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A/D converter input
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P301 [: Error reset
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P113/GTIOC2A(V,) v o
P111/GTIOC3A(W,) ] w, Inverter circuit
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P014 / ANOO5 A UN—SBEBETHE

P502 / ANO17 EEEERSEANR (FFOJE)

P302 START/STOP F LA A wF

P301 ERRORRESET 7YY a XA wF

P408 LED1 si4T.7 ST HilfE

P407 LED2 s KT/ SE KT il fE]

P00O0 / ANOOO U HBERAIE

P002 / ANOO2 W HHERRIE

P504 / AN0O18 U MBEERIE

P508 / AN020 V HEERIE

P015 / ANOO6 W HHEBERIE

P415 / GTIOCOA PWM A (Up)‘Low 79 54 F

P113/ GTIOC2A PWM HH (Vp)‘Low' 7o T4

P111/ GTIOC3A PWM 5 (Wp)‘Low 7o 54 J

P414 / GTIOCOB PWM H A1 (Un)/*High"7 4% 54 7'

P114 / GTIOC2B PWM A (Vn)/“High"7 ¥ 51 J

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

P503 / GTETRGC BERBHED PWM BE2EIEAS
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(Vao) E BEREERSENVRZ., VUL RAXFvUE—F] THELFETUN—FKIz7 M) AEFER),

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

g_adc0 ADC (r_adc)

Settings ~ Froperty
APl Info | v Common
Parameter Checking
w Module g_adc0 ADC (r_adc)
~ General
Mame
Unit
Resolution
Alignment
Clear after read
Mode
Double-trigger
Input
w Interrupts
Mormal/Group A Trigger
Group B Trigger
Group Pricrity (Malid only 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)

_adcO

(== Y]

=

| 12-Bit
Right

Off

[1) Single Scan
Disabled

) (D ED B

GPTO COUMNTER UMDERFLOW (Underflow)
Disabled

Group A cannct interrupt Group B

.L ron_rmotor_120 driver_cyclic

Pricrity 5

Dizabled

Disabled

Dizabled

2-2ADC RSA /A FSPa>Y 7449 L—>3> (FSP3.5.0)
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(2). BHEBENIERBAAS 1< (AGT)
1[ms]f 2 —nNILAA4<TELTHERALET,

g_timer3 Timer, Low-Power (r_agt)

Settings Property
APl Info v Common
Parameter Checking
Pin Qutput Support
Pin Input Support
~+ Module g_timer3 Timer, Low-Power (r_agt)
w General
MName
Channel
Made
Period
Period Unit
Count Source
Output
Input
w Interrupts
Callback
Underflow Interrupt Priority
Pins

Value

Default (BSP)
Disabled
Disabled

g_timer2

o

&) Pericdic
OxEASF
Raw Counts
PCLKE

,'i', rm_motor_120_control_sensorless_speed_cyclic
Priority 10

2-3AGT FSA4/\DFSPa> 744 L— 3> (FSP3.5.0)
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Fr R0, 2. 3DHEFEPWMHABEE— FEFEALT. Ty K24 LFEDHNETVET,
FrRLl EREHARATIV—FU24ELTHALETS, R LERAAHIERLEE A,

g_timer0 Timer, General PWM (r_gpt)

Settings Property Value
APl Info | v Common
Parameter Checking Default (BSP)
Pin Output Support Enabled with Extra Features
Write Protect Enable Disabled
Clock Source PCLKD
w Module g_timerd Timer, General PWM (r_gpt)
w (General
Name g_timerd
Channel So
Mode (3 Triangle-Wave Symmetric PWIM
Period & s0
Period Unit (3 Microseconds
w Qutput
Custom Waveform
Duty Cycle Percent (only applicable in PWM mode) 50
GTIOCA Output Enabled 3 True
GTIOCA Stop Level (5 Pin Level High
GTIOCE Output Enabled 3 True
GTIQCB Stop Level {5 Pin Level High
Input
Interrupts
w Extra Features
w Cutput Disable
Output Disable POEG Trigger
POEG Link POEG Channel 2
GTIOCA Disable Setting SetHiZ
GTICOCE Disable Setting SetHiZ
ADC Trigger
Dead Time
ADC Trigger (GPTE/GPTEH cnly)
Interrupt Skipping (GPTE/GPTEH only)
Extra Features {3 Enabled
~ Pins
GTICCOA P415
GTICCOB P414

2-4 GPT K35 A /\(}8# PWM HA)D FSP a2 7 4 4 L—3 3 2 (FSP3.5.0)

g_timer4 Timer, General PWM (r_gpt)

Settings Property Velue
APlInfo_|  Common

Parameter Checking Default (BSP)

Pin Qutput Support Enabled with Extra Features

Write Protect Enable Disabled

Clock Seurce PCLKD

~ Module g_timerd Timer, General PWM (r_gpt)
w General

Name q_timerd
Channel 1
Mode & Periodic
Period 0100000000
Period Unit Raw Counts

Output

Input

Interrupts

Extra Features

~ Pins
GTIOCIA <unavailable>
GTIOC1B <unavailable>

2-5GPT RS A NGREFAAIV—5224I)DFSPa>Y 7445 L—¥ 3 U (FSP3.5.0)
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(4). GPTAHAKR—Fr72 b Ty b4 X—T )L (POEG)

BERBEEEF (GTETRGC IiF®D Low LAJLEHEE) (X PWM HAmFENAM A4 VE—F U RIKREIZL

F9,

g_poeg0 Port Output Enable for GPT (r_poeg)

Settings Property
APl Info | ~ Common
Parameter Checking
w Module g_poeg0 Port Qutput Enable for GPT (r_poeg)
w General
Trigger
Name
Channel
w Input
GTETRG Polarity
GTETRG Noise Filter
w Interrupts
Callback
Interrupt Pricrity
w Pins

GTETRGC

Walue

Default (B5P)

g_poeg0
2

Active Low
Disabled

g_poe_overcurrent
Pricrity 0 (highest)

Ps03

2-6 POEG FSA4 /S FSPa> 744 L— 3 2(FSP3.5.0)
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board I ....... R— FBEREEER bsp_api.h : BSP APl i3
r_adc_api.h : AD API ¥ 5%
: I
Sp inc i leeens r_poeg_api.n : FO EIx%
| i ap! =) r_three_phase _api.h: 3 f1 PWM API £
r_timer_api.h= %1 ~ APl &5
rm_motor_120_control_api.h
120 JETE AT APT E £
rm_motor _120_driver_api.h L
7120 EEEETHIEE— 2 7 A /S APl ES
rm_motor_api.h: &—% APl 3%
—r_adc.h 1 AD BHHE 7%
r_agth: AGT BHjE
- P r_gpt.h: GPT B iE %
INSTANCEeS f++' =Y (gnt three phase.h : 3 18 PWM B3 3%
r_ioport.h : /O BHHE %
r_poeg.h : POEG B & 3§
rm_motor_120_control_sensorless.h
D LR 120 [ S A A B v 5
rm_motor_120_degree.h : 120 3 il # H € — & Bl E %
rm_motor_120_driver.h
1120 FEBERIEHAE— % 74 SBEER
—  lib e FATFV T AN
bsp : BSP B3 7 )L &
r_adc/r_adc.c: AD K A N
— | SIfC s 1 agt/r_agt.c: AGT KT AN
r_gpt/r_gpt.c: GPT K7 AN
r_gpt_three_phase/r_gpt_three_phase.c : 3 ¥ PWM K Z A /X
r_ioport/r_ioport.c : /O K5 A /3
r_poeg/r_poeg.c : POEG K7 A /\
rm_motor_120_control_sensorless/ rm_motor_120_control_sensorless.c
DV LR 120 @)
rm_motor_120_degree/ rm_motor_120_degree.c : 120 J i 7 il 15
rm_motor_120_driver/ rm_motor_120_driver.c
1120 EEEHE A E— 4% FZ A A
1
sre application — main | -------------------------- mtr_main.h, mtr_main.c: == —4 % 1 > B%k

r_mtr_control_parameter.h : #HIfH/ ST A — X E%
r_mtr_motor_parameter.h : £—% /3T A — X EFH

_|,_|__ i r_mtr_ics.h, r_mtr_ics.c : Analyzer " *UI BB SUE
Vsl e iCS  feeen ICS2 RA6TL.0: Y—L@ETA 75V

ICS2_RA6TLh: > — L {3 B 3%

1: E— X HIfBE % 4% — /1 [Renesas Motor Workbench] @ Analyzer B$BE DFERIZ DV TIE, 45 BEBHLIEE 0,
7o, B X HIEBHR S4B Y — /1 TRenesas Motor Workbench] (2B 7 V2 7 7 A v, B, BEOLARINIIL,
B Tics / 1ICS(IH V3 A #ie— & HllHIBH 5 3% >~ —/ v TIn Circuit Scope] DIE)| RSN THWEEERH Y £,
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232 EDa—ILERK
HBUOTILYITRITTFOED 12— IILERER 28I RkLET,

