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F-RRR-ACTOT L T RN BUERA,
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(= Tracing
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S o —_ -~ - .
4. 7Oz b UKR—FEEIZCHEDDT, (BB #EVUVvILFET,
- ] [ EF o =
= O I0FLDRES R =b
e BN fckpoe TOULTEMET BF LT HU-ERRFL 2T F—
TOGET - ITATD=3= X =0 -
e L T [t L 2T
TOG TR AR 7 T-Fro oA BiA:
<. Taszikre
L2 il Lae
i dfsy Tl
R T
Aal
FAELEFOLL T E M B
Tosro-ET-0 -0
L ELAA - LETO s T HE L Bl
F=TAA=AEEEFET S0V
T4 - raf
T T ES -k -y HCTO ST EANT A
O AR T
'? Lt Eh
oS ERINELE,

5. 74 IS —EREEAFHEL DT,

JLFET,

6-7 3—45w k77 A ILIBEA)

B—=7Y rDITFHIE—ERRL.

B P O R " A
& F0YTIRTIRT0-5- X | Hef
&7 1

D-FAR-ALTOI LI N BV E A,
FoVToHERMT BICIE

0 ERMERsNALL,

Y= UIrFEULIM  FE

S A

@ i
F-kHN)  BEA)
@ 74 F-0ER

« v o

5

FLWIANS -

-4

OneDrive - Persor

[ Bl F A

= Fraxvk *
4 govo-F #
WeoFe *
& 2-997 #
Qe ’
ATY-vv3vk

main

A~

ERARERISREG

« r0la..

> works.. »

Q

RA4T1_MCILV1 SPM HALL 120 E2S V100
RABT2 MCILV1 SPM HALL 120 E2S V110
RABT3_MCILV1 SPM_HALL 120 E2S V100
RAST1_MCILV1_SPM_HALL_120_E25 V101

RA6T2_MCILV1_SPM_HALL 120_E25 V110

| omvs-omr |

Frrtl

<E3(B) N [

#TE

Fryoil

6-8 #—4 v kT 7 A ILIBE®5)
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6. ELL A=y 70D FATEARFENDERME-9DESICHZDT, HRELT (BT) 2k7

JyoLEY,

@ [~ e u =
InsokE R
T . i, il BED Ecbpre TOLZTHEWEF A5 4L TH-ERFLET
TOFF - IPATI-- X =0
[ TR SIRRIEEE 1T S T ———— FRA
P-0AR-R IO MR,
4 EANTIE P17 TR RO ERIA
B FOSET P
B s B FASTE MACILVA 5P HBLL 1300 EF5 V1 W80 Saarinec eNFALET) FATAFIS
E AFEFA TR
WikiE
Ly vl
*AHLATOS T EWEH
FOszf HET-TRN-2E IO
B TERE, KL w=-HATO Uz ML Bl
J-73A4-ICMERET 2T0 T HENTT
[
— 430 kT Lam A
PETEGRTERGE
z R )
ST— R}

6-9 2—4~w k7 74 ILIETE(6)

7.e2studio EI2A4—4w k7O Y k

N UR—rEhFZELEHELES,

m workspace - e studie

L=

IFTIME) WEE) Y=A) UIFFZ2FUsAM  FET-RMN) HEREA) TOYIZHP)  Renesas Views EFT(R) Renesas Al D EOW)
- & i CIEE T R
Iy 70¥ 2k 19370-5- X

» T RABT2 MCILV1_SPM_HALL 120_E25 V110

¥ R X

(EFARRELRBRERIDUEICA, BRI TOINSREBLTN.

AT H)

6-10 %

—Fy R IAT Y kA Uki— MR
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632 7OV FDELER

1.631TAVR—hLEEETAHX-WTOS I FE2HEVY VI LET,

2. TWEDAZa—hmFHLDT.,

®6-11 4—4~vy 7O TY FOEBE

(R FOELER) ZBRLEV Y VI LET,

Iﬂ waorkspace - e studio

oA

FPMAF) REE  Y-R(S)
G 70Y1Ok12270=3= x

> b RAGT2 MCILV1 SPM_HI

BFARN)

b= N R ]
R FITRN)
FTTTERW)

K-

kD)

u=2

£ ETEM).
vy AR
II3#-HO)

Renesas FSP

Alt+Z 20+ W

Cirl+C

L

* nesas Views FiT(R} Renesas Al

>

»

JOV 7+ EE)

0T rETY=TFE

L EHE

FOVL7 HERMLSE)

EILE-F=1fuk
14F472
EILFsL

Source

0 =R
i TIWID)

D= LB S S T 00

2UEOMN

AJTH)
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3. EINFAEITESN, aVY—ILIs 2V FIIZELRFTOEARRTEINET, BRIUIZEILFAIS—
BMITETLIEZEZFHERLTLESL,

B workspace - ¢ studic ] *
IR IAF)  BEEEY V=S UFPTSULTT FET-RN WRA TOVORM Renesas Views  ®HTORD Renesas A Sl FRiag AT
R R U - v Q, (| EEcKes BT
=

Iy Foror 192 70-5 e = =

5 RAGTZ_MCILVI_SPM_HALL 120_E25 V110 [De

-':-'a--v—':-!

B e o 3 5 3 & o=

COT ERF- 22- b [RABTZ MOV SPAMHALL 720 E25 W110)

18:54:17 Build Finished. 8 errors, I warnings. (took 19s.20ms) i

6-13 EJL FI&ETHER
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6.3.3 PC &4—4w b R— K% USB 7 — J L TR
UTORNDESIZPC ECPUR—KZUSBY—JILTERKLTLLIEEL,
(BDAR—%7 v biR— FlX RX74M Z £ )

USBS—JILZEFEST, PCEA—4 Y bik— KD
USB #EfiaRU 2 xR d 5

X 6-14 PC &4 —4 v kiRk— K(RX74M) D&
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6.3.4 B—7 v riR— FADEZEERAH(EL FEH)
1. EERAH-WITOD I b ERYV IV ILET,

G workspace - e’ studio
TP EEE) YU-RG) UITIFULIM FEY-HN) SEA) FOVIIMP)  Renesas Views FEiT(R) Renesas Al 24XFUW) ALTH)
B4~ ® N3 RSB H -G

JOY1H R IHATO-5- i m

@
T Y -1

I 5> RAGT2_ MCILV1_SPM_HALL 120_E25 V110 [Del

1200=lk
COT EJbk-22Y=)1 [RABTZ_MCILV1_SPM_HALL 120_E25 V110]

6-15 E2FAH 7O Y FOEIR

2. TWEDUAZ2—DBKDT ATFNY ) ITh—YILEEBE. BV > KT (Renesas GDB
Hardware Debugging? #&EV ) vV L% 9,

@
774, RN > mA) JDVIOHP) Renesss Views EIIR) Remesas Al O4VEOW)  ALT(H)
LS ]
o7 R0 FITRICN)
EFHAW) A+ EEW >
=]
&
IX={C) CirteC
® mED BllER
Y-2 >
EHEEEM)., F2
s AUA-HI.
4 LIAR-HO)..
Renesas FSP >
70V HBEILFB)
TOYIDEEIU-T B
EH(F) F5
FO1T HERILSIS)
7 1 GDB CpenDED Hardware Debugging (DSF)
ek 7=t - = -
3 imulator ing (RHA50)
iy - 11
TAFAIR TR 3 Raresas GOB Harcware Dabusgging I
En-FMAL > BT & Renesas Simulator Debugging (X, ALTE)
Source > [€] 50-BRC/Ce+ PIUT-3%
Q =GR > FICrT OWEB).
1 W TR > I 7 6 RAGT2Z MCILV1_SPM_HALL 120_E25 V110.elf (Renesas GDB Hardware Debugging)
- AL EESSERN)...
= —_— » - Y
6-16 T/\v T HEDER
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3. ELLZ—Hy biR—
JEmE) ITBITLET,

FegEfian, JoJ 58w oo—

—

FEhf=5Ha. H6-17D&5% (T/\y

/* Call user application.

E workspace - RAGT2_MCILV1_SPM_HALL_120_E25 V110/ra/fsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c - «* studio = =] 3
FriMF) REE V-AS) UIPIFYLIM  FEY-HN) BBA) TOVI7HP)  Renesas Views ETR)  Renesas Al qUFOMW) ARTH)
R oviw| 0 BN e g - il - RS Q | BaC/Ces
% 71090 | [d startupc X | B avy-n x| EHLYas- B mE @ 27-+ 7. | @ Debugge. | &7 @] O xEU-
5@ B08947e8 SystemInit(); - e = R

| s O
RAGT2 MCILV1_SPM_HALL 120_E25 V110.elf IRenosasGDB Herdware Debugging] [pid: 7]

o
% 7 : HEEEER - oK
main(); RBEEIER - O
while (1) Ho0-F Mk
{ Option Function Select, writing to address ©xe10ealoe with data ffffff
Infinite Loop Option Function Select, writing to address ©x@10@al34 with data ffFfff
3 S e B Option Function Select, writing to address @x@10@a2ee with data fffdfe
} HOLO-FET
=PIl -k B L 2 ex e 5BL ETL &
# * Default exception handler. (=]
- BSP_SECTION_FLASH_GAP woid Default_Handler (void)
{
# f** & srrar has oceurred. The user will nesd to imvestigate the cause. Coms [
BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(8); @
@
Main stack * ¥
static uint8_t g_main_stack[BSP_CFG_STACK_MAIN_BYTES + BSP_TZ_STACK_SEAL_SIZE] I o
BSP_PLACE_IN_SECTION(BSP_SECTION_STACK);
7 /* Heap */
78 = §if (BSP_CFG_HEAP_BYTES > @)
79
88 BSP_DONT_REMOVE static uint8_t g_heap[BSP_CFG_HEAP_BYTES] BSP_ALIGN_VARIABLE(BSP_STACK_ALIGNMENT)
81 BSP_PLACE_IN_SECTION(BSP_SECTION_HEAP);
#endif
/* All sy in the are weak refl If the user wishes to handle
these exceptions in their code ¢ should define their
- i defined(_ ICCARM_ )
#define WEAK_REF_ATTRIBUTE
— & ~
6-17 T/\v JEHE
— > » ~ > ~
A TNV JTEEORZEY )y LT, 2—7 v biR— k& D& B
. Y > B
USB7—TNLEHNLT, 2—7 Y biR— FADEERAATTTY,
18 \workspace - RABT2_MEILV1_SPM_HALL 120_E25 V1 10/raffspysrofbsp/cmsis/Device/RENESAS/Source/startupc - e studio =] X
IP{MF) IREE) V-RS) UIRTFUXTM  FEY-HN) ®ER) TOVIZHP)  Renesas Views ETT(R) Renesas Al 1YETWN) ARH)
BR - i g e Qurila~Fe e - 10l & Q, B R Ty
1 Fitad < startup.c 4 | [ mtr mainc B ay-p x| WiLas- [ mm @ 29-+-7. | @ Debugge.. | &7 em| [ Au-| #
void Default_Handler(void); Mg RiPEE B> ®
int32 t main(void); RABT2_ MCILVI_SPM HALL 120 E2S V1T0.elf IchcsasGDBHard\.\ade:luggmg] fpid: 15] o)
A : . : " Current TrustZone device status
# * MCU starts executing here out of reset. Main stack pointer is set up already = Ll
= BSP_SECTION_FLASH_GAP void Reset_Handler (woid) g::u;tiizel b gecure Softwire-Oeveiopaent ;(33D)
{ £ T 2
. - Secure/NSC memory partition size:
. ;i;he jaces daing Bok, z Code Flash Secure {k8)
Y temd o - code Flash NSC (k8) L
& i
‘Icall user application. — ::;;:\ ;i:::esewre E::g -.
main(); - SRAM NSC (kB) i 5 lE;I
= while (1) t:mﬂ’ﬁsr;ii-q;?
Lo Infinite AR IR - Ok <
SRS B-ubBIAE - OK =
¥ ! SO Emath @
Cptien Function Select, writing to address @x@108a10@ with data FFfff |l
® * Default exception handler Optien Function Select, writing to address @x9102al3d with data fFFFff P
BSP_SECTION_FLASH_GAP void Default_Handler (void) gptﬁf"‘f’unctmn Select, writing to address @x818@a2e@ with data fffdfe 0
{ ——
& * /** & error has occurred. The user will need to investigate the cause. Comm DA BT 28xes8
eeeed7de BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(@);
-—
f* Main stack */
static uint8_t g main_stack[BSP_CFG_STACK_MAIN_BYTES + BSP_TZ_STACK_SEAL_SIZE] BSP_ALIGN_VARTABLE(BSP_STACK_ALTGNMENT)
75 BSP_PLACE_TN_SECTION(BSP_SECTION_STACK);
76
77 [* Heap */
78 = #if (BSP_CFG_HEAP_BYTES > @)
78
8@ BSP_DONT_REMOVE static uintB_ t g _heap[8SP_CFG_HEAP_BYTES] BSP_ALIGN VARIABLE(BSP_STACK_ALIGNMENT) \
g1 BSP_PLACE_IN SECTION(BSP_SECTION_HEAP);
S50, Secure LEREDE AT-HERA

X 6-18 %

— 5y FR—

k& DY
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6.4 RMW DEA AL

E— A H|HBIRXIE Y —IL [Renesas Motor Workbench] #1—H4 42 71 —X ([Blés/{E1LiES . B
REERERELE) ELTHEALES, E—2 Fl#HBREZIE Y —ILTRenesas Motor Workbench) [#£#t
WEBHA F&YSFHoO—FRLTLESLY,

https://www.renesas.com/ja/software-tool/renesas-motor-workbench

File Option Help
Connection File Information
COM OffLineMeode b Clock RMT File RX26T_MCBA_MCILV1_IPM_LESS_FOC_WH... 2022/12/23 10:59:.08
Status Map File RX26T_MCBA_MCILVI_IPM_LESS_FOC_WH... 2023/10/10 14:49:21
Configuration Select Tool
CPU
Motor Type
Control
Inverter Easy Analyzer
Project File Path Chsvn\allspeed_sensorless\branch\rx26t_24W\RX26T_MCBA_MCILV1_IPM_LESS_FOC_WHOLE_W © Details v
Name Date Modified
e AXI6T_MCRA_MCILVI_IPM_LESS FOC_WHOLE V100.rmit 0T 378 KB
6-19 Renesas Motor Workbench 41 #8
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6.5 Map 774 ILDZEFREFH

HUILTATSLDO—MELERELIGE. ZHEEQOBFERATLEH SNz Map 77 1 /LE RMW [ZF4F
BT AEENREICRYET, YU TIULTAT S LOERZT>TLEWMEEICE, Map 774 ILDE
BEHFEXRIFETT,

File | Option | Help
Connection File Information
oM v Clock RMT File RX26T_MCBA_MCILVI_IPM_LESS FOC_WH... 2022/12/23 10:59:08
Status IMJD File RX26T_MCBA_MCILV1_IPM_LESS_FOC_WH. 2023/10/10 14:49:21 _J I
Configuration Select Tool
Project File Path  Chsvmallspeed sensarless\branchirx261_24v\RX26T_MCBA_MCILV1_IPM_LESS FOU WHOLE_ W & Details v
User Setting Form — O X
Set
Address Name DataType -
200000ac com_f4_ref speed_rpm FLOAT
200000a8 com_f4 overcurrent_limit FLOAT
200000a4 com_f4_overvoltage_limit FLOAT
200000a0 com_f4_overspeed_limit_rpm FLOAT
2000009c com_f4_lowvoltage_limit FLOAT
20000098 com_ud _timeout_cnt FLOAT
20000094 com_f4_max_drive v FLOAT
20000090 com_f4_min_drive_v FLOAT
2000008c com_f4 _speed_Ipf k FLOAT -
6-20 RMW D Map 7 7 1 JLEREREMER (£) &RBEE (F)
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6.6 RMW DIEEIZFERT 5ZEH

AYoTNTOTSLT, E—L2EHNTHEEICIE. RMW ZAVTHIEILFE T, RMW Ul ERROARD
RAEH—EZKR6-1LICRLET, BH. INoDEH~DANEIEL com_ul_enable_write [Z
g_ul_enable write EEILEZEEFAALEGERICE—FED2—ILHNORET IEHARBREIN, E—42F]
EICERASINET, 2L, )DMFIF 5N f-ZE$IE com_ul_enable_write IZIKFLEH A,

—BRDE—ZFIEICAND/INTA—F L, FLEPICHEEEZEETEET, FMITR 98, K99 ESHL
TLEELY,

BH. ERLOEBEFHULALZEFIZEHEOERIZE L >TVET, RMW (FEHBDEBEHFHRELT
B ET, HERB L TR EZEIR L. Control Window TZEHAEOBIEDRTEITNET,

% 6-1 Analyzer #EEEBZEANALEH—E

Analyzer #EEA T RZEH £ il kS
com_ul_mode_system (*) uint8_t AT—FEHE
0: AbyFTE—F
1:S5VF—F
3: kv
com_f4_ref_speed_rpm (*) float RERESE WA [rpm)
com_ul_enable_write uintg_t A—FANRAEHRESTHZ A
g_ul_enable_write E EH—BHTADLT—4 KB

RO1AN8129JJ0100 Rev.1.00 Page 29 of 134



KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor

Control &) —XH

RICEBFMZETORICERAIT I LEDEVEELGBEREHD—

TEERTT DIEOCEHDEEFZHFATKRICSEICLTLESLY,
K62 EUHLARY MLEIHEELTH—

BEEF%K6-2I2RLET, Analyzer BgE

U LAY MLEIEEEERA pid) 2]
g_f4_id_ref_monitor float d BMERIETE [A]
g_f4_id_ad_monitor float d BERAIEE [A]
g_f4_iq_ref_monitor float qEERERE [A]
g_f4_iq_ad_monitor float q BMERAEE [A]
g_f4_iu_ad_monitor float U MBERAEE [A]
g_f4_iv_ad_monitor float VvV ERAEMRE [A]
g_f4_iw_ad_monitor float W HHERBIEE [A]
g_f4_vdc_ad_monitor float A N—2 BRETHIEME [V]
g_f4_vd_ref_monitor float dHMEEERE [V]
g_f4_vq_ref_monitor float gEETIETE [V]
g_f4_refu_monitor float UtHEEESE [V]
g_f4_refv_monitor float VRETIERE [V]
g_f4_refw_monitor float W HHEBEERIE [V]
g_f4_angle_rad_monitor float HABAIE(ESA) [rad)
g_f4_speed_est_monitor float EEEE(ESA) [rad/s]
g_f4_speed_ref_monitor float EEENEERA) [rad/s]
g_f4_speed_rpm_monitor float [E] 855 BE (A AR) [rpm]
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6.7 E—ABIEARE

RMW @ Analyzer gt ERH L. E—2ZRETHHZUTITRLET, BEE. RMWEBEEED
“Control Window” TfTLVEF, “Control Window’ D F##fll&. [Renesas Motor Workbench 1 —H#—X< =2
FILl EERBLTEZEL,

a) E—4Zz[ERSED

@ “com_ul_mode_system”,‘com_f4_ref speed_rpm’® [W?] fRICTF T v INA-TIWNS I & ZHER
LEI,

@ 55 [EEGEE F“com_f4_ref speed_rpm”® [Write] #ICAHLET,

® “Write’’ R22&EH v LET, (CDOEF. com_ul_mode_system ##I£"0"MD F F)

@ “Read’7R4 U %L TIWED “com_f4_ref speed rpm’® [Read] #WEHEZELF T,

® “com_ul_mode_system’® [Write]#IZ"1"ZANLET,

® “Write"i R &Yy I LET,

@ Click “Read” button ®@® Click “Write” button
Control Window {
E\ Read @\ Write #5 Commander (%) Status Indicator 55 One Shot
. ® Write “1”
Variable List | Alias Name @ Click . \
Variable Name Variable Meaning Data Type Scale Base R? Rea wW? \&rite
com_ul_mode_system  State management INT8 Q0 | Decimal & 1 . |1
com_f4_ref speed_rpm Speed command value (mechan FLOAT Qo Decimal & 2000 + 2000
com_ul_enable_write | Enable to rewriting variables INT8 Qo Decimal & 1 v
com_u1_sw_userif User interface switch INT8 Qo Decimal ¥ 0 v
@ Write reference speed
6-21 E— 42 EIEDOFIE
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b) E—4%fFLEES

@ ’com_ul_mode_system”@D[Write]l##(Z"0°E AN LFET,

@ 'write'i R U ES v LET,

® E—RADELEHERLET,
@ Click “Write” button

Control Window
[7% Read E\ Write i Commander () Status Indicator £+ One Shot :
VEEEIEEREERE Variable List | Alias Name
Variable Name Variable Meaning Data Type Scale Base R? Read W? Write
com_ul_mode_system State management INT8 Qo Decimal & 0 V’/O
@  Write “0”
6-22 E—2FILDFIE
c) LFEF-TLE- (T5—) HBEONE
@ ’com_ul_mode_system”®[Write]#&(Z"3"Z AN T B,
@ “Write"?h 32 » &Y,
@Click “Write” button
Control Window
[Z]\ Read @\ Write #5 Commander (%) Status Indicator £ One Shot :
VI ERREIE R Variable List | Alias Name
Variable Name Variable Meaning Data Type Scale Base R? Read W? Write
com_ul_mode_system | State management INT8 Q0  Decimal ¥ 0 N |3
@ Write “3”

X 6-23 TS5 —fERDOFIE

RO1AN8129JJ0100 Rev.1.00

Page 32 of 134




KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor

Control &) —XH

#®6-3 T5—XT—4 AMEHEA

& IZ—AE ByLTohTWadwoOo4

0x0000 | T5—7%L MOTOR_ERROR_NONE

0x0001 | /N—KYz7RHEBERTS— MOTOR_ERROR_OVER_CURRENT_HW

0x0002 | BEEIS— MOTOR_ERROR_OVER_VOLTAGE

0x0004 | BEETS— MOTOR_ERROR_OVER_SPEED

0x0008 | R—ILIEEHA LT FITS5— MOTOR_ERROR_HALL_TIMEOUT
(BoHLARY FILTREHEELEEA)

0x0010 | FEBEHRHIA LTV I S— MOTOR_ERROR_BEMF_TIMEOUT
(B LART RLTREHEELEHA)

0x0020 | kf#EF MOTOR_ERROR_HALL_PATTERN

0x0040 | BZEREERH/ 42— I 5— MOTOR_ERROR_BEMF_PATTERN
(BoHLARY FILTREHEELEEA)

0x0080 | BEEEITZ— MOTOR_ERROR_LOW_VOLTAGE

0x0100 | Y7 rY z7RHEBERTS— MOTOR_ERROR_OVER_CURRENT_SW

0x0200 | ZEt HHWELKTS— MOTOR_ERROR_INDUCTION_CORRECT
(BoHLARY FILTREHEELERA)

OXFFFF | RE&EIS— MOTOR_ERROR_UNKNOWN

6.8 E—AEI - EEAE

BILRENSE—2 2B TIEEICE. LTICRIFIETIT 2 TLEZL, 8. B2EX. Q0
DC24V DB ZRZEBLIZLTHELESETLE S,

® 6.7b)DE—FEFBLFIEEITS,
Q@ E—ALNELTIOEHELIZL. ERTEILEREIEEL. DC24V DB EFILET S,
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7. E—AHIETILIIXL

7.1 HME
AU TNLTaFSLOE—2HE7ILTY XLICDWTEHRBALET, R7-112. E—2 HIfgEEE R L
F9,
R7-1 AU TINTOTSLOE—5 IR
HEREIE B HEEEDNE
AR Y LARY RLEIE

PWM ZEA %

ZERAY MVEFR (EKKER B ERE)

A—4%40E - REEEHE S E

BREEL I

HEE—F 2R FE il 0D A

ffE e BEREME
BEMEEAHFHE
JETF Bl
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7.2 ®EIOvoE

U LARY MLHIEOFRE IOy IRERLET,

,-+ S eed control Process N - Carrier Interrupt Process = ——--e-ea-a N
] \ ’
1 1 | "
[} ) [} + Vd* \V; vV [}
1 ig* le ', dq u| Voltage =4}
! ’ i * N >0 T | | Current A V—v> error ﬂ/} PWM M
: 140 | H K | Pl x Vg Voltage V_> Compen iﬁb !
| Open-loop to Sensorless -‘y—bo/o_ﬁ_ : + Limit i uvww | -sation |
| itchi 1
X Switching Control TEm-o H | iqA idA Vq** Vg** ei :
1 x A A q H 1 !
| | | Decoupling \
| | ! Control |
| ' : ww ks ] !
K . |
l | ! ia*| w* A ¥ .
. | ! —da /| idc |
| . <
: 1 ! lq :
1 1 ! uvw 1
L} [} *|
! w* ! + + Va©| Va'l !
| T T HT_ 1
| | e L ~ |
! ‘e Weomp \ Y YVY !
e N !
|
| Openloop : €41 BEMF 1
| Damping Observer !
! Control \ ! |
| \ | |
| L T :
1
| T 1 € 1
| T A9 |
ettt ) e)mer ememe e me )eM e EMF, Y P) —!)/eM,me)mkf e/ —/—— 7 - . P
B7-11 vy bEUYLARY MLGIEBEE D O v 9 B(F— 7 v I)L— THliEeE)
o Speed control Process - ST Carrier Interrupt Process —---=-=--======-= N
. i ! i
! [ ! vk v 1
: . 1 ! d dq ﬂ» Voltage |4
q ~ ¢ ) A \V2 error |V
! w* > Speed > Flux. | j* ] Current + v AN Compen 4] PWM M
i Pl weakening : q‘ | > PI - q vfil::ﬂe 5 Ovw V_W» sation ﬂb :
1 ! 1
| K K 4 Y W
| W iq idT : v g e Vg™ Vg** 0 : :
! T + Decoupling |
: : : Control :
! Speed T —e | FAF : J i
: LPF | : = *—da /| idc |
1 : 1 iq D :
| ! : uww !
I : - Vg*[ v |
| | ' 9 Yy VYY |
| \ | |
" ! ' W | Angle & Speed | A8 BEMF !
1 T + @—— Estimater < Observer |
|
| | l i
| T 7 N e e e e e e e e e o e e e e e e 7
B7-21 % v bV LARY MLGIEBEE D O v 2 B(t o4 L R HI{HE)
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7.3 EEHEIREE

EEREHEEE, E-FNEEERITERT SELS. PIFIEZEITVEY, RERFEOANERITT. A
BOREREHRNEEREBELORELZEICERETEZHALET,

EEHTEEFIFEEEA TS —NITE YHESNEEEIC LPF ZELEZAVET,

id* _
A=T =T

iq" =0

BRI

S pheE o O— -
id*
“ aaEhE
w‘*

S EEEE OO
w

S

w* N P”‘E”ﬁﬂ

7.4 EFRHIEEE

& 7-3 3

S

EHHOMEIT Oy

BERHIEEREL. ANSNEERENOAY MILGHIEICREGEFERRV T 4 — /Ny JHIEZITL.
PWM & LTHATHBEEEERT HHEETT . Fi=. Y TEDa—ILOFTFiEHIEH, SEMBEHHE.
BEREWMEZRE 2 —ALHELET,

BE
~T R
IR

Bl
iu
w | AR |, 9,
2} UVW—;dq iq
> " ERPI v
id~ HI4ED N
iq* Vq .
, FEFE | Ve
il Vo'
w
w
8 L

" EBEAIAR

EHHE

- VU ()
W lEmsE| | WOERIE)

R o "

dq—Uvw| YW . Vw (S E)

7-4 EBRHEOHET OV Y
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75 T HHM
SEFHHEET, BREEMEDRALELdEH - g OB TERAEVICTF S LA, REMEIEL S FZHIF)
THEHITERLEY . EFRATHHIE. UTEQYFET,

Vd_dec* = _(*)quq*
Vq_dec* = (L)Ldld* + [N 4
Id* lg*: BIRIESIE[A], w: RERRE(ESA)[rad/s],

LdLg: E=2DAUF 2V R[H], V: E—42 QOEXHERH[WD]

BoN-BEEHETIE Vadec* & Vo dec*F. PIEEISADHASNSBEERE Vo & VFIZMELET,

Decoupling
control

g_det

7-5 EFHHHOHET OV D
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7.6 UYL AHEE
Pl FlfIEMER L. FEBEF TF—NEAVE Y LARS MLGIHZRVTHIEZTOET,

BEBEEAF TV —N\Z2FERATHHEE. FEEEZATHF—NTHEL. £TIHSHTE dq #&E dg BDAL
FREEEHISHLET, ME. EEEROFT,

d axis .
d axis
0 7 dq axis : %= dq #l

dq axis : fiE7E dq #

A6 AB : FE dq il & HEE dg Wi (iZiERE

Ly e : sEHEE
(eq.eq : HEF dq W L OREREERS)
0: FE{irE
0 HEw (L

o €q = e‘- cosAb q axis
/ q axis

ey ='e-sinAB e = (ed /€4

7-6 #E dq B L DFEEEE

7-6 FYMEdg B EDBEEABRXEIUTOLSICETET,

v;; = (R + SLd)id — O)*Lqiq + €4

Vg = (R + qu)iq + w'Lyig + €4

CCT. —w'Lgig+es. w'lyig+e,ZBENEICRITT., ThEh—d,; —-d,EBEFET,

U:i = (R + SLd)id - dd
Vg = (R + SLq)iq —d,

CIALFETFIMFEEEOHREXEZEHLEY ., dMBEEARLETREDLSICEEMAFS,

EXZL LIS BAER) EAEENE) ZRBEERE L TREAEXZILITET,
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. R, d v

Slg=—7—lg+—+—

T LY Ly Ly
sd = sdg,

CZIT. i LdDHFEEEG. deTdE. AT —N\ADfFEREAREX T, HERECHES MY
Kgars Kpax Z8MTT-IEZMA T, TROKSITETET,

d v
Sig =——1lg+—+—+ Kgq1(ig — 13
d L, L, L, ga1(la — 1q)

sd = Kgao(iqg — 13)

EXEYG & d BTROKSICEERT I ENTEET,

% Kea1 S
i :Sz+(£+Kd )S_i_@{(l-l_@llds)ld-l_l(mzv;}
Ld Ed1 Ld
Keao
_ Ly

{(Las + R)ig — vy}

EXERDE. G & dy . ig & vy EANET D, 2READETEFREENGMVES, Ff-. B

BRI o, EREFEH (X TEOBY EGYET,

o = Kgaz
n Ld
R
— 4+ K
- I, + Kgaq
Kga;
2
Lg
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dMFEEEHETERDEET M VKear+ KeazlFw, ETERAWVT, FTROKIICESCIENTEET,

Kgq1 = 2{gcwge — a

Kgaz = wEcLa
wge . FR BT HIERE R BIRE
(o FRBEEHTERBZRE

SOICHEDREAEXETRDOLIICEESHRAFT,

MR T e
l_s Ldld L, Ly Ed1\lg — lg

1 o
dg = E{KEdZ (ig — )}

ERXEY dBHFEEEHEED IOV IBRRER 7-7DLSITHYFES,

f l +
d K
Ed2

f}d (: ﬂJ* ‘['gig o ed)

Ld KEdl

7-7TdBFEEEF TS - TO Y I RE
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Fl. qEBICOVWTHEFICHETZIENTE, [ & d [, TROLSITEERS I ENTESE
T o Kpgis Kego &, q BBID#EES 12 TT,

KEqZ
L K S
~ q Eq1l . *
g = K {(1 + —qu> g+ —vq}
s+ (Lﬂ + Kqu) s+ Keq2 Keqz
q q
KEqZ
3 g Lq . *
d=dg = R Kroz {(qu + R)‘q - vq}
q q

ERERBE. dHOBAERRIC. [ & T, 2. i, & v} EANET . 2RAROHTET S EH%
MUES, T, BEERY o, EHEFRK ( . TEOBYERYET.

w. = Kgq2
n
Lq
R
E-}'Kqu
(= —
KE 2
2 q
LCI

COZEND, qHBRBERTROMTS A V. Kepld. FEOLSCEC S EMTEET,

R
Kgq1 = 20pqwge — I
q
Kgqo = wlzi'GLq
wg BT T RE R RAKHK
(o FEBEHTERBZEHRY
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SoICHEREAFEXE, dBMAIDFZE LRI, TEDKEIITETET,

L,K

q" “Eql

qu(: —G)*Ldid — eq)

7-8qEFEEEA TH—N\T OV I KRE

RICHFREEE, EENEL, . d, DOTROLSICHEHTEET,

eq = _dd + w*Lqiq

— * :
eq=—dg—w'Lyig

€d
AB = atan <—>
€q

UE&Y., Rdg @ EHTE dg BORDMBREAINRFYET,
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RRIC, MBREAOEHTE dg BEICRBREEET . RBRER 79070y VBREICH > TITVET,

2] A0 k| @est Ocst

=
u |

7-9 HMEBMNEHERDNTITOYIRE

CCT, B2 DOHBMEON SHEMBMED FTORAIL—TEEERIE. TEDLSICETFET,

Kp
o (s) _ K1 (STE+1)
0(s) s?2+ Kps + K;

FOTE—FDREDOHBMUEN DHEHBMEE TOGCERRI2RROMELGY ., HIBMEHERD
BB RERHBw, EBRBRBIEFEREDELSIZHY EFS,

wn:\/?l
[ =

2K,

BT, BIBLEERRDHES A Ky oo orror & Kiprase.orror|E. FROES [CEC ZEMTEE
T,

KP_phase_error = 2{ppWpg

— 2
Kl_phase_error = Wpg
wpp : HABALEHETE RE A K
(o - HBAIEHTE RBEHREK

UERYMNE - REHENTETLES.
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7.7 S5OREER HIHE

BOMRFIEHE, dHBERZEAMICHET S ET, 1 UN—2BREETHATELGEEE PM E—
S OEERICHHI L TRET HFEBE(= w‘l’)?ﬁ\ﬁszio EHETTHLOTH, dHERBEFTEANETEE
RS, FTEHTHIEZITVOET (M 7-10), EEREMAZHHHET CLITK Y, MFICDHELG qBHERES
ZIBOT I EATREELY ., BREERCLE S UVEERGE TOHAMEEZRELET,

BHOHERFHE, REDEREICH LT, E—4DEEZRENS LY. EEORBIEL Lo kEZE
HEMICRAMLT, IFOEZAICERXSE, PME—20EEARBRRITK - THEEEZ STy o ILT 54
HWETVET,

D=, £, FEREEFIREZLUTOMHEXNORDHET, RIFE—FDIEHIE. lalL|d,lq REE
DZFEM (Y (Id*1d+Ig*1q)) TF ., Vamax [, BEEREMHECERAVETHO N LOFAELTWEIEERY +
ILORKEEZFERALET.

Rated Max torque line with weak control.

Torque[Nm]

T=RTTTTTT
R

.-
-
-
\
/

R §
/ X
=

o

=

o)

c

)

=

)

=

=

>

o

C

=4

s

@

QD

~

(]

o

>

=

=}

Rated Speed[rpm] Speed[rpm]

7-10 HARHEE FILY EERE DR RG]

Vom = Vamax — IaR
Vo : SBEBEFIRE V], Ve : BERNY FILORKIE [V]
FF' iﬁ
JIL

Iy : R PILDKRES [A]

7-11 FEBEFRECFHER

N

) o (Lq]q)z
Lq
“ Vom = Vamax — IR
Vom : AEBEFIBRIE [V, Vipax : BEANY FILORKIE [V], I, : BRI MILOKES [A]

Id:

7-12 S3OMRFMICE TS d MERIEFEOFHHEX
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7.8 BREMHEAHEE

UVW O=HREERTEZERT SRIC. HEL-AENCED-AETIHZMHERZITVEY., ZOL
BICLYFHOREMZHRET S ENTEEY, BEREZAR. PWM T+ 7RREAS WSS, M5l
EREBETSIBEICHENRNGONETS,

EREER., E—S0OEENECCETHERBICITIINELES. COThEESERERBEN—ETH
S EEFAL. ECAHEZANROAEBBEN oHET OMELLGYET,

N Peak N\ Peak
PWM i i
Carrier | |
“Valley : " Valley : i
: I '
Estimated ! i
Angle ! Angle equivalent

to 0.5 cycles

Actual Angle on the interval

X 7-13 PWM ¥+ | 7RECHEOAEE DA

79 BEREME

BEERPWM A UN—ETIE, EF7—LDRA Y FUIHRFROEREHILET S0, ETF7—L4L2
DOHRFHARBEICA T ERDZTY RAALERTTVET, TOEHERESELERIZE—FICHMEIHA
HEEICITBENEL., FIEEENELLET, FCCEDOBELRFT A0, EEBEMELERELE
E

BERENDEREKEHEE. BRMEEREXNETY RIS L, FHTEINT—FFDRA v F TN
ICHFEL. TROLSHEFEEZELET, EEREHETIE. TREFRELFOBEENNFI—VEERICH
CTEERSHEIZHELET.

T RERE V]

1 15 2
Bk [A]

K 7-14 BEREDETUKEFME—HD
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7.10 PWM ZERAARK

Yo FNTOYSLTIE, E=F~ADANEEIZ/VLAEES (PWM) I2&E>TEKRLET, AT
Ta1—I)LTlX, PWMDuty LDEHFITWET, £, EEFAREFLFLE0I12. TRET-EEEH
NTEFT, ERFIEEDS 2—ILDAPI ZE L TCERADHEERELEFT . XY LTIV TAITS LTI, 2
FBEO/NNIVRBERRSH AN ORIRTEET,

a) IEsXKZE(MOD_METHOD_SPWM)
ERAEMEUTOLSIZERELET .

m_L
" E

mEBE  VHEGEEE  E A —SBREE

b) ZEfIANY kILZEFH(MOD_METHOD_SVPWM)

KAMABRPE—Z2DORY FLFIEHICENT, —BHUICHMEOEZBEEEIEREFEZXKBRICERLET,
ETAN, FOFEFEPWMAERD-ODERKEE LTHERAT S L. EREICE—FICHMENDIEETDA >
N—EABHREEICHT IEEFARIEHEERETRKA86.7[%]EHL>TLEVNET, £FI T, Tk
HELSICRHEEETENRRELR/MEOFHELZELE L. TAOEZEHETESENSHEELIZLD
FERAKELTHERALET, TORKE. TRBORKIRBIGZVI/2EELY ., BEEXIXZOFEEICETF
FZE(E 100[%]) B Y FT,

Vi Vy 1
V| = (Vv> + AV (1)
V., Vy 1

AV = —mmeEmin Vo= max(Vy, Vo, Vi) o Vinn = mingVy, Vi, Vi)

Vo Vo, Vi UV W RREERERE
Vi, Wy, Viy : PWM £BH U VW HBEEEREZERR)

EREMZUTOESICERELET,

V’
E

m: ZFHE V: PWMAERAMEERS E: A N —XETE

m:
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711 1 ¥ > MERMERBEAE
YOTIWY TR FTRHWS 1DV Yy Y MERIZK A ERAIEAEZICDOVNTHREALET,
7111 1 v Y MERERBIEZ2 A2 05

Paint A to measure current

ARl ™k

UN_|

Ur Point B to measure current
T
o a B SHEL el ""4[5“’"4[4

2 & TR OFF
Ve 1 Bl Sv

L - i iy Un Vn W J &
L L oAb TEoee
We l Li
N — —

7-15 14 PWM KRR (fl . 7a—TF 1 KDEFR W>V>U)

BTN I YT TIIGPTAZ Y FERAWNT, H#PWM E—KTOT Y K2 A L{fHE 34E PWM
HAIZKB4#ET>TOET, B 7-15 24 PWM OFER Bl - Ta—TFT 4 X/DEZE W>V>U) &)
LET.

KDOKRA 2V FATIEET—LOWHDAMNON LTWBREELZYET, OB, 1o v > MERIZHE
hBEF(dc)E WHRER(W)IE Ide=lw & WS BERICHRY FT,

HKDORA 2V B TIET7—LDUMEDAHMNON LTWBRELLGZYET, ZOF., Idc & UBERIUWIE
Idc=-lu E WS BERICEYET,

HBYD1HETHS VHEERIVIEFILERY JOE—ZBZANT Iv=-lu-lw £ ETTEET,

H-oT. IDRA VA BIZBIFTS 1% MERICENTWSERMBEZIMB TS EMNTENIL. 3
HOEREBH_ENTEET,

EROBIET 2—T « OXKMERNWSVSU LG BHEETY . PWM OHAEICHDZOXR/NMERIE
61N —VDRABOENREETHLERYET . RA U MA B TRETESERMEIF N —2I2HE-
THEDEBRMNELLLETNDT, TAICEIVIHADEY LB THABELLGYET., Ta—T1ERET
SZERATIOXRDPEREASN>TVEIDT, ZNICTEIVTREL-BREOEHE~ADEIYLTEYIYHRZ
B ENFREELGESDTVET,
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RT-2 Ta—Ta4N3—VEHER

Duty Point A Point B
pattern
W>V>U Iw -lu
W>U>V Iw -lv
V>W>U Iv -lu
V>U>W Iv -lw
U>w>V lu -lv
Uu>v>Ww lu -lw
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7.11.2 1 v v MERMERBERE

7TALLISRLIEZESIC1 v D MERICB T35 ERAEZTOIEE. ADAVN—2DEBRIANZI VT %
PWM DT 1—T 4 REICH > THIET 2RELHYET, YO TIWLY TR I T TIEGPTED 2 —LD
GTADTRA, RU GTADTRB LY RA EGTCNT AR EDaAVRTIVFIZLSB AD EHABIRER AL
ICKYUThEEBELTVETD,

7113 Ta—T 4 A
TALLICRLI=EESHBEA I VI ERTEDZBAEF LYY MERICKBAEFRBRBEITICENTEE
THA, BERD PWM Ta—T 1 DBRFEEFHIZE > TIZAD THIZHHLGERBABETEALV=O. ELL
EREZMBTIENTEERA, FM1IVINERTEAVEHFICEHELTUTD 2 DODORSERELT
HYES,

(1). 22ODHEDYNYBZIA IO TDEELTVSES
2ODFHDYIYBMZAA I UTMEELTWT AD TR -HDOBENERETELMESIZ. PWM D

Ta—TAREEEY. EAoUYBLLIHEDUVIRZ S A I 0T % AD RIBRICHRELGRMSESLI~NT LT
CETEMHEERLES,

2). 54 3V BENFAELISE

FROESIZPWMDUIYBZ A A S VT EBESEIGEICTa—T 4D EL. PWMDF ¥ 7E
HORRICEZELTLES K SBBAEFFIAMI VI EZEBEIELIENTEEFRA, CDLSBIGEITXER
EHR1THEWNMEEELRDIDT, PWM DHIYBZ B I 0523 v ) 7RBPOREICHES &S ICERARICH
REMTHEDELTULET,

A B
U [
I_:_, H
! | |
V___T [
|
W__j_ —
i hexpand '
U 11 '
|
V’ STift S F|f>
| 1
|
Wi ]
7-16 Ta1—T 1%
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Motor

7.11.4 AD FU A
AD FYHEREY T IL—TDRAIVTERLET,

Timer start

Carrier cycle

Motor control routine

GTADTD

GTADTRB

ADC trigge!
from GPT

L 100us

: 50us >
GTADTRB

3TADTF>
Scan 0

AD conversion

)

ADC trigger,
from GPT

ADC trigger
from GPT

Motor control

: Scan 1

AD conversion

ADC trigger
from GPT
Scan 0
AD convers
Motor control

: \ Scan 1

AD conversion

GTADTRB

\GTADTRA
) ADC trigge|

from GPT

on

Ay

ADC trigger
from GPT

Motor control

\ Scan 1

AD conversion

7-17AD FYHEA

—
2
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8. /N\— K x7{kk
81 A—HA42427x—X

KORTLOR—KA—HA 227 —R—EB#K81IZRLET,

®£81 R—Kaia—Ha4227x—X

HHE AR T —RE&H e
ElERRE Al ZE AR (VRY) EERREIEREAN
START/STOP IR A v F(SWL) E— R [OERAR . FLIES
ERROR RESET Ty aRA vF(SW2) IS—RENSDERIES
LED1 #* L2 LED(LED]) - E—4% EREDRF C BT

- E—A{ELERE :HUT
LED2 4L > LED(LED2) - TR D RKT
- BEBER : HAT
LED3 # L > < LED(LED3) *EA
RESET Ty a R4 v F(RESETL) CRATLYEY b

YOI I DT TDHFA2E3 T —RERE2IZRLET,

K82 WmFA 2T —R

HEE RX74M RX74N
A N—2 BREERIE P408 / ANOOS P414 /| ANO14
EERREETEA S FAVRL) P414 | ANO14 P407 / ANOO7
START/STOP kJ LA A v F(SW1) P803 PAO02
ERRORRESET 7w a
24 v F(SW2) P506 PE06
LEDL s AT/ HKT il fE P508 P702
LED2 s KT/ HKT il fE P510 P703
LED3 s AT/HKT FilfE P511 P701
1% FERAE P400 / ANOOO
PWM t 73(Up) PEOO / GTIOC7A
PWM H F1(Vp) PEO2 / GTIOC8A
PWM H 73(Wp) PEO4 / GTIOC9A
PWM Hi 73(Un) PEO1 / GTIOC7B
PWM H #1(Vn) PEO3 / GTIOC8B
PWM t 73(Whn) PEO5 / GTIOC9B
BERBRHEDO PWM BR{EIEAD P711/GTETRGB P607 / GTETRGB
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8.2 [ED#ERE

YOTNY IOz 7CHEAT SEBHE—EEZXR83ICTRLET,

% 8-3 RlLIHEER SR

D48 & RX74M RX74N

12wy FERBIE ANO0O

ADC16H A N—2 BIREERE ANOO0S8 ANO014
VR AH ANO014 ANO007

CMTW REHEA V2 —NILAAT CMTWO
U PWM 5 CH7

GPTW V ¥ PWM H 5 CHS8
W 8 PWM H 5 CH9

POEG BERBREREO PWM BAEIEAD Group B

PORT LED ##%. SWAH -

WDTA DAVFREVTEAT -

ScCl RMW F&{E SCI9

(1). AD 3> /3\—% (ADC16H)

1ov Y FERND. BEUA UN—2BBEE Vo) & REEERSENVR)E VU ILAXF vV E—F]
TRAELETUN—F2 7 F)HEFER),

2. AVRFIYFHAAIW (CMTW)
REREHBELRE Y AADA 2V EZ—N\ILEAIELTHERALET,

(3). RAPWM %243 (GPTW)
1B# PWM B NBIEE—FEFERALT. Ty R A LFEDHNETVET,

4). GPTW AR—+r7HY b Ty b4 32—T )L (POEG)

BEFRBREFE (GTETRGX IiF® Low LAJLKRER) 12 PWM HAWRFENAA4 VY E—4 2 RIREEIC
LET,
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9. VI YT T4k H#E

9.1

VI b7 iRk

RORATLDY I b7 DEREHRETREICTLET,

F9-1 EUHLARY MLEIEY T by 7EKLR

IHHE

A&

Lk

N9+ LEIE

T— 5 H#ER/AF 1L

SW1 D LARJLIZEK Y HE
#F 1% Renesas Motor Workbench i 5 A 7

B85 FREAR AL E AR Y LR (BEEEA TN
AREE DC 24V
A o0y I REKE | 600 [MHZ]

X 1) 7 (PWM)EKE

10 [kKHZ](F+ ') 7 E#i : 100 [us])

PWM ZEEA K RN MILERR (ERRERLZRAD
TYREA L 1 [us]
HIE B HA(E R 100 [us]
il 10 B HA R ) 1000 [us]
[B] &5 i & B CW : 0 [rpm] ~ 2400 [rpm]
CCW : 0 [rpm] ~ -2400 [rpm]
=12 L. 700 [rpm]AFIEZEEA—T 2 IIL— T TEEH
EHIERE R B R BiRH#EZ - 300 [Hz]

EEFIER : 3 [Hz]
FEEBEEA T —/\ : 1000 [Hz]
frEHETE PLL : 20 [Hz]

a2 SRBIEERTE

REIELARIL | LRV 2 2RMICREILEERT D (TI4IL FEE)
(-optimize)

b A& RITHEEROREILERERT S (T 74/ FERE)
(-speed/-size)

fREERERE

LUTOWITIAIDEEDEE., E—2HIEESHEAGRN)EFETI T4 TIZT 5
1 BHEDER 2.4(=1.13*sqrt(2)*1.5) [A]Z BB (FE 7 5 /5 #A TEL1R)
2 A UN—E BREEAN 60 [V Z BB (EFRFIEE R CTER)

3. A UNR—ABKREEH SVIRHE(ERFIEEL TER)
4 EIERRE AY 4500 [rpm] % 2B (B R HIEE 4 TELR)

NEMSDBREFRREESZRELZEES. PWMHARFZNAMA4 2V E—4
DRIZT B
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9.2 VYIZrozT7eHEE
YILDzT7DEAFRERZERO-1IZRLET,

Application Layer (User Application)

Main

mtr_main.c

Middle Layer (Motor Control Process)

User Interface Module

r_mtr_ics.c

Set User Command to Buffer

N\
| Interface Module I
[ [ rm_motor_sensorless ]
Set Control Gain & Command
Control Module
~
[ rm_motor_current ] [ rm motor driver ]
[ rm_motor_estimate ] [ rm motor speed ]
. W,
A\ y
Set PWM duty
. I Get Voltage, Current & Angle/Speed
Device Layer
| —
N
MCU Module
[ ADC ] [ CMTW ] [ GPTW ] [ POEG ]
.
A\ Y

Output PWM Signal

H/W Laver (MCU / Inverter)

Get A/D Converter Data & Sensor Signal

X9-1 E—4&HIHY I b T7DEEER
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9.3 E|YAHDEREA

AETHAT I E—4FHETOI S LTIE, REMBIEISREREERE YAA L, ERGHEHEY
RAHTEBEINET, 7IV7—2aVvETHD UIBEER A VIIL—FUTETENET, BYRAHEL
TIRMBIZN—FYz7BERBREICRLRSFLNBICEF S BERBREEYAAZAVTVET,

x9-2 AT DEIYRAA - ZRY

BYr# | BEE pUR::
LARIIL
1 Min
2
3
4
5 CMTWO CMWIO
R E I E E HAE Y JA A
6
7
8
9
20 GPTW7 GTCIV7
ERENEHBE LB YIAAHGPT A—/N\—27 0 —F|YAH)
21
22
23
31 v POEG POEGGBI
Max BEREHEIYAH
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94 TJ7AI - TAILT—HERK
BTN TOTSLDIANE—ET7AILEBRELUTIZRLET,
£93 VI b TT7 IAILT—HERK[L/2]

T+ I TN — T7ANL o
H—
rx_cfg BEAERDIAY T4 T~y
5
rx_gen BEIERDL DX 2 EE
B, A4 VEHRE
rx board rx74m_mck, rx74n_mck R— FEEEHER
fsplinc/api bsp_api.h BSP APl &
fsp_common_api.h Common API &
r_adc_api.h AD AP| B
r_elc_api.h ELC APl E&
r_ioport_api.h I/O API &
r_poeg_api.h POEG APl £ &
r_three_phase_api.h 3 18 PWM API &%
r_timer_api.h 243 APl E%
r_transfer_api.h T—H Bk APl B
r_wdt_api.h WDT API %
rm_motor_angle_api.h ABE APIEE
rm_motor_api.h E—4 APIES
rm_motor_current_api.h BiRGIE API ER
rm_motor_driver_api.h E—2 F54/8 APIER
rm_motor_position_api.h SIEFIE API B
rm_motor_speed_api.h HEFIE APl EE
fsp/inc/instances r_adc_b.h AD BB EEE
r_cmtw.h CMTW BEEE
r_gpt.h GPT BAEEZ
r_gpt_three_phase.h 3 PWM BEEESE
r_ioport.h I/0 BEE &
r_poeg.h POEG A EXE
r_wdt.h WDT BEEE
rm_motor_current.h ERGIHEEER
rm_motor_driver.h E—R FZA4N\BEEER
rm_motor_estimate.h AREETUEREER
rm_motor_sensorless.h oY L XFIEEEE &
rm_motor_speed.h REHHEEER
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£94 VI b7 I7AILT—HERK[2/2]

THI HYITTHNE— 74 e
o
rx fsp/lib 4T3V IT74)
fsp/src bsp BSPEEE I A I)LH—
r_adc_b/r_adc_b.c AD FS A/
r_cmtw/r_cmtw.c CMTW K354 /N
r_gpt/r_gpt.c GPT RS54/
r_gpt_three_phase/ r_gpt_three_phase.c SHPWM FZ 4/
r_ioport/r_ioport.c /1O K54\
r_poeg/r_poeg.c POEG K34 /N
r_wdt/r_wdt.c WDT K54\
rm_motor_current/rm_motor_current.c BREIE K S 4
rm_motor_current/rm_motor_current_library.h |ERENEHS 14 TS )
API EE
rm_motor_driver/rm_motor_driver.c E—2LEZA4N
rm_motor_estimate/rm_motor_estimate.c AEREHEE AN
rm_motor_estimate/rm_motor_estimate_library | AEEEHE M4 TS
h ') APl E &
rm_motor_sensorless/rm_motor_sensorless.c |t H L RE—R2 K5
AN
rm_motor_speed/rm_motor_speed.c RESIEES AN
rm_motor_speed/rm_motor_speed_library.h | EEHEHS 14 TS5
API EE
src application/main mtr_main.h , mtr_main.c A—HA A VB

r_mtr_control_parameter.h

HE/NS A —FEER

r_mtr_motor_parameter.h

E—RAINTA—EAEE

r_mtr_rmw_display_cfg.h

RMW RRAANY A

application/rmw

r_mtr_rmw.h, r_mtr_rmw.c

Analyzer Ul BES:E RS $E
==
E=3

OutputHeaderFilelnfoForAnalyzer.xml

RMW ANy A AHA
2741l

ICS2_RX74M.h, ICS2_RX74N.h Y—IILABEEEER
ICS2_RX74M.0, ICS2_RX74N.0 Y—ILHABIEZAT T
1)

RX74M_MCILV1_SPM_LESS_FOC_1SHUNT
_E2S Vv100.rmt,
RX74N_MCILV1_SPM_LESS FOC_1SHUNT
_E2S Vv100.rmt

RMW B EER7 71
L

RX74M_MCILV1_SPM_LESS FOC_1SHUNT
_E2S V100.map,
RX74N_MCILV1_SPM_LESS FOC_1SHUNT
_E2S V100.map

T Map 771 )L

VariableMeaning_ RX74M_MCILV1_SPM_LES
S_FOC_1SHUNT_E2S V100.csv,
VariableMeaning_ RX74N_MCILV1_SPM_LES
S_FOC_1SHUNT_E2S V100.csv

EHOAD K
4L

filt
i
Jd
\d
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FSP #HT 2 ¢ T, BOMEERSANEHEICERT I ENTEET,

FSPIE., 7Rz FCHEATA YA 00 bO—F, EO#EE, WFHEELEDRERREI VT4
FalL—2aVEET 74l (configurationxml) IZRFL. SBLET, AT FaL—> 3 VEEE
e? studio £® FSP &4k &k > TITWLVET,

EROTFAILLSIZ, FSP D5 Project EFEZETT HEUTD I+ LA —NEBFERINET,
X
FSP TEIRLIzAR— FEEFEHROCED 2 —ILDAY A —-CO—FI7AMIBNA VR b—)LENF
E
HEEEE L EDO— FEEZTS5HEEIE rx/fsplinc B U rx/fspl/sic U FTOXMERED 2 —ILAYSE—-C
O—FI77A4ILEEBELTLSEZEL,
rx_cfg
BIRLEED 2 —IILOEEERBIRI D 74 X2 L—Ya VBRENBRIWET(ELLFF T3 oDk
S57HD), FSPIRELUNTIEREEET L EILLABLTL IS,
rx_gen
FSPIEMETHRELIZOY 74 FaL—> a3 VIER(E U HBEEREOLRIVAARE. EED21—ILD
property FE)N D EBINDEED 21— LML T —3HE T 7 A IILHBEMINES, EIL FEF
ST AV T4 FaL—LaVBRENCBBERSNIOTEEBEOKLEFEY FHEA,
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95 7IUHsr—TaE

FIV—23 VBRI —HYA U2 T —XUNDFEIRE RMW Z2FALEE—FEDa—)LICxtd 5l
HOIESERTELHEMES 2 —ILDONRSA—ABHFETVET,
9.5.1 #H4gE

FIVE— a3 vBTHRELTWAHEE—8E842K95ICRLET,

£R95 7Ty —La s BhikE—8

HRE EEA
A ALER A—HYDESICHLTURATLEZEYN | EBHRELFET,
Ul 48 R—FUL/RMW OEBFITVVET,
IrR—T v —LE E—SDEE /B, REFHOESEORS - FEEZITVET.
RMW 0 Ul Jn28 EREET /IS A—2DOWE - FEEFTVLET,

952 aAYvI749L— 3 ER

FI)r—S 3 UBIEFSP CAERENARES A —ILEAVTCE—24HEETT 51 —F1 4
TJI—RBT, AYUTNTOTSLDT7TIr—YavBEBLLETH U TILELTRESATVWET,
D=, TIVr—L a3 VETHREARBEIY 749 Lb—2 3 VIERIE mr_mainh 7274 J)LAICY S O
FEHMELTHESATWET, BEARELZIV I« L—2 3 VIERERI96IZRLET,

£96 AvI740L— 3 iER—E

274 L% E€ZAE E5ER
mtr_main.h CHATTERING_CNT AL YFHRABAHDF w2 1) T8
MTR_MAX_SPEED_RPM EERRE RS HIRE

RMW, R— F Ul £ZZh Bl EDEERE
FHRELTHIDEIZAORAENET,

CONFIG_DEFAULT_UI BIREAR (Vtv MERE) A— KUl
ZRMW OWTFhEFERTINEZEEL
FY,

MTR_ADCH_VR1 R"— FOREREFER VR DEZHEAA

TADFYRILEZRELTLEELY,

£R9-7 AT« L—>a ViERVEIE—E

E4/AE REE
CHATTERING_CNT 10
MTR_MAX_SPEED_RPM 2400
CONFIG_DEFAULT _UI BOARD_UI
RX74M : 14
MTR_ADCH_VR1 RX74N - 7
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9.5.3 &M - ZHIFR

TV r—avETa—vhERAEE

BEH—EEZRI8. R9IITRLET,

R9-8, RIOIICRIEHMIRMW M LIEZERET A& T, RO-10 ITTRIBERERICKBRENFET,
TIVr—2 a3 vBRIOBERERZESIHE LT, FHIEES 1 —/LOD Update BIEEITL. BE/ND

)( _’5‘ é}iﬂ*l/gs—g—o

RO8 NFTA—REFRAEH—F [1/2]

£

i 84

g_ul_trig_enable_ write

BEREREHRT 257

com_ul_mode_system

A—HAIAVATLE-FYUBZIZEH
0: E—4E=1t
1: E—4%58)
3: TS5k

g_ul mode_system

VRTLE—F
0: E—4E=1t
1: E—4%588)
2: 55—

com_ul_enable_write

A—HFANAERESTHRAHFA (LULTO com ERIETZDEHE
g_ul_enable_write AR CEIZHZ > =R TITAI S AICRB S
nFEY, )

g_ul_enable_write

EHEEMAETA

com_u2_mtr_pp

BHT5E—2 DB

com_f4 _mtr_r

BT 5 E—5 DERIE [2]

com_f4_mtr_Id

EREN T 2 E—42Dd EiA 494 R [H]

com_f4_mtr_lq

EREN g 2 E—42Dq EA V50 F R [H]

com_f4 mtr_ m

B9 5E— 4 QBTMER [Wh]

com_f4_mtr_j

EREN T 2 E—2DA—32 4 F—2 % [kgm'2]

com_f4_current_omega

B HI{HREE R K% [HZ]

com_f4_current_zeta ERHIHRBZEHRY
com_f4_speed_omega HREHHRERRKE [Hz]
com_f4_speed_zeta REFIEHRBEZE R

com_f4_e obs_omega

L'IJ

FEREEA TV —/\BFRIKH [Hz]

com_f4 e obs_zeta

L'IJ

FEBEEA T —N\NBRFRE

com_f4 pll_est_omega

3

BREHETE PLL BB B [Hz]

com_f4_pll_est zeta

REHT PLL HE=ZRE

com_f4 ref id

WEA—TUIIL— TR dBEREKE Al

com_f4 ol _id_up_step

WMEA—TUIIL—THJdBERBEALTRTY T [A]

com_f4 ol _id_down_step

WMEA—TUIL—THJd#MERBERTY 7 [A]
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*9-9

NSA—SEEREH—F [2/2]

=%

st B

com_f4_id_down_speed_rpm

WRENA — T U IL— TRy d SEREE RIS E E (R A) [rpm]

com_f4_id_up_speed_rpm

WREA — T I — T d EREA £ (FRAEE M) [rom]

com_f4_max_speed_rpm

R RERKEEMS) [rpm]

com_f4 _overspeed_limit_rpm

BIEE TS —RHBEFEWA) [rpm]

com_f4_overcurrent_limit

VI bz 7BERTS —RHEREIE [Al

com_f4_iqg_limit

EEHE g BERRKE [A]

com_f4_limit_speed_change

com_f4_nominal_current

RELXBFRELCEFRE RALTFRTYT) BEHE)rpm]
E

RO-IORMW IZEL BNTA—4BIHABERAOETH—E

BER

siBA

g_user_motor_sensorless_extended_cfg U LRA VR T —RINS A—REERK

g_user_motor_speed_extended_cfg

EEHE/NT A —ZBIER

g_user_motor_current_extended_cfg

BRHE/ NS A —FBIER

g_user_motor_estimate_extended_cfg

AENEEHE/NS A —2BER
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954 THOFEE
IO —EBFUTFISRLEY,

# 9-11 ¥/ A—% [1/2] (mtr_main.h)

X7 0%

RX74M, RX74N

SW_ON

SW_OFF

SW1_ON

SW1_OFF

SW2_ON

SW2_OFF

Rl O O | | O

CHATTERING_CNT

MTR_CW

MTR_CCW

WAIT_STOP_COUNT

MTR_LED_ON BSP_IO_LEVEL_LOW
MTR_LED_OFF BSP_IO_LEVEL_HIGH
ICS_UI 0

BOARD_UI 1

LOOP_SPEED 0

LOOP_POSITION 1
MTR_MAX_SPEED_RPM | 2400

STOP_RPM 400
MTR_AD12BIT_DATA 4095.0f

VR1_SCALING

(MTR_MAX_SPEED_RPM + 100) /
(MTR_AD12BIT_DATA * 0.5f)

VR1_SCALING_POS

VR1_180

VR1_POSITION_DEAD
BAND

ADJUST_OFFSET OX7FF
MTR_FLG_CLR 0
MTR_FLG_SET 1
CONFIG_DEFAULT Ul | BOARD_UI

CONFIG_LOOP_MODE
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% 9-12 v/ A—% [2/2] (mtr_main.h)

Xy 0%

RX74M

RX74N

MTR_ADCH_VR1

14

7

MTR_PORT_SW1

BSP_IO_PORT_08_PIN_03

BSP_IO_PORT_10_PIN_02

MTR_PORT_SW2

BSP_IO_PORT_05_PIN_06

BSP_IO_PORT_14_PIN_06

MTR_PORT_LED1

BSP_IO_PORT_05_PIN_08

BSP_IO_PORT_07_PIN_02

MTR_PORT_LED2

BSP_IO_PORT_05_PIN_10

BSP_IO_PORT_07_PIN_03

MTR_PORT_LED3

BSP_IO_PORT_05_PIN_11

BSP_IO_PORT_07_PIN_01

#9-13 ¥/ O0—% (r_mtr_rmw.h)

XY 0%

RX74M, RX74N

USE_BUILT_IN

0

MTR_ICS_DECIMATION | 5

ICS_BRR 24
ICS_INT_MODE 1

MTR_SQRT 2 1.41421356f
MTR_TWO_PI 6.28318531f

MTR_RAD_RPM

60/MTR_TWO_PI

MTR_RAD_DEGREE

360/MTR_TWO_PI

MARGIN_MULT

MTR_OVERCURRENT _

1.5f
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96 AR TJT—REYa—IL

AVRATI—REV2—)LIE, E—F2HHEZEETIRED2—ILEZEUIFERALTE—2FHlHEAKEZE
BETEZ3ED2—I)ILTT, FEZS2—IILBEDAVE T —ROE—AHEDRATLERDOEE, RHELLEE
ToTWET,

0.6.1 #H&aE
AVEAITI—RED2—IILDOWEEE—EEZRI-14IZRLET,

RO14 A VA TI—RED1—ILDEE—E

RAe CLE

27— LEE 1 OEBIHLTRAT— FEY YRR TE— S ERMLET,

R REBREICL Y TS5 NBERLET,

AR OEE EERHCERFANOREORS - HEETVET,

R - LEBERORE ERAEES 1A SR - MEBRORBETVOET,

1—VERERE 1I—FOAN L RERSEEREFEES 1 —LICH L CRELE
T

B A A E EEREEME YA - B HEERE UABH L TA R RS
o1 —FRBEWBERTLET.
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9.6.2 EFLa—I)LEMK
BV —IERRER Q-2 IZTRLET,

ey bk
AR ==X EFa—~I
SW,. VR1,”
LED AEBIDAZ
1 05AHBH T BIDRHER| reuyie
i RS Feprruli) AR
BIDAZ
M
DR AV
E—4iE)
E—2fgLE e
et Uty b
EVa— LR 2
YE—TI—2 et K55 EhEEE
(API) EYa-)L TORAH
AT—HR ARV
. elc
FANIr— AT e
vay 25 RAER
o e L
IS—HE ) ETa-) #x
IS—#FE RiEHAE B EE
iErslamEDAS |
| 5U05asEm gmgm | L BIDABER
tsmwE |
. BT
FD3AH

B9-2 4127 x—RED1a—I)LERR
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90.6.3 IREEEFR

93ICHUTNY I Iz 7ICHEITAREBBRERLET, YTV T bH 7 TIlL, T[SYSTEM

MODE] Sk UIKREZEELFET,

POWER ON/
4 SYSTEM MODE )
[ERROR EVENT [RUN EVENT]
[STOP EVENT]
[ERROR EVENT]
\_ J
MODE
ERROR
STOP ERROR
event| RN ERROR
ERROR ERROR ERROR ERROR
RESET

9-3 HoTILY T b7 DIREERK

(1) SYSTEM MODE

ORTLEMEREERLET, E4_R2 + (EVENT) OFAICEY ., RENBBLET, VATLA
DENEIREEIL, E—2ERENZIE (STOP) . E—4EFE) (RUN) . EHIKE (ERROR) AHY FET,

(2) EVENT

%& SYSTEM MODE H1[C EVENT A" %4E9 5 &, FD EVENT (T2 T, PR TLEERENK 9-3

FORDESITERLET,

& EVENT ORAZERIETRELYET,
% 9-15 EVENT —&

AR B

REER

STOP

A—HBRECEYRELEY

RUN

A—HRBECIYRELET

ERROR

VATLAREERELEEEICRELFT

RESET

I—HEREICEYRELET
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0.6.4 {REHLEE

AFEMTOTSLIF, UTOIS—RKEEZHL, ThETIDOSEEICRSFUEBEEZEELTOEY, RE
WEEICED S BREREMIER 9-16 ZSML TSy,

o BERII—
BERTLI—@FIN—FII7RVOVYI I TERATEEHENET,
N—F7x7HhoDRBFILES BERBKRL) [CXY. PWMEHARFENAA VE—F U RKEEIZL
9, -, BERERAHTUME, VHEH. WHERZESRL. BER BERYIv MEZER %
B LBIC, BREELET (VI bvz7HE) .

o BEEIS—
FEREHTS VN—2BHKREEFEMRL. BEX BEEXY I v MEZHEBA) ZHH LI,
RafELELET, BEEXUZ Y I~1|E(Ifrﬁl':l:.'lﬁlft%0)$£ﬂnﬂ§0);§%ntE%J‘E LTEHREL-ETY,
. 1P_€ l:T:I7—

BERBANTA ON—S2BREEZERL. BEX (BEEXYIvY MEZTHE-5E) ZHRHEL
T:H%I:s RRFLELFES., BEEY v MEFRERBOEREDREGEEER L THRELET
ERS

o HiREEIS—
EEIEEERAATEEZREEAL. ZEY Iy MEZHEBL-ES., BRFELLES,

* 9-16 HREMBEDOHERY - REME

B = AR S v ME [A] 2.4
BERTS BERER [us] i 0 B
- - BEEYZY ME [V] 60
BEETLS EFRRAE [us] 5B 7 il 10 )
= - BEX) 2 v ME [V] 8
BRELS EERREHEA [us] i Il 40 ) EA
EE) Iy MEBEHA) 4500
BlEmEREL S — [rpm]
%*ﬁﬁ,ﬁﬂ [US] EE.ull.ﬂi'“fiﬂﬂHﬁ*

X FRO1L BUHLARY FMLKIHY 7 bz TEREHEESE
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9.6.5 API

ZBED1—IILDAPI—EELTIZRLET,
% 9-17 APl —&

API

st B

RM_MOTOR_SENSORLESS_Open

RED21—ILEFRTEHITEE 2 —ILDAVARE Y
REER (A—TF2) LET,

RM_MOTOR_SENSORLESS_Close

RKED21—ILEFERTEITEED 2 —ILDAVARE Y
2%8T (»0—X) LET,

RM_MOTOR_SENSORLESS_Run

E-SEREIRREICLET,

RM_MOTOR_SENSORLESS_Stop

E—A2EFIEKEICLET,

RM_MOTOR_SENSORLESS_Reset

AED2—/ILZFD)EY FREIZLET,
TREYV2—ILDYtEy FHITVET,

RM_MOTOR_SENSORLESS_ErrorSet

VATALIZZS—REBEHRELFT,

RM_MOTOR_SENSORLESS_SpeedSet

REETE (HEHA) pm] Z5XELF T,

RM_MOTOR_SENSORLESS_StatusGet

VATLDAT—FEBBLET,

RM_MOTOR_SENSORLESS_AngleGet

A—2AE (LE) FRlrad] ZBRGLET,

RM_MOTOR_SENSORLESS_SpeedGet

REIFHR (WA pm] ZRELET,

RM_MOTOR_SENSORLESS_ErrorCheck

IS—KETEWVDEFIVILETS,

RM_MOTOR_SENSORLESS_PositionSet

fIBiESIE[degree]l ZRELE T,
(E2H LAARY MLTIRIESR—F)

RM_MOTOR_SENSORLESS_WaitStopFlagGet

ZIEREDSTERMELET .
(Lo LAARY FILTIEIEYR—F)

RM_MOTOR_SENSORLESS_FunctionSelect

1= vitEHEE - RRERBEEERLET,
(EoH LARY bLTIEIEYR—F)
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9.6.6 &K - THIFR
AVBTI—RED2—ILOBER - EH—EZLUTITRLET,
K18 AU T —REDa—ILABER - £H—E (rm_motor_api.h)

BERL AN £ BA
motor_callback_ar | *p_context J—ILN\Yy Y BEHAI Y TEX MER
t
- event ALY S EEADA R B
motor_cfg_t *p_motor_speed_instance TEREREHFIHES 2 —ILAVREZ VAT RLR
*p_motor_current_instance TERERFHES 2 —ILAVREZ VAT RLR
*p_callback HREI—IUNYIEBT FLXR
*p_context FEI—INAYVEBADI VU TER MER
*p_extend A—HHREAMBEIC T4 T L— 3 VIEREER
SHEA7 FLA
motor_api_t *open EVa—A—T2 () E#ET7 FLX
*close EVa—)Lya—X (Bi) EET7 FLX
*run E— 2 EEMBEAKT FL X
*stop E—AEEGELEBRHET7 FLX
*reset EDa—NYtEy FEABT FLR
*errorSet TS5—RMEERE#T FLR
*speedSet RERDEEMA) rpm X ERBK T FLR
*positionSet wEETERERERT FLA
(oY LARY MLTIEEIFEYR— )
*statusGet EDa—/)LIREEGRHBEHT FLX
*angleGet A—4% fEradBGHABEH% T FL R
*speedGet [B#515 E (H A A [rpm ] ERIS FEE% 7 KL R
*waitStopFlagGet E—REEEFELETSTREREHT FLX
(oY LARY MLTIEIFEYR— )
*errorCheck I>—KREEHEREMT FLR
*functionSelect H—REREEIRERT FLX
(oY LARY MLTIEEIFEYR— )
motor_instance_t | *p_ctrl EVA-IILAEHEEART FLR
*n_cfg EDa—)LarvITaF¥al—a UiER
BE®KR7 FLR
*p_api AP| BABIBEERT7 FL R
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RO19 AU TT—REDa— )L AEER - TH—

& (rm_motor_sensorless.h)

BERA

AN

5

statemachine_t

motor_sensorless_

ul_ status

VATLAT—ER

ul_ status_next

REP\BE AT LAT—ER

ul_current_event

REARND K

u2_error_status

IS—RT7—42R

extended_cfg_t

motor_sensorless_

f_overcurrent_limit

BERRHBE [A]

f_overvoltage_limit

BEEREE [V]

f_overspeed_limit

BB AR H E () [rpm]

f lowvoltage_limit

EEERHIE V]

instance_ctrl_t

motor_sensorless_

open F—TUER
u2_error_info I>—IFH
st_statem VAT LEEAEER

st_speed_input

REFIEMN S DANT— 2 HEIERK

st_speed_output

REFEHADENT—2BER

st_current_input

ERGIE, > DANT—2HEERK

st_current_output

ERHBIEAADLE N T— 2 BEK

*p_cfg

thHHi&ﬂ

vI4F¥alL— 3 ViEHRSHE

A7 FLA
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9.6.7 YV OXEE " INEAKEE
AVEATI—REDa—)ILDOTH/O - FIBEK—ELZLUTFTIZRLET,

R920 A VA IJI—AREDa—)LATYO—F

T74ILEA K874~k EEIE eSS
rm_motor_sensorl | MOTOR_SENSORLESS | (M' << F—TUER
€ss.c OPEN 24U) | (T

<< 16UV) |

('S'<<

8uU) | (L'

<< 0U)
MOTOR_SENSORLESS_ | 30.0F/ rad/s=rpm Z#:/H
RAD2RPM 3.141592

6535F
MOTOR_SENSORLESS_ | 0 2299907
FLG_CLR
MOTOR_SENSORLESS_ | 1 230ty b
FLG_SET
MOTOR_SENSORLESS | 3 AT—FrHAX
STATEMACHINE_SIZE_
STATE
MOTOR_SENSORLESS | 4 ARV b4 X
STATEMACHINE_SIZE_
EVENT
MOTOR_SENSORLESS_ | 0x00 IS—EL
STATEMACHINE_ERRO
R_NONE
MOTOR_SENSORLESS_ | 0x01 BEN AR M RE
STATEMACHINE_ERRO
R_EVENTOUTBOUND
MOTOR_SENSORLESS_ | 0x02 BRENRT— MHEE
STATEMACHINE_ERRO

R_STATEOUTBOUND

MOTOR_SENSORLESS_ | 0x04 sk £
STATEMACHINE_ERRO
R_ACTIONEXCEPTION
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£921 4137 —RAEDa—)LAFIZEE—E [1/2] (rm_motor_api.h)

flag_t

LAG_CLEAR

HZ k4 AN & F=X S

motor_error_t MOTOR_ERROR_NONE | 0x0000 I5—7%4L
MOTOR_ERROR_OVER | 0x0001 N—RI T 7HRHBERTS—
_CURRENT_HW
MOTOR_ERROR_OVER | 0x0002 BEEIS—
_VOLTAGE
MOTOR_ERROR_OVER | 0x0004 REBBIS—
_SPEED
MOTOR_ERROR_HALL_ | 0x0008 R—IEBRAA LTI I S—
TIMEOUT (BB LARYS FLTREEELEEA)
MOTOR_ERROR_BEMF | 0x0010 FEREETREIANLTIO IS —
_TIMEOUT (BEVHYLARY MLTIEEELEERA)
MOTOR_ERROR_HALL_ | 0x0020 KA
PATTERN
MOTOR_ERROR_BEMF | 0x0040 FHREFRENI—2I5—
_PATTERN (EVHLARY MLTIRHREELFEEA)
MOTOR_ERROR_LOW_ | 0x0080 BEETS—
VOLTAGE
MOTOR_ERROR_OVER | 0x0100 VIO 7HREBERT S —
_CURRENT_SW
MOTOR_ERROR_INDUC | 0x0200 FELUHHERRITS—
TION_CORRECT (EVHLARY RMLTIFEELEFEA)
MOTOR_ERROR_UNKN | OXFFFF RERIIT—
OWN

motor_callback_e | MOTOR_CALLBACK_EV |1 FEEHIFEFIEIY AHA RN

vent_t ENT_SPEED_FORWARD GEEES|EEHAZI Y A H)
MOTOR_CALLBACK_EV |2 EEHIEBE Y AR R
ENT_SPEED_BACKWAR GREHEEEAE Y A H)
D
MOTOR_CALLBACK_EV | 3 EREEEIEIY AHA Nk
ENT_CURRENT_FORW (B EEHAE Y A H)
ARD
MOTOR_CALLBACK_EV | 4 ERENEEBY AHA Ak
ENT_CURRENT_BACKW (B EEHAZ Y A H)
ARD
MOTOR_CALLBACK_EV |5 AID TR ALIRRTE| Y 5AH A Rk
ENT_ADC_FORWARD (BoHLARY FILTREHEELERA)
MOTOR_CALLBACK EV | 6 AID ZEHMBEE| Y AH A RN b+
ENT_ADC_BACKWARD (BVHYLARY MLTIREELEERA)
MOTOR_CALLBACK_EV | 7 FBEAMIBEIE| Y IAH A R b
ENT_CYCLE_FORWARD (BoHLARY FILTREHEBEELEEA)
MOTOR_CALLBACK_EV | 8 FEARIBEE Y IAHA N b
ENT_CYCLE_BACKWAR (BVHYLARY MLTIEEELEERA)

motor_wait_stop_ | MOTOR_WAIT_STOP_F |0 E—RELHFLEISITIUT

(EoHLARY
FILTIEERLE

TA)

MOTOR_WAIT_STOP_F
LAG_SET

E-AFELFELETS Y b
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£922 4137 —RED2—)LAFIEE—E [2/2] (rm_motor_api.h)

FE K4 AN & BR
motor_function_s | MOTOR_FUNCTION_SE H— R RS
elect_t LECT_NONE

(BB LARNY
MLTIEERLE
tA)

MOTOR_FUNCTION_SE
LECT_INERTIA_ESTIMA
TE

MOTOR_FUNCTION_SE
LECT_RETURN_ORIGIN

R R IR AR

pzi]

923 AR 7 —REDa—I)LRAFIZEE—ZE (rm_motor_sensorless.h)

F K% AN & F=X S
motor_sensorless | MOTOR_SENSORLESS E—A2EEREFELRT— K
_ctrl_status_t CTRL_STOP

MOTOR_SENSORLESS_
CTRL_RUN

E—FEERKERXT—F

MOTOR_SENSORLESS
CTRL_ERROR

IS—REXT—

motor_sensorless
_ctrl_event _t

MOTOR_SENSORLESS
CTRL_EVENT_STOP

EERfFIEA R

MOTOR_SENSORLESS_
CTRL_EVENT_RUN

EILTREGE R (R

MOTOR_SENSORLESS_
CTRL_EVENT_ERROR

IS—HREARVELH

MOTOR_SENSORLESS _
CTRL_EVENT_RESET

kv kA Rk

RO1AN8129JJ0100 Rev.1.00

2026.6.30

RENESAS

Page 73 of 134




KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor
Control &) —XH

9.7 EEFEED 21—
BEHEES 1 —ILE1—YOEEESEETREEMES 12— 5B SN - EEREE & U TERE I
BEETL., ERHEES 12— LI L TERIESEERELET,

9.7.1 #4gE
BEEFEHES 2 —ILOME—EFLTIZRLET,
R 924 EEHIMHMES 12— ILO#EE—E

HaE B
2R il REREFEISERT 5L 3EBEREZTL. BREFEZHALES.
45 B il 10 F—TUoN—TIT&LHBBHEERBLET.

9.7.2 EFTa—)LEREH
EV2—IILEBRREUTIZRLET,

RE I

e PREEIE IO — e id*
id* . g AT~
9 | paEh I 5 9”29
w* w*

—————————— EEHEIO—

w A id*

1 R s
W | P § iq*

X 9-4 EY1—/LERKK
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9.7.3 MWEAE
HOTILY T b7 OBRBFEHIEATERLET,

d#ER. q WER. EEETNThOEREEZEET D

I75JI2&2TE—FZ#aA2bA—)LLTWET, REREDEEIFEEHHES 2 —ILTITHONET,

MOTOR_SPEED_ID }

lg reference status
UP (0)

MOTOR_SPEED_ID_CONST

MOTOR_SPEED
_ID_DOWN (2)

MOTOR_SPEED_ID
_ZERO_CONST (3)

Iq reference status

Speed reference status

1g reference [A] A

lg reference during
open-loop control

0 9

MOTOR_SPEED_IQ_ZERO_CONST MOTOR_SPEED_IQ_i MOTOR_SPEED_IQ_SPEED
AUTO_ADJ (2) _PI_OUTPUT (1)
MOTOR_SPEED_SPE} MOTOR_SPEED_SPEED_CHANGE
ED_ZERO_CONST (0)} 2)
14=0 control

Iqreference [A] A

0
Speed reference [rad/s] |

Target speed reference

Reference speed threshold
for sensorless switch control

———'
Sensorless Switching Transition

K95 B LARY MLKIEY 7 b 7 DBREIHIEAR

9.7.4 API

HEHEES2—ILDOAPI —EZLTIZRLET,
% 9-25 FEHMHMES 1 —ILD API —&

API

siBA

RM_MOTOR_SPEED_Open

EEFEHE 22—, RUTBE 2—ILOA VRS
VAEER (F—TFV) LET,

RM_MOTOR_SPEED_Close

EEHHBES21—IL, RUTEBE D 2—ILOA 2V R4E
‘/ZE*@T (7 I:I_Xo) Li'd_o

RM_MOTOR_SPEED_Reset

REHRHEE D2 —ILEYEY MREIZLET,
TEE 2—ILEULY FLET,

RM_MOTOR_SPEED_Run

BEFEMES 1—ILET YV T4 TRE (E—F EERRK
BE) IZLET,

RM_MOTOR_SPEED_SpeedReferenceSet

RERFEERELEYS .

RM_MOTOR_SPEED_PositionReferenceS
et

MEREREERELET.
(EoH LARY bLTIEIEYR—F)

RM_MOTOR_SPEED_ParameterSet

BRHIEHNCDNIA—F2ZEZR/ELES,

RM_MOTOR_SPEED_SpeedControl

axX ;&
EREHEHEELEEZEBLET,

RM_MOTOR_SPEED_ParameterGet

REHFHHCOEEHERNIA—FEFWMELET,
(AR ITT—RES2—ILNERFHES 2 —ILA
EBLET, )

RM_MOTOR_SPEED_ParameterUpdate

EERIHBEE NS A -2 ZEHLET,

RO1AN8129JJ0100 Rev.1.00
2026.6.30

Page 75 of 134

RENESAS




KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor

Control &) —XH

9.7.5 &R - ZHIFR

BEFEES 12— ILOEBER - EH—EZLUTIZRLET,
= 9-26 EEFHIEE Y 21— ILHEER

- TH—E [1/2] (rm_motor_speed_api.h)

BiEk4 AN BT
motor_speed_callback_ar | *p_context HEHEBI—IILAAy VBEHEAI L THX MER
gs_t 7ELZA

event HESRIEa—ILAAYIARY L
motor_speed_input_t f id d iR H ERE [A]

fiq o ERHERME (Al

f_vamax BEEAY FILFHIRIE [V]

f_speed_rad BEEEEREERA) [rad/s]

f_position_rad

BEO—4246& [rad]

f ed

d B EFERE [V]

f eq

q EHEEFEERE [V]

f phase_err_rad

fIFRERZEME [rad]

ul flag get iref

BRESERETET 75

ul adjust_status

Bl ERAHRT—H R
(oY LARY FLTIHERLEEA)

ul adjust_mode

FlERAHAE—F
(EoHLARY MLTREALFEEA)

ul_adjust_count_full

SlERAAEAYE T ILIER
(ZoY LAY FLTRERLEEA)

ul openloop_status

FEUYFYYITL—YavA—ToN—7
AT—82A
(LY LARY MLTRERLEEA)

f_openloop_speed

FEE XYY IL—YavA—ToL—7
[E1¥5:R E
(FoY LAY FULTREALEEA)

f openloop_id_ref

FEUYFYYITL—YavA—ToN—7
d #EFR [A]
(LY LARY MLTRERLEEA)

motor_speed_output_t

f id ref

d #MERERE (Al

f iq_ref

q HMERERE (Al

f ref_speed_rad_ctrl

MEEERSE(ESA) [radls]

f damp_comp_speed

A—=ToN—THFUEVTREERA) [rad/s]

ul flag pi

HE Pl HIERIR DS
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& 9-27 REFIEE S 21— ILABER - TH—F [2/2] (rm_motor_speed_api.h)

BiEk% AN

5

motor_speed_position_ | e_step_mode
data t

EFIEE—F

(¥ LRAY kL | €-loop_mode

R D - LE Y] Y R R

TIERALEEA)

position_reference_degree

FIEFER1E [degree]

motor_speed_cfg_t *st_input

REFRBANT—2BEXRT FLR

*st_output

REREHAT—2BEXRT LR

*p_timer_instance

TREHE2A4A<TES 21—
ARRB VAT KLR

*p_position_instance

TREEGIHED 21—
AVRRBVRAT RLRA
(oY LARY MLTIRERLEEA)

*p_callback BRIV IBEBT FLXR
*p_context BNy VBRI TEX MER
7 KLR
*p_extend A—HYADREEI VT4 L—a Y
BB EASERT FL X
motor_speed_api_t *open REREHED 2 —ILA—TUBEHT7 FLX
*close REREHES 12—y O0—XBEHT7 FLXR
*reset REHEES2—LYEy FEET7 FLR
*run EIExBAREAHK T F L X
*speedReferenceSet RERREREBRHT FLR

*positionReferenceSet

ERRERERST FLA
(EoH LAY P TREYR—F)

*parameterSet

BESIEMES A —ILADT—4HBTE
BT FLXR

*speedControl

EEHERAERT LR

*parameterGet

EEHHMES 2 —IHAOENT—%
MERARBHT7 FLA

*parameterUpdate

A—HREIAV I« Fal—LarvT—4%
BHEBT FLX

motor_speed_instance_ | p_ctrl
t

REFHES 2 —ILAEBBERT FLR

p_cfg

FE4IHESA—/)Lar I 45 L—2 a3 UER
BEKXK7 FLR

p_api

HEEHIHETE S 1 —)L AP| BIS BB EIK
7 KELZA

RO1AN8129JJ0100 Rev.1.00
2026.6.30

Page 77 of 134

RENESAS




KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor

Control &) —XH

% 9-28 REFIEMED 21— ILABER - TH—

& [1/5] (rm_motor_speed.h)

EERA AN £ B

motor_speed_pi_params_t f err EEPITS—

f kp BRE Pl LIRS

f_ki EE PIES R

f refi RE Pl EAE

f_ilimit EE Pl &5 HIBRE
motor_speed_design_params_t | f speed_omega RERIEE A B KSR [Hz)

f _speed_zeta REHHEARERY

f ed_hpf_omega F—ToN—TFEVTERRERK

f ol_damping_zeta

F—ToN—TEUEVTBERI

f _phase_err_Ipf_cut_freq

RIEERE LPF h vy b4 T RS

f _observer_omega

BEA ITH—\BEERKEH [Hz]
(EoHLARY MLTIHERALERA)

f observer_zeta

EEL THF—NERRE
(oY LARY FLTRERLEEA)

motor_speed_|Ipf t

f_pre_output

R LPF ATEE A

f_pre_input =[E LPF #IEA 5
f omega_t RE LPF EHREKH [Hz]
f gain_ka LPF 54 >
f_gain_kb LPF 71 >
motor_speed_2nd_order_Ipf t | f4_pre_output AIEE A 1E
f4_pre2_output AR EIH HfE
f4_pre_input AIEIA S11E
f4_pre2_input ATZEAHE
f4_omega_t FEE
f4_omega2_t FHEE
f4_omega2_t2 HEE
f4_gain_ka LPF 54 >
f4_gain_kb LPF 54 >
f4_gain_kc LPF 74 >
motor_speed_oldamp_sub_t st_ed_lIpf LPF #Ei& K

f damp_comp_gain

F—TFoN—TEFETHFA Y

f fb_speed_limit_rate

REIT4—FNY T2y b
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= 9-29 RERME S 21— )LABER - £H—E [2/5] (rm_motor_speed.h)

BEAR4 AN EL):
motor_speed_oldamp_t f4_ol_id_up_step F—TUIN—THdSHERMERTY
[Al
f4_ol_id_down_step F—TUoL—THdBERRERTY T
(Al

f4_ol_ig_down_step_ratio

F—ToL—THqBMERBRERTY T
tt

f4_ol_id_ref

F—TUI—Tr dBERERE (Al

f4_id_down_speed_rpm

F—T U —T d BB EFRIRERE(E
5A) [rpm]

f4_id_up_speed_rpm

F—ToIL—TH d#HMEREERE(E
%f8) [rpm]

fA_opl2less_sw_time oY L R ITHRE
f4_switch_phase_err_rad U LABITRERE
motor_speed_motor_parame | u2_mtr_pp E—F BRI
tert f4_mtr_r £ — S EHIE (9]
f4_mtr_Id E—AFdEA TV 2R [H]
f4_mtr_Iq E—F QAT V2R [H]
f4_mtr_m E— 2 EHIHERE [Wb]
f4_mtr_j E—RA4F—T % [kgm'2]
motor_speed_flux_weakenin | *pmotor E—FNTA—RBERSER7 FLR
0! f4_ia_max dq BEABRIE
fA_va_max dg Bz KX EEE
f4_viw_ratio BOWKRTHEATIRKEREL
f4_id_demag BHER
f4_id_min =/ d BERE
fA v _fw BOMRDEEAY ~ILRAE
u2_fw_status BOMERHERT—2 X
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+& 9-30 FEEFIEE D 2 —LABIENR - TH—

& [3/5] (rm_motor_speed.h)

BERA

AN

st B

motor_speed_observer_t
(EoHY LARY FLTIHE
ALFEEA)

f4_speed_rad

ElEnERE(EXA) [rad/s]

f4_ref_torque

FILYESE

f4_ref pre_torque

BIEl LY ERE

f4_ref speed_rad

¢

AIEIEEREE(BERA) [rad/s]

fA_ref_pre_speed_rad AIELREERE(ESRA) [rad/s]
f4_hpf_k1 HPF 2% 1

f4_hpf_k2 HPF %% 2

fA_hpf_k3 HPF &%k 3

f4_k1 FIHv—n\F#H1

f4_k2 FIH—n\RH2

f4_hpf_ref speed_rad

HPF REETE(ESA) [rad/s]

f4_hpf_ref pre_speed_rad

HPF RIELEREESE(ESRA) [rad/s]

f4_hpf_omega

HPF E & &K% [Hz]

st_lpf LPF AtEEK

motor_speed_disturbance_o | f4_gain_distubance_estimate NELT A >

bserver_t . . - —

(VY LARY MLTIEE f4_gain_speed_estimate RETA Y

HALFEEA) f4_estimated_distubance HVELIE
f4_estimated_speed EERRE(ESA) [rad/s]
f4_inertia 1A=
f4_ctrl_period E1TRH
st_Ipf LPF &K
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& 9-31 EEFIHE D 1 —LABER - T8H—E [4/5] (rm_motor_speed.h)

EERA AN £ B
motor_speed_extended_cfg_t | ul_ctrl_method BmHt o HviEsE
f speed_ctrl_period EEFIEHEE [s]
f_limit_speed_change RERSEMERTY F(BEXA) [rad/s]
f_maximum_speed_rpm = XHIREEREE(ESA) [rpm]
f omega_t RE Pl BARBRE [Hz]
f_ig_limit qBERFKREME [A]
f ol_fb_speed_limit_rate RERESEI«A — RNV ISy b
f_natural_frequency REA TH—/\EH R
(BB LARY MLTIEEFERALEEA)
ul_openloop_damping F—ToIN—TEEVTEDENTSY
ul_flux_weakening BOMRBEEENEN TS
ul_less_switch UYL ABITHEBENEN T ST
ul_observer_swtich BEA TV —/\BEENEDN DS
(EoHLARRY MLTIEHERALEEA)
observer_select REA TH—/ \HEEEER
(BB LARY MLTIEEFERALEEA)
ol_param F—TUIN—TIR5 A — 5k
ol_sub_param F—TUI—THTIRS A -5 &K
d_param REPI THASAUNTA—4
control_type E—2HlEAK
mtr_param E—ANTA—FEERK
motor_speed_instance_ctrl_t | open REFREED 2 —ILA—T UER
ul_active TOT47239
ul_state_speed_ref RERSEEERT—4X
ul_flag_get_iref BERESENRSETISY
ul_state_id_ref dHERIESETEXT—4 X
ul_state_iq_ref qQEHEREFEEERAT—4X
f id_ref d BERIERIE [A]
f_iq_ref qEERERE [A]
f_rpm2rad rom=>rad/s Z#:FH
f ref _speed_rad_ctrl NEEEESE(ESA) [rad/s]
f ref_speed_rad EEENEERA) [rad/s]
f speed_Ipf_rad LPF & &
e_status REFHEEXT—4 X
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+* 9-32 REFIME S 2 —ILRABER - ZH—% [5/5] (rm_motor_speed.h)

BERA

AN

5

motor_speed_instance_ctrl_t

ul flag_down_to ol

F—TN—TEREgTISY

f ol_ig_down_step

F—ToN—TRq@MERRERT YT

[Al
f_phase_err_rad_lpf fIEFRE LPF &
f_init_phase_err_rad MEREMEAE

f_opl_torque_current

F—TUoN—TBITFILYER

f damp_comp_speed

A—TUN—TEFUELTREELRA)
[rad/s]

f damp_comp_gain

A—TOoN—TFEFUELTTFAY

f fb_speed_limit_rate

BET4— KNy JIy ME

ul_enable_flux_weakning

POHMRMBENENT ST

st_flxwkn SO MR LI FAFEE IR

*p_cfg EEFRBMES2—LarIq05 =23y
BHRIBEARSER7 FLR

pi_param PI Hi{H FA#EE&E R

st_input REFHANT—2EBER

st_speed_|pf HE LPF BiEER

st _phase_err_|Ipf

RItEESZ LPF A#ESEA

st_observer

EEA TH—\AEER
(oY LARY FLTRERLEEA)

st_disturbance_observer

AL TH— NREER
(EoH LANY FULTRERLEEA)

openloop_sub

F—ToN—THITT—21BiER

st_position_data

FMEFIHE S 1 —ILA4 V3 7 —XFEE
®
(BB LARY MLTIHERLERA)

timer_args

BATEDa—)La—ILNy Y ABEK

*p_position_instance

FEFIHEDS 1 —ILA VA2 U RIER
(Lo LARY MLTIEHFEALERA)
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976 <Y OFE

- ENRER

REHFHEED2—I)ILDOTo 0O - JIEEK-—EZUTIZRLET,
% 9-33 EEHIHME 12— LAY O—E [1/2]

T774I1L% E€ZAE E&E kS
rm_motor_spe (M" << 24V) |
ed.c MOTOR_SPEED_OPEN E; = 1863)) : EEHIEE S 1 — LA — T U 1ER
('P' << 0U)
'IZ‘/II;)TOR_SPEED_FLAG_CLE o D555 7
MOTOR_SPEED_FLAG_SET | 1 55y k
MZOTOR_SPEED_MULTIPLE 5 OF )
B 2.0F *
MOTOR_SPEED_TWOPI 3.1415926535 | 27
F
MOTOR_SPE
MOTOR_SPEED_TWOPI_60 | ED_TWOPI /| rpm=rad/s Z= i
60.0F
MOTOR_SPEED_DIV_8BIT | 1.0F/256.0F |8 Ew 4 @4t
MOTOR_SPEED_RAD_TRA | 3.1415926535
— — —_— :> Js
NS F / 180.0F rpm=rad/s ZH
MOTOR_SPEED_ROOT3 1.7320508F | V3
N L EEESE 0 EE
MOTOR_SPEED_POSITION | 7 & il fEIK B8
_CONTROL (oY LARY MLTIMERLEEA)
NOTOR_SPEED_SPEED_C |, Sy e—
MOTOR_SPEED_OPEN_LO BRLLYFY ) ITL—Yaz
op INDUCTION |3 F—TUN—TRE
- (oY LARY MLTIMERLEEA)
MOTOR_SPEED_ID_UP 0 d B ERMEIKEE
MOTOR_SPEED ID_CONST | 1 d AR —EIKRE
MOTOR_SPEED _ID_DOWN | 2 d BE R E IR RE
E:/Ig;;l_?_SPEED_ID_ZERO_ 3 d #EFR 0 EEIRAE
o T OR-SPEEDIDFLUXW 1 d BERHHRRILIHRE
MOLOR-SPEED D OPERL | 5 d SEFRA — T 2L — THIfERAE
Mo on-SPEEDIQ_ZERO_ ¢ q S8 0 BRIk A
e B q ST PI IR AR
XISJ‘I’OR_SPEED_IQ_AUTO_ ) P
MOTOR_SPEED _IQ DOWN | 3 q EERBEIREE
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% 9-34 EEHIME 2 — LAY O—E [2/2]

J74IL% X7 0% EEE ikl

rm_motor_speed.c MOTOR_SPEED_CAL L . A
UST_90DEG ~ /
T ety |2 | Mo ommsiens
UST_ODEG - (EoHLRARY MLTIEHFERLEEA)
COLATE ANGLE AD) |3 | HBREIERART
UST FIN - (EoHLRARY MLTIEHFERLEEA)
MOTOR_SPEED_CAL FEL XYY IL—2avir—T
CULATE_ANGLE_ADJ | 4 JL—TIKEE
UST_OPENLOOP (B LARY FLTIKERLEEA)

% 9-35 EEFIEE D 1 —ILASIZEE—E (rm_motor_speed_api.h)

B <A AN & =k
motor_speed_ev | MOTOR_SPEED _EVEN |1 RERIEETAIAANY b
ent_t T_FORWARD GREFIEEEAZI Y AH)
MOTOR_SPEED_EVEN | 2 BEHEHETERAND L
T_BACKWARD CREFIEEEAZEI Y AHA)
MOTOR_SPEED_EVEN | 3 EEHMHIT Y O—SWNEBRAAY +
T_ENCODER_CYCLIC GEEES|EEHAZI Y A H)
MOTOR_SPEED EVEN | 4 REHMI Y I—SRB5IEAARA N2 b
T_ENCODER_ADJUST (GEEE &I EEAE] Y A A)
motor_speed_loo | MOTOR_SPEED _LOOP |0 1R FEE 1l 4D
p_mode _t _MODE_SPEED
MOTOR_SPEED LOOP |1 (L& 1
_MODE_POSITION (EVHLARY MLTIERALEEA)
motor_speed_ste | MOTOR_SPEED_STEP |0 MEHIER T v TIHE

p_t _DISABLE

(%L AR | MOTOR_SPEED_STEP |1 (L E @ B S 2

2 FILTIEER | _ENABLE

LEEA)
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#+* 9-36 REFIEE S 21— /)LRAFIZEAER—ZE (rm_motor_speed.h)

FZ K% AN B =k
motor_speed_con | MOTOR_SPEED_ CONT oY LR
trol_type_t ROL_TYPE_SENSORLE
SS
MOTOR_SPEED_CONT I a—4%FA

ROL_TYPE_ENCODER

MOTOR_SPEED_CONT
ROL_TYPE_HALL

R—ILt oY FIA

MOTOR_SPEED_CONT
ROL_TYPE_INDUCTION

FEEUYFIA

motor_speed_ope
nloop_damping_t

MOTOR_SPEED_OPENL
OOP_DAMPING_DISABL
E

F—ToN—THEEVTEN

MOTOR_SPEED_OPENL
OOP_DAMPING_ENABL
E

F—ToN—TEETHH

motor_speed_flux
_weaken _t

MOTOR_SPEED_ FLUX_ EEL oY R IBEE: 3
WEAKEN_DISABLE
MOTOR_SPEED FLUX_ SBORRNIERE

WEAKEN_ENABLE

motor_speed_les
s_switch_t

MOTOR_SPEED_LESS
SWITCH_DISABLE

U9 L ABITHIEED

MOTOR_SPEED_LESS_
SWITCH_ENABLE

t oY L ABBITHIEE S

motor_speed_obs
erver_switch_t
(oY LARRY
MLTIRERLE
TA)

MOTOR_SPEED_OBSE
RVER_SWITCH_DISABL
E

BREA THF—/NEH

MOTOR_SPEED_OBSE
RVER_SWITCH_ENABL
E

REA TH—NEH

motor_speed_obs
erver_select t

(EoHYLARY

MOTOR_SPEED_OBSE
RVER_SELECT_NORMA
L

BERES TF—

FLTIXZEHRLE | MOTOR_SPEED_OBSE NELA THF—N
HA) RVER_SELECT_DISTUR
BANCE
motor_speed_ctrl | MOTOR_SPEED_CTRL_ R E FIlE ) ER L IR A

_status_t

STATUS_INIT

MOTOR_SPEED_CTRL_
STATUS_BOOT

R T — KRR

MOTOR_SPEED_CTRL_
STATUS_RUN

EERIE S KRG
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9.8 ERMHEEHED 21—
%ﬁHM%DJ—wﬁTEP34N%91—wb6®%mﬁ&ﬁ&£rﬂﬂ%/J—wmbwamhnﬁ
FHAWCTERPIHIEZITVVET, £f-. T TCHELN-FMBEPWMIEZ FSAN\ED 1 —ILIZIETR
Toamﬂﬂ%yl—wﬁTElﬁﬁ%ﬁﬁm%/l—»iﬁorau P34N%91—w#6®%ﬁ
EEREZRELEZY., Son-REERE - AERRZ LA, RUREHEHE D 2 —IAMEELET,

0.8.1 #H&gE
EBRHIEHES 2 —ILOBEE—EFLTIZRLET,
RO-37 EREIHES A —ILDHEEE—E

i ae B
B i il 1 EBREREICERT 5L SEREZITL., PWMHAEZERELFT,
E/)l Tjt Y |‘uﬂ§§5Z AD —G*ﬁ& L/f_ EE,/)ll.ﬁEo)ert v l‘réén-l'% Li—d—
BEREME HABEDTY FAALICKDEELHELET,
NEZE 4L, AT RNY FLVEIEZT S OICRE LE-ERMEICH LT, BEE®RETVET, EE
BRICH L TEZEOFEERZITOTOEFHMICRLET,
P PWMESICERL THELZRELEFT,
FEF i il 1 dg D FHZHCT-DICFEHEHLHETBEEZTVET,
FHREETA ITY—/N | FEEEA TS —N\E2FE-T, AE - MEGEREEHELET,

9.82 EVa1—IILERHA
ED2—IERRELTIZRLET,

]
2} UVW—’C'C] iq
- | TP
id* wim | V9
iq* Vg ,
EFH | Vd EE X Vu* Vu(FHEE)
B e N?Fw W | mmes WAIEEE)
> » IR NmEzia Y wE >
w dg—UVW Vw* VW“({E%E)
w R Y
| BEAIE | or
0 || #AHHHEE
X9-6 ELa—ILERK
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9.8.3 API
EREHEES2—ILD API —EE#LTITRLET,

% 9-38 ERFIHES 2 —ILD APl —&

API B
RM_MOTOR_CURRENT_Open BRHEEMES 21—, RUTEBE D 2—I/ILOA VR
ROREER (A—TV) LET,
RM_MOTOR_CURRENT _Close ERHEEMES 21—, RUTEBE 2—ILOA VR
BUOREWELET .
RM_MOTOR_CURRENT_Reset BREIHE 2 —ILEY Y MREEIZLET,
TEE a—LEYEY FLET,
RM_MOTOR_CURRENT_Run BRHEEEDS 2 —LETI T4 TKREBIZLET,
RM_MOTOR_CURRENT_ParameterSet EEFIHIASDINSA—FZHZELET,

RM_MOTOR_CURRENT_CurrentReferenceSet BRIESEEZHRELET .

RM_MOTOR_CURRENT_SpeedPhaseSet BlEnERE - BF (48 BHERELET .

RM_MOTOR_CURRENT _CurrentSet EBREZHEELFET,

RM_MOTOR_CURRENT_ParameterGet ERGIHTORERERRNASA—FZRFILET,

RM_MOTOR_CURRENT_CurrentGet BRHEERE - EXEZIBLET.

RM_MOTOR_CURRENT_PhaseVoltageGet fife. EEEZEZBRELET,

RM_MOTOR_CURRENT _ParameterUpdate EBRHIHEENNSA—2ZEHLET
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9.8.4 &R - ZHIFR

ERHIEHES 1 —ILOBENR - TH—
& 9-39 ERGIEE D 1 —LABER - TH—

BEEXUTICTRLET,

& [1/2] (rm_motor_current_api.h)

BERKE AN B
motor_current_callback_a | *p_context BERGIEE 2 —IILa—IN\YIHIVTFHR
rgs_t ME®RT7 FLX

event BRHEAMEDS2—)ILa—ILNYIARD L
motor_current_output_t f id d EHERE [Al

f_iqg q ETRE [A]

f vamax BERY FILKIRIE [V]

f speed_rad ElEEE(BESA) [rad/s]

f _speed_rpm EI#5IE E (M A) [rpm]

f rotor_angle O—42 A& [rad]

f position_rad

A—A4HIE [rad]

f ed

d Bt EBEEE [V]

f eq

q HMEEFEEE V]

f phase_err_rad

{HAEE [rad]

ul flag get iref

PI &I#BAR 75

ul adjust_status

Bl ERAART—HRR
(oY LARY FLTRHERLEREA)

ul_adjust_count_full

SIERAAFNY V8 T IVIEH
(BoHYLARNY FATREALEEA)

ul adjust_mode

5| ERAHE—F
(oY LARY FLTRHERLEREA)

ul_openloop_status

BlERAA. A LLFF YT L—2avt—T
UIN—TRTF—2 R
(oY LARY FLTEHERLEREA)

f openloop_speed

FEtLoHYXY)IL—Yavir—ToIL—7
EE
(B LARY MLTIHFEALEEA)

f_openloop_id_ref

FEr oYXy )IL—YavA—ToL—T7
Fr d SERE R 1E
(VY LARY FLTEHERLERA)

motor_current_input_t

f id_ref

d EERIETE [A]

f iq_ref

qHEARESE (Al

f ref _speed_rad_ctrl

REFHAEEREREESR ) [rad/s]

f damp_comp_speed

T—ToN—THFUEVTREERA) [rad/s]

ul flag pi

Pl &R 755

motor_current_input_curr
ent_t

U fBERE [A]

iv V HERIE [A]

iw W HBERE [A]
motor_current_input_volta | vdc A VN—3BIREEE [V]
ge_t va_max BEARY MILHIRE
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& 9-40 ERFIEE D 2 —ILABENR - TH—

& [2/2] (rm_motor_current_api.h)

BERA

motor_current_get voltage_t

PN EnEA
u_voltage UHERERE [V]
(VY LARY MLTIXERLEEA)
v_voltage VHEEE [V]
(BB LARY MLTIEFERALEEA)
w_voltage W tHEZIE [V]

(oY LARY FLTIHERLEEA)

vd_reference

dHEEESE

vq_reference

qHMEEESE

motor_current_cfg_t

*p_motor_driver_instance

TRRSANED2—ILLAIVREI VAT KR
LA

*p_motor_angle_instance

TRAEEEHTEES 1 —ILAVAEI VR
7 EKLR

*p_callback BHRI—ULN\YIBEBT FLR

*p_context BHRIA-WAYIRAVTIRAMERT F
LR

*p_extend A—HEREIV T4 FaL— 3 VEER
SHEAT FLA

motor_current_api_t *open A—TUBEET FLR

*close oy 0—XBEHT7 FLR

*reset Dty FE#T7 FLXR

*run Y (E—%EEkFE) E#H7 FLAR

*parameterSet RESIENSDANFEREZEBHT FLR

*currentReferenceSet BRESESREBRHT FL X

*speedPhaseSet PAREREBREBAHT FLR

*currentSet BEREREEKT FLR

*parameterGet BERHEIEHA o DOHAERIMGEKT FLR

*currentGet BIEERENGEHAHBT LR

*phaseVoltageGet EEFHIGERT FL R

*parameterUpdate NG A—REHEAHT FLR

motor_current_instance_t *p_ctrl BREMES 2 —ILAEHBEART FLR

*p_cfg EREIMES2a—Larv I L—va Y
REIBEART LR

*n_api BIREIHEE Y 1 —)L API BASEEEE X

7ELZR
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& 9-41 BRFEIHE D 2 —LABER - £8H—%E [1/3] (rm_motor_current.h)

BSR4 AN &5 BA
motor_current_pi_params_t f err PITS—&
f kp PI Ll 3k
f_ki PIFERREH
f_refi PI /918
f_ilimit Pl &5 EHHIRE
motor_current_design_parame | f_current_omega Tl Pl EAREKEE [Hz)
ter_t f_current_zeta BRI P EEHERK
motor_current_motor_paramet | u2_mtr_pp T2 Bt
et 4_mtr_r S ERIE (2]
f4_mtr_Id E—R dEA 5B R [H]
f4_mtr_lq E—H qEAF YA R [H]
f4_mtr_m E— S HRMEE [Wh]
f4_mtr_j E—FA4F—T % [kgm™2]
motor_currnt_voltage_compen | f_comp_v BEMIEME
sation_t f_comp_i ERAEIEE
f slope iR R R
f_intcept R R R
f_volt_comp_array EEMHIEMERS
f_vdc A N—3BREE
f_volt_comp_limit BEEMEM) v b
ul_volt_err_comp_enable EEHEEEMN
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=942 BERGIHMES 2 — ILEEER - TH—

& [2/3] (rm_motor_current.h)

BEKA AN £ B
motor_current_extended_cfg_t | ul_control_type oA T
shunt DR
f_comp_v BEEBREMEABET I
f_comp_i BEEBREREABRT I
vcomp_enable BEREHMEAENEN TSV

ul sample_delay comp_enab
le

MAREREAENENDSY

f period_magnitude_value

[EGIEEAFHIE D FHALE

f_current_ctrl_period

f_ilimit

=
BREEED [s]
&

HIRRIE [A]

*p_motor_parameter

E—FNSA-SEERSRAT FLR

*p_design_parameter

Bk Pl FlHTH A VN5 A —RE&EK
SWBA7 FLR

motor_current_instance_ctrl_t

open BREEHES 2 —ILA—TUIER
ul_active BRHEET VT« TER

f vd_ref dBEEIERIE [V]
f_vq_ref qEEEIERE [V]

f id_ref d EERIERE [A]
f_iq_ref qEERIESE [A]

f iu_ad U MBERE [A]

f iv_ad VHERE [A]

f_iw_ad W HBERE [A]

f_id_ad d BEFRME [A]

f iq_ad q BERME [A]

f vdc_ad A UN—2BIREEE [V]
f speed_rad ElEEE(BESKA) [rad/s]

f _rotor_angle

O—4A {#8 [rad]

f_position_rad

EFER [rad]
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& 9-43 BRFIHE D 2 —LABER - £8H—E [3/3] (rm_motor_current.h)

EERA AN EL):

motor_current_instance_ctrl_t | f_refu UBTa—T,REME
f refv VT 1—T1HREE
f_refw WHET1—T 1 EREE
f va_max BEARY bILHEE
f ed d EiEEFREERE
f_eq q Bt EFIEEE
f phase_err fItEERZE [rad]

ul flag crnt_offset

o7ty FRBRETST

f sin_ad_data

FEL Y sinfEEANIE
(VY LARY FILTIEHERLERA)

f cos_ad data

FEtL Y cosEEANE
(EoHYLARY ML THEHERALEEA)

*p_cfg BERFIHES2a—Lar I F¥al—3
%#&*ﬁiