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RAGT1
A/D converter input
Ve
Bus voltage
AN - .
005 [ U AN Power supply circuit DC 24 V input
ANO000 [ k—=
PhaseI GND
curren
AN002 [ KW AIN
ANOL7 é % LEDYLED2
Rotation speed SW1 SW2 ¥ ¥
command
Switch input
P302 Motor rotation start/stop
P301 Error reset = =
LED output
P408
P407
GPT output
GTIOCOA(Up) ] U,
GTIOC2A(V,) L] Vo o
GTIOC3A(W,) 1w, Inverter circuit
GTIOCOB(U,) ] U,
GTIOC2B(Vy) ] v,
GTIOC3B(W,) ] w,
Over current detection
input Over current | | v v v
i u w u
GTETRGC [ detection ] oc H [_T ﬁ H
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detection
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- E—A{E1EE :SHAT
LED2 #f LED - IO — R CRKT
- EEEMER SHUT
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BTN I DI TDHFA VAT —RAER 2-3I12RLET,

K23 WFAUETI—R

R7FA6T1AD3CFP ¥4 HERE

P014 / AN0OO5 A UN—F BREERE

P502 / ANO17 HEEEESEANR (FFRYE)

P302 START/STOP rJJLARA v F

P301 ERRORRESET 7y ¥ a XA v F

P408 LED1 R4T./ S KT i

P407 LED2 T~ ST Hil4E

P00O0 / ANOOO U HERAIE

POO1 / ANOO1 U MBERAIE

P002 / AN0O2 W HBERBIE

P415 / GTIOCOA PWM tHA (Up)Low' 7o T4 F

P113/ GTIOC2A PWM tHA (Vp)‘Low' 7o T« 7

P111/ GTIOC3A PWM tHA (WpYLow' 72 T4 F

P414 / GTIOCOB PWM tHA (Un)‘High" 7 2 57«4 F

P114 / GTIOC2B PWM tHA (Vn)“High"7 & 7« 7

P112 / GTIOC3B PWM tHA (Wn)“High"7 9 574 7

P503 / GTETRGC BERBRHED PWM BREIEAD
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(1). 12 Ew k AID 3 >/\—% (ADC12)

U MEFHR(u). VAEERIV). WHRSEBR(IW)., BXUA UN—FBREE(Va) & BEFEREIRTENVR)Z.
[V NAFYUE—F] TAELETON—FHz7 Y HEER),

AD ZHIE GPT D7 A — 70— (PWM DA EEE L TEMESETLET,

g_adc0 ADC (r_adc)
Settings " roperty
APlinfo | v Common
Parameter Checking
~ Module g_adc0 ADC (r_adc)
w (General
MName
Unit
Resclution
Alignment
Clear after read
Mode
Double-trigger
Input
w Interrupts

Mormal/Group A Trigger

Group B Trigger

Group Pricrity (Valid enly in Group Scan Mode)

Callback

Scan End Interrupt Pricrity

Scan End Group B Interrupt Pricrity

Window Compare A Interrupt Pricrity

Window Compare B Interrupt Pricrity

Extra
Pins

Value

Default (BSP)

g_adco

0

&) 12-Bit

{5 Right

On

) Single Scan
Disabled

GPTo COUNTER UNDERFLOW (Underflow)
Disabled

Group A cannot interrupt Group B
rmn_motor_driver_cyclic

Pricrity 5

Disabled

Disabled

Disabled

2-2ADC RS A4 /A FSPa>Y 7445 L—> 3> (FSP3.5.0)
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(2). EHEENFRIARZ A< (AGT)

500 [us]A 2 —N\ILAAIELTERLEYS,

Settings Property
APl Info w Common

w (3eneral
Name
Channel
Mode
Period

Output
Input
w Interrupts
Callback

Pins

Parameter Checking
Pin Qutput Support
Pin Input Support

Pericd Unit
Count Source

g_timer0 Timer, Low-Power (r_agt)

w Module g_timer0 Timer, Low-Power (r_agt)

Underflow Interrupt Priority

Value

Default (BSF)
Disabled
Disabled

g_timerd

0

(&) Periodic
0x752f

Raw Counts
PCLKB

[&) rm_motor_speed_cyclic
Pricrity 10

2-3AGT FSA/\N\DFSPa> 744 L— 3> (FSP3.5.0)
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(3). AAPWM 24T (GPT)
Fr L0, 2, 3 DM PWM HABEE—FZERALT. Ty RIS/ LRFEDHNETVES,

g_timer1 Timer, General PWM (r_gpt)

Settings  Property
APl Info | % Commen
Parameter Checking

Pin Output Support
Write Protect Enable
Clock Source
v Module g_timer1 Timer, General PWM (r_gpt)
w General
Name
Channel
Mode
Pericd
Pericd Unit
v Output
Custom Waveform
Duty Cycle Percent (only applicable in PWM mode)
GTIOCA Output Enabled
GTIOCA Stop Level
GTIOCE Output Enabled
GTIOCB Stop Level
Input
Interrupts
v Extra Features
w Output Disable
Output Disable POEG Trigger
POEG Link
GTIOCA Disable Setting
GTIOCE Disable Setting
ADC Trigger
» Dead Time
Dead Time Count Up (Raw Counts)
Dead Time Count Down (Raw Counts) (GPTE/GPTEH
ADC Trigger (GPTE/GPTEH only)
Interrupt Skipping (GPTE/GPTEH cnly)
Extra Features
Pins

Value

Default (BSP)

Enabled with Extra Features
Disabled

PCLED

g_timer1

Ep
=]

(5 Triangle-Wave Symmetric PWM

ED [ED
un
[=]

F:)

&) Microseconds

50

(5 True

(5 Pin Level High
(&) True

() Pin Level High

POEG Channel 2
SetHi Z
SetHiZ

) 240
E‘

240

(5} Enabled

2-4GPT FSA4/\MFSPa>7 4% L— 3 (FSP3.5.0)
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(4). GPTAHAKR—Fr72 b Ty b4 X—T )L (POEG)
BERBEEEF (GTETRGC iiF®D Low LA JLEHEE) (X PWM HAmFENM A4 VE—F U RIKREIZL

F9,

g_poeg0 Port Qutput Enable for GPT (r_poeg)

Settings  Property
APl Info | v Common
Parameter Checking
v Module g_poeg0 Port Output Enable for GPT (r_poeg)
» General
~ Trigger
GTETRG Pin
GPT Cutput Level
Oscillation Stop
ACMPHS0
ACMPHS1
ACMPHS2
ACMPHS3
ACMPHS4
ACMPHS5
Mame
Channel
v Input
GTETRG Polarity
GTETRG Neise Filter
w Interrupts
Callback
Interrupt Priority
Pins

Malue

Default (BSP)

Ooooooooois

_poeg0

[RERTa]

Active Low
Disabled

g_poe_overcurrent
Priority 0 (highest)

2-5POEG FSA4/N\MFSPa>7 4% L— 3 2(FSP3.5.0)
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23 YI b T7HERK

2.3.1

VIboxIT - T7AIEERK

BTN T I TDIAINEETFAILERETEICRLET,

mk
§E§r
2

(7R b7 ILETR)
e

ra_Cfg  Beeceseccssccsscmrsnnrennsnas HEVERD DY T 4 T~ &
L
[ W =10 HEA D L 2 2B, A A o B

[ Ly
e ArM keeseens CMSIS Y —2 23— ]

....... AR— N BB HE R _
E bsp_api.h : BSP API &%

r_adc_api.h : AD API £ 5%

inc 1 r_ioport_apihh :1/0 API ZE££

I | J apli === r_poeg_api.h : POEG API & )
r_three_phase_api.h : 3 t§ PWM API &%
r_timer_api.hT %A ~ APl iE5%
rm_motor_angle_api.h :f4 i API & #
rm_motor_api.h . &—4 APl i£5%
rm_motor_current_api.h : & HIE AP &35
rm_motor_driver_api.h: E—% N7 1 /N APl iE3%

rm_motor_speed_api.h : ¥ APl & 5§

("t adch: AD BERE i %
r_ioport.h : I/O BAHE &

r_pr?eg.h :hPOIiG Faii;ﬁﬁ% N——
L . ..d r_three_phase.h : 3 1§ PWM BiE E
% B r_agth : AGT Bl E %
r_gpth : GPT BliE % ) )
rm_motor_estimate.h : - j B HE i AL PR B e 1 7
rm_motor_sensorless.h : & > ¥ L Al {H B8 E £
rm_motor_currenth : EEIEHIEIBIME L
rm_motor_driver.h: E—% N7 1 NBHHEE
(_rm_motor_speed.h : 3 BEE E 7%

f

B

—  lib e FATFV T AN

6 bsp : BSP Bi3# 7 4 /v 4
r_adc/r_adc.c: AD R7 A
- r_agt/r_agt.c: AGT K74 X
SIC  peeee r_gpt/r_gpt.c: GPT K54
r_gpt_three_phase/r_gpt_three_phase.c : 3 fi PWM K Z A /3
r_ioport/r_ioport.c: 1/0 KA
r_poeg/r_poeg.c : POEG K7 A /3
rm_motor_current/rm_motor_current.c : FEIEHIE K F A4
rm_motor_current/rm_motor_current_library.h : FEHIET 4 77 U
APl E%
rm_motor_driver/rm_motor_driver.c: &£—% FKZ A
rm_motor_driver/rm_motor_driver_library.h: €—% KT A T4 7 F Y
APl EF%
rm_motor_estimate/rm_motor_estimate.c : f4EHEE KT A
rm_motor_estimate/rm_motor_estimate_library.h : fEHET A 77 U
APl E%
rm_motor_sensorless/rm_motor_sensorless.c: & L AE—% KT A X
rm_motor_speed/rm_motor_speed.c : HEEHIE N Z A
rm_motor_speed/rm_motor_speed_library.h : EHIH T 14 7 F U
| ~ API £ 3%
src icati . . |
appl|cat|0n main Bessssssssssnsnnannnas mitr_main.h, mtr_main.c: SR R

r_mtr_control_parameter.h : ifilffl/<Z A — % E
r_mtr_motor_parameter.h : E—% /3T A — X EFH

_|,_|__ . r_mtr_ics.h, r_mtr_ics.c : Analyzer ™ 'UI [ BIOE 7%
user_interface ics  t< ICS2 RA6TLO: V— A M@E5 475 Y

ICS2_RA6TL.h : 7 — L 13815 B i 3%

1: =—ZHlfEpa%E 3 4% > —/L [Renesas Motor Workbench | @ Analyzer #REDFEAIC OV TIL, 45 EEHEM 230,
7o, E— A HIMIBE 5 X4 Y — v TRenesas Motor Workbench| (2B 2 7402, 77 A b, Bl BEOLANTIT,
1 Tics/ ICS(IF /v H 2 $le— & #HIfHBA%E 342> — 1 TIn Circuit Scope] DIE)] MM ENTWEEERH Y £,

2-6 AT - T7AILIER

RO1AN5558JJ0111 Rev.1.11 Page 12 of 52
2022.10.18 RENESAS



RA6T1

KAMARPE—2DE Y LARS )L

232 EDa—ILERK
HBUOTILYITIRITTFDRED2—IILERER 2-7I2RLET,

Application Layer (User Application)

User Interface Module

Set User Command to Buffer

Main

Middle Layer (Motor Control Process)

| Interface Module I

[ [ rm_motor_sensorless.c ]

Set Control Gain & Command

Control Module
~

[ rm_motor current.c ] [ rm_motor_driver.c ]

[ rm motor estimate.c ] [ rm motor speed.c ]

J

\_

.