Application Layer (User Application)

Main User Interface Module

mtr_main.c r_mtr_ics.c

Set User Command to Buffer

Middle Layer (Motor Control Process)
N\
I Interface Module I
[ [ rm_motor_120_degree.c ]
Set Control Gain & Command
Control Module
~
[ rm_motor_120_control_sensorless.c ] [ rm_motor_120_driver.c ]
\_ W,
§ Y
Set PWM duty
. I Get Voltage, Current & Angle/Speed
Device Layer
- —
N
MCU Module
[ r_adc.c ] [ r_agt.c ] [ r_gpt.c ]
L
§ v
Output PWM Signal
Get A/D Converter Data & Sensor Signal
H/W Laver (MCU / Inverter)
® 2-8 EPa— /LR
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KAARHAE—2 DY LR 120 EEEH{H

24 VI rOI TR

YOTWIIT I TREREHRETRICRLET, EoY LR 120 EEEFEOFMBELTIE KA
HMERE—2 0 120 EFEEHME (7131 XL (ROIAN2657)FSHB LT &L,

R 25 OB LR 120 E@EEHIEY 7 bz TERTHK

HHE

RE

HlE A=

120 EEE B HH

El¥c FRABA ER T

FEEEIC K DUBRIE(60 EfE)

E— 45 EERMFR/FL

SW1 D LARJLIZK Y HTE
F =1 Renesas Motor Workbench 75 A1

ARNBE DC 24V

A YOy REEE 120 [MHz]

* 4 1 7 (PWM)ERE 20 [kHz](F - ') 7 FAHA : 50 [us])
TYEEAL 2 [us]

il 7B 2 REFIE : 1 [ms]

[B1 453 & £ B CW : 0 [rpm] ~ 2650 [rpm]

CCW : 0 [rpm] ~ 2650 [rpm]

a1 SR E

RELLRIL | Optimize more(-02) (7 7 # )L hER5E)

fREEZILE

LTOWTIDDOEHDE, E—2FEMESH N6 R)EFETI T4 IIZT5
1L.EZFDEFRH 0.89(=0.42*sqrt(2)*1.5) [A]Z#iB(50 [us]E < E1R)
2.4 IN—S BHEEEM 28 [V]Z#BiB(50 [us|EIZER)
3.4 VN—EBHEEEN 12[VIRHE(SO [us]EBIZER)
4. [EIEREE A 3000 [rpm] % #BiB (50 [us)E ZEE1R)
5.2 Y9 LREBEF., YO0 0B 2[s|ERFEE
6.RBAR—ILE Y-V (LB BR)DEEEH

HERH D DBERBHEIES(GTETRGC HFIZ Low LRV ZHRB)Z&E L =154, PWM H Hif

FENAVE—HIRIZT D
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2.5 ZAAEBIIERL
U FNY T rY 7 CHEALTVREYAA EBEIELZE FRICSRLES,

& 2-6 BlAAHEEIRG

EAH B nE
LRJL

15 Min

14

13

12

11

10 1[ms]E| Y A& A28

9

8

7

6

5 A/D T T EAH

4

3

2

1

0 Max BEREEEAH

Allocations

Interrupt Event ISR
] AGTO INT (AGT interrupt) agt_int_isr
1 ADCO SCAN END (A/D scan end interrupt) adc_scan_end_isr
2 POEG2 EVENT (Port Output disable interrupt C) poeg_event_isr

2-9FSP E|YiAHa> T 4% L— 3 2 (FSP3.5.0)
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3. HlEHY 7 by 7EREA
BTN TR TICDONTEHRBALET,

3.1 #lEHRAE
3.1.1 E—4EENZFILE
E—4S2DiEE & {F1EIE. Renesas Motor Workbench ™5 D AN FEF=IE SWIHASDARNIZTE>THIFIL
ER
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=IFX VRL O AE(FTF OS5 1E) %
ADEMTBHEICEK>TRELET, ADEHEINI- VR DfEIX. UTORNDKSI(Z, BERERFEL
LTEALET,

& 3-1 EEERFEOLRL

Pt Yud
I L
"= (ES{E : AID ZH{E) F x %
cw 0 [rpm]~2650[rpm] : 0800H~OFFFH
EEREEIENE ANoL7
CCW | O [rpm]~2650[rpm] : 07FFH~0000H

(2). 1 VN—LBEERE

UTDRDESICAVN—SBBREEZRELET, TREDEHLBERE - BEETHRHEERILPWM
FL)ICFERLET,

xR 32 AUN—S2BREFTOEHL

Lt
I o ~ [/
RE (€4 oN—Z BHREIE : AID Z£H{E) T
A N—2BRER 0 [V]~111 [V] : 0000H~OFFFH ANOO5
(3). UM, V. WHHEER
UTOXRMNDELSIZ, UM, VHE. WHEBEEZREL., E0VORHEIZFEALET,
£ 33U, V. WHEHEEOZT#H
Tt
I ~ l/
RH (U%E. VA, WHEE : A/D ZH{E) T A
Vu : ANO18
U+E. V. WHEEE 0 [V]~111 [V] : 0000H~OFFFH Vv : ANO20
Vw : ANOO6
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(4). UHH. WHER
UTORDESIZ, U, WHERZAEL. BERKRHICERALEY,

& 3-4U, WHHEROLHL

putiYad
I )L
=B (UHE. V4B, WIRTEF : AID Zoiff) T
-12.5 [A]~12.5 [A] : 0000H~0E8BH *

lu : ANOOO

B fiE=(5.0V—2.5V)+(0.010hm x 20)=12.5A Iw : ANOO2

U#tE. WHEHR

COVRTLTEERKHERZ 5V A5 3VIZLRILY T+

LTWWA7-. OESBH WNAD O LR ELY ET,

E] AD ZTHEFMHOFMICEAL TIX, TRAGTLYIIL—T 1—H—X<v=a7I)
BLTLESL,

N—FY9 17k =5
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3.1.3 ZEEH|E
BTN T T7DE—ZEEEREL. ABEPWM 24 TGP DF ¥ RILODEARED)—F
ZUGEE, POV OREERICAATEZRYAA, 2r[radlfiOBRYAHMEEDESNSEFELET,

| I
I ——

UFB{R 8 [
Rt s—
|

ViR{& 18
=LY R—

|
WHE{R 8 |
r—ILE Y a— :
|

2’ |

|
i
|
|
|
|
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HABEOHIEICIE PWM Gl ZFERALTOET, PWMAIEIEIF. B 32D K512, /NILADT 21—
TAEZELSELIIETEHERZRAEL T HEMAKXTT,
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T Torr
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3-2 PWM #il{E
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mEHE  VEREEE EAUN\—4BREE
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3.1.5 REEEFR

35(CHY TV IT I TIZHITHREBBREZRLET., Y2 TILY T b7 T,

TSYSTEM MODE] IZ& YIRBEEZEBLET,

POWER ON/

RESET

S

SYSTEM MODE

[RESET EVENT]

[RUN EVENT]

[STOP EVENT]

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

35 EUH LR 120 EEEFIEHY 7 bz 7 OIKEEBE

(1) SYSTEM MODE

VATLEMEREEZERLET ., EAINU MEVENT)OREIZKY ., RENBELET, VATLOE
EIREEIX, E—4EREIfZ1E (INACTIVE) . E—42EE®) (ACTIVE) . EEKE (ERROR) BHY F

ER
(2) EVENT

% SYSTEM MODE HI[Z EVENT A" f49 5 &, D EVENT [TR- T, PR TLEMEIRENR 3-5
hOFRDIKIZEBBLET, K EVENT OREERILITRRERY FT,

%= 3-5EVENT —&

ARV B *HER
STOP A—H—2EICEYRELET
RUN A——BECEYRELET
ERROR VATLREEEBRHEL-EEICHRELET
RESET A—H—BECKYRELET
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3.1.6 UYL RGIHFEOIRENS *

oY LR 120 EEEHIEIE. KAEEB(EEF)OEROEILICLSFTEESTZFAL. 60 EEDHIE
DHBEZHTELET, LHL, FEEEXREGET I ETHEET S0, LYBFIHBOMEZHTET 52
ENRTET, MBNEDHTEICHLHBEEERENVETT,

ZTD=8H., HhEAEE LT, KABMBOMEICANMD 5T, BAIMICEENNI—ELIES 2 ETH
MR ERESE, RPEEIZSIEALHELHY FI,

36 TIHEYUTINY I Iz 7 TOHRBAEZRLTWVET, "MTR_MODE_BOOT"Tl&, WHiBHIED
5| ERAHEITL, WMBBFOBEREHLTLET,

RUN MODE MTR_MODE_INIT MTRMODE BOOT MTR MODE DRIVE
WTH V ZERO GONST MTRV UP | MTRV CONST | MTAV UP '} MTR V CONST WTR V OPENLOGR WMTR V PlOUTRUT ™
Voltage reference status © ) i @ i ) i @ &) )
MTR_SPEED_ZERO CONST MTR_SPEED_OPENLOOP_1 MTR_SPEEDOPEN_LOOP_ 2 MTR_SPEED_OPENLOOP3 MTR_SPEED_CHANGE
Speed reference status o e
Voltage
vl
st_g f4 ol moded max_refv
stgfdref v
st g4 ol start refy |,
-
Speed
([rad/s]
st g4 ref speed_rad
MTRLOL MODEZ CHANGE RAD [~ e e e e
MTR_OL_MODE1_CHANGE_RAD i
|
0 |
Openloop Speed PI control
> BB 77 %A
3-6 IRENTIEMH
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317 YR TLIREHEE
YUTNY TRz T7IE, UTOIS—REZEHEL, ThETNDGEICRAFLETIHEEEEELTWE
T, VATLREBEICEADOIERTEMEIIR 3-6 #SHBL T,
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ER
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BEETS—
BEEEREAM TS LA~ BREELERL . BEEGEEE) I v MEZEE)ZRIH LB, BA
BLELET. BEEY I v MEZRHEROEREOBESEEEL TRE LLETT.

- EBETS5—
EBERRAN TS O A\— 2 BREELEAL. EBEEBE) I v MEETE5A8) £ L#
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EimEEERRAATCEEZERL. EEY Iy MEZHBEBLEES, BEFLLEY,
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ER
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3.1.8 AD MY A
AD FYHERF YU TIL—TDERAIVTERLET,

Timer start

‘ 50us »

Carrier cycle

ADC trigger ADC trigger
from GPT from GPT

Scan 0 Scan 0 Scan 0
AD conversion AD conversion AD conversion

X Motor control Motor control
Motor control routine
Scan 1 Scan 1 Scan 1
AD converslon\‘ AD conversion AD convers\on\‘

ADC trigger
from GPT

Scan 0
AD conversion

Motor control
Scan1 \
AD conversion

ADC trigger
from GPT

Motor control
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32 U UHLRI120 E@EEREY 7 b = 7EASULER

CCTlE, BREYAHFHEICETINIBAHDVWTOLEEEFLEHET, FLEFRICIE. oY LR
120 E@EREICES ITH2EELBAHOARH L TLET, FRICEHOLVEHOEMIZOLTIE, V—X

a—FESRESL,

= 3-7 “mtr_main.c’EA%%—& [1/2]

e
HAh:HL

T74IL% EEE AMIBREE
MEE 0
mtr_init
AR L
Hh:HL
A A A8
mtr_main
AR L
Hha:HL
R—Fa1—¥140427z—2X
board_ui &
AB:#HL
Hha: L
Analyzer A—H4A 47z —
ics_ui Z &
AHBHL
HAh: %L
A UERIZTHERTIEHR
software_init DT
AHBHL
HAh: %L
g_poe_overcurrent POEG Z;AA 038
mtr_main.c A7 : (poeg_callback_args_t*) p_args/ a—JL/\y I BEINT A —

motor_fsp_init
AR L
HAh:HL

FSP £ 1 —/L¥)HA{L LI

mtr_callback_120_degree

A7 : (motor_callback_args_t*) p_args / 3 —JL/\y I BEHUNT A —
e

HAh:HL

120 EBEHEa—IL/NY Y
%

mtr_board_led_control
A7 : (uint8_t) ul_motor_status/ E—F R T—4% R
[ A

LED /X2 — SR E IR

mtr_remove_sw_chattering
A7 : (uint8_t) ul_sw/ SW F&HI
(uint8_t) ul_on_off / ON/OFF Ik &

SW Fv 42 ) U TBRENE

HA: Gl
VR1 OIREE E BTG
get_vrl
AR L
HA: Gl
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= 3-8 “rm_motor_120_degree.c’B#—& [1/3]
T74ILE e B E

rm_motor_120_degree.c

RM_MOTOR_120_DEGREE_Open

A7 : (motor_ctrl_t*const) p_ctrl/ £ Y RAVRINS A—4
(motor_cfg_tconst *const) p_cfg/ A>T 4 JI185 A—4

Hh: (fsp_err_t) err /| EITHER

120 EREFIEFHm0E

RM_MOTOR_120_DEGREE_Close
A7 : (motor_ctrl_t*const) p_ctrl/ £ YRR VRINS A—4
Hh: (fsp_err_t) err /| EITHER

120 ERERIEE T 0E

RM_MOTOR_120 DEGREE_Reset
A7 : (motor_ctrl_t*const) p_ctrl/ £ YRRV RINS A—4
Hh: (fsp_err_t) err /| EITHER

IS—RKEDY v buE

RM_MOTOR_120_DEGREE_Run
A7 : (motor_ctrl_t*const) p_ctrl/ £ Y RBAVRINS A—4
HAH: (fsp_err_t) err /| EITHR

E—2 OEEHMIELE

RM_MOTOR_120_DEGREE_Stop
A A : (motor_ctrl_t*const) p_ctrl/ 4 YRBVRING A—4
H 7 (fsp_err_t) err /| E{THER

E— % OEERELNE

RM_MOTOR_120_DEGREE_ErrorSet

A A : (motor_ctrl_t*const) p_ctrl/ 4 YRBVRING A—4
(motor_cfg_tconst *const) p_cfg/ A>T 4 JIRTA—4

H 7 (fsp_err_t) err /| E{THER

IS —REDRELE

RM_MOTOR_120_DEGREE_SpeedSet

A A : (motor_ctrl_t*const) p_ctrl/ 4 YRBVRING A—4
(float const) speed_rpm / EIExiERIE[RPM]

H 7 (fsp_err_t) err /| E{THER

E— 4% OREIEETERELE

RM_MOTOR_120_DEGREE_StatusGet

A A : (motor_ctrl_t*const) p_ctrl/ 4 YRBVRING A—4
(uint8_t * const) p_status / E— 4 14K AE

H 7 (fsp_err_t) err /| E{THER

E— S HIEMREORS

RM_MOTOR_120_DEGREE_SpeedGet

AF : (motor_ctrl_t*const)p_ctrl/ 4 Y RBVRING A—4
(float * const) p_speed_rpm / [A1#5:E E[RPM]

H 7 (fsp_err_t) err /| E{THER

E— 52 QOEEEIRG0RE

RM_MOTOR_120 DEGREE_WaitStopFlagGet

AF : (motor_ctrl_t*const)p_ctrl/ 4 Y RBVRINS A—4
(uint8_t * const) p_flg_wait_stop / E—4 {E1LIREE

H: (fsp_err_t) err /| E{THER

E—4FLKREOIRE

RM_MOTOR_120_DEGREE_ErrorCheck
AF : (motor_ctrl_t*const)p_ctrl/ 4 Y RBVRINS A—4
HH: (fsp_err t)err/ EITHE

(uint16_t * const) p_error / TS5 —4KEE

IS—FzyyuNE
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% 3-9“rm_motor_120_degree.c’B#—& [2/3]
T74IL% b WIRRFE

rm_motor_120_degree.c

rm_motor_120_degree_active

A7 : (motor_120_degree_instance_ctrl_t*) p_ctrl/ 4 > X2 > AN
FA—4

H 7 (uint8_t) err / EfTHER

E— 42 ORIEHIB0E

rm_motor_120_degree_inactive

A7 : (motor_120_degree_instance_ctrl_t*) p_ctrl/ 4 > X2 > AN
FA—=4

HA o (uint8_t) err /| EITHR

E— 2 OEEEILLE

rm_motor_120_degree_nowork

A7 : (motor_120_degree_instance_ctrl_t *) p_ctrl
| AVRRVRING A—4

A uint8_t) err/ EITHER

TS NE

rm_motor_120_degree_reset

A7 : (motor_120_degree_instance_ctrl_t *) p_ctrl
| A VRBDRING A—4

A uint8_t) err/ EITHER

IS—RKEYEy MoE

rm_motor_120_degree_error

A7 : (motor_120_degree_instance_ctrl_t *) p_ctrl
| A VRBDRING A=A

A uint8_t) err/ EITHER

IS—FROKRLE

rm_motor_120_degree_statemachine_init

A7 : (motor_120_degree_statemachine_t *) p_state_machine / X
TV

HAh:HL

ATF— bR UL IR

rm_motor_120_degree_statemachine_reset

A 71 : (motor_120_degree_statemachine_t *) p_state_machine / X
T—hk3L

HAh: L

AT—hr2i )ty MOLE

rm_motor_120_degree_statemachine_event
A7 : (motor_120_degree_instance_ctrl_t*) p_ctrl/ 4 > X2 > AN
SA—4

(motor_120_degree_ctrl_event t) ul event/ 4 X2 +
HAh:HL

KRB

rm_motor_check_over_speed_error
AH : (float) f4_speed_rad / [ElE5;E E[RPM]

(float) f4_speed_limit_rad / [E#z5&E £ R[RPM]
H 1 : (uintl6_t) u2_temp0/ TS5—75%4

F—N—RE—FI5—HKH
Uk

rm_motor_check_over_voltage_error

A7 : (float) f4_vdc | 4 2 I\—3 BIREEIE[V]
(float) f4_overvoltage_limit / EFREEIE[V]

