0 oY LRGEa—ILINy Y
A7 : motor_callback_args_t * p_args B £—4% 14
I A=y YBEBUST A—ET—4
HAh:%HL
mtr_callback_event1 oY LREEHa—ILINY Y
mtr_main.c A7 : motor_callback_args_t * p_args BEE £—42 24
[ A—ILINY BT A—F TF—4
HAh: L
get_vr1 VR1 O A/D MBS
AHB:HL
H o uint16_t/ ZEiAE
RM_MOTOR_CURRENT_ParameterGet EREED S RESIEA N
A7 : (motor_current_ctrl_t* const)p_ctrl/ EFav bao—LJoy | T—42 WG
rm_motor_current.c 9

(motor_current_output_t const * const) p_st_output/ BRHE AT —4
HA o fsp_err t/ BAREITHRE
rm_motor_sensorless_speed_callback HRESEa—IL/Ny Y Bk
A7 : (motor_speed_callback_args_t*)p_args/ 3—JL/\y V8%
NSA—BT—4

HAh:%HL
fm_motor_sensorless.c rm_motor_sensorless_copy_current_speed BRHEDT—2EEEAS
A A : (motor_current_output_t *) st_output/ BFRHAT—4 T—ARIZaE—
(motor_speed_input_t *) st_input/ EEAHT—4
HA: L
R01AN6421JJ0120 Rev.1.20 Page 36 of 62




RA Family KABRBPE—2DEUH LARY ML -2 E—2 55
x 3-12 FEFIEEHE Y AHRAERTEHR—E(2/3)
7274 IL% E#4 pUBETE S

rm_motor_speed.c

rm_motor_speed_cyclic

A7 (timer_callback_args_t *) p_args / a—JL/\y J B/ A—
8F—4

HAa: AL

REFHOBRLEE (5217
B YSAHBEDIEUH L)

RM_MOTOR_SPEED_ParameterSet

A 71 : (motor_speed_ctrl_t * const) p_ctrl /| E—4&FEJ> bO—JL
Javy

(motor_speed_input_t const * const) p_st_input/ BEA N/ A —
Ed

Hh o fsp_err_t/ BASREITHER

HREAN/NTA—LERE

RM_MOTOR_SPEED_SpeedControl

A A : (motor_speed_ctrl_t* const)p_ctrl/ E—4FEEa > bO—)L
Jovy

H: fsp_err_t/ BAMETHER

d/q EFRIEREEFFHE (&
EHED A4 > TO+R)

rm_motor_speed_set_speed_ref

A A : (motor_speed_instance_ctrl_t*)p_ctrl /| E—%EEA VR4
R

A float/ VI 7 LUREE

REEREEZEN

rm_motor_speed_set_iq_ref

A7 : (motor_speed_instance_ctrl_t*)p_ctrl/ E—42&EEA VX4
R

HA:float/q#!) 77 LU RER

qHMOBRIESEZEH

rm_motor_speed_set_id_ref

A A : (motor_speed_instance_ctrl_t*)p_ctrl/ E—4%&EEA VR4
R

Hi7 :float/d®#) 77 LU RAER

dHMOBRIESEEZEH

RM_MOTOR_SPEED_ParameterGet

A A : (motor_speed_ctrl_t* const)p_ctrl/ E—4FEEa > bO—)L
Jovy

(motor_speed_output_t * const) p_st_output/ EEH A T—4

H: fsp_err_t/ BAMETHER

REFHOHANSA—42%
miF
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RA Family KABERBHE—FIDE Y LAARY MLEHIE -2 E—42BXE)
F 3-13 EERIEELE Y AARAEITEE—E(3/3)
T7A4ILA Eepe pUBEY S
rm_motor_speed_first_order_lpf —R LPF 038

librm_motor_speed.a

A7 : (motor_speed_Ipf_t*) p_Ipf/ —% LPF #&& kR« v 4
(float) f_input/ AHAT—4
Hh:float/ 714 L2 —H%DT—42

rm_motor_speed_fluxwkn_set_vamax

A7 : (motor_speed_flux_weakening_t *) p_fluxwkn / S5 HiRIEE
1797 G

(float) f4_va_max/ RKEEAY kL

Hh: &L

BRAREEARY MIVEERTE

rm_motor_speed_fluxwkn_run

A : (motor_speed_flux_weakening_t *) p_fluxwkn / §3&isiEE
e

(float) f4_speed_rad /| E—4 BRI EE

(const float *) p_f4_idq / d/q #E 7

(float *) p_f4_idqg_ref/diq#h') 7 7 LY R &

HA:HL

FOHRHIERT
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RA Family 7K

AWEARBE—2IDEUYLARY MLEIE -2 E—2ERE)

3.4 Contents of control
3.4.1 Configuration Options

E—SRAEUHYLARY MLHEIEIED 2 —ILOERA T 3 VI%, RA Configurator L THERTEE
¥, TEINEATO a3, O— FOAEREEC hal_data.c/h [CEEMICRBENET, AT aviEH

EEZLUTORICEHLET.

% 3-14 Configuration Options

ATavs

RE

Limit of over current (A)

HERMNCOEZBAD L., PWMEAR— AT TITRESNE
ER

Limit of over voltage (V)

BREENCOEZEZADE. PWM EAR— FAF TICRESIE
-g—O

Limit of over speed (rpm)

EERENCDEZTEASE. PWMBAR— AT TICEEINE
ER

Limit of low voltage (V)

BREENCDEZTERS E. PWM HAR— AT TIZHRESLE
ER

% 3-15 Configuration Options #)HA{E

TFoavsa RA6T2 RA8T1
General | Limit of over current (A) 1.67 1.67
General | Limit of over voltage (V) 60.0 60.0
General | Limit of over speed (rpm) 4500.0 4500.0
General | Limit of low voltage (V) 8.0 8.0

3.4.2 Configuration Options for included modules
E—2AEUYLARY FLHEIED 2 —LIZIE, DTOED2—LAAEENET,

Current Module
Speed Module
Angle Module
Driver Module

FEINODEDS2—ILIZIE. B LARNY MLFIHES 2a—ILERUEBRE/SS A —420HY £,
ATV A VB EREEFUTORIZRLET,

FIAN—FED21—ILLSNETE—2 1. 2L3RLREBEELGYFET,
—BOY U TNLTOTSLTRENGEBICEHALTEERLTEY FE A,
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RA Family

KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

& 3-16 BERHIEABEA T a v

Configuration Options (rm_motor_current.h)

FFoavs

RE

General | Shunt type

Y MEREWCODBVWTERBHEEITS
MNEERLET,

General | Current control decimation

TR E AR 5| = B4

General | PWM carrier frequency (kHz)

PWM &+ 1) 7 BRE [kHZ]

General | Input voltage (V)

ARERE [V]

General | Sample delay compensation

YU TNVEBEFHEDRD BHNEERLE
-g-o

General | Period magnification value

EREMERORERFZER

General | Voltage error compensation

EREWHEOAD EMNEEIRLET,

General | Voltage error compensation table of voltage 1

EEJ:I_:U)EE,J_ SREMET—IIL1

General | Voltage error compensation table of voltage 2

BEEDBEREMET—TIL2

General | Voltage error compensation table of voltage 3

BEENEEREMET—IIS

General | Voltage error compensation table of voltage 4

BEENEXREWMET—IIL4

General | Voltage error compensation table of voltage 5

BEDEEREWMET—IILS

General | Voltage error compensation table of current 1

BEROEEREWMET—TILA

General | Voltage error compensation table of current 2

BROEEREMET—IIL2

General | Voltage error compensation table of current 3

ERDEXFREMWMET—IILS

General | Voltage error compensation table of current 4

BEROEEREHWMET—TIILA

General | Voltage error compensation table of current 5

BERDEEREMET—IIS

Design Parameter | Current Pl loop omega

ERTEREAR B K [Hz]

Design Parameter | Current Pl loop zeta

BERHIERERE

Motor Parameter | Pole pairs

EIE

Motor Parameter | Resistance (ohm)

i [ohm].

Motor Parameter | Inductance of d-axis (H)

d#f 5052 R [H].

Motor Parameter | Inductance of g-axis (H)

q#A A2 [H]

Motor Parameter | Permanent magnetic flux (Wb)

W3 [Wb].

Motor Parameter | Rotor inertia (kgm*2)

{5 =% [kgmh2].
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RA Family KABERBHE—FIDE Y LAARY MLEHIE -2 E—42BXE)
% 3-17 Configuration Options #I#A{E (rm_motor_current.h)
TTavsé RA6T2 RA8T1
General | Shunt type 2shunt 2shunt
General | Current control decimation 0 0
General | PWM carrier frequency (kHz) 20.0 20.0
General | Input voltage (V) 24.0 24.0
General | Sample delay compensation Disable Disable
General | Period magnification value 1.5 1.5
General | Voltage error compensation Enable Enable
General | Voltage error compensation table of voltage 1 | 0.477 0.477
General | Voltage error compensation table of voltage 2 | 0.742 0.742
General | Voltage error compensation table of voltage 3 | 0.892 0.892
General | Voltage error compensation table of voltage 4 | 0.979 0.979
General | Voltage error compensation table of voltage 5 | 1.009 1.009
General | Voltage error compensation table of current 1 0.021 0.021
General | Voltage error compensation table of current2 | 0.034 0.034
General | Voltage error compensation table of current3 | 0.064 0.064
General | Voltage error compensation table of current4 | 0.158 0.158
General | Voltage error compensation table of current5 | 0.400 0.400
Design Parameter | Current Pl loop omega 300.0 300.0
Design Parameter | Current Pl loop zeta 1.0 1.0
Motor Parameter | Pole pairs 4 4
Motor Parameter | Resistance (ohm) 1.3 1.3
Motor Parameter | Inductance of d-axis (H) 0.0013 0.0013
Motor Parameter | Inductance of g-axis (H) 0.0013 0.0013
Motor Parameter | Permanent magnetic flux (Wb) 0.01119 0.01119
Motor Parameter | Rotor inertia (kgm”2) 0.000003666 0.000003666
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KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

*® 3-18 REHIEABEA T a3y

Configuration Options (rm_motor_speed.h)

FFoavs

Common | Position support

{1 AT A& IR

General | Speed control period (sec)

2R FE il 1 /B HA[sec]

General | Step of speed climbing (rpm)

RELZEFDORT v SE[rpm], MNEEFET
CDEICE > TEEZHBLES,

General | Maximum rotational speed (rpm)

BRREZEE [rpm]

General | Speed LPF omega

EE LPF BB EKE [Hz]

General | Limit of g-axis current (A)

qEERY I v b [A]

General | Step of speed feedback at open-loop

FA—TUIN—THESEERTY JHEHE
EIZxT 2B EEHKTE)

General | Natural frequency

NELREA T —/\OEFIREIZ

General | Open-loop damping

F—TON—THEE L JHIEDZER

General | Flux weakening

55 SO R {E DER

General | Torque compensation for sensorless transition

Y LAYY B ZHIEOZER

General | Speed observer

REF TH—NNEBEOHFD EHERRL
ij—o

General | Selection of speed observer

REF TV —N\OBEEERLEYS,

General | Control method

aY a—ILAKDER(PID or IPD)

Open-Loop | Step of d-axis current climbing

dBMEREREMER T v T [A/msec]

Open-Loop | Step of d-axis current descending

d MERERERER T v 7 [A/msec]

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

qQEERIERERERXT Y 7 [A/msec]

Open-Loop | Reference of d-axis current

F—T VI — Tl d MERESE [A]

Open-Loop | Threshold of speed control descending

d BERIE R ERERREE [rpm]

Open-Loop | Threshold of speed control climbing

d BERIE R EMERIREE [rpm]

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

oY LR Y E 2 NERRRE [s]

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

oY LXFIEY Y SR ATRERHEEE(ER
) [deg]

Design parameter | Speed Pl loop omega

EEHIHREREKE [He

Design parameter | Speed PI loop zeta

EEHIHRBERY

Design parameter | Estimated d-axis HPF omega

d BHEEHEEE HPF 1 v b4 JEKE [Hz]

Design parameter | Open-loop damping zeta

F—TON—TFE L JHIERTRE

Design parameter | Cutoff frequency of phase error LPF

RI#AERE LPF v b4 JAKE [Hz]

Design parameter | Speed observer omega

EEA T —\H v b+ TRER [Hz

Design parameter | Speed observer zeta

BREA T —NERERE

Motor Parameter | Pole pairs

EPIE

Motor Parameter | Resistance (ohm)

#EH [ohm]

Motor Parameter | Inductance of d-axis (H)

d#f 2502 VR [H]

Motor Parameter | Inductance of g-axis (H)

q#1A A3 UR [H]

Motor Parameter | Permanent magnetic flux (Wb)

M3 [Wb]

Motor Parameter | Rotor inertia (kgm”2)

A4 F— % [kgm 2]
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RA Family KABERBHE—FIDE Y LAARY MLEHIE -2 E—42BXE)
% 3-19 Configuration Options #I#A{E (rm_motor_speed.h)
v A DZ RAGT2 RA8T1
Common | Position support - -
General | Speed control period (sec) 0.0005 0.0005
General | Step of speed climbing (rpm) 0.5 0.5
General | Maximum rotational speed (rpm) 2400.0 2400.0
General | Speed LPF omega 10.0 10.0
General | Limit of g-axis current (A) 1.67 1.67
General | Step of speed feedback at open-loop 0.2 0.2
General | Natural frequency 100.0 100.0
General | Open-loop damping Enable Enable
General | Flux weakening Disable Disable
General | Torque compensation for sensorless transition Enable Enable
General | Speed observer Disable Disable
General | Selection of speed observer Normal Normal
General | Control method - -
Open-Loop | Step of d-axis current climbing 0.3 0.3
Open-Loop | Step of d-axis current descending 0.3 0.3
Open-Loop | Step of g-axis current descending ratio 1.0 1.0
Open-Loop | Reference of d-axis current 0.3 0.3
Open-Loop | Threshold of speed control descending 500 500
Open-Loop | Threshold of speed control climbing 400 400
Open-Loop | Period between open-loop to BEMF (sec) 0.025 0.025
Open-Loop | Phase error(degree) to decide sensor-less switch 10 10
timing
Design parameter | Speed Pl loop omega 5.0 5.0
Design parameter | Speed Pl loop zeta 1.0 1.0
Design parameter | Estimated d-axis HPF omega 2.5 2.5
Design parameter | Open-loop damping zeta 1.0 1.0
Design parameter | Cutoff frequency of phase error LPF 10.0 10.0
Design parameter | Speed observer omega - -
Design parameter | Speed observer zeta - -
Motor Parameter | Pole pairs 4 4
Motor Parameter | Resistance (ohm) 1.3 1.3
Motor Parameter | Inductance of d-axis (H) 0.0013 0.0013
Motor Parameter | Inductance of g-axis (H) 0.0013 0.0013
Motor Parameter | Permanent magnetic flux (Wb) 0.01119 0.01119
Motor Parameter | Rotor inertia (kgm”2) 0.000003666 0.000003666
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RA Family KAWABRIEE—2DOEUHLAARY MLEIE -2 E—42EEF)
£ 320 Y LRBAIFE—ERTUIILRSANERA T3>

Configuration Options (rm_motor_ estimate.h)

TT7oavs ZES
Motor Parameter | Pole pairs 1Bt 45
Motor Parameter | Resistance (ohm) i1 [ohm]
Motor Parameter | Inductance of d-axis (H) dehA > F U2 VR [H]
Motor Parameter | Inductance of g-axis (H) QA VAU R UR [H]
Motor Parameter | Permanent magnetic flux (Wb) W3R [Wb]
Motor Parameter | Rotor inertia (kgm”2) 47—+ [kgm"2]
Motor Parameter | Nominal current (Arms) AHER[ArMS]
Openloop damping A—=ToN—TFE D THIEDER
Natural frequency of BEMF observer FEETHERERRRKE Hz)
Damping ratio of BEMF observer FEETHERBZEZRH
Natural frequency of PLL Speed estimate loop MEHTEREFTRKE [Hz
Damping ratio of PLL Speed estimate loop MEHTEREEREY
Control period EEHEHEE [sec]

#F 3-21 Configuration Options #]#A{E (rm_motor_estimate.h)

FTavs RA6T2 RA8T1

Motor Parameter | Pole pairs 4 4

Motor Parameter | Resistance (ohm) 1.3 1.3

Motor Parameter | Inductance of d-axis (H) 0.0013 0.0013

Motor Parameter | Inductance of g-axis (H) 0.0013 0.0013

Motor Parameter | Permanent magnetic flux (Wb) 0.01119 0.01119

Motor Parameter | Rotor inertia (kgm*2) 0.000003666 0.000003666

Motor Parameter | Nominal current (Arms) 1.67 1.67

Openloop damping Enable Enable

Natural frequency of BEMF observer 1000.0 1000.0

Damping ratio of BEMF observer 1.0 1.0

Natural frequency of PLL Speed estimate loop 20.0 20.0

Damping ratio of PLL Speed estimate loop 1.0 1.0

Control period 0.00005 0.00005
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KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

% 3-22 ADCEPWMEDalL—

SIAVRISANERA T a Y

Configuration Options (rm_motor_driver.h)

FFoavs

RE

Common | ADC_B Support

ADC B {#f:&ER

Common | Shared ADC support

ADC &z 7— KRES 21— LERER

Common | Supported Motor Number

HHE— 7 HERE

General | Shunt type

B A ERRR

General | Modulation method

KA HER

General | PWM output port UP

U7 yN\—F7—LKR—FERE

General | PWM output port UN

UBO—D—7—LKR— FRE

General | PWM output port VP VT v/I\—T7—LiR— F&E
General | PWM output port VN VHA—7—7—LKR— FRE
General | PWM output port WP W7 vI\—F7—LR— FERE
General | PWM output port WN WHA—7—7—LER— FERE

General | PWM Timer Frequency (MHz)

PWM % 1 < [EK# [MHz]

General | PWM Carrier Period (Microseconds)

PWM &+ 1) 7 B} [Micro seconds]

General | Dead Time (Raw Counts)

Ty R4 LA HME [Raw Counts]

General | Current Range (A)

BRBgHL VD [A]

General | Voltage Range (V)

BE®RELVD V]

General | Counts for current offset measurement

7ty FRGRERERRY

General | A/D conversion channel for U Phase current

UMBEREH AD Fry oRILES

General | A/D conversion channel for W Phase current

WHERBH AD Fv¥ U RILEE

General | A/D conversion channel for Main Line Voltage

BEEERE AD Fy¥ o RILES

General | A/D conversion channel for V Phase current

W HAEREL AD Fv U RILES

General | A/D conversion channel for sin signal

SiNfEE®HE AD Fv¥ o RILEES

General | A/D conversion channel for cos signal

cos EEHH AD Fv U RILEE

General | Using ADC scan group

e B ADC ES A —ILDRAFY Y I)L—
THREERBLET,

General | A/D conversion unit for U Phase current

U EERES ADC 1=y ES

General | A/D conversion unit for W Phase current

W HEREH ADC 2 =y+ES

General | A/D conversion unit for main line voltage

B#EEERE ADC 1=vrES

General | A/D conversion unit for V Phase current

V HEHRMRE ADC 1=V hES

General | A/D conversion unit for sin signal

sin 51K ADC 1=v+&ES

General | A/D conversion unit for cos signal

cos E5#H ADC 1= ES

General | ADC interrupt module

BYIAHZERESESHADC EVa1—ILES

General | Adjustment value to current A/D

B AD ﬂ”{'ﬁmshunt Fﬁ)

General | Minimum difference of PWM duty

PWM T a1—T1Diz/ME(1shunt )

General | Adjustment delay of A/D conversion

ADC D ERZ:EIE(1shunt )

General | 1shunt interrupt phase

1shunt BE0) ADC EU5A A5 £ (UVW)

General | Input Voltage (V)

BHREEANE

General | Resolution of A/D conversion

A/D a2 /\—AR 5 EEE

General | Offset of A/D conversion for current

ADaVIN—RZAAF Ttk

General | Conversion level of A/D conversion for voltage

BEEEHBLANIL

General | GTIOCA stop level

E7—LEFIEFELA)L

General | GTIOCB stop level

T7—LEIERELANL

Modulation | Maximum duty

PWMBRKTa1—T~«
Ty REA LEBRWVERRTA—T4
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RA Family KABERBHE—FIDE Y LAARY MLEHIE -2 E—42BXE)
% 3-23 Configuration Options ##AE (rm_motor_driver.h) [1/2]
7o ava RA6T2 RA8T1
Common | ADC_B Support Enabled -
Common | Shared ADC support Enabled Enabled
Common | Supported Motor Number 2 2
General | Shunt type 2shunt 2shunt
General | Modulation method SVPWM

SVPWM

General | PWM output port UP

1:BSP_IO_PORT_11_PIN_04

1:BSP_IO_PORT 01 _PIN_15

2 : BSP_IO_PORT_12_PIN_08 | 2 : BSP_IO_PORT_08_PIN_02

General | PWM output port UN 1:BSP_IO_PORT_11_PIN_05 | 1: BSP_IO_PORT_06_PIN_09
2 : BSP_IO_PORT_12_PIN_09 | 2 : BSP_IO_PORT_08_PIN_03

General | PWM output port VP 1: BSP_IO_PORT_11_PIN_06 | 1 : BSP_IO_PORT_01_PIN_13
2 : BSP_IO_PORT_10_PIN_08 | 2 : BSP_IO_PORT_06_PIN_03

General | PWM output port VN 1:BSP_IO_PORT_11_PIN_07 | 1: BSP_IO_PORT_01_PIN_14
2 : BSP_IO_PORT_10_PIN_09 | 2 : BSP_IO_PORT_06_PIN_02

General | PWM output port WP 1: BSP_IO_PORT_11_PIN_08 | 1 : BSP_IO_PORT_03_PIN_00
2 : BSP_IO_PORT_10_PIN_10 | 2 : BSP_IO_PORT_06_PIN_01

General | PWM output port WN 1:BSP_IO_PORT_11_PIN_09 | 1: BSP_IO_PORT_01_PIN_12
2 : BSP_IO_PORT_10_PIN_11 | 2 : BSP_IO_PORT_06_PIN_00

General | PWM Timer Frequency (MHz) 120.0 120.0

General | PWM Carrier Period 50.0 50.0

(Microseconds)

General | Dead Time (Raw Counts) 240 240

General | Current Range (A) 16.5 16.5

General | Voltage Range (V) 73.26 73.26

General | Counts for current offset 500 500

measurement

General | A/D conversion channel for U 1:4 1:0

Phase current 2:18 2:16

General | A/D conversion channel for W 1:0 1:2

Phase current 221 2:2

General | A/D conversion channel for Main | 1: 6 1:8

Line Voltage 2:25 2:0

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 1:0 -
2:2
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# 3-24 Configuration Options #HAE (rm_motor_driver.h) [2/2]

rTavsh RAGT2 RA8T1
General | A/D conversion unit for U Phase - 1:0
current 2:0
General | A/D conversion unit for W Phase - 1:0
current 2:1
General | A/D conversion unit for main line - 1:0
voltage 2:1

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

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

General | Input Voltage (V) 24.0 24.0
General | Resolution of A/D conversion OxFFF OxFFF
General | Offset of A/D conversion for current | Ox7FF Ox7FF
General | Conversion level of A/D conversion | 1.0 1.0
for voltage
General | GTIOCA stop level Pin Level Low Pin Level Low
General | GTIOCB stop level Pin Level High Pin Level High
Modulation | Maximum duty 0.9375 0.9375
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35 #lffoo— (ZzO—Fv¥—1F)

3.5.1

A A AN

A0

N

FSPEZa—/L DAL

AMAEREBOMNEML(E—51/2)

A—FA 27 —RDOHEE

V—ILRIEEHEED ML

1ty ML (E—451/2)

4;;'/
—__

|

v

ur?

[Analyzer] i

/ )

[Board]

\ 4

BRI/ SA—R A N(E—H1/2)

SWRIKEEMBE—FD
BEE—REEETE—31/2)

com_ul_mode_system®DIEH S
E-OBEE—EERE

(] R B IR E

com_ul_mode_systemlDIEM S
ENROEEE—FEER

EnEEEREDRE(E—41/2)

LEDHIEI(E—41/2)

LEDHITH(E—51/2)

36 A4 MEITO—Fr—+
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KAMERBE—2DE Y LARY MLEIH -2 E—4ERE)

352 BARHEBEHEYAA (Fv ) TRHAEYAH) WLHE

C

EFHIEESEY RS 0E

)

UFE-WHEER. BREER

VHEREH

I5—FIvy

[ACTIVE MODE]

EFRFIHACTIVERESE

[INACTIVE MODE]

E—421, E—422#ICAL
JA—Fy—hrEBYZET,

URE-WARERA 7ty MR ER R

[FtHExET]

BT by MER B 5 THR

[&t5eH]

UVWAR R - BHREEfBRRE

UVWARER = daBh ER E 2

|
i - R EHEE

=3

EitE T ERE

HAEERE

PWM duty &

PWML & 223X FE

&
<

C

®’T

)

3-7 BRGIEBAHENYVAALEIO—Fr—
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3.5.3 FEEHIEELHE Y AHNIE

E—% 1. E—%2#ICAL
< R B R R A I > JO—Fr—bERYET,

RIAEERELPFALEE

IRELPFALEE

(5]

EEaE RS BT 5T THERR

(FEET]

Bl E R B A

55 R SR ENEFRI

Eop]

SBOBRFIEIL FSP BREICLY
55 6 Hilh SR 12 AMELTEEY,

ST

3-8 FERIEEAHEYAALETIO—Fr— b
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3.5.4 BERBHEY AHULIE

BERBHEENYAH T, TV T Iz T7I2EITE PWMEAHEFDNA AV E—F 2 RFI#EHT
RETDHEIYIAHTT, T, KB Y AHNEDEITHIER S TILEEIZ PWM HAWFIINS A v E—
BUOZRREIZHE-2TEY., E—2~OHARFFILELTVET,

E—%21. E-F2#ICAL
< BERIRHE YA NI > JO—Frv—bEBYET,

POEG!t vk

BERRHEIS—tvh

IS—RAT—HR Yk

POEGEIY;AHZE1E

T

39 AEHRHEYAKNETO—F v— k
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4. STV T FHY T T DIREHRE
BT T I T OEEICDONTEHRBALET,

41 9499 RE—+

E— 42 HIER R ZIE Y —ILRenesas Motor Workbenchl #{#RE T I FILa— FEEESE L5 S,
TEOFIEFETLET,

(1) RELCEREAZK. FEU LY FRIZA 2/ —47R—F LD LED1_1, LED1_2. LED2_1, LED2_2
FTRTHEITKRET, E—2IFEILELTVET,

(2) BAVN—FBKR—FEDFTILARAS vy F(SW1_1,SW1 2)ZON [T B EE—42HAEELET., FJIL
AL YF(SWI_1,SWI_ )Y BEZ BT LIZE—2 DEEGFBIELERYEBELET, E—4DESIC
[EE L TWBIBEEA VN —2KR—FEDLED1 1, LED1 2AEATLET, CDEE, 1 v/ —4
AR—KFLE®MLED2_1, LED2_ 2 Am4TLTWAIEARIFIS—AFEELTLET,

(B) E—ADOEEZAHEZLEFTZHEAIE. 41 VN—FR—FEDRY 21— LEHRVRTHELET,

— RYa—LERNVRNZEAICET : E—2 A EEHEY (Z[EER

— RUYa—LERNVRNZEICETYT : E—2 A REEEY (CEER

(4) IS5—MERELEBE., 4 /\—4KR—FL®OLED2 1 F£1=(XLED2 2 AH4TL., EEEAFEIELE
T, BIRTDEDICEIS—DRELEZADAS VIN—FR—FD LT ILAA v F(SW1_1 F£=IE
SW1_2)Z OFF IZLfzELTIS—HARELIEZADT YL 2 RA vy F(SW2_1,SW2 )L TL &
LYo

(5) BEREERTIZEEIE. E—2QEEGENEIELTND I EE®EL. RELCBROHEH%E OFF [
LET,
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42 FE—A3H|EHBEFEZEY—IL Renesas Motor Workbench |

421 W=

BTV T b 7T, E—4 FlHBEAFEZE Y —)LRenesas Motor Workbench] &1 —H4 >4
7 —X(BlEs/fFLEIEER. REREEERF)ELTHERLEY, EAAEG EDFMIE TRenesas Motor
Workbench 1—H—X<v=a7JL] 28BLTLEEL,

E— 42 #HIERIF KB Y — L TRenesas Motor Workbench] [£8%t WEB H 4 F L Y AFLTL &L,

@ 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

Name Date Morified -
€20 RAGT2_MCILV1_2SPM_LESS_FOC_E25_V102rmt 2023/06/01 16:15:24 508 KB

€ RAST2_MCILVL_25PM_LESS_FO!

5_V102_20230605.nmt 2023/06/05 10:54:44 517 KB
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 44§

o E—ARHIHBIFKZIZEY—)L Renesas Motor Workbench] MDfELVA

(1) Y—LF7A42ay Sl =)y LY—ILEEBLET.

(2) Main Window ® MENU /A—H\i5, [File] — [Open RMT File(O)]Z#ER L £,
FOo x4 k74 ILA D srclapplication/user_interfacelics” 7 # LA RIZEH S RMT 7 7 4 L &R HAH
F7,

(3) "Connection’® COM THftSni=*v D COM ZFIRL FT,

(4) IO Select Tool M Analyzer R2 %9 1) % L. Analyzer #REZEELFT .

(5) "4.2.3Analyzer HREIRIEBI T HICE— 2 ZEEEIL £ T,
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422 Analyzer #REFRZH—%

Analyzer 1—H'A U2 J 1 —REABODANRAEH—EZK 41 ITRLET, GHE. ChoDEH~D
AHN1{BIE com_ul_enable_write [Z g_u1_enable_write &F CEZZRAAFEISEICHET 2 EH~ARBESh
F9, =L, ()W 5N=EHIE com_ul_enable write [TIKEL EFH A,

EHEZOREICHFNAFOTOEVWERITIE—F2 1 HEATT., E—42 2 ZHlHT 2581F. EHEOX
BTN TNBREHZFEALTLLESL, R 412X, E—42 1 HEREROATHL TLET,

£ 4-1 Analyzer B A HRAZH—E

EHA il S
com_u1_sw_userif (*) uint8_t AR ITT—RRAYF
0: Analyzer R 1:/KR—KER (FIAIILF)
com_u1_mode_system (*) uint8_t AT— EHE
0: RbYTE—F. 1:SVE—F. 3: Uty
com_f4 ref _speed_rpm float REIESE (#WA) [rpml]
com_u2_mtr_pp uint16_t 1B 5t 35
com_f4 mtr_r float £ [Q]
com_f4_mtr_Id float deEhf o292 X [H]
com_f4_mtr_Iq float QA VAU VR [H]
com_f4_mtr_m float W& [Wb]
com_f4_mtr_j float 14— % [kgm”2]
com_f4_current_omega float ERHHRERRKE Hz)]
com_f4_current_zeta float BERHHREZZREY
com_f4_speed_omega float R E FilE R E B BRE [HZ]
com_f4 speed_zeta float REHHREERY
com_f4_e_obs_omega float FEBEHETEREARBERE [HZ]
com_f4_e obs_zeta float FEETHERBRERY
com_f4 pll_est_omega float MEHTEREFTRKIE [Hz)
com_f4 pll_est zeta float BT RHERIK
com_f4_ref id float A—T I — T d MERERE [A]
com_f4 ol _id_up_step float d MERESEMNERTY T
com_f4_ol_id_down_step float d MERESEREXTY T
com_f4_id_down_speed rpm float d B ERIE R ERE R R E (W A) [rpm)
com_f4_id_up_speed_rpm float d B ERIEREMN BRI REREWMA) [rpm]
com_f4_max_speed_rpm float R KE (B A) [rpm]
com_f4_overspeed_limit_rpm float REBBT S —REBEGEEWA) [rpm]
com_f4_overcurrent_limit float BB T 5 —RME[A]
com_f4_iq_limit float q MERRKIEA]
com_f4_limit_speed_change float REEFRKIEHIB(ERA) [rad/s]
com_u1_enable_write uint8_t EHEETHZE
(g_u1_enable_write LRI LIEZEEFRAAZBEIZES
IAFEF)
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4.2.3 Analyzer #aE#Z/EHI

Analyzer tgEZEFRA L. E— 2 ZBRETHHZLUTITRLET, 2. B 4-2 TRI"Control Window”
TITLVET, "Control Window’ D E%#ll&. [Renesas Motor Workbench 1—H—X<=a7JL] 2#8BL
TLEELY,

EHLHDOREICHFMIVTOEVWEREE—2 1 HEATY, T2 2 Z2HHT 5583, EHEHOXK
EBITTAMTNTWBRERZEFERAL TS0, UTOREMZ. E—4% 1 HERALEHOA TRELTLE
TO

o 1—HA AT T—AR% Analyzer FRICEET S
(1) “com_u1_sw_userifPDW?HRIT*F T v 2" BNA-> TSI EZHRELET,
(2) [WritefBIC0ZAALET,
3) “Writ’R2 > %5 v LES,

o E—A%ZMEEIED

(1) “com_u1_mode_system”,“com_f4_ref speed_rpm”, “com_u1_enable_write"® [W?] #IZF v 5
DASTWBHILEZRELET,

(2) ¥EHEEREE % “com_f4_ref_speed_rpm’® [Write] #ICAALET,

(3) “Write"R2 &2 v LET,

(4) “Read’’R% > %L TIHAED “com_f4_ref speed _rpm”,’g_u1_enable_write’® [Read] #Z AL
F9,

(5) MCU RDZEHIE~NRM 57, “com_ul_enable_write” [Z@THEEE L 1="g_u1_enable_write”
ERICIEZADLET,

(6) “com_u1_mode_system”® [Write[f@IZ"1"% AALET,

(7) “Write"RZ &2V v Y LET,

(4) Click “Read” button (3)(7) Click “Write” button (1) Click
\\.ntm Window
[A¥ Read Eﬁ‘- Write ff5f Commander (“) Status It (6) Write “1”
VAR REE ] Variable List ©— Alias Name
Variable Name Data Type Scale Base R? Read \\l? Wri?/
com_ul_mode_system | INTS Q0  Decimal ¥ 0 M |1
com_ul_mode_system1  INT8 Q0 Decimal ¥ 0 ¥ |1
com_f4_ref speed_rpm  FLOAT Q0  Decimal ¥ 0 » | 2000
com_f4_ref speed rpm1 FLOAT Q0  Decimal ¥ 0 ~ | -2000
com_ul_enable_write INTS Q0 Decimal ¥ 0 ¥ 0
g_ul_enable_write UINTS Qo Decimal & 1 0
com_ul_sw_userif INT8 Qo Decimal ¥ 0 0

(2) Write reference
(5) Write (“0” or “17)

X 4-2 E—AX2EEDOFIE
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o E—AEHFEFLETHESD

(1) “com_u1_mode_system’MD[Write]#1Z"0°Z A AL ET,
(2) "Write"h2 o E Vv 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”

H 4-3 E—4FLOFIE

R0O1AN6421JJ0120 Rev.1.20 Page 56 of 62



RA Family KAMARPAE—ZDEUHYLARY RLEE -2 E—5%EEE)

o ItF->TLES (TF5—) HEDULE

(1) “com_u1_mode_system’MD[Write]#f1Z"3" 2 AHLFET,
(2) “Write"ha2 &9y LET,

(2) Click “Write” button

Control Window \

[1% Read ‘ ET\ Write ‘ #5 Commander () status It

Variable Data ERYElE] NN Alias Name

Variable Name

Data Type Scale Base R? Read W? Write

com_u1_mode_system  INT8 Q0 Decimal ¥ 1 ¥ |3
com_ul_mode_system1 INTS Q0 Decimal ¥ 1 ¥ 3
(1) Write “3"

4-4 I S5—fRBRDOFIE
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424 BIEEREDEEH
4> FILY T k7 7 T Renesas Motor Workbench D@ EREZ*LEEHIT HFIEEZRLET, TEIT H1E
2DV TIE. TRenesas Motor Workbench 1—H—X<v=a7J)L] 2B LTLFEELY,

o HYUTLNYIFIITORIEREZRELZEET H(EEL— k 10Mbps DIFE)
@ r_mtr icsh®ICS BRRDEF 1 IZEET 5
@ r_mtr_ics.h ® MTR_ICS_DECIMATION DIE% 1 IZEET 3

#define MTR_ICS DECIMATION (1)
f&  Bme T & J

ude{ine ICS_BRR (1)

getrine ICS_INT_IMODE (L)

e -

4-5 r_mtr_ics.h DIEIE

e Renesas Motor Workbench M BIERERTEELEE L THEKRT S
@ Main Window @ Clock /R4 > % L T{E% 80,000,000 [CEET 3
(CDFEFEFEL— k% 1Mbps M5 10Mbps ICEE L1=1=8. T 7+ /L MMED 8,000,000 % 10 &L
THELNLET, )
@ Connection ® COM TH#frbDF v ~dD COM ZFEIRT B

File Option Help
Connection
com v
Status Clock Setting a

4-6 Clock BiREDEE

BICKBT 5. BER—FOUEY FMRICBERI HSFIEZHEYBRL TS,
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425 EILMAVEBESA TS DERAE
HBUTINY T R TRER—FEFELTICEIL b VBBES A TS5 £ALVT Renesas Motor
Workbench & T A FIEERLET,

e PC & CPU R— FiEsE
@D CPUR—FK&EPC#USB/ILY ZILEBREREEZNL THEHRIT S

e EILLAUEEERTO

T4 FDE[FHRABT2 921600bps D)
@ ICS2_RA6T2.0 D&EXEMEIRT 5

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

Settings

Configuration: | Debug [ Active]

¥ Tool Settings %)

Toolchain  # Build Steps Build Artifact  [sib Binary Parsers @ Error Parsers

(& Optimization
(% Wamings
(% Debugging

& Includes
@ Wamings

(&2 Includes

(& Wamings

(& General
& Libearies

=
23 General

(£ General

~ B GNU Arm Cross Assembler
(& Preprocessor

# Miscellaneous
~ %) GNU Arm Cross C Compiler
(& Preprocessor

(@ Optimization
(& Miscellaneous

~ & GNU Arm Cross C Linker

(52 Miscellaneous
~ B GNU Arm Cross Create Flash Image

(2 Target Processor Linker flags (-Xlinker [option])

|| Manage Configurations...

a i

Other objects

+ 8 GNU Arm Cross Print Size Generate map "${BuildArtifactFileBaseName].map®

[ Cross reference (-Xlinker --cref)

4-7 ICS2_RA6T2.0 M & kR

@ ICS2_RABT2 Built_in.o &89 %

|'.'.’.':=' filter text
Resource
Builders
~ CfC++ Build
Build Variables
Envircnment
Legging
Settings
Tool Chain Editor
C/C++ General
Mcu
Project Natures
Project References
Renesas QE
Run/Debug Settings
Task Tags
Validation

Settings

Configuration: | Debug [ Active]

B Tool Settings M) Toolchain #* Build Steps Build Artifact (s} Binary Parsers € Error Parsers

( Optimization
(& Wamings
liﬂ Debugging

(% Target Processor Linker flags (-Xlinker [option])

~ & GNU Arm Cross Assembler
(#8 Preprocessor

£

Manage Configurations...

€ %)

= Libraries

(% Miscellaneous
~ ) GNU Arm Cross Create Flash Image

53 Inchudac L
&) Add file path ¥
- File:
|>rkspace_lo(:;'S-jProjName}.-’sr(.l'ap|>li:alion.-'user_inle-fa(ﬁ'ics.lCSz_RAﬁTz_Built_in-o} || X
. Cancel Workspace... | | File system...

(@ General
w 1) GNU Arm Cross Print Size Generate map "${BuildArtifactFileBaseName}.map”
(& General [ Cross reference (-Xlinker --cref)

4-8

ICS2_RA6T2_Built_in.o & &#k
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@ r_mtr_ics.h ® USE_BUILT_IN OfE% 1I12EET 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)

4-9 r_mtr_ics.h DIEIE

e Renesas Motor Workbench D@{E-R—L— FREZEE L THERT S
@ Main Window ® Option * — 21—\ 5 Baudrate Dialog TlEZ% 921,600 [ZZEE T 5
@ Connection ® COM THfPDF v ~dD COM ZFEIRT B

File mm Help

Option Dialog

Baudrate Dialog

Connectio
COM
Status
bps
X 4-10 Baudrate M{EIE
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5. BZFKXa1AVFk

e RAGT2 Y IN—T 1—H—Xv=a7)I/\—F9x7#H (RO1UH0951)
e RASTI ¥ IL—T 12— —X<v=a7J)L N—FKH9x7# (RO1UH1016)

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

o HEBARIBIE e2studio 2022-07 LIt A—HF—XT=a1TFI H4vIRE— FHA K (R20UT5210)
o XKAMARME—ZIDELUHLARY ML (7ILT1) XL#H) (RO1AN3786)

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

e Renesas Motor Workbench 7 4 v 2 X2 — kA4 F (R21QS0011)

e MCK-RA6T2 2—H—Xv=a17JL (R12UZ0091)

e MCK-RA8T1 2—H#—Xv=a17JL (R12UZ0133)
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AT ECE%
NS
Rev. F¥17H R—T w_RA bk
1.00 2022.4.28 - IR FEAT
1.01 2022.10.18 - FSP V4.1.0 #4%7HR—+
1.10 2023.8.30 - e Renesas Flexible Motor Control ') —XFIZE#
e FSP V4.6.0 rm_motor_driver & ¥ 2 — )L ® Dual Motor xt
B A=k
1.20 2024.1.23 - RA8T1 &0k B0
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HARCHERLEDIEFEE

CITIR, R VHRLEICEAYT S MERLEOEESEE] TOVWTHRALEY ., BHOERALEDIFEFEITOVTE. AFF1 AV FELUTY
ZALNTYTT—rEBRBLTESN,

1. BESRE

CMOS R DY HLDRIFFHERFLEZ LA T TS, CMOS #RIFBVHERICE >THY — MEBHIEZEL LI EAHY FT ., ERMOR
BORICE, BHABFRESIZEALTLIEBED FL—OI ATV —R, BBHOREM. BT —XAGEEMAL, HAILTIRICE7—R%E
BLTLESW, TSRFYIREICHELRZY. mFEM-oY LEWTLESL, £z, CMOS #FZEEE Lz/R— FIZTOVLWTHEBKDFNELT
(G- IAN

2. BREAFKOWLE

BEREARGZ, HEOREFTETT, BERZARICE, LSIORBEBROKEFTHEETHY . LOXZDRELZIHFORESTETT . S
Ty MEFTY Y FFREAKDBE. BRIEAND Yty FABEHNCLLETOHM. HFORBIRIEITEERA, RIS, ABRT—F 2ty
FMEREEERAL T Y T HHEDEE. ERRANL VY OB —FEREISET 2 ETOHME. HFORBIRIETEEEA,

3. BRAIBIZEITHANES

LBAURDERLNA TRED L EIT, ADESOCALNTLT v TEREANLBVTLEEN, ANESOARATLT v TERN S DEREAICK
Y. REMEZSIEEC LY. ERERNARNABREFZLLSELYTIEEAHYET, BRI TEBRF IHITETHIANES] 12OV TORH
DHHIMMIT, TORBETFHOTLES,

4. KREMAHFONE

RERAHFE. TREAHFOMRE] SR> TRELTEZE, CMOS #HEDAAWRFDA VE—F D RIF, — RIS, N (A VE—FUREUST
WET, RMEAKTEHABRKETHESEL L. FERRICKY., LSIFALD/ 4 AHBMMEh, LSIABTEEERNSTRNSY . AREELRBHINT
REBEEECIBNLHYET,

5 280971221\ T

Uty b, 70y IRRELEE. VEy FERBRLTCESL, TOJSLRTHRO/ O UEZEE, YIVBZEI DY INRELIE
ISUIYEBZ TSN, Yty M. SERIRT (FEERIRRR) AW/ 0y Y TEEZFBT SR TLATIE., 7By I8+ HRELT:
®. VEY FEBRBRLTLES Y, 2. TAVSLOZRDTHBRIRT (FLENMBRIRER) 2AV 09 VICHYBZE5EEE. OYBZED
Iy IRTRRELTHLUYEZ TS,

6.  ANImFOENMER

AN/ A XORGFRICE DEBEASBRBEORRICHY FTOTEELTLZEL, CMOS #EDAHA/ 4 X EISEAL T, Vi (Max.) Hid
Ve (Min.) ETOMRBRICEEELED LI AHEIF, REMFESISRCIBIAHYET . ADLRLAPBEEDEERFEESA. Vi (Max.) Wb Vi
(Min.) ETOERZEET DEBHAMPICF v 2T/ A XBENRALBVNESICERALTEZEL,

7. UY—TJF7 FLR (FHEE) 077 XEILE
YH—T7 FLR (FHEE) OT7VREZHIELET., 7 FLRABEICE, FROMBEREERICEIVFFOATNS UYF—T7 FLR (FH58
B) "HYET. ChoDT7 FLRETIEALEEEDEEICOVTIE, RETEFFADT, PI/EALLBVESITLTLEEL,

8. HEFEOMEIZDONT

HEADELGDHUREETIHAE, HREHLTLITVRATLIHERBEREL TS LS, ALTL—TOI/ AV TLEENES L, TFvva
AEY. LATOMNRE—UOBEGEICKY, BERHHEOEE T, HEE. BEI—D0, /A XME. /A XEHELENRLGIHENHY F
T MEMNESHRICERES 25EF. BAOHKTEICVRATLFMBEHAREEBEL TS,



EBEE

1. KERICEBEIAEER. VI I TEIVINLICEET 1ERIT. FEARKOBES. CAGIZHBETEIO0TY., BE. VI +HT7H
FUIhLICHEY HFBEEAT HIHE. BEEROERICENT, BEHROKE - SATLERF LD, CALOERICEREL TELERE
(BERELREZBVTNICELLBRELEAET, UTRLTY, ) ISEL. S, —UZ0HEFEEEVEEA,

2. HHMAFLEAREMCRBESINLBET -2, B kK. TOTSL TLITYXL, CARBAZFOREROEAICER L TRE L-E=F0RHT
. EFETOMOMMMEEICINT SREELIEICALICEATHSHEICONT, BHE, ALOREETIIDOTIILL, FLEEEZRESLOT
FHYFEEA,

3. HHE, FEMCEISETAHFLEEZBHORITE. EFETOMOMMBMEELZALHETSLDOTREHY FEA,

4. HHBGEAAAALHKOBHA, BE. KT, AR, BHRZOMDOTAZETSICHEY . E=ERAOKMOFAICET 251 L ANBEE
BRHGE. BRI ARBEOHHE S UVREBREEEHROBEITEVNTIT>TLEEL,

5. LUHBGE. 2HFLE—BEMHT. B, RE. HE. UN—RIVTZFTYVY, oM. FEDIERALAEVTLESL, M IHE. X
EBH, UN—RIVDZTYUTHFICLYELBRICEL, SHE, —UZ0EREEVERA,

6. H(E, BHBRKOREKEE REKE) HLU BREKE] ZHELTEY. FREKER. UTISRTARICHGNEREINSCLEER
LTHEYFEY,

ZHEKE . aUEa—4%, OAHER, BIEWEE. FHRIMEE. AV, RE. TEEH. —V Ll EXRAO0RY v
EREKE  WEHS (BPE. FH, W% . XEHH (595 . KRREBEKSE. SRBRER VAT L, FERLFHEE
%

LHBRE, T—2 — bFICKYBIEEE. Harsh environment B ITRREEHRLTNDLDERE, EikEd - FHRICRELZ RIITTEESED
HOWE - VATL (ESHHFRE. AMRITEDAAMERTHL0F) . H LEZSREYHBEERESEIETNOHLIMH - VAT L (FH
HWRE. BEPME. RFOAGEORTL, MERHHORTLA T30 MBI TL, BEEHEE) ICERSNDLEBRLTEST. Ch
SORRICERTACERFBELTVERA, X, SHABELTOVEVARICHHABREEALLILICIYEENELTH, HHE—U1Z
NEFEZEVEEA,

7. HoRWIZFERERKFE, NEBERENSDRLMEE 100%BRIESNTVDIHTTREHY FEA. BHN—FHI2 7/ VI Iz F7HRIZEEFY
TARENEARAFENTNDLDEHYFEITA. ThITEoT, HHE, EF2 U T RBHEFLEIEET (SHERKFTLEHAHBMAMSERASATL
BUVARATLIZHT BFRET VR - FEFREEHETHA. TNIZRYFEEA. ) HoELHEEEZESILOTRHYEFEA, HiEF, SHERE
FREHBRESERAEN=HER BV RTLN, FELHE. KB, VMLR, Fib NvFoJ. T-2OWEE-EHEZOMOFRELEAT
% (TRBERE] EVOVET. ) TR >TEEEITLVILERIELELA, SHE, BHEEMBICERLEECAICEEL TELEIREIC
2WT, —YEFRZAVFERA, Flo. ERICBVTEOLNDIRYICEVT, RERBIVEHN—FIZ 7/ VI I THRKITONT, B
HELVHEEMEDERICETIRIALGLVICE=ZZEOEFNERELAV EORIAEZED. PRFLBIRROVNEIRIELITVEEA

8. LHBREHAOKE. RFOBERKER (T—2>— b, 2—Y—X3=aT7I. 7FUr—>av/—b, EEENVFTvYICRED T8
BTN ZADERLO—MITTEEE] &) 2 HROL, SHMSEET IRAER. BEERETHR. KT, REXGZTOMBBEEEED
EEINTSHEACESL, BEFHOHEEZBA THHARZCERASNBE0OHE. RBEOTESSLUVERICOSEL TR, HiiE, —1)
TOEEZAVFEA,

9. HHEF. HHHEKORBESLIVEEEOALIZEOTOFTA, FERURIHIMBERTHENRELLY, ERAKHICE>TIIRBELEZYTS
BEAHYET, Flo. HHBERKE, T—2 20— FFITEWLTHEHEME. Harshenvionment FMITRHEEFRL TS LD ERE, MRSHRHE
ToTHEYFEEA, RICHHHUBOBBELIRBENELLBZEETHo>TH. ABEH, KAERTOMUEMBEFZELSELVELS. BF
BOBEICENT, TREF. ERRRE, RBEHLRAFOREFHBIVI DU REE, BEHOWE - VATLE L TOHARIEE
ToTLESW, BIZ. /4320 V T Iz 7E, BMTORESEH GO, BEHROWEE - DATLELTORERIEESEHROEETT->T
CEEEL,

10. HHAKOBRFESUZFORMICOET LTI, AREH L FEHERBOFTEMEEESL, TEACKELTE. BEONEOER - A
EHHIT D ROHS HERF. BRSNIBREREERETHRENS X, MW SERISEETDLS THEACEEL, MDEREBFLANI &I
FYELHREICEHLT, S, —U1Z0EXEZAVFEEA,

1. HHRGEELCRTEZENNOESELICRAICIYEE - /A - REEZLSATOIHE - DATLICERT S LIEITEFEA, AHERE
FUBIZ#N. REFLEBEETI5HAE. MEABERUIEESE] TOMBXELS S VERSNINEORLEEEELREETL. T
NEDEDHDECHIRVBELGFHREET>OTIESLY,

12. BERONEHBFZE=ZFICETFINDGEICE, FACHZEZZISH LT, ATIEESTROAEHZBHNT HIHEEZESLOLEVLE
ER

13. REMOEMFLE—HELHOXEICLIFNOREER I EVEHITLFBERI I EEHELFET,

14. KERICBBSINATOIARFLREEHBRITOVWTITALRANIENELLL, HHOEXBLAFETTERAAE(LEL,

FE1 ABERICBVWTEASATNS M4 SEF LAY R ILY FOZIZABARHBLVILRYR TLY FOZ) ZBASHAEREN. BEY

ISXEET HRHAEVNETS,

F2. KEMIBLTHEASATLS MEHER) LiE F1CEVTERSA-IHORME. RERKRZVLLVFES,

(Rev.5.0-1  2020.10)

AL FRFE BHEEEREO
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