-
Set PWM duty
. I Get Voltage, Current & Angle/Speed
Device Layer

MCU Module

e | (e ][ | (5

N\

Output PWM Signal

H/W Laver (MCU / Inverter)

Get A/D Converter Data & Sensor Signal

B 2-7 ECa— LR

RO1AN5558JJ0111 Rev.1.11

2022.10.18 RENESAS

Page 13 of 52



RA6T1 KAWARIHE—FDEHY LIRS FILFIE

24 VI rOI TR

HUOTWYIT LI TOEREREZTRISRLET, Y LARY MLFIEOFMICEAL TIE TkA
HMERBE—FDEUHLARS MLEIE (7)LT ) XLHR)] (ROLIAN3786) S LT &L,

R 25 EUHLARY MILEIEIY T bz 7 ERLERH

IHH kS

A =X N7 kL

[B] 85 F RS 5L & 4% H oY LR

E— 4 BlERFRAFLE SW1DLAIIZE Y HIE
F 1= 1% Renesas Motor Workbench /5 A 71

AREE DC 24V

AAvoaOy RS 120 [MHz]

F 4 1 7 (PWM) KK 20 [kHz](F v ') 7 FE#A : 50 [us])

TYREEA L 2 [ps]

il 101 7B £A BIREIE / & - REHETE : 50 [ps]
HEHE : 500 [us]

[B] 8552 i %11 B CW : 0 [rpm] ~ 2650 [rpm]

CCW : 0 [rpm] ~ 2650 [rpm]

=2 L. 600 [rpm]A FIEEEF—F 2 IIL— T TEH
EHIERE R ERY BIRHIEZR : 300 [Hz]

EEFIER : 5[Hz]

FEEEHEESR - 1000 [Hz]

MEHER : 50 [Hz]

VA TRBILERE =Bk LRI | Optimize more(-02) (T 7 # JL & TE)
REFLLE LTOWTIAIDEHEDE, E—2HEESHEAG NEET I T1TI2T5

1.BHOEFRH 0.89(=0.42*sqrt(2)*1.5) [A]Z#iE(50 [us)EIZE1R)
2.4 UN—Z BREEM 28 [V]ZBE(50 [us]E 2B 1)

3.4 VN—2BREEN 14[V]RE(GO [us]EIZEL1R)

4. [EEREE A 3000 [rpm] % kBB (50 [us]E 2 EE1R)

SERH S DBEFRHIES (GTETRGC #iFIC Low LARLZHRE)E#&E L =154, PWM HH
WFENAAVE—FVRIZT D
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2.5 ZAAEBIIERL
U FNY T rY 7 CHEALTVREYAA EBEIELZE FRICSRLES,

& 2-6 BlAAHEEIRG

El3A A BxE R
LRJL

15 Min

14

13

12

11

10 500[us]El ) sA A AL T8

9

8

7

6

5 A/D TS T A H

4

3

2

1

0 Max BEREEDAH

Allocations

Interrupt Event ISR
0 AGTO INT (AGT interrupt) agtint isr
1 ADCD SCAN END (A/D scan end interrupt) adc_scan_end_jst
2 POEG2 EVENT (Port Output disable interrupt C) poeg_event_isr

2-8FSP E|YiA&Ha>T 4% L—2 3 2 (FSP3.5.0)
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3. HlEHY 7 by 7EREA
BTN TR TICDODNTEHRBALET,

3.1 #lEHRAE
3.1.1 E—4EENZFILE
E—2DiLE & E1EIE. Renesas Motor Workbench MDA A E=IESWLI AL DAAIZCE>THIEIL FE
7,
SWI [ZIZAAR—FAEIYHTOHN, LowLRNILDEERZ— PR Y FNBEIN TS & HIBT
L. HighLRILDEZFTE—2ZELT D EHLET,

3.1.2 ADZ%Zi#
(1). E—2EEEREESE

E—42 OEERFEEESEIX Renesas Motor Workbench ™5 DA A ZE=IEX VRL O HE(FTFO51E) %
ADEMT B EICK>TRELET, ADEHEINI- VR DfEIX. UTORNDKSIZ, BERERFEL
LTEALET,

& 3-1 EEERFEOLRL

P} e
= = F v R
(Y8 H1E : A/ID EHE)
Cw 0 [rpm]~2650[rpm] : 0800H~O0FFFH
E¥nEEESE ANO17
CCw 0 [rpm]~2650[rpm] : 07FFH~0000H

(2). 1 VN—4LBEERE

UTDRDESICAVN—SBBREEZRELET, TRERDEHLBERE - BEETHRHEERILPWM
FL)ICFERLET,

xR 32 AUN—S2BREFTOEHL

Lt
z . )L
o (£ v i— 5 BREE : AD ZHIE) Tk
1A VN—32BREE 0 [V]~111 [V] : 0000H~O0FFFH ANO0O5
(3). UM, V. WHEER
UTDOERDEKSIC, UE., V. WHERZAELET,
= 33U, V. WHERDZEHLL
Tt
I = L
& (U#E. V. WHEER : A/D ZH{E) Fox
-12.5 [A]~12.5 [A] : 0000H~0E8BH * lu : ANOOO
ER{E=(5.0V—2.5V)+(0.010hm x 20)=12.5A Iv : ANOO1
U#. VHE. WHER Iw : ANOO2
COYRATLTRHEREHERZ 5V M5 3V ITLANLY T b
LTWLW371=8, OES8BH MAD LD EREHYET,

F] AD ZTHIFMOEMIZEALTIEZ, TRAGTIYIL—T 11— —X3v=a7IL N—FH 7Rl 258
LTLEELY,
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3.1.3 ZH
HUOTINYIT R ITT Tl E—E~ADODANBREIF/NVILRABESR (LIFE. PWM) IZ&>TERKL. PWM
I&ﬁ/[i—ﬁ l&ttE)k/f‘ J: 2 —CEEE‘Z L/ ij—o

(1). ZHRLEEE

ERMEBEEZRBRICHATSIAEDN—DELT, ¥ UTER (ZAK LETEEEEMZLEETIE
THABED/NILABERO D =ZARLEEEAHY T . EREEELSFT v ) 7TREELYKRETNIER
AVFEF, MESTNEF TI2THFET, ERRROESEEEZHUNICHNT H2ENLERFT.

jii
Wil
H

K 5S8R
Iy TRERBEK) : PWMEASITAHTIY k

UBR A v F T ER

» Wt

H H |f VERA v F TR

> Wt

|
RRRIAND

U-VIRFEEE
(URBDiER) - (VAEDiRER)
NNHHHHHHHHHH B
K 3-1 ZARLEEEOHEH
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32M&SIc. HABE/NILADF v ) TRICHT BENEET 2—T 1 EFVET,

Ton x 100[%]

+
TON TOFF $i’>3 @EE

Tai—T4=

32 FTa—T14DEE

Tz, ERAEMZLUTOELSICERLET .

m:ERAE  VESEEE EAUN—SBREREE

COERAEE, PWM Ta—T1ZRODLIRFICRBREE D ETHEDHBPETVES,
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3.1.4 JREEEFR
BITHUYTNY T bz 7ICEITHREBBRERLET, Yo TILY T D7 TlE, TSYSTEM
MODE] [k YKkEEXZIB L £,
POWER ON/
4 SYSTEM MODE A
[ERROR EVENT [RUN EVENT]

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

33 B LARY MY 7 bz 7 OKEEBE

(1) SYSTEM MODE

DARATFLEMEREERLET., K12k (EVENT) OFEEIZLY ., REABBLET, VAT LA
DENMEIREEIL., E—42EREELE (INACTIVE) . E—4EH (ACTIVE) . E&JKEE (ERROR) AHY
E3CIN

(2) EVENT

% SYSTEM MODE H[Z EVENT A" f49 5 &, FD EVENT [ZTR- T, PR TLEMEIRENR 3-3
hOFRDIKIZEBBLET, K EVENT OREERILITRRERY FT,

%= 3-4EVENT —&

ARV +& FEER
STOP A—H—BEICKYRELET
RUN A——BECEYRELET
ERROR VATLREEEBRHEL-EEICHRELET
RESET A—H—BECKYRELET
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KAWARIHE—FDEHY LIRS FILFIE

3.1.5

BTN T b7 ORBFHNEEZR 3-4I12RLET, dBEER. q TR,

BN TIE

FEHSTEISHIZEL->TE—FE#a>FA—ILLTLET,

REENENDERE

Iq reference status

MOTOR_SPEED_ID}

UP (0)

MOTOR_SPEED_ID_CONST

@

MOTOR_SPEED
_ID_DOWN (2)

MOTOR_SPEED_ID
_ZERO_CONST (3)

Iq reference status

MOTOR_SPEED_IQ_ZERO_CONST

AUTO_ADJ (2)

MOTOR_SPEED_IQ_{ MOTOR_SPEED_IQ_SPEED
_PI_OUTPUT (1)

Speed reference status

MOTOR_SPEED_SPE}
ED_ZERO_CONST (0);

MOTOR_SPEED_SPEED_CHANGE

lg reference [A] A

lg reference during
open-loop control

0 ¢

Iq reference [A] A

14=0 control

speed Pl output

t[s]

0 ! P
Speed reference [rad/s] | | t[s]
A !
Target speed reference [F————————— - - - - - - - - - ——— - ‘r 777777777777
Reference speed threshold } }
for sensorless switch comrolfii**fi*f*flf 77777777777777777777777777777777 i
| |
I I
| |
| ! -
0 ; T >
Sensorless Switching Transition t[s]
X 3-4 EUYLARY MLKIEY 7 b2 7 OIRBFHIEHAE
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31.6 TRATLIREHEE

YUTNY TRz T7IE, UTOIS—REZEHEL, ThETNDGEICRAFLETIHEEEEELTWE

T, VATLREBEICEADOIERTEMBIIR 35 FSBL T,

- BERTS—

N—=F27hoDRBFUEESEERBKRL)ICLY . PWMBAGEFENSA A D E—F D RIKEITLE

?—O

Fr-. BEREREAHTUME. V. WHBREZESRL. BER@BE

2. BRFLELFI (VI boz 7).

BEETS5—

v MEZBE®)ZRH L8

BEEESREH TS VN2 BREEZERAL. BEEM@EEXY I v MEZBBE)ERHE LI=FIC. B3

FLELFET. BEEY v MEFRHEEBOERENREFEEBE L TRELLETT,

- EBETS5—

BEEEESREHM TS VN2 BREEZERAL. EEE(EEEY I v MEZ TR -=158) &R L 1=K
2. BRFLELFEY, EEBEY I v MERRERBOENENREFEZER L THELLETY,

- EEEETS—

EimEEERRAATCEEZERL. EEY Iy MEZHBEBLEES, BEFLLEY,

£ 35 £LRT LREBERTE
T5— e
El4RERE T 5 — :ié;T£F[mm —
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3.1.7 AD FYH
AD FYHERF YU TIL—TDERAIVTERLET,

Timer start
50us
Carrier cycle
ADC trigger ADC trigger ADC trigger
from GPT from GPT from GPT
Scan 0 Scan 0 Scan 0 Scan 0
AD conversion AD conversion AD conversion AD conversion
i Motor control I Motor control I Motor control
Motor control routine

ADC trigger
from GPT

I Motor control

X 3-5AD R AHBRAZIUY
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3.2 U LARY MLEIEY 7 b 7REAETR
YTV T I TICEITAHIELIEE, EI1Z 50[us]EHAE|YiAA & . 500[us]EHAZIY AHD 2 DD
BYAAICEYBHENATWET, B 3-6, B 3-712HDE 512, FIFEEH S0[us]ARABICETSNA N
BT, FHREEHAH S00[us]BHEICEITINDNEBIZKY FT,

,-- 500 [us] interrupt Process -~ =~ = .------. 50 [us] Interrupt (Carrier Interrupt) Process  ——----« R
’

] \ \
] ] | I
| . | + vq* \ |
: i : | 0 d dqg Vg' Voltage va

—I - —————— 7 Q—r’_ j v error |
| ig*=0 »0 N |q* : Current + v Compen v") PWM i \ M
! ! Pl 1] Voltage > /uvw —va -sation [—1 -+
] Open-loop to Sensorless _\_’O/o_ﬁ_ 1 + Limit ]
| Switching Control -z ___/ ! A4
! g -3 ! % 37 v v ei
1 7 x A q | !
| | ! Decoupling
| | : Control
| | ! T . S . il

d|w A ld
l | ! *—dq
| ] : R .
1 1 X Iq
1 | R uvw
| | - + Vo[ vel
] w* ] H
iy _

| [ e P RN
! | Weomp |\ ¥ vvy
I N
| Openloop Ied | BEMF
: bamping | Observer
H Control | )
| : |
1 — ! ¢ |
| q
I - pa:]
eeeiiiiiiiii i, i, i, r,———,e—r e, 4 m4mmem/mm—m—m//FFFF¥F———/——/—/———— N e e e e e e, —————————

K 3-6 ToHLARNY RLHEIEEE IOy 9 R(A— 7 2 IL— THIE)

,~~ B00[us] interrupt Process -, pmm e m e 50 [us] Interrupt Process -----——-——————-=
i
\
|
| : ig* : *
: joxx J_Id'_:_> b Vd dq ﬂ, Voltage l”;
! @—»] Speed q Flux- ! ) Current A v, | error fvy
1 W p:le > weakening : o2 : ug|en J Va[oitage V—> Compen fy
! ) \ AEg o Limi% ] UVW | -sation 5
! |
| A ! A Hok| *k
. . V, \
: WLrrF WLrF T Iq IdT : ] lq ld q d ei
\ T ; Decoupling
\ | H Control
! ' —@ X A X ) ]
: 1 1 ig* | 1™ w¥ lg
| Speed l : ®—dq
| LPF : \ i
| a
| : : n uvw
: | + o Vq Vd*
! : i Y VYVy
! |
|
! 1
! : | W | Angle& Speed | A8 BEMF
: T - Estimater < Observer
|
| |
\ ! '\
N e o o o - - - —————— N e e e e e e e e . . . — — — — — — — — — — — — — — — — — — — — — — — —— — — — ——— —— —

K 3-7 EoH LARY bLFIEEEE DOy 9 R(E oY L R FlEE)

ZCTIE, 200F|YAHEHE. RENYAARPEICETIAZEHRIZODOLVTOLHEER 3-6~FK 3-11
[SEEDFET, FLBRIZIE., BV LARY FMLFIEIZE T 5FELGTERDOARBEH L TWVET, ERICZE
HOLVWEBOFEMRZODLTIE, YV—RaA—FKZ8BIESL,
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RA6T1 KAMERE—FDEUY LIRS LA
5 3-6 50[us]EAHAEI Y AAHBABANEITEK—E(1/4)
J74I% E# 4 IR E
mtr_callback_event LY LRBEI LYY
. A7 : (motor_sensorless_callback_args_t *) p_args Ba%
mtr_main.c

I A=y IBEBNRSA—2T—4
Hh: L

rm_motor_sensorless.c

rm_motor_sensorless_current_callback

A7 : (motor_current_callback_args_t *) p_args
I A=\ YEBNSA—2T—4

HAh: &L

EEHBOE D EBREED
ANITEE

RM_MOTOR_SENSORLESS_ErrorCheck

AF : (motor_ctrl_t * const) p_ctrl/ E— 4 FlfE SRR >4
(uint16_t * const) p_error / E—#4% TS5 —1&#k
HA:fsp_err t/ BAHETHR

I>—Fzv¥y

rm_motor_sensorless_copy_speed_current

A7 : (motor_speed_output_t *) st_output / EEFIEHAT—4
(motor_current_input_t *) st_input/ BHRFHIEA DT —4

HAh: %L

BEEHHT—2ZERAAN
F—&lzaEF—

rm_motor_driver.c

rm_motor_driver_cyclic

A 71 : (adc_callback_args_t *) p_args
I A=y YBEBURSA—ET—4
HAh:HL

E—R RSAnNa—)LNysy
BA%k

rm_motor_driver_current_get

A7 : (motor_driver_instance_ctrl_t*) p_ctrl/ E—4% K34 /8f >R
AR

HAh: %L

AID Z£#7—42 ZHiF HHER
EBHREE)

RM_MOTOR_DRIVER_FlagCurrentOffsetGet

A7 : (motor_driver_ctrl_t * const) p_ctrl/ E—4 K5 A /\H|{EEEA
R4

(uint8_t * const) p_flag_offset/ BRA 7ty MREET 73545

Hh o fsp_err_t/ BISRRITHER

ERA 7ty MEZRIE

RM_MOTOR_DRIVER_PhaseVoltageSet

A7 : (motor_driver_ctrl_t * const) p_ctrl /| E—4% K5 A /\H|{EEEA
R4

(float const) u_voltage / U #8EE

(float const) v_voltage / V 18EE

(float const) w_voltage / W 3 EE

Hh o fsp_err_t/ BISRRITHER

PWM 71—7 1 5t HAOEE
ET—5%ERE

rm_motor_driver_modulation

A7 : (motor_driver_instance_ctrl_t*) p_ctrl/ E—% FS A4/ 1 VX
ES

AL

PWM ZEHADHEST
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& 3-7 S5S0[us]FEHEYAHEHAETEK—E(2/4)
T74ILE i A IRREE
rm_motor_driver_mod_run ﬁ ? ;fff_’f; PTATTA

rm_motor_driver.c

AJ1 : (motor_driver_modulation_t *) p_mod / ZFT—%
(const float *) p_f4_v_in/ AH=HEE

(float *) p_f4_duty_out/ HHAT1—TF «

HA: gL

rm_motor_driver_set_uvw_duty

A7 : (motor_driver_instance_ctrl_t*) p_ctrl/ E—4%2 K54 /81 VR
2R

(float) f_duty u/U BT a1—F 1

(float) f_duty v/VHET1—T«

(float) f_duty w/W T a1—7T+«

HH o fsp_err t/ BIsKEITHE

PWM 71 —7F 1 %E

RM_MOTOR_DRIVER_CurrentGet

A7 : (motor_driver_ctrl_t*const) p_ctrl/ E—% FSA4/8a> k
a—)Javy

(motor_driver_current_get_t * const) p_current_get/ BT —4%
HAH:fsp_err t/ BAMETHR

¥EH. Vde, Va_max T—4
oG

rm_motor_current.c

rm_motor_current_cyclic

A1 : (motor_driver_callback_args_t *) p_args
I A=y YBEBURSA—ET—4
HAh:HL

ERHEE A

RM_MOTOR_CURRENT_ParameterSet

A7 : (motor_current_ctrl_t * const) p_ctrl / B FREIEEEERARS 245
(motor_current_input_current_t const * const) p_st_input/ 4 > 7w k
[= SR Y.

BaLT A

HAH:fsp_err t/ BAMETHRR

BRHEANT—4 E5R

RM_MOTOR_CURRENT_CurrentSet

A 71 : (motor_current_ctrl_t * const) p_ctrl / B &I ERR S >4

(motor_current_input_current_t const * const) p_st_current/ 4 > 7w
FEHT—4

(motor_current_input_voltage_t const * const) p_st_voltage / 4 > 7
FEET—4

Hh o fsp_err t/ BISETHR

dig BOEREBEDT—5 %

X &

RM_MOTOR_CURRENT_CurrentGet

AJ1 : (motor_current_ctrl_t * const) p_ctrl / B &I ERR S >4
(float * const) p_id / B3#% L= d BAERADRA >4

(float * const) p_iq / BX#% L1z q ERADRA >4

HH o fsp_err t/ BIsKEITHE

d/q EEREME

motor_current_transform_uvw_dg_abs
A7 : (const float) f_angle / [EEEFHEE
(const float *) f_uvw / UVW 8R4 >4
(float *) f_dq / dq B+ > &

Hh: L

UVW — dq BEZE#GFERZE
1)
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RAGT1 KAWBERBPE—2DEH LARY bLFIH
& 3-8 S50[us]FEHEIYAHEHAETEH—E(3/4)
T74ILE e B E
. ERFNHOBARAEBEIZE T2
motor_current_angle_cyclic BEAESOER

rm_motor_current.c

A7 : (motor_current_instance_t *) p_instance / &4 Y A2 VR
HAh: &L

EBREELO—42METF—4
RM_MOTOR_CURRENT_SpeedPhaseSet HEE
A7 : (motor_current_ctrl_t * const) p_ctrl / EFREIEEEERAR S 245
(float const) speed_rad / [El#55%
(float const) phase_rad / {748
HH o fsp_err t/ BIsKEITHE
BRESEESRE

RM_MOTOR_CURRENT_CurrentReferenceSet

A7 : (motor_current_ctrl_t * const) p_ctrl / EFREIEEEEXAR S 245
(float const) speed_rad / [El#55%

(float const) phase_rad / {ii#8

HAH:fsp_err t/ BAMETHR

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

HH: fsp_err t/ BISREITHER

RESN-BEZZIE

motor_current_pi_calculation

A7 : (motor_current_instance_ctrl_t *) p_instance / &4 VA2 >
AarvkA—JL

HAh: %L

FEFRANZ LAy REEXERE
DEFERY FILhHABE
Ry MILEEE

motor_current_pi_control
A 71 : (motor_current_pi_params_t *) pi_ctrl / Pl /35 A —4&
H A : float / Pl &K HiE

P il

motor_current_limit_abs

AR : (float) f4_value/ 2 —4y kD&
(float) f4_limit_value / #IFE{E

Hh : float/ HIMR L 1-1E

HexHE DR

motor_current_decoupling

A 71 : (motor_current_instance_ctrl_t *) p_ctrl / EBiRFI#EA R 2>
A

(float) f_speed_rad / [ElE5&EEE

(const motor_current_motor_parameter_t*) p_mtr/ E—A2&Ej{/\5
A—24

Hh: L

FETF i HIE

motor_current_voltage_limit
A A : (motor_current_instance_ctrl_t *) p_ctrl/ EyRHE#HA VX E2 VX
HAh:HL

BEAY FILOFIR
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RA6T1 KAMAREIAE—2DEY LARY FLIHE
# 3-9 50[us|EHAEI Y A HBARMEITRA%— & (4/4)
2744 B & MIBHE

rm_motor_current.c

motor_current_transform_dq_uvw_abs
A7 : (constfloat) f_angle / EIEEHE
(const float *) f_dq / dq Eh7R1 > &
(float *) f_uvw / UVW F8RA >4
Hh: L

dg — UVW EEAZZE#R(MaxtZE
1)

librm_motor_current.a

rm_motor_voltage_error_compensation_main

A1 : (motor_currnt_voltage_compensation_t *) st_volt_comp / &£
REWET—4

(float*) p_f4_v_array/ Y277 LU REE

(float *) p_f4_i_array/ ') 77 LY RER

(float) f4_vdc /| BHEERE
Hh: L

BEREMHE

rm_motor_estimate.c

RM_MOTOR_ESTIMATE_FlagPiCtriSet

A7 : (motor_angle_ctrl_t * const) p_ctrl / HEHIEEEERS >4
(uint32_t const) flag_pi / PI #I#ETH TS5

HH:fsp_err t/ BAMETHR

PI HIEIRITD 75 T EHRE

RM_MOTOR_ESTIMATE_SpeedSet

A7 : (motor_angle_ctrl_t * const) p_ctrl / FEEHIEEEARS >4
(float const) speed_ctrl / ') 77 L > R [AEm&EE

(float const) damp_speed / 4 > E > 5 RI5EE

HH:fsp_err t/ BAMETHR

HEFRERE

RM_MOTOR_ESTIMATE_CurrentSet

A7 : (motor_angle_ctrl_t * const) p_ctrl / FHEHIEEEERS >4
(motor_angle_current_t * const) p_st_current/ EFRT—4
(motor_angle_voltage_reference_t * const) p_st_voltage / BEFT—4%
HH:fsp_err t/ BAMETHR

dig BOERT —5 LBERS
BZEHRE

RM_MOTOR_ESTIMATE_AngleSpeedGet

A7 : (motor_angle_ctrl_t * const) p_ctrl / AEHEEEARA >4
(float * const) p_angle /| ET—%

(float * const) p_speed / FET—4%

(float * const) p_phase_err/ {88 TF—%

HAH:fsp_err t/ BAMETHRR

A—4% OAE & EEHEE £

=]
~F

RM_MOTOR_ESTIMATE_EstimatedComponentGet

A7 : (motor_angle_ctrl_t * const) p_ctrl / fEEHIEIEEAR S >4
(float * const) p_ed / #E3E d EHRELSY

(float * const) p_eq / #%E q RS

HAH:fsp_err t/ BAMETHRR

d/q B 5 D HEE B & BUiG

r_gpt_three_phase.c

R_GPT_THREE_PHASE_DutyCycleSet

A A : (three_phase_ctrl_t * const) p_ctrl /| =484 A < FIlHEHAEE AR A
2

(three_phase_duty_cycle_t * const) p_duty cycle/ ZRET a1 —T 144
17

HH o fsp_err t/ BIsKEITHE

BEAALIDTa—Ta4HA4Y
JLERTE
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RA6T1 KAHWARPE—IDE Y LARY )L
# 3-10 500[us]EEAZI Y ;A A BN ETEB—E(1/2)
T74IL% e MR E

mtr_callback_event oY LRFIEa—ILINY D
A H1 : (motor_sensorless_callback_args_t *) p_args BA%
[ A=y VBN A—E2T—4

mtr_main.c HA: L
get_vrl VR1 M AID ZH{EERGF
AL

HH 0 uintl6_t/ ZiafE

rm_motor_current.c

RM_MOTOR_CURRENT_ParameterGet

AF1 : (motor_current_ctrl_t * const) p_ctrl/ EFa> tA—)LTAY
9

(motor_current_input_current_t const * const) p_st_input/ 4 > 7w
FEHT—4

HA 0 fsp_err_t/ BAHETHER

BRI E A S EEHEA N
T—RERRF

rm_motor_sensorless.c

rm_motor_sensorless_speed_callback

A7 : (motor_speed_callback_args_t*) p_args/ a—JL/\v o B
INGA—BT—4

Hh: &L

HEHED—IL/N B

rm_motor_sensorless_copy_current_speed

AJ1 : (motor_current_output_t *) st_output / BFRHEHT—4
(motor_speed_input_t *) st_input/ FEADT—4

Hh: &L

ERENT—2&EEARN

=7
F—&IlzaEF—

rm_motor_speed.c

rm_motor_speed_cyclic

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

Hh: &L

REFEORHEE (247
BV AAREDIFUH L)

RM_MOTOR_SPEED_ParameterSet

AJ1 : (motor_speed_ctrl_t* const) p_ctrl/ E—4FEEa> kO—JL
Javy

(motor_speed_input_t const * const) p_st_input / REAH/F A —
E

M fsp_err_t/ BASEITHR

RM_MOTOR_SPEED_SpeedControl

A7 : (motor_speed_ctrl_t* const) p_ctrl/ E—4FEa> rA—/L
Javy

HA:fsp_err t/ BASETHRER

dig BERIEFEEHE GRE
HHD A4 > TOER)

rm_motor_speed_set_speed_ref

A1 : (motor_speed_instance_ctrl_t*) p_ctrl/ E—42FEAS VR HZ
AR

HA:float/ V77 LU REE

RERREEEN

rm_motor_speed_set_iq_ref

A 71 : (motor_speed_instance_ctrl_t *) p_ctrl/ E—32FEA VX4
R

HA:float/q&') 77 LU RER

qEOBRERTEEEN

rm_motor_speed_set_id_ref

A7 : (motor_speed_instance_ctrl_t*) p_ctrl/ E—42FEAS VR H
VAR

H:float/d&!) 77 LU RER

dEOERETEEZENR

RM_MOTOR_SPEED_ParameterGet

A7 : (motor_speed_ctrl_t * const) p_ctrl/ E—4EEa> tO—)L
Javy

(motor_speed_output_t * const) p_st_output / FREHAT—4
HA:fsp_err_t/ BASETHE

HREFHOE NS A =5 %
mE
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RA6T1 KAMBRPE—2DE Y LAY bLFHIH
& 3-11 500[ps]EHAEI Y ;A A BRI EITE R —F(2/2)
J74I% E%4 PUBLT S
rm_motor_speed_first_order_Ipf — R LPF Jn18

librm_motor_speed.a

AF1: (motor_speed_Ipf_t*) p_Ipf/ —2R LPF #&&EhRA >4
(float) f_input/ AhT—4
H:float/ 4L E2—EDT—43

rm_motor_speed_fluxwkn_set_vamax

A7 : (motor_speed_flux_weakening_t *) p_fluxwkn / 33&REERAEE
KR1 >4

(float) f4_va_max/ KEE~Y kL

Hh: &L

BRRKEERY MLERTE

rm_motor_speed_fluxwkn_run

AF1: (motor_speed_flux_weakening_t *) p_fluxwkn / 55 EEREE
RRA 24

(float) f4_speed_rad /| E—4 BEXEE

(const float *) p_f4_idq / diq BHE R

(float *) p_f4_idq_ref / diq 8') 7 7 L > A EH

HA: AL

BOMMERFIERIT
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3.3 Contents of control
3.3.1 Configuration Options

E—ARAEVYLRARY MLHEIHED 2 —ILOERA T 3 ~I&. RA Configurator A L THERTEF
T, TEINEAT 3 oF, a— FOAEREIZ common_data.c/h, R U hal_data.c/h IZEEBMICRRENE
T, AT VRALEEMET. ROKRIL2EEA T avITEHELTVET,

=312 #EERA T ay

Configuration Options (rm_motor_sensorless.h)
7T arsk kS

Limit of over current (A) HERNCOEZBADE. PWMBAKR— AL TIZHRES
Initial: 0.42F nEzJ,

Limit of over voltage (V) BIREENCDOEZRBZDE. PWM B AKR— A TIZERE
Initial: 28.0F ENEY,

Limit of over speed (rpm) EELEENDEEFBZ S E. PWM HAR— AT JIZHRE
Initial: 3000.0F =hEJ,

Limit of over speed (rpm) BHEEEMNCDEZTES E. PWM HAKR— AT TIZERTE
Initial: 14.0F EhEJ,

Motor Sensorless Vector Control (rm_motor_sensorless)

Settings Property Value
v Common
Parameter checking Default (BSP)
w Module Motor Sensorless Vector Control (rm_motor_sensorles
~ (General
Mame g_motor_sensorless0
Limit of aver current (A) 0.42F
Limit of over voltage (V) 28.0F
Limit of over speed (rpm) 3000,0F
Limit of low voltage (V) 14.0F
v Interrupts
Callback mitr_callback_event

K 3-8 EoHLARY RLEIEIDO FSP a2 744 L— 3 > (FSP3.5.0)

3.3.2 Configuration Options for included modules
E—SRHAEVYLARY FMLGIHED 2—ILICE. RTOED2—IAEENET,

« Current Module
- Speed Module
- Angle Module

* Driver Module

Fr. IMSDED2—IIIZIE, B LARY FLHIEHES 2a—ILERUEBRENAT A—28HY ET,
AT I VB EREBEEUTORICRLET .
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% 3-13 #BRA T av

Configuration Options (rm_motor_current.h)
7 a4k A&
Shunt type Y U MERZVWSODAVWTERREZ1To2M %
Initial: 2shunt BRLET,
Input voltage (V) -
o ANEE
Initial: 24.0F MV
Voltage error compensation EESEREOEY, BHERRLET,
Initial: Enable
Design Parameter | Current Pl loop omega TR HIE R EH BIRE [Hz)]
Initial: 300.0F
Design Parameter | Current Pl loop zeta EREIHRBER
Initial: 1.0F
Motor Parameter | Pole pairs 1B %t 38
Initial: 2
Motor Parameter | Resistance (ohm) £ [ohm].
Initial: 8.5F
Motor Parameter | Inductance of d-axis (H) dEAF VAR [H].
Initial: 0.0045F
Motor Parameter | Inductance of d-axis (H) qEAVF 2R [H].
Initial: 0.0045F
Motor Parameter | Permanent magnetic flux | 3R [Wh].
(Wb)
Initial: 0.02159F
Motor Parameter | Rotor inertia (kgm”2) 47—+ [kgm2].
Initial: 0.0000028F
Motor Current Controller (rm_motor_current)
Settings Property Value
v Common
Parameter Checking Default (BSP)
w Module Motor Current Controller (rm_motor_current)
~ General
Mame g_motor_currentd
Sensor type (&) Sensorless
Shunt type 2shunt
Current control decimation ]
PWM carrier frequency (kHz) 20.0F
Input voltage (V) 24.0F
Sample delay compensation Enable
Voltage error compensation Enable
Voltage error compensation table of voltage 1 0.672F
oltage error compensation table of voltage 2 0.945F
‘oltage error compensation table of voltage 3 1.054F
Voltage error compensation table of voltage 4 1.109F
oltage error compensation table of voltage 5 1.192F
Voltage error compensation table of current 1 0.013F
Voltage error compensation table of current 2 0.043F
Voltage error compensation table of current 3 0.080F
Voltage error compensation table of current 4 0.184F
Voltage error compensation table of current 5 0.751F
~ Interrupts
Callback (&) rm_motor_sensorless_current_callback
~ Design Parameter
Current Pl loop omega (Hz) 300.0F
Current Pl loop zeta 1.0F
~ Motor Parameter
Pole pairs 2
Resistance (ohm) &5F
Inductance of d-axis (H) 0.0045F
Inductance of g-axis (H) 0.0045F
Permanent magnetic flux (Wb) 0.02159F
Rotor inertia (kgm™2) 0.0000028F

39 E—4BHaAYFO—SODFSPaY T 445 L—Y 3 Y (FSP3.5.0)
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*® 314 HBERA T av
Configuration Options (rm_motor_speed.h)
7o a4t AE
Speed control period (sec) 1R FEE il 180 F #A[sec]
Initial: 0.0005F

Step of speed climbing (rpm)
Initial: 0.5F

REEBDORX T v FE[rpm], MNE & FHET
CHDEICKE > TEEEHRBLET,

Maximum rotational speed (rpm)
Initial: 2650

RAXEE [rpm]

Speed LPF omega

HE LPF EHEKE [Hz]

Initial: 10.0F

Speed at Id climbing (rpm) d BERDBMZHEY HEE[rad / s]. HEAZDIEIC
Initial: 500.0F ETLHET. BEFICI@HMERZEMNSIEFET,

Limit of g-axis current (A) qEIERY I v ~ [A]

Initial: 0.42F

Step of speed feedback at open-loop
Initial: 0.20F

F—TUIL—THEREERTY S

Open-loop damping
Initial: Enable

FA—ToN—THEELTHIHOEIR

Flux weakening
Initial: Disable

55 H BRI 1 0D 4R

Torgue compensation for sensorless
transition
Initial: Enable

ToHLRYY EZFHIEHDZER
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2022.10.18

Page 32 of 52

RENESAS




RA6T1

KAWARIHE—FDEHY LIRS FILFIE

%= 3-15 BERA T a v

Configuration Options (rm_motor_speed.h)

T ars

RE

Open-Loop | Step of d-axis current climbing
Initial: 0.3F

d#MEREREMER T v 7 [A/msec]

Open-Loop | Step of d-axis current descending
Initial: 0.3F

d MERIEREBRERX T Y 7 [A/msec]

&

Open-Loop | Step of g-axis current descending ratio
Initial: 1.0F

qQEERESERERTY 7 [A/msec]

&

Open-Loop | Reference of d-axis current
Initial: 0.3F

F—TU—THlEE d BERERE (Al

Open-Loop | Threshold of speed control descending
Initial: 600

d BB FERE R EERErpm]

Open-Loop | Threshold of speed control climbing
Initial: 500

d #ERIETEMERMIAEE [rpm]

Open-Loop | Period between open-loop to BEMF
(sec)
Initial: 0.025F

Y LAY BEZNEER [s]

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

UYL REIEY Y B 2 TR E(BR
f3) [deg]

Design parameter | Speed PI loop omega
Initial: 5.0F

2 B il R B A EIR L [Hz]

Design parameter | Speed PI loop zeta
Initial: 1.0F

B H R R R

Design parameter | Estimated d-axis HPF omega
Initial: 2.5F

d 8FRERE HPF h v b4+ JEEE [Hz]

Design parameter | Open-loop damping zeta
Initial: 1.0F

F—ToN—THFUELTHIHRERS

Design parameter | Cutoff frequency of phase error
LPF
Initial: 10.0F

HRIHHERE LPF Ay b A T EIKE [Hz]

Design parameter | Speed observer omega
Initial: 200.0F

REF I HF—1\N v N IERE [HZ]

Design parameter | Speed observer zeta
Initial: 1.0F

BEA TH—N\BERE

Motor Parameter | Pole pairs 8 %3 41
Initial: 2

Motor Parameter | Resistance (ohm) i [ohm]
Initial: 8.5F

Motor Parameter | Inductance of d-axis (H)
Initial: 0.0045F

déhs o595 2R [H]

Motor Parameter | Inductance of g-axis (H)
Initial: 0.0045F

qQEA V52 R [H]

Motor Parameter | Permanent magnetic flux (Wb)
Initial: 0.02159F

HER [Wh]

Motor Parameter | Rotor inertia (kgm”"2)
Initial: 0.0000028F

A4 F— % [kgmn2]
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Motor Speed Controller {(rm_motor_speed)

v Module Motor Speed Controller (rm_motor_speed)

Settings  Property Value
~ Commen
Parameter Checking Default (BSP)
Paostion Support Disabled

w General
Name g_motor_speed0
Speed contrel peried (sec) 0.0005F
Step of speed climbing (rpm) 0.5F
Maximum rotaticnal speed (rpm) 2650
Speed LPF omega 10.0F
Speed at Id climbing (rpm) 500
Limit of g-axis current (A) Q.42F
Step of speed feedback at open-loop 0.20F
Open-loop damping Enable
Flux weakening Disable
Torque compensation for sensorless transition Enable
Speed observer Enable
Control method PID

Control type
w Open-Locp

(5 Sensoreless

Step of d-axis current climbing 0.3F
Step of d-axis current descending 0.3F
Step of g-axis current descending ratio 1.0F
Reference of d-axis current 0.3F
Thresheld of speed control descending 600
Thresheld of speed control climbing 500
Period between open-loop to BEMF (sec) 0.025F
Phase error(degree) to decide sensor-less switch timing 10

w Design parameter
Speed Pl loop omega 5.0F
Speed Pl loop zeta 1.0F
Estimated d-axis HPF omega 2.5F
Open-loop damping zeta 1.0F
Cutoff frequency of phase error LPF 10.0F
Speed observer omega 200.0F
Speed observer zeta 1.0F

v Motor Parameter
Pole pairs 2
Resistance (ohm) 8.5F
Inductance of d-axis (H) 0.0045F
Inductance of g-axis (H) 0.0045F
Permanent magnetic flux (Wb) 0.02159F
Rotor inertia (kgm™2) 0.0000028F

v Interrupts

Callback .L rm_maotor_senserless_speed_callback
Input data |L (g_motor_sensorless0_ctrl.st_speed_input)
Output data (&) (g_metor_sensorless0_ctrl.st_speed_output)

3-10 E—4RAE—Farv rO—5DFSPaY 744 L—> 3 (FSP3.5.0)
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% 3-16 #BHA T3>
Configuration Options (rm_motor_ estimate.h)
*Tavsa AE

Motor Parameter | Pole pairs 1Bt
Initial: 2

Motor Parameter | Resistance (ohm) 51 [ohm]
Initial: 8.5F

Motor Parameter | Inductance of d-axis (H)
Initial: 0.0045F

d#f o595 2R [H]

Motor Parameter | Inductance of g-axis (H)
Initial: 0.0045F

QA V5932 R [H]

Motor Parameter | Permanent magnetic flux (Wb)
Initial: 0.02159F

MR [Wb]

Motor Parameter | Rotor inertia (kgm*2)
Initial: 0.0000028F

1= [kgm 2]

Open-loop damping

F—TUN—TFELTHIEDER

Initial: Enable

Natural frequency of BEMF observer SFEETHTEREARREIRHH]
Initial: 1000.0F

Damping ratio of BEMF observer FPREEEHTERFZETEZH
Initial: 1.0F

Natural frequency of PLL Speed estimate loop
Initial: 20.0F

7B HETE % ElH E K #[Hz]

Damping ratio of PLL Speed estimate loop
Initial: 1.0F

B HERBERY

Control period

Initial: 0.0005F

RERIEEE [sec]

Settings  Property
v Common

Parameter Checking

~ Motor Parameter

Pole pairs
Resistance[ohm]
Inductance of d-axis[H]
Inductance of q-axis[H]
Permanent magnetic flux[Whb]
Rotor inertialkgm 2]

MName

Openloop damping

Damping ratic of BEMF observer

Control period

g_motor_angle0 Motor Angle (rm_motor_estimate)

v Module g_motor_angled Motor Angle (rm_motor_estimate)

Natural frequency of BEMF cbserver

Natural frequency of PLL Speed estimate loop
Damping ratic of PLL Speed estimate loop

Malue

Default (BSP)

2

8.5F
0.0045F
0.0045F
0.02159F
0.0000028F
g_motor_angled
Enable
1000.0F
1.0F

20,0F

1.0F
0.00005F

3-11 E—47F0O5 FSA/AOFSPa>J 44 L— 3 2 (FSP3.5.0)
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*® 317 BERA T av
Configuration Options (rm_motor_driver.h)
TFoavs kS

Shunt type Dy U MERZEWK DFESTEHEERDKRL %
Initial: 2shunt TODEEREEFET,

PWM timer frequency (MHz) PWM 4 1 T BEliK# [MHZ]
Initial: 120U

PWM carrier period (micro seconds)
Initial: 50U

PWM F+ ') 7B #A [Micro seconds]

Dead time (raw counts)

Ty K24 LA ME [Raw Counts]

Initial: 240

Current range (A) BRBEEL D [A]
Initial: 27.5F

Voltage range (V) BE®RELVD V]
Initial: 111.0F

Counts for current offset measurement
Initial: 500

A7ty FRSBREER

A/D conversion channel for U phase current
Initial: O

UMERBRE AD FyoRILEES

A/D conversion channel for W phase current
Initial: 2

W HERBE AD FyoRILEE

A/D conversion channel for main line voltage
Initial: 5

BEEERE AID FroRILES

A/D conversion channel for V phase current
Initial: 1

VHERBEE AD FyoRILES
2V UNEERLI-GEXENELYET,

Input voltage
Initial: 24.0F

BHREEANIE

Resolution of A/D conversion
Initial: OXFFF

A/D O IN—A 0 fREE

Offset of A/D conversion for current
Initial: 0x745

AID aAVIN—3 AAFTEvk

Conversion level of A/D conversion for voltage
Initial: 0.66F

BERZE#LAIL

GTIOCA stop level
Initial: Pin level High

E7—LEILERELAN)L

GTIOCB stop level
Initial: Pin level High

T7—LEILEELAR)L

Maximum duty
Initial: 0.9375F

PWM & KT a1—T4
TR LEBWN R KT1—T«
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ADC and PWM Modulation (rm_motor_driver)
Settings Property Value
w Commeon
Parameter Checking Default (BSP)
ADC_B Support Disabled
w Module ADC and PWM Modulation (rm_motor_driver)

~ General
Mame g_motor_driverQ
Shunt type 2 shunt
Modulation method SVPWM
PWM Timer Frequency (MHz) 120
PWIM Carrier Pericd (Microseconds) 50
Dead Time (Raw Counts) 240
Current Range (A) 27.5F
Voltage Range (V) 111.0F
Counts for current offset measurement 500
A/D cenversion channel for U Phase current 0
A/D conversion channel for W Phase current 2
A/D conversion channel for Main Line Violtage 5
A/D conversion channel for V Phase current 1
Adjustment value to current A/D 20.0
Minimum difference of PWM duty 300
Adjustment delay of A/D conversion 240
Input Voltage (V) 24.0F
Resolution of A/D conversion OxFFF
Offset of A/D conversion for current 0745
Conversion level of A/D conversion for voltage 0.66F
GTIOCA Stop Level Pin Level High
GTIOCE Stop Level Pin Level High

~ Meodulation
Maximum Duty 0.9375F

w Interrupts
Callback .L rm_motor_current_cyclic

3-12ADC E PWM ESaL—Y 3V RSA4/ADFSPaY 7445 L—Y 3 > (FSP 3.5.0)
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34 #lEoo— (zA—Fv¥—1F)

341 A4 uHE

AR

N

N

FSPEZa—IL D HAE

A EREHOHHE

A AT —ADFEIE

v—)L ABEHED MR

D] ik

/ - ~__
\ ) _—
[Analyzer]Y/

EBFENTSA—EAR

com_ul_mode_system®DIEHN S
E—AOEEE—FEER

LEDII1ED

\J

SWODIKEEM S
EHOEEE—FEE

(] Stk B IR E

EERE T EORE

LE D] £

3-13 A EBIO—Fv— b
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3.4.2 50 [us]AHAEIVAA () TEEAZIYAA) 0IE

C 50[us]/E #AZIY ;A A AL B >

Ut -WHEB R R

A VN—SEHFEERN

BRA 7R E
VAR E H

[INACTIVE MODE]
SYSTEM MODE

[ACTIVE MODE]

[5t Bich]
Bt 2y MER S THR

[BtHEET]

UVWHEER = daBl B T 12 UAE-WHBERA Ty MRl EL I

EFRPIHI{E

El 3 e il

EEHIROE

doEAEE =>UVWHHEE

EEREME

PWM duty & H

PWML > RAERTE

l« .

SR

3-14 50[us|EHAZI YV AAWLE T O—F v — b
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3.4.3 500 [us]EHAZE Y A A 4018

( 500 [us] FEI#AZIY A A2 >

RIFRERZELPFALIE

RELPFALIE

[3+$cH]

Bl EnE RS E ST 5E THERR

[FExET]

SEOMI R BIZFRT

[371)

SO EERAI B

C

A

3-15 500 [us]E#E Y AANE T O—F v— b
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3.4.4 BERBRHENY AHNLIE

BERBREBNYVAHA X, YOoTNWY T Iz T7IZEITE PWMBARFONA AV E—F VO REIEEHT
% GTETRGC HA LN LEESEICK ZHNERBRHBICRET HEYAHFTT, TDFE=H, RE| YA
HIIBDOEITHIBE A TIEEEIC PWM B AIGFIINA A VD E—F VD RRKEIZHE->TEY ., E—4~DH A

EiELTWET,
<: BEFR HEIY A IR :)

POEGtvk

BERBRHIS—tVE

I5—RT—5R vk

POEGE|YAAHZIE

v

3-16 BERBRHEIYAANETIO—F v—
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4. FFmIREERER
YT T bz 7OFHBEREBICOWVWTHALET,
4.1 BMEIRIR
RALIS.HUTIWY IR Iz THEELRFBEIUVTNYITTE50ODN—FI7EHERLET,
T4l LY LRAAY bLEIHN— R = 7 EREH

15H S
A4 N—BR—FK RA6T1-RSSK [RTKOEM0000B10020BJ]
CPUR—FK RABT1 CPU Card [RTKOEM0013C01201BJ]
E—4 T35 LADCE—4 (TG-55L-KA 24V)
ToFvTTNYITIZIalL—4 RA6T1 CPU h— KIZIX, > AR—FKF/\v#H (J-Link OB) A
BEINTWAED, T32L—42ZAETHIRERHY EHA,

RA2(12, YU TNWY IRz T7E2ELRBEUVTNYITEEODY I Iz 7ERERLET,
F4-2 BUHLARY MLEIY T by 7EKREH

I5H N—o3v SES
GCC e2 studio 2021-10 Integrated development environment (IDE) for

Renesas devices.
GCC ARM Embedded Vv10.3.1.20210824 | C/C++ Compiler. (Download from e2 studio

installer)
Renesas Flexible V3.5.0 LLf# Software package for writing applications for
Software Package the RA microcontroller series.

(FSP)

42 JODzH DA UR—F
HOTIY T T7IE. UWTOFIET e2 studio 124 R— b TEZET,

1. File — Import

File | Edit Source Refactor Mavigate Search Project
MNew Alt+ShiftsN > |
Open File...

() Open Projects from File System...

Recent Files ¥ I

Close Editor Cirl+W
Close All Editors Ctrl+Shift+W

Cirl+5

Ctrl+Shift+5

Refresh

Convert Line Delimiters To ¥
Print.. Cirl+P

fa  Import.

iy Export.
Properties Alt+Enter
Switch Workspace ¥

Restart
Exit

41 TJ7AINAZa—
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2. TExisting Projects into Workspace] ZZEIRL. [RAN]|R2VEFV U9 I LET,

8

Select
_ e b’
Create new projects from an archive file or directory. E 5 |

Select an import wizard:

| type filter text |

w = General
JE Archive File
[/ CMSIS Pack
=% Existing Projects into Workspace
[} File System
[T] Preferences
[} Projects from Folder or Archive
2% Rename & Imnort Fristinn C/C++ Proiect intn Workenace

K42 A VR—bkAZa2—

3. AU FIFANERIRLET, FinshhRE2 &0 ) v035HE, TADLY bHA UR— &
nEY,

& import O X
Import Projects —
Select a directory to search for existing Eclipse projects. r' A,
(®) Select root directory: | C:¥work¥RAST1_ESB_SPM_LESS_FOC_E25_ V100 ~ | I Browse... I
(O Select archive file: Browse...
Projects:
RAGT1_ESB_SPM_LESS_FOC_E2S V100 (C:¥work¥RAET1_ESB_SPM_LESS_FOC_E25_V100) Select All
Deselect All
Refresh
Options

[ Search for nested projects

[[] Copy projects into workspace

[[] Close newly imported projects upon completion
[ Hide projects that already exist in the workspace

Working sets
[] Add project to working sets New...
Select
(?:‘ < Back Next = Finish Cancel

43 AP bDAUR—F

43 ELFETNYYT
le2 studio 1 —H—XY = aF7ILAFH A K (R20UT4204) | #BHBLTLIEEL,

RO1AN5558JJ0111 Rev.1.11 Page 43 of 52
2022.10.18 RENESAS



RA6T1 KAWARIHE—FDEHY LIRS FILFIE

4.4 STV I Yz TEERE

441 DAV IRE3—F

E— 42 #HIEBIF B Y —ILTRenesas Motor Workbench] Z#ERETCH U TILY I bz 7 EEESE S
58, FTiEDFIETHOAVIRE— T TOD Y FEEFTLET,

(1) TELEEHRAZ. TEVEY FEIZA V/\—2R— FE®D LEDL. LED2 ILHEtTIREET, E—4 (%
FEIELTHEYS,

2 AN—BR—FED MRS YF(SWI)ZEON IZFTHEE—EHNEELET. FTILRSIYTF
(SWLZELIYEZR LS LICE—FDEERB/IFLEZRYRLET, E—2AEEICEEEL TGS
T4 IR—EKR—FLEDLEDINEIKTLET, CDEE, 4 /=2 R—FKLEDLED2 NELTLTLY
ABEEFIS—MEELTVET,

(B) E—ADEEAAEZLEETBBEE. 41 VN —2R—FEDORY 21— LEHR(VR)THAELET,
- R a—LER(VR)ZAICET : BFEtEY ICEER
- AR 2 —LAER(VR)ZEICETY : REFTEY IZEER

(4) TS—DHRELEEGE. 41 VNN—FFR—FLEDLED2 NELTL, EENAFIELET., BIRTS=0I121F
AVIN—BR—FEDFTILAA YF(SWL)ZOFF[ZLFETTYL 1 RL Yy F(SW2)EHRLTLES

LYo
(5) ENMEREREZRTITHEEF. E—2DOEEMNMELELTWSZEZHERL. KEILLEROHE 1% OFF
I2LE9Y,
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45 F—A3H|EHBEFEZIEY—IL Renesas Motor Workbench J
451 WHE

YTV b7 TlE. E—2FIEHRFERZIEY —ILIRenesas Motor Workbench) Za1—44 >4
7 —X(BlE/fELIER. RERREERF)ELTHERLET, ERAZEG EDFMIE Renesas Motor

Workbench 1—H—X<v=27J)L] #5BLTLFEELN,

E—4& & HBIF X 12 Y — )L TRenesas Motor Workbench] [£88%t WEB H4 FE YU AFLTLFEELY,

RMT File

Map File

@ @ - ]
2 as a -
o o ——
. ar o
02 @[22
o o -
§ % 05 0.5 ” s Board UL RMW Ul e Stop Run Reset
xccution No.0 fll Exceution io.0 [ % sccaton o 0 il Exceution o0 [l Exceution to
Slider7 000 o m an m0 mo o Execut Exccut N Exeout Exccut Excout
0 m ae w m m
A
o 50

nl‘

Time[ms]

4-4 Renesas Motor Workbench 4V}

E— 4 &R XIEY—)L [Renesas Motor Workbench] D {#ELVA

ORVED W =D, 09I LY—ILERET D,
@ Main Window @ MENU /8—Mv 5, [File] — [Open RMT File(0)] &R,

JaT Y kT4 ILE D src/application/user_interface/ics” 7 # LA RNIZHB RMT 774 L%

S

"Connection”® COM TH#ftSnf-Fv D COM #:ERT 5%,

AID Select Tool M Easy F1-I% Analyzer R2 %9 ) v 93 5%,

® 74.5.2 Easy HEEIREHI"E 1-1374.5.4 Analyzer #EEIR1EBI" E TIZE— 42 2EEF S 5,

® @

It
R

2!

onn
k=
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4.5.2 Easy #EEIR/EHI
Easy #EEZERAL. E— 2 2T 5B ZLUTICRLET,

e 1—H4A 2R TJ1—R% Renesas Motor Workbench FRIZEET 3
@ “RMWUI'Z2ON IZT 3,

(L Turn ON

E Reset : RMW UI
Position ()

== Ref speed [rpm]
EEd 0 2000
1500
1000

500

4-5 Renesas Motor Workbench £ RIZZE 3 % F|IE

e E—A%MEEEIED
@ “Run’Ri o ERT,
@ $ESEEEE * Ref speed’ RS54 X TANT 5,

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

v
> Ready Sequence .
Ref spee |

Parameter Value 0

Ve [V] 0 L1

Current control period [us) 50
-2400 2400

Speed control period [us] 500

X 4-6 E—AXEEOFIE

o E—REFLSED
@ “Stop’RE L EHT,

@cClick “Stop” button

Ref speed
Start P 3
Parameter Value 2 000
Ve V] 2442 I rpm
Current control period [us] 50

-2400 2400
Speed control period [us] 500

4-7 E—AEZ1EDFIE
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o IEF->TLES (T5—) HFEDWLE
@D “Reset’RA wF#%#ONIZTF B,
@ “Reset’RA wF % OFFIZF 5,

(UTurn ON
(2Turn OFF

m : Reset RMW UI
Position ()

w Ref speed [rpm]

eed o 2000
1500
I 1000
500
4-8 TS>—EROFIE
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453 Analyzer #REFZH—&

Analyzer 1—HA4 VA T —AFERABOANAER—EZ R 43I1TRLET, G4H. ChoDEH~D
AFS{ElX com_ul_enable_write IZ g_ul_enable_write £ F CIEFZAAEIGEICHIGT 2 EHA~ARBRES L
F9, =L, O)DMFF5NT=ZHIE com_ul_enable_write [(TIKEFELEFE A,

# 4-3 Analyzer #EEA DAZEH—%E

LM e WE
com_ul_sw_userif (*) uint8_t A—HA VB ITI—RARAYF

0: Analyzer A 1:AR—FER (FI71IL L)
com_ul_mode_system1(*) uint8_t AT—EHE

0: RAbYTE—F,1:52F—F,. 3: Uyt
com_f4_ref_speed_rpm float HEERE (BmA) [rpm]
com_u2_mtr_pp uintl6_t 18t £
com_f4_mtr_r float i [Q]
com_f4 mtr_Id float dEiAf >4 922V R [H]
com_f4_mtr_lq float QA UH U 2R [H]
com_f4_mtr_m float R [Wh)
com_f4_mtr_j float A4 F—2 v [kgm"2]
com_f4_current_omega float BREEHRERRERE [Hz]
com_f4_current_zeta float ERFlIHRERRR
com_f4_speed_omega float REHHREERKE Hz]
com_f4_speed_zeta float HEEHERAZHREK
com_f4_e_obs_omega float FEEXHEREAFRE [Hz]
com_f4_e_obs_zeta float FRETHERBEERE
com_f4_pll_est_omega float MEHEREERIKEH [Hz]
com_f4_pll_est_zeta float REHTERBZIRE
com_f4_ref id float A—T U II— T d ERESE (Al
com_f4 ol_id_up_step float d BEREFENERT YT
com_f4_ol_id_down_step float d BERESERERTY T
com_f4_id_down_speed_rpm float d B E RIS ERH IR EE (W A) [rpm]
com_f4_id_up_speed_rpm float d B ERIE S EME AR RE (B A) [rpm]
com_f4_max_speed_rpm float EERKEEEWA) [rpm]
com_f4_overspeed_limit_rpm float REBBITS—EERWA) [rpm]
com_f4_overcurrent_limit float EiRiBET S —REA]
com_f4_iq_limit float q BIERRAME[A]
com_f4_limit_speed_change float EERSRAEHBEERA) [rad/s]
com_ul_enable_write uint8_t EHEETHZ T

(g_ul_enable_write £[F] LIEZEE ZRAA TG EITE ERHFFH)
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4.5.4 Analyzer #EER1EH

Analyzer #Ee#ERA L. E— 2 ZBFETHHZUTITRLET . BFE. B 4-4 TRI"Control Window”
T{TLVET, "Control Window" D if#ll&. TRenesas Motor Workbench 1 —H#—X<v =2 7)) #5BL
TLIEEELW,

e 1—4HA 4 7 x—RX% Renesas Motor Workbench ERICZEE T %
@ “com_ul_sw_userifDW?IRIZFz v " NA>TWNSZ L E#HERT 5,
@ [WritelfIc0 Z#ANT B,
® “Write"’ R4 V&Y,

o E—A%MEEREED

@ “com_ul_mode_system”,‘com_f4 ref speed _rpm”, “com_ul_enable_write’® [W?] #IZF v o H
ADTWAS I LEMHERT D,

@ S EEREE % ‘com_f4_ref_speed_rpm’®M [Write] #IZAHT B,

@ “write"’R2 > &#HT,

@ “Read’7h%4 %1 L TIWED “com_f4_ref speed rpm”,”g_ul_enable write’® [Read] ##Z 23
%,

® MCUHNNDZEHE~NRMEES1=%H. “com_ul_enable_write” [C@THEE L. "g_ul_enable_write”
LRILEEZANT S,

® “com_ul_mode_system’® [Write]fIZ"1"ZANT 3,

@ “Write"’R2 > &##9,

@cClick “Read” button @@ Click “Write” button

ontrol Window

‘ ” Read | OWrite |§§== Commander| OStatus Indicator | One¢

0

[

In

com_ul_enable_write |INT8 Q0 [Decimal

Variable Data | Variable List | Alias Name D Check
Variable Name Data Type Scale Base R? Rea&M Write |
com_u1_mode_system |INT8 Q0 |Decimal 0 ~ o < ©®Write “1”
com_u1_sw_userif INT8 Q0 |Decimal 0 Vo
com_f4_ref_speed_rpm |FLOAT Q0 |Decimal VI 42000

V!

|

J &) K| ]| &) &
n
(=]
(=}
o

g_ul_enable_write UINT8 Q0 |Decimal

e ~n ~ -

(2Write reference speed
®Write(“0” or “1”)

4-9 E—A EEDFIE

o E—HEFLEED
@ “com_ul_mode_system”®[WritelffIZ"0"F A AT B,
@ "Wwrite"/R3 &Y,

2)Click “Write” button

Control Window

I 0 Read | ‘/ Write

Variable Data | Variable List | Alias Name

§§== Commanderl ‘Status Indicator | Ont

Variable Name Data Type Scale Base R? Read W? Write |
|QO [Decimall |1 [ Io 4—T"(.1)Write “Q”
T - == = 1< 1

com_u1_mode_system |INT8
= I=

4-10 E—42FILEDFIE
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o kF->TLESE (T5—) BEDWIE
@ “com_ul_mode_system’D[Write]{#IZ"3" &% AH T %,
@ “Wwrite"/R42 > E#HT,

@cClick “Write” button

‘ 0 Read | Verte |§§== Ccmmander| eStatus Indicator | One

Variable Data | Variable List | Alias Name

Variable Name Data Type Scale Base R? Read W? Write I
com_u1_mode_system |INT8 |Q0 |Decwma|| ] |1 | v |3 < (L Write “3”
T T T Tre—=1 T | T

4-11 T5—REROFIE

455 Tuner #%8E
Tuner #R:#{# AT B(Z1L. Renesas Motor Workbench ARt 3T 77 A ILZRALET,

Tuner #BEDEARIZ DL TIX. Renesas Motor Workbench W49 O— K7 7A4JLICRBE N TS
Tuner #8EERBAZE (R20AN0528) &S B f2 &Ly,
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5. 3ZKXa1 AV

RA6TL Y I—T A—4—X3=a7)IL N—FKozT7# (ROLUHO897)

RA Flexible Software Package Documentation

KAMBRBE—IDE Y LAAY MLEIE (703 XLE#H) (RO1AN3786)
Renesas Motor Workbench 1—#—X< =27/l (R21UZ0004)

Evaluation System for BLDC Motor 11— —X< =21 7))L (R12UZ0062)

Motor Control Evaluation System for RA Family (R12UZ0078)

RA6T1CPU A—F 1—H4—X< =27/l (R12UZ0077)
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HAECHEALDIEEIE
CITR, YA ERERICERT S MEALOEESE] (COVWTHALET, BAOFERLOEESEICOVTIE. AFXFa1 AV MSEUTY

ZHALTYITT—FEBRBLTIESL,

1. HESXE
CMOS #GDH Y HLORIFFHERHLEDN T T LS, CMOS BRFBVHEBERICL >THY — MEBIIRZE LD LB Y EFT . EfRFR
FORRIZIE, HHABEFRAICEALTLIEERD FL—OIHTUr—R, BEHOBEHM,. €BY/—XALEEMAL, AL TIRICET—
REBLTLESWD, FT3RFvIREICHEBLEZY., WHFEM-Y LBEVTLEEL, £z, CMOS #FERE LIzAR— FIZDOVWTHRBKOEK
WELTLEEL,

2. EREABOLE
ERFART, RROKEITETT, BRFAFICE, LSIONBEROKEITEETHY . LERZDBREPLEFHFOREETETT, S4B
Yty FMaFTYty FFREGOBE. BREAND Y Y MAEHICHELETOLMB. HTFORBIRETEELA, FHKIC. RBRT—F >
Dty bMEREEERLTY Y T REROEE. BREANS Y Y OIS —FEEISET 2ETOHM. HFORESIEITEELA,

3. BRAIBIZEITHZANES
LEEKOERNST TREDLEIZ, AAEBEPCARATLT v TEREANLGVTLESI D, AREEOALEATLT v TERISOEFREAIC
&Y., BEEESIFEILY., BEERSRIAABRFELLESELYTIEENHY ET, ERPIC TEBRA IBICETIANES] (22T
DEBOHLIHERIE. ZTORBEFH>TLIEEL,

4. REAKFOLE
REAHFIE. TREAHFOLE] CH>TRELTLEEWD, CMOS #RDAHNHEFDA VE—F D R(E, —fRIC. N4 VE—F VR ELS
TWET, KMEAHFZEABRETHESE I L. FERRICLY. LSIBBO/ A XAEHMES A, LSIRBTEBEERISTinzY. AHESLRHE
SNTREEEEITBANHY ET,

5. /AvIz21WT
Uty b, 70y I RRELER. Uty FEERLTCESY, 7RYSLETHIOI/ Oy 7 YEZIRKE, YIVBZ A/ OV IARELE
BICYBZTLEEN, Uty MR, AEERF (FREABERER 2RAVV-70v 9 THEEZFRKT S VATLTIE, 70V IH8+2RE
Liztk, Uty FEMBRLTEE N, £, 7OV S LOBRPTHBREIRT (FFOBHEREE) 2RV 0y ICYEZ LI5S, TY
BREDI OV IR RRELTHLYYBEZ TS,

6. ANIHTFOENMKA
AN/ A RORGRIZEDEBEEATRBEODRRECAVETOTERELTLLEE L, CMOS #RDAAN/ 4 X EICRAL T, Vi (Max.) H
5V (Min.) ETOHEEICEEFEDLSTBEE. BBELSIESECITBNIASHYET, ANLAUHLEEDHEEHEAA. Vi (Max.) HS Vi
(Min.) FTOHEEFBBT 2BBHAMPICF v 2 YT/ AXGENRASHEVESITHERALTLESL,

7. UY—JF7FLR (FHEE) 077 RELE
DY—T7 LR (PHEE) DTV EREZELFET, 7 FLRAEEICE. SROMREERICEIVHFOIATNS VF—T7 LR (FH4E
B) BHYET. ChHDT7 FLRETIV A LEZEEDBEICOVTIE, RIETEFEFRBADT, PI/EALBEVESITLTLEEL,

8. HWAMOMEEIZONT
BEZORGDIERKEFETHHESIE, BRBEILICVRATLIMEAREERL CTLEEL, ALIL—TDODIAIVTHRENES L, T5 v
DAAEY, LATIMRE—U 0BG EICEY . BROBMEOHE T, HEE. BEY—C0, /A XWE. /A JEHELENRLDHEN
HhUET, BENESHRCERETHHEE. BAORRILICVRATLFERBEEEBL TS,



1.

10.

11.
12.

SaEE

>
—

=]

AEHICRESNLZER, VI FI7ELIVINGICEET 21FRIE. FEARVI[OEEG. ICAGZEHRBET 22D TT . SEEROKEE - VX T
LOFFIZEVT, B, VILIz7ELVINSICEET ZRBEFEAT IEEICIE. BEHROBEICEVLTIT>TLES L, ThLDOFEAIC
EBRLTELEEE (BERFLEAEZBVTRIZELLEBELEAFET, UTRALTY, ) ICEL. HitE. —UZ0EEZEVEEA,
LS AERHIRHBINEERT 4. B, k. 7OFSL4L, 7ILTYR L, CARBRASEOEROERICER L THREL-EZEDOHSHTIE.
EREZT DO EEICHT AEEELECNSICET AMEITOVNT, Sitik. ASOBRIEEFTIHDOTIELEL ., £FL-EEZEESHLOTES
YEEA,

L, RERICEDELUHFELEE=ZFOHHIE. ZHRETOMOMMUEEEZMASHETILIOTRHOY EFRA,

LHWTE SHFLE—BEHDHT. FE. HE. EE. UN—RIUP=ZF7UrY, F0OM. FEYIERALZVTLLESW, MhdE. &
TEEE, VNA—RIVPZTYUTEICKYELLBEICEL, BHE. —YZTOEEEEVERA,

LE, SHBUSKOREKEE MEEKE) LU (EREKE] CHELTEY., EREKER. UTISRTARCEGAERINDGZLZER
LTBYET,

BEEKEE . v Ea—4, OAMER. BIEWE. FHRIMEE. AVER. RE. TEEH. X—V LB, EXRA0RY %

EmEKE  EEE (BEE, EH. BMF) . TEFE (E8) . KFREEHSE. SRRRER DI TL, FERLFHHMEESE
LHBRE, T—2— FEICKYSEEMNE. Harsh environment AITRREEEL TS L0 ERE, BifEd - SRICEEERIFTARMEDOH S
HEs - DRATL (EGHIBEE. ARICEOAAERATEH0%F) ( L LEERUYMBELRESEIBTNOHSMHEE - VX TL (FHHES
&, BEDHE. RFARESRTL, MEBHEHSATL, TS5V FEHEVRTL BEEHES) CEASADLIILEFRERLTELT. Chb
ARICERATEICLFBELTVERA, X, SHAEELTOVEVARICAHEURZFEALEZILICIYEBRENELTH, SHE—UZDE
FEEVEEA,

LHBEECHERAORE. BFORSER (F—432>— b 1—Y—XTZaTFIL, FIVH5—av/—h, EEENY KTy YICRED M3E
ATNA ZAOFEALO—MRHAEIEEIE] F) #CHAOL, BUMNETET IRAEE. BHEEREXTHE. KBSE. REFHTOMBEEHD
HENTIHEACLESL, BEEHOHEEERI CTUHEREHERASAISEOME, RBEOFESHLUVERICOEEL TIE, HkE, —1)
ZTOEXEAVERA,

LE, SHESKOSESSCEEEORLICEHOTOETA, FERRNRIHIBETHEARKEL-Y, FAEKHICK>TIIREELEZY TS
BENHYET, T, BHERIE. T—2— FFITBLTHIEEM. Harsh environment MITR R EFERL TS LD ERE. TRSHREE
ToTHBYFEEA, RICHHEROHRETIIBHENELEBETH > TH. AFEH. AKERFOMUESMEBETEZELSELAVELS. BF
BHOBEICENT, TRE, ERAERSRG. SBEBLEHZOREZHSIVI—VU/0EE, BEHOBE - DX TLELTORERILEZ
ToTLESW, BIT, Y420V T bz 7(E. BRTORIMITIREL O, BEHEOWEE - DXTLELTORERIAEHEHROEIETITST
&L,

LHBETOBRBEESHEOHMICOTELTE, EREMNCHTLUHEXROFTHEMER LSV, THEACKELTE. HEOWEOESR - £HA
#IRH 95 ROHS IS %, BRAINIBERELSZTHRAENS 2. MW IEFICEARATILS THEACESL, MMSESEETLEVI &I
FYELCHEFICELT, SE. —z0EEZEVFEEA,

LUHBRBLIUBEMZERNNOZSE L VHRAICE YRS - A - REEZLESATVIHE - SRTLICFERTIILIETEE A, SHERS
K UHM @, REF-EIBESTIE5EE. MELABERUNEESZ] TOMBAES SCERASN N EOHEEREELREETL. T
NOEDEDZECAHITHRVBELAFHREET>TLLEELY,

BEHANLUHB R EESHICESRESINZBEICE., FMICSFZESHBIIHLT, ACIEESTHOELHZRMNTIHEELZESILOEVLE
ED

AEHOEMELE—BELHOXBICLIFMOREEBI LU EHFELIERT LI LERLETS,
AERICRBINTVINBTEFESHBERICOVTIFALGAASTVNELZL, BHOEXBLEFETHHEE LS,

L ABHICBLVTEAIATLS Td4t] L& LRYR ILY POV RBAESUHELPILRYR ITLY A=) ABRAESUAEEN. MENIC

XETHRHELVET,

F2. FEMIBLWTHERASATLS TEHRA] £F FLIIEVWTERSA-SHORAE. RERGEVWVET,
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