H 1 : (uintl6_t) u2_temp0/ TS5—75%4

BEETS—RHAE

rm_motor_check_low_voltage_error

A7 (float) f4_vdc | A >/\—3 BEREEE[V]
(float) f4_lowvoltage_limit/ FEREEIE[V]

H 1 : (uintl6_t) u2_temp0/ TS5—75%4

BEEELS—RHNE
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F 3-10 “rm_motor_120_degree.c’Bi%k—& [3/3]

2744

E#%

IR E

rm_motor_120_degree.c

rm_motor_check_over_current_error
AF : (float) f4_iu / U BEFR[A]

(float) f4_iv / V EFR[A]

(float) f4_iw / W tBEER[A]

(float) f4_oc_limit/ LREFIE[A]
HH @ (uintl6_t) u2_temp0/ TS5—754

Bt

Al

ISR mE

&

B

=)

rm_motor_120_degree_error_check
A7 : (motor_120_degree_instance_ctrl_t *) p_ctrl
| A VRBVRING A—4
(float) f_iu / U $8EFR[A]
(float) f_iv / V 8 EFR[A]
(float) f_iw / W FER[A]
(float) f_vdc/ A »/\—4 BIFEE[V]
(float) f_speed / [EE5EE[RPM]
H A : (uintl6_t) u2_error_flags/ TS5—75%4

I 5—RHmE

rm_motor_120_degree_120_control_callback

A7 : (motor_120_control_callback_args_t *) p_args
[ A=y Y BEBINT A —4

HAh: %L

120contorol €Y a—)La—JL
ANRIR 1%
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3-11 “rm_motor_120_control_sensorless.c’BE$—%& [1/4]
274IL% E## MR E

rm_motor_120_control
_sensorless.c

RM_MOTOR_120_CONTROL_SENSORLESS_Open
A7 : (motor_120_control_ctrl_t* const) p_ctrl/ 4 Y AR VRIS
A—4

(motor_120_control_cfg_t const * const) p_cfg/ a> 74 J/135
A—4
H: (fsp_err_t) err / EfTHER

oY L R EHE IR 0L E

RM_MOTOR_120_CONTROL_SENSORLESS_Close

A7 : (motor_120_control_ctrl_t * const) p_ctrl/ £ YR 2 2 RINS
A—4H

Hh: (fsp_err_t) err /| EITHER

oY L R GIEE T AL

RM_MOTOR_120_CONTROL_SENSORLESS_Run
A 73 : (motor_120_control_ctrl_t * const) p_ctrl/ 4 YR 2 2 RINS
A=A

H: (fsp_err_t) err /| E{THER

E— 4 EEGMARLE(E VY
L R #i1H)

RM_MOTOR_120_CONTROL_SENSORLESS_Stop

A7 : (motor_120_control_ctrl_t * const) p_ctrl / 4 X R 2 R/\5
A=A

H: (fsp_err_t) err /| E{THER

E—40AEEGELLE(EY
L R #10)

RM_MOTOR_120_CONTROL_SENSORLESS_Reset

A7 : (motor_120_control_ctrl_t * const) p_ctrl/ 4 YA R 2V RIND
A=A

H 7 (fsp_err_t) err /| EITHER

IZ—KREDYty MLE

RM_MOTOR_120_CONTROL_SENSORLESS_SpeedSet
A7 : (motor_120_control_ctrl_t* const) p_ctrl/ 4 X2 VRIS
A—4
(float * const) p_speed_rpm / [E#55RE[RPM]
H 7 (fsp_err_t) err /| E{THER

E—4 DOEEHETEREL
i

RM_MOTOR_120_CONTROL_SENSORLESS_SpeedGet
A7 : (motor_120_control_ctrl_t*const) p_ctrl/ 4 Y AR VRIS
A—4A
(float * const) p_speed_rpm / [E#5;&EE[RPM]
HAH: (fsp_err_t) err/ EITHR

E— 4 OEEREERGLE

RM_MOTOR_120_CONTROL_SENSORLESS_CurrentGet
A7 : (motor_120_control_ctrl_t* const) p_ctrl/ 4 YA R VRIS
A—4

(motor_120_driver_current_status_t * const) p_current_status /
ERBEET—%
H 7 (fsp_err_t) err /| E{THER

RM_MOTOR_120_CONTROL_SENSORLESS_WaitStopFlagGet
A7 : (motor_120_control_ctrl_t*const) p_ctrl/ 4 Y AR VRIS
A—4

(motor_120_control_wait_stop_flag_t * const) p_flg_wait_stop /
E— S {FILIKEE
HAH: (fsp_err_t) err/ EITHE

E—2 FILREOIRGRE

RM_MOTOR_120_CONTROL_SENSORLESS_TimeoutErrorFlagGet
A7 : (motor_120_control_ctrl_t* const) p_ctrl/ 4 AR 2V RIS
A—4

(motor_120_control_timeout_error_flag_t * const)
p_timeout_error_flag/ €0V ORBRHE A LT b TS5 —1KEE
HAH: (fsp_err_t) err/ ETHE

TR RRBEZIA LT
kT 5 —IKEEREISLER
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3-12 “rm_motor_120_control_sensorless.c’BE#—%& [2/4]
274IL% E## MR E

rm_motor_120_control
_sensorless.c

RM_MOTOR_120_CONTROL_SENSORLESS_PatternErrorFlagGet
A7 : (motor_120_control_ctrl_t* const) p_ctrl/ 4 Y AR VRIS
A—4H

(motor_120_control_pattern_error_flag_t * const)
p_pattern_error_flag / fRfEHR—IL/NF2—> T 5 —1KEE
H: (fsp_err_t) err / EfTHER

RERER—ILE Y NEZ—2
I 5 —RERGOE

RM_MOTOR_120_CONTROL_SENSORLESS_VoltageRefGet
A7 : (motor_120_control_ctrl_t * const) p_ctrl/ f AR 2 R/\5
r—%5

(motor_120_control_voltage_ref t* const) p_voltage_ref/ &E
BREREE
Hh: (fsp_err_t) err /| EITHER

RM_MOTOR_120_CONTROL_SENSORLESS_ParameterUpdate
A7 : (motor_120_control_ctrl_t* const) p_ctrl/ 4 AR VRIS
A—4

(motor_120_control_cfg_t const * const) p_cfg/ 3> 7 4 5/85
A—4
H: (fsp_err_t) err /| E{THER

NFGA=ET Y TT— A
b3

rm_motor_120_control_sensorless_speed_cyclic
A7 : (timer_callback_args_t*) p_args / 3 —JL/Ny I BEEUNS A —4
HAh: %L

REGBRAI—LANYIHE
E

rm_motor_120_control_sensorless_driver_callback

A7 : (motor_120_driver_callback_args_t *) p_args/ 3 —JL/\v B
BNZA—4

HAh: %L

AID ZEHSET 3 —)L/Ny B
E

rm_motor_120_control_sensorless_reset

A 71 : (motor_120_control_sensorless_instance_ctrl_t *) p_ctrl / 4 >
RBURING A—4

Hh: &L

A VAR UVRING A—4H)
v ML

rm_motor_120_control_sensorless_start_openloop

A 71 : (motor_120_control_sensorless_instance_ctrl_t *) p_ctrl / 4 >
RABURINS A—4

HAh: Gl

F—T v IL—THtRE

rm_motor_120_control_sensorless_ol_signal_set

A7 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
AR VRING A—4

HAh: %L

F—ToL—TEH0OAEN
A —URENE

rm_motor_120_control_sensorless_speed_calc

A 71 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
AR URINGA—4H

Hh: L

B 5 B 5 H AL

rm_motor_120_control_sensorless_generate_pattern
AR : (float) vu_ad / U HBEE

(float) vw_ad / V HBEE

(float) vw_ad / W 1BEE

(float) vn_ad / FREE

HA: (uint8_t)ul_temp/ BE/NF—2

BENE—ERNE
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3-13 “rm_motor_120_control_sensorless.c’BE#—%& [3/4]
274IL% E## MR E

rm_motor_120_control
_sensorless.c

rm_motor_120_control_sensorless_set_angle_shift

A7 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
ARBURING A=A

HAh: L

HES 7 FEOEH

rm_motor_120_control_sensorless_check_pattern

A7 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
RBURING A=A

HAh:HL

FouoRHELE

rm_motor_120_control_sensorless_shift_angle

A7 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
RBURING A—A

HAh:HL

It 7

rm_motor_120_control_sensorless_wait_motorstop

A7 : (motor_120_control_sensorless_instance_ctrl_t *) p_ctrl / 1 >
RBAVRING A—4H

HAh:HL

EEFEILEF T v 0B

rm_motor_120_control_sensorless_pattern_set

A7 : (motor_120_control_sensorless_instance_ctrl_t *) p_ctrl / {1 >
RBAVRING A—4H

HAh:HL

BE/NF— Pl

v
i
it

rm_motor_120_control_sensorless_pattern_first60
A7 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
RBAVRING A—4H
(uint8_t) ul_signal / @E/F—>
HAh:HL

FEARHERTH 60 EFa vEY
7

rm_motor_120_control_sensorless_pattern_first60_comp

A7 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
RABURING A—4H

(uint8_t) ul_signal / BE/ 42—

HAh: %L

MR 60 EFavELY
g

rm_motor_120_control_sensorless_speed_ref_set
A 71 : (motor_120_control_sensorless_instance_ctrl_t *) p_ctrl / 4 >
RABURINS A—4

HEFIEAESEHRELE

HAh: Gl

5] B A il SN o
rm_motor_120_control_sensorless_voltage_ref_set REETERELE
A 71 : (motor_120_control_sensorless_instance_ctrl_t *) p_ctrl / 4 >
RABURINS A—4
HAh: Gl

PI il {E1 022

rm_motor_120_control_sensorless_pi_ctrl

A 71 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
AR URINGA—4H

Hh: L

rm_motor_120_control_sensorless_check_timeout_error

A 71 : (motor_120_control_sensorless_instance_ctrl_t*) p_ctrl/ 4 >
AR URINGA—4H

Hh: L

RERER—LE Y RNEZ—2
I 5—HIENE
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% 3-14 “rm_motor_120_control_sensorless.c’BEA#— & [4/4]
T74ILE E## MR E
rm_motor_120_control_sensorless_Ipff LPF A28

rm_motor_120_control
_sensorless.c

A7 : (float) f4_Ipf_input / LPF A f1{&

(float) f4_pre_lpf_output / BiiEID LPF HHiE

(float) f4_Ipf_k / LPF &°4 >
H A : (float) f4_temp / LPF H HfE

rm_motor_120_control_sensorless_limitf
AF : (float) f4_value / AA{E

(float) f4_max / KB

(float) f4_min / &/IMiE
H A : (float) f4_temp/ HH{E

ETRY 2w bOE

rm_motor_120_control_sensorless_limitf_h
A A : (float) f4_value / AA{E

(float) f4_max / FxK{E
H 71 : (float) f4_temp / HH{E

ERY =y MLE

rm_motor_120_control_sensorless_limitf_|
A7 : (float) f4_value / AJfiE

(float) f4_min/ &/IME
71 : (float) f4_temp/ HH{E

TRY v MMLE

rm_motor_120_control_sensorless_limitf_abs
A7 : (float) f4_value / AA{E

(float) f4_limit_value / ') = v MME
71 : (float) f4_temp / HH{E

fextigy =2 v b
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F 3-15 “rm_motor_120_driver.c’BEi#—& [1/2]
T74ILE E## MR E

rm_motor_120_driver.c

RM_MOTOR_120_DRIVER_Open
A7 : (motor_120_driver_ctrl_t * const) p_ctrl/ 4 Y AR D RINT A—
5

(motor_120_driver_cfg_t const * const) p_cfg/ a7 1 J/1\5
A—4
H: (fsp_err_t) err / EfTHER

120 EREERIEA RS 4 /\F
IRANIE

RM_MOTOR_120 DRIVER_Close

A7 : (motor_120_driver_ctrl_t * const) p_ctrl/ 4 YR A VD RINT A—
e

Hh: (fsp_err_t) err /| EITHER

120 EEERIEHA K51 /3%
TR

RM_MOTOR_120_DRIVER_Run

A7 : (motor_120_driver_ctrl_t *const) p_ctrl/ 4 YR A VD RINT A—
e

H: (fsp_err_t) err /| E{THER

E— 4 BERFARNE

RM_MOTOR_120_DRIVER_Stop

A7 : (motor_120_driver_ctrl_t * const) p_ctrl/ 4 YA Z 2 RINT A—
e

H: (fsp_err_t) err /| E{THER

E— 4 OEEREENE

RM_MOTOR_120_DRIVER_Reset

A7 : (motor_120_driver_ctrl_t * const) p_ctrl/ 4 YA Z D RINT A—
e

H 7 (fsp_err_t) err /| EITHER

IZ—KREDYty MLE

RM_MOTOR_120_DRIVER_PhaseVoltageSet
A7 : (motor_120_driver_ctrl_t * const) p_ctrl/ 4 YA Z D RINT A—
2
(float const) u_voltage / U 8 PWM T 2 —F «
(float const) v_voltage / V 8 PWM T 2 —F «
(float const) w_voltage / W 8 PWM T 2 —7F o
H 7 (fsp_err_t) err /| E{THER

PWM T 2 —7 1 SRENIE

RM_MOTOR_120_DRIVER_PhasePatternSet
A7 : (motor_120_driver_ctrl_t*const) p_ctrl/ 4 Y AR U RINT A—
e

(motor_120_driver_phase_pattern_t const) pattern / @&E/\4% —

v
HAH: (fsp_err_t) err/ EITHR

PWM H 14KEEY] Y 2 2 038

RM_MOTOR_120_DRIVER_CurrentGet
A7 : (motor_120_driver_ctrl_t* const) p_ctrl/ 4 Y RHA D RINT A—
A

(motor_120_driver_current_status_t * const) p_current_status /
BREET—%

HAH: (fsp_err_t) err/ EITHE

RM_MOTOR_120_DRIVER_CurrentOffsetCalc

A7 : (motor_120_driver_ctrl_t* const) p_ctrl/ 4 Y AR U RINT A—
A

HAH: (fsp_err_t) err/ EITHE

ADEDF 7t v FEHLE

RM_MOTOR_120_DRIVER_FlagCurrentOffsetGet

A7 : (motor_120_driver_ctrl_t* const) p_ctrl/ 4 AR D RINT A—
A

HAH: (fsp_err_t) err/ ETHE

ADD fEQF 7+ v FEHIREE
B0E
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F 3-16 “rm_motor_120_driver.c’BEi#—& [2/2]
T74ILE E## MR E

rm_motor_120_driver.c

RM_MOTOR_120_DRIVER_ParameterUpdate
A7 : (motor_120_driver_ctrl_t * const) p_ctrl/ 4 AR U RINT A—
2

(motor_120_driver_cfg_t const * const) p_cfg/ 2> 7 14 J 135
r—=4
H: (fsp_err_t) err /| EfTHER

INFGA=ET Y TTF— A
B

rm_motor_120_driver_reset

A 73 : (motor_120_driver_instance_ctrl_t*) p_ctrl/ 4 Y X% VRIS
rA—4

HAh:HL

AVRBURINS A—4)
v L

rm_motor_120_driver_output_pwm

A7 : (motor_120_driver_instance_ctrl_t*) p_ctrl/ 4 Y X% VRIS
A—4

HAh: Gl

BE PWM HABR0E

rm_motor_120_driver_ctrl_start

A7 : (motor_120_driver_instance_ctrl_t*) p_ctrl/ 4 > X2 2R/
A=A

HAh: %L

E—4HIEA PWM H HB5A
B

rm_motor_120_driver_ctrl_stop

A7 : (motor_120_driver_instance_ctrl_t*) p_ctrl/ 4 > X2 2V R/NS
A=A

HAh: %L

PWM H hiEib i

rm_motor_120_driver_set_uvw_duty
A7 : (motor_120_driver_instance_ctrl_t*) p_ctrl/ 4 > X2 2V R/\NS
A=A
(float) f_duty_u/U % PWM 71 —7F «
(float) f_duty_v/V 4 PWM Ta1—T«
(float) f_duty_w /W #8 PWM T2 —F «
HAh: %L

PWM T 2 —7 1 SRENIE

rm_motor_120_driver_current_get

A7 : (motor_120_driver_instance_ctrl_t*) p_ctrl/ 4 > X2 VRS
A—4

HAh: Gl

A/D [EER SR

rm_motor_120_driver_mod_set_max_duty
A7 : (motor_120_driver_modulation_t *) p_mod/ PWM E% %
(float) f4_max_duty / KT a1—T 4«

HAh: %L

rm_motor_120_driver_mod_set_min_duty

A7 : (motor_120_driver_modulation_t *) p_mod/ PWM & 5E
(float) f4_max_duty / &/NT 1 —F 4

HAa: gL

BT 2—7 4 RENIE

rm_motor_120_driver_pin_cfg

A7 : (bsp_io_port_pin_t)pin/ E &S
(uint32_t) cfg / RETE

WA &l

ErariqadL—vay
SR E IR

rm_motor_120_driver_cyclic
A7 : (adc_callback_args_t*) p_args/ 3—JL/Ny VBN A—4
Hh: Gl

AID EHETI—IILINV YA
314
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3.3 Contents of control
3.3.1 Configuration Options

E—ARAEUY LR 120 EEEHEE S 2 —ILOERA T 3 Uik, RA Configurator ZEHA L THEKTE
£, ZEIhEATYavik, 3— FOLEREIC hal_datac ICBEEBMICRBENES, T3 @EH
ElEE. ROK I-L7THEEA T a VIZEBBELTWET,

=317 EERA T ay

Configuration Options (rm_motor_120_degree.h)

T7Tars AE
Limit of over current (A) HERNCOEZBADE. PWMBAKR— AL TIZHRES
Initial: 0.42 nEzJ,
Limit of over voltage (V) BIREENCDOEZRBZDE. PWM B AKR— ABAF TIZEE
Initial: 28.0 SNEY,
Limit of over speed (rpm) EELEENDEEFBZ S E. PWM HAR— AT JIZHRE
Initial: 3000.0 ENFEY,
Limit of over speed (rpm) BHEEEMNCDEZTES E. PWM HAKR— AT JIZERTE
Initial: 14.0 EhEJ,

Motor 120 degree control (rm_motor_120_degree)

Settings Property Value
v Common
Parameter Checking Default (B5P)
w Module Motor 120 degree control (rm_motor_120_degree)
~ General

Mame g_motor_120_degreed
Limit of over current (A) 042
Limit of over voltage (V) 28.0
Limit of over speed (rpm) 3000.0
Limit of low voltage (V) 14.0

Interrupts

3-8 120 E@EHIMED FSP a2 7 4 J L— 3 »(FSP3.5.0)

3.3.2 Configuration Options for included modules
E—SRHAEUY LR 120 EEEHEES 2 —LICIE, LTOEDa—ILBNEENFET,

= 120 control sensorless module

= 120 driver module

Fl, INSOED2—IILICIE, oY LR 120 EREBHIHED 2 —ILERUCBBR/NASA—20HY E
T, ATV RBERTEEEUTORIZRLET,
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* 3-18 #EEA T3y

Configuration Options (rm_motor_120_control_api.h)

A7 avs kS

Conduction type A0 EFavELITHETYEZR
Initial: First 60 degree PWM

Timeout counts (msec) FILHEADZ [Mms]

Initial: 2000

Maximum voltage (V) RAXEREE [V]

Initial: 20.0

Minimum voltage (V) R/MERERE [V]

Initial: 3.0

Speed PI decimation HE PIFIEAZY AAMEE =8
Initial: 0

Free run timer frequency (MHz) =334 TEEH [Mhz]
Initial: 120

Speed LPF K RE LPF/XT A—4

Initial: 1.0

Step of speed change REERRKERE

Initial: 0.2

PI control KP RE P BT A >

Initial: 0.02

PI control Kl REPIERTA >

Initial: 0.0005

PI control limit BIE PI FIHESIEY = v ME [V]
Initial: 24.0

Motor Parameter | Pole pairs 1Bt #1

Initial: 2
RO1AN6259JJ0100 Rev.1.00 Page 36 of 56
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® 3-19 #EERA T3y

Configuration Options (rm_motor_120_control_sensorless.h)

AT arg

RE

Stop BEMF
Initial: 0.5

UYL RABREFILHIEERE

Maximum voltage for BOOT (V)
Initial: 8.0

BOOT E— F®RAXEE [V]

Carrier frequency (kHz) Fv ) TREKE [khz)

Initial: 20.0

Adjusting angle A=Y BEZAA I VT RARE
Initial: 0

Boot reference voltage (V)
Initial: 3.0

EfETE [V]

Voltage lamping time
Initial: 128

& &

EHRSEMEAL Y FEE

Voltage constant adjust time
Initial: 64

&

EEERE—EAY Y FEK

Open loop start speed (rpm)
Initial: 150

EEEE [rpm]

Open loop mode2 speed (rpm)
Initial: 185

F—ToIN—TE—FR1GYEZEE [rpm]

Open loop mode3 speed (rpm)
Initial: 1000

F—ToIN—TE—R29YEZEE [rpm]

Open loop start voltage (V)
Initial: 3.0

EEBEE [V]

Open loop model speed rate
Initial: 0.25

F—TIN—TE—F 1 TOEEEMER
[rpm/control period]

Open loop mode?2 voltage rate
Initial: 0.00285

F—TUN—TE—-F2 TOEREEME
[VIcontrol period]

Open loop mode2 speed rate
Initial: 0.71

F—TUI—TE—F2 TOEEEME
[rpm/control period]

Open loop mode3 voltage rate
Initial: 0.002

F—TUN—TE—F 3 TOEEEME
[V/control period]

Open loop maximum voltage (V)
Initial: 6.5

A—TIoN—TE—F3TORKEE [V]

RO1AN6259JJ0100 Rev.1.00
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120-degree conduction control sensorless {rm_motor_120_control_sensorless)

Settings Property
v Common
Parameter Checking

v Module 120-degree conduction control sensorless (rm_motor,

w General
MName
Conduction type
Stop BEMF
Timeout counts (msec)
Maximum voltage for BOOT (V)
Maximum voltage (V)
Minimum veltage (V)
Carrier frequency (kHz)
Adjusting angle
Speed Pl decimation
Free run timer frequency (MHz)
Speed LPFK
Step of speed change
Boot reference voltage (V)
Voltage lamping time
Voltage constant adjust time
Open loop start speed (rpm)
Open loop mode2 speed (rpm)
Open loop mode3 speed (rpm)
Cpen loop start voltage (V)
Open loop model speed rate
Open loop modeZ voltage rate
Open loop mode2 speed rate
Open loop mode3 voltage rate
Open loop maximum voltage (V)
Pl control KP
Pl control Kl
Pl control limit

v Motor Parameter
Pole pairs
Resistance (ochm)
Inductance of d-axis (H)
Inductance of g-axis (H)
Permanent magnetic flux (Wh)
Rotor inertia (kgm™2)

~ Interrupts
Callback

Value

Default (BSP)

g_moter_120_contrel_sensorless0
First 60 degree PWM
0.5
2000
8.0

20,0

3.0

20,0

)

)

120

0.5

0.2

3.0

128

64

150

185
1000
3.0

0.25
0.00285
071
0.002
6.5

0.0z
0.0005
24.0

2

6,447
0.0045
0.0045
0.02159
1.8

(5 rm_motor_120_degree_120_control_callback

39 EUH LR 120 EEEHHDFSP YT 445 L— 3 2 (FSP3.5.0)
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*® 320 BEATLay

Configuration Options (rm_motor_120_driver.h)

FToars

RE

120 degree control type
Initial: Sensorless

120 E@REREE 24T

PWM output port UP
Initial: BSP_IO_PORT_04 PIN_15

PWM & 51(Up)R— k

PWM output port UN
Initial: BSP_IO_PORT 04 PIN 14

PWM H A1(Un)AR— k

PWM output port VP
Initial: BSP_IO_PORT_01 PIN_13

PWM H 51(Vp)R— ~

PWM output port VN
Initial: BSP_IO_PORT_01 PIN_14

PWM H A1(Vn)R— +

PWM output port WP
Initial: BSP_IO_PORT_01 PIN_11

PWM H A3(Wp)R— k

PWM output port WN
Initial: BSP_IO_PORT 01 PIN 12

PWM H 3(Wn)R—

PWM timer frequency (MHz)
Initial: 120

PWM 4 A < &K%l [Mhz]

PWM carrier period (Microseconds)
Initial: 50

PWM F+ 1) 7 &K% [Micro seconds]

Dead time (Raw counts)
Initial: 240

Ty K24 LA~ [Raw counts]

Current range (A)
Initial: 27.5

BRREL VD [A]

Voltage range (V)
Initial: 111.0

BERELUD V]

Resolution of A/D conversion
Initial: OXFFF

A/D Z#iE

Offset of A/D conversion for current
Initial: Ox745

ADE#®A 7ty +

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

EE AD LR

Counts for current offset measurement
Initial: 500

7ty MEGTERHK

Input voltage RHEEE

Initial: 24.0

A/D conversion channel for U phase current UtHERBHEF v R~IL
Initial: ADC_CHANNEL_0O

A/D conversion channel for W phase current WHERBHEF Y RIL
Initial: ADC_CHANNEL_2

A/D conversion channel for main line voltage BiREEBREF v
Initial: ADC_CHANNEL_5

AJD conversion channel for U phase voltage URBEBREF ¥R
Initial: ADC_CHANNEL_18

A/D conversion channel for V phase voltage VHEEERBTF ¥R
Initial: ADC_CHANNEL_20

A/D conversion channel for W phase voltage WHHEEHEEF v RIL

Initial: ADC_CHANNEL_6

GTIOCA stop level
Initial: Pin Level High

E7—LfFIERLARL

GTIOCB stop level
Initial: Pin Level High

T7—LEFEILEELARL

Modulation | Maximum duty
Initial: 0.9375

PWM & KT a1—T+«
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ADC and PWM modulation (rm_motor_120_driver)

Settings Property Value
w Common
Parameter Checking Default (BSP)
w Module ADC and PWM modulation (rm_motor_120_driver)

w General
Mame g_motor_120_driverd
120 degree control type (5 Sensorless
PWM output port UP BSP_IO_PORT_04_PIN_15
PWM output port UN BSP_IO_PORT_04_PIN_14
PWM output port VP BSP_IO_PORT_01_PIN_13
PWM output port VN BSP_IO_PORT_01_PIN_14
PWM output port WP BSP_IO_PORT_01_PIN_11
PWM output port WN BSP_IO_PORT_01_PIN_12
PWM timer frequency (MHz) 120
PWM carrier pericd (Microseconds) 50
Dead time (Raw counts) 240
Current range (A) 27.5
Violtage range (V) 111.0
Resolution of A/D conversion OxFFF
Offset of A/D conversion for current 0745
Conversion level of A/D conversion for voltage 0.66
Counts for current offset measurement 500
Input voltage 24.0
A/D conversion channel for U phase current ADC_CHANMEL O
A/D conversion channel for W phase current ADC_CHANMEL_2
A/D conversion channel for main line voltage ADC_CHANMEL_5
A/D conversion channel for U phase voltage ADC_CHAMNMEL 18
A/D conversion channel for V phase voltage ADC_CHAMMEL_20
A/D conversion channel for W phase voltage ADC_CHAMMEL &
GTIOCA stop level Pin Level High
GTIOCE stop level Pin Level High

w Modulation
Maximum duty 0.9375

w Interrupts
Callback .L rmn_motor_120_control_sensorless_driver_callback

3-10 120 EBEHIHA ADC E PWM £ aL—Y 3 Y RSANDFSPaYIJ445L—> 3y
(FSP3.5.0)
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34 #lEoo— (zA—Fv¥—1F)

341 A4 uHE

N

AR

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] £

3-11 A EBI7O—Fv— b
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3.4.2 50 [us]EAEAEIY AA(F+ ) 7 EEAEI Y A H) L EE

( )7 BIAH >
|

SHHERDIRE

SHERDATEVMNRE

BREEXORE

SHEEDEGF

SHEEATVRE

— SvsTemmonE =

[ACTIVE]

[INACTIVE]

FA—T I —TERENIE

FTOooOR#EE

HESTMENE S

<€

E—SFIEHE

o

3-12 50[us] B #AZI Y AAWLE T O—F v — b
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3.43 1[ms|AHAEIY AH TR

< 1 [ms] Bl5AH >

[INACTIVE]
SYSTEM MODE
[ACTIVE]
[INIT_MODE] [DRIVE_MODE]
RUN MODE
[BOOT_MODE]
[+ 7ty ] A 4
|| memewme || || mememms ||
| sootmopen | || mEmemms || || mEmemms ||
[+ 7t MLEES I 238)
F—Ton—7]

» A =TT

BEESMODE

[ EEPI 1]

E[EESMODE
F—Fvi—7]

| Ve MODE~ | | PWMF 21— 12k |

| | 5| EAAH LR | | ”
C =
3-13 1 [ms|EHE Y AANETIO—F v— k
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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

X 3-14 BERREIYAALEIO—F v—k
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4. FFmIREERER
BTNV T Y7 OFMRECOVDTHALET,
4.1 BMEIRIR
RALIS.HUTIWY IR Iz THEELRFBEIUVTNYITTE50ODN—FI7EHERLET,
x4-1 UYL R 120 ERERIEH/N— FDz 7ERTHE

IHH

RE

A N—FKR—F

RA6T1-RSSK [RTKOEMO0000B10020BJ]

CPU R—

K

RA6T1 CPU Card [RTKOEM0013C01201BJ]

E—4

TS5 LADCE—4 (TG-55L-KA 24V)

FoFvITFNYTIIaL—4

B,

RA6T1 CPU A— KFIZI&, #>vAR—KF/3vvH (J-Link OB)
NEHINTWSED, TI2L—42ZAETHIREFHBYE

RA2(12, YU TIWY TRz T7E2ELRBEUVTNYITEEODY I Iz 7ERERLET,
£4-2 UYL R 120 EEEHEY 7 by 7EKRMLH

IHH

N—o3y HE

GCC

e2 studio

2021-10 Integrated development environment (IDE) for

Renesas devices.

GCC ARM Embedded

V10.3.1.20210824 | C/C++ Compiler. (Download from e2 studio

installer)

Renesas Flexible
Software Package
(FSP)

V3.5.0 IR Software package for writing applications for

the RA microcontroller series.
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42 Oz bOAUER—F

BTNV T I 7IF. UTOFIET e2 studio T4 AR—FTEFT,

1. File — Import

File | Edit Source Refactor Mavigate Search Project

New Alt+Shift+N >
Qpen File...

(., Open Projects from File System...
Recent Files 5
Close Editor Crl+W
Close All Editors Ctrl+Shift+W
Save Ctrl+S

Save All Ctrl+Shift+5
Revert
Move...
Rename... F2
Refresh Fs
Convert Line Delimiters To >
Print... Crl+P
ixg Import..
Export.
Properties Alt+Enter
Switch Workspace >
Restart
Exit

Ba1 274 AZa—

2. [Existing Projects into Workspacel Z&ERL. [RNRE2 V&V ) v I LET,

8

Select

Create new projects from an archive file or directory.

Select an import wizard:

Y

=

| type filter text

v (= General
,@n Archive File
[ CMSIS Pack
=% Existing Projects into Werkspace
[} File System
E Preferences
(=) Projects from Folder or Archive

2% Rename & Imnort Fristinn C/C++ Proiect intn Workenare

K42 AvR—bAZa—
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3. TBY Y R IFANERIRLET, FinshRE22&IYvITHE, TADZY bHAS UR—+ &
hid—o

Q Import m} *

Import Projects e
Select a directory to search for existing Eclipse projects. g A

(®) Select root directory: | C¥work¥RA6T1_ESB SPM_LESS 120 E25 V100 o | Browse...
() Select archive file: Browse...
Projects:
RAET1_ESB_SPM_LESS_120_E25_V100 (C:¥work¥RAGT1_ESB_SPM_LESS_120_E2S_V100) Select All
Deselect All
Refresh
Options

[[]Search for nested projects

[[1Copy projects into workspace

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

Working sets
[J Add project to working sets New...

Select

w

':?;' < Back Mext > Cancel

H4-3 Oz bDAUER—Fk

43 EILFKETNYYT
le2 studio 1 —H—XY = aF7ILAFH A K (R20UT4204) | #BHB LTS,
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44 YTV T b T OBRERE

441 DAV REA—F
E—A & HBIF X IE Y — )L TRenesas Motor Workbench] Z#EBE Y TILY T rOx 7 E8EEE 5
58, FTiEDFIETHOAVIRE— T TOD Y FEEFTLET,

(1) RELCEEZBAZ, £ty MEIZA /N —42FKR— FEOD LEDL, LED2 (9 N TELTIKEET.
:E_g ‘j:{'g.u: L/—CL\i_g-o

(2 AN—RKR—FEDFJILAAL Y F(SW1)ZEON ITFHEE—EMNEELES ., FTILRSYTF
(SWHEUYEBZ D EICE—FDOEERMABIZLEEZRYRLET, E—FHNEFICEELTLSEE
A oIN—SR—FEDLEDIABEIKTLET ., COEE, £ /N —2FR— FED LED2 ABKTLTLY
HEBEEIS—MIEELTLET,

(B) E—ADEEAALZLEETBESE. 41 vNAN—2R—FLEDORY 2 —LEHR(VRL)THAELET,
- AR a—LER(VRY)ZAIZET . E—2 A BFETE Y IC[EER
- R a—LER(VR)ZEICET : E—2 A REFEE Y ICEER

(4) TS—DHELEEGE. 41 VNN—FFR—FLEDLED2 NELTL, EENAFIELET., BIRTS:=0I1Z1F
AVIN—BR—FEDFTILAA YF(SWL)ZOFF[CLFETTYL 1 RL Yy F(SW2)EHRLTLES

LYo
(5) ENMERERZKRTIHEEF. E—2DOEEMNMELELTWSZEZHEL. KEILERDOE H%E OFF
L%,
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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 F KU 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 #}#]

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 Tt izF v D COM %#:EIRT 5,
AID Select Tool M Easy E1=I% Analyzer R2 %49 ) v 93 5%,
® 74.5.2 Easy HEEIREHI"E1-1374.5.4 Analyzer #EEIREBI"  ETIZE— 4 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'Z ONIZTF 5,

(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

4-6 E—AEEDFIE

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’RA4 wF#%#ONIZTF S,
@ “Reset’RA wF % OFFIZF 5,

(UTurn ON
(2Turn OFF

m : Reset RMW UI
Position ()

w Ref speed [rpm]

2ed 0

2000

1500
l 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 #$EE A HAZEH—% [1/2]

L @ iz
com_ul_mode_system1(*) uint8_t ATF— L EHE
0: RrYyTE—F, 1:5VE—F. 3: Utvk
com_f4_ref speed_rpm float RERSE WA) [rpm]
com_f4_overcurrent_limit float BERTS—EE [A]
com_f4_overvoltage_limit float BEETS—REME [V]
com_f4_overspeed_limit_rpm float REBBTS—REMWA) [rpm]
com_f4_lowvoltage_limit float BEETS—REIE [V]
com_u4_timeout_cnt uint32_t ZILHERMAD V42
com_f4_max_drive_v float RAXESEI [V]
com_f4_min_drive_v float ®R/MESEX [V]
com_s4_angle_shift_adjust int32_t NZ—HYBR A S VT REE
com_f4_speed_lIpf_k float EE LPF /XS A —4
com_f4_limit_speed_change float EEEAIRKIGREE
com_f4_boot_ref v float BEESE
com_u4_v_up_time uint32_t EEXHESEMELY Y FEE
com_u4_v_const_time uint32_t BEERE—EHV Y FEK
com_s4_ol_start_rpm int32_t IRELRE
com_s4_ol_model_change_rpm int32_t E—RFLIOYBZEE
com_s4_ol_mode2_change_rpm int32_t E—F2UIVBRAERE
com_f4 ol_start_refv float IRENEE
com_f4_ol_model_rate_rpm float E—F1TOREEME
com_f4_ol_mode2_rate_refv float E—F2 TOEFEHEME
com_f4_ol_mode2_rate_rpm float E—F2 TOREHEME
com_f4_ol_mode3_rate_refv float E—F3 TOEEEME
com_f4_ol_mode3_max_refv float E—-F3TORKER
com_f4_pi_ctrl_kp float |54 R G
com_f4_pi_ctrl_ki float Bor4A4
com_f4_pi_ctrl_ilimit float BIE PIHIEEREY = v ME [V]
com_u4_mtr_pp uint32_t 18 f B
com_ul_enable_write uint8_t EHEESHRZ T
(g_ul_enable_write & @ L{EZEZRAALIZEICEEAHEA)
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4.5.4 Analyzer #EER1EH
Analyzer #EEZFERAL. E— 2 Z1REIT DB ZUTITRLET, BEL. 4-4 TRY"Control Window”

TfTLVET, "Control Window” @ #$#lllZ. TRenesas Motor Workbench V.1.00 2 —H—X<vY =217/l %
SEBLTESL,
o 1—HA A Tx—R% Analyzer ERIZEET S

@ “com_ul_sw_userifDW?HIZFz v 2" BNA->TWS I L EHERT 5,

@ [Write]#I0 2AHT 5,

® “Write"’ R4 V&Y,

o E—A%MEERETED

@ “com_ul_mode_system”,‘com_f4_ref speed_rpm”, “com_ul_enable_write’® [W?] #IZF v o H
ADSTWB I LEHRT S,

@ 65 EEEE Z“com_f4_ref_speed_rpm’® [Write] #IZAHT %,

@ “write"’R2 > &#HT,

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

® MCUHNNDZEHE~RMEE S5, “com_ul_enable_write” [C@THEE L. "g_ul_enable_write”
LRILEEZANT S,

® “com_ul_mode_system’® [Write]fIZ"1"ZANT 5,

@ “Write"/R2 > &##9,

@click “Read” button ®@cClick “Write” button

ontrol Window
‘ ‘, Read | OWrite |§§== Commander| OStatus Indicator | One¢
Variable Data | Variable List | Alias Name @Check
Variable Name Data Type Scale Base R? Rea&ﬂ Write |
com_u1_mode_system [INT8 Q0 [Decimal 0 Vo <= ®Write “1”
com_u1_sw_userif INT8 Q0 |Decimal 0 “ o
com_f4_ref_speed_rpm |FLOAT Q0 |Decimai| ¥ [2000 | 1 § 2000
com_ul_enable_write [INT8 Q0 |Decimal 0 g, 0
g_ul_enable_write UINT8 Q0 |Decimal 1 L] ’ \
T 2 O [T )
/ (2Write reference speed

BWrite(“0” or “1")

4-9 E—A EEDFIE

o E—AREELEIHED
@ “com_ul_mode_system”@[Write]##(Z"0"E AN T B,
® "Write"/ R4 &Y,

2Click “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 |
com_u1_mode_system |INT8 |QO lDecimal| |1 I |O 4—1—"\‘1}erte “0”
= o= T - == = 1= T

4-10 E— 42 FILEDFIE
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o kF->TLESE (T5—) BEDWIE
® “com_ul_mode_system’MD[Write]{#IZ"3" % AH T %,
@ “Wwrite"/R32 V&Y,

@cClick “Write” button

EE“ Commander| OStatus Indicator | One

[ ” Read I WV\Trite

Variable Data |Variable List | Alias Name

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

4-11 T5—REROFIE
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5. 3ZKXa1 AV

RA6TL Y I—T A—4—X3=a7)IL N—FKozT7# (ROLUHO897)
RA Flexible Software Package Documentation

KAMAREE—2 D 120 E@EEFIE (7/)LT') XL#K) (ROLAN2657)
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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HEIERALDFESEIE
CITR, YA ERERICERT S MEALOEESE] (COVWTHALET, BAOFERLOEESEICOVTIE. AFXFa1 AV MSEUTY

ZALTYITT—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. BRAIHBIZEITHANES
LEUGOERNLT TREDLEFIZ, ANEBPLABATLT7 Y TEREANLGNTLESV, AREBVCALATLT v TERMNSOEFEAIS
&Y, BEEESIFEILEY., REERSRAABRFELLESELYTIEANHY ET, BRPIC TERA IBICETIANES] (22T
DEBEOHHEGZIE. TORBETFH>TLIESL,

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

5 ZOv%I221T
Uty b, 70y I RRELER. Uty FEERLTCESY, 7RYSLETHIOI/ Oy 7 YEZIRKE, YIVBZ A/ OV IARELE
BICUYBZTLLEEL, Yty b, SMEIRIRT (FRENERIRER) 2RAN-/ 0y ) THEZRRT S VIATLTIE, 70V IN+RRE
Liztk, Uty FEMBRLTEE N, £, 7OV S LOBRPTHBREIRT (FFOBHEREE) 2RV 0y ICYEZ LI5S, TY
BREDI OV IR RRELTHLYYBEZ TS,

6. ANiHFOENMKR
AN/ A RORGRICEDEBEEATBRBEORRCHAVETOTERELTLLEE L, CMOS #RDAAN/ 4 X EICEAL T, Vi (Max.) H
5 Vin (Min.) EFTOMEEICEEFEDLSHIGEEEK. RBEESIZEIIBIAHYET . ANLALAEEDNSEELESA. Vi (Max.) B5 Vin
(Min.) EFTOEEZBEBT 2BBHMPICF v 2 YT/ AXGENRASHEVNESITHERALTLESL,

7. UH—JF7FLR (FHEE) 077 XELE
YH—T7 FLR (FHMEE) D77 X EZIELET ., 7 FLRAMEHICE., FEOMRERERICEIYATOATVS VF—T7 LR (FH%E
B) BHYET. ChHDT7 FLRETIV A LEZEEDBEICOVTIE, RIETEFEFRBADT, PI/EALBEVESITLTLEEL,

8. HIMEOMEIZONT
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, T2 — FEICKYBEEME. Harsh environment BITRREEELTWI LD ERE, BiEES - SRICREERIFTAEMEOH S
HEs - DRATL (EGHIBEE. ARICEOAAERATEH0%F) ( L LEERUYMBELRESEIBTNOHSMHEE - VX TL (FHHES
&, BEDHE. RFARESRTL, MEBHHSATL, TS5V FEEVRTL, BEEHES) CEASASLILEFRERLTELT. Chod
ARICERATEICLFBELTVERA, X, SHAEELTOVEVARICAHEURZFEALEZILICIYEBRENELTH, SHE—UZDE
FEEVEEA,

LHEEECHERAORE. BFORMSER (F—42>— b 1—H—XT=aTFIL, FIV5—av/—h, EBEENYRITvHICRED M8
ATNA ZAOFEALO—MRHAEIEEIE] F) #CHAOL, BUMNETET IRAEE. BHEEREXTHE. KBSE. REFHTOMBEEHD
HENTIHEACLESL, BEEHOHEEERI CTUHEREHERASAISEOME, RBEOFESHLUVERICOEEL TIE, HkE, —1)
ZTOEXEAVERA,

L#E, SHESKOSESSCEEEORLICEHTOETA, FERRNRIHIBETHEARKELY ., FRAEKHICK>TIEREELEZYTS
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
ToTLEEWL, BIT, Y420V T b 7(E. BRTORIETRHELD. BEFOWE - VXATLELTORERIAEHEHROEETIT-T
&L,

LHBETOBRBEESHEOHMICOTELTE, EREMNCHTLUHEXROFTHEMER LSV, THEACKELTE. HEOWEOESR - £HA
#IRH 95 ROHS IS %, BRAINIBERELSZTHRAENS 2. MW IEFICEARATILS THEACESL, MMSESEETLEVI &I
FYELCHEFICELT, 4k, —ZT0EXEZEVFEEA,

LUHBRELIUBEMZERNNOZSES L VRAICE YRS - A - BREEFZLESATVIHEE - DRATLICERTSILIETEE 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,
AERCRBINTVINBTEFESHBERICOVTIFALGEAASIVELZL, BHOEXBLEFTHEHEEE 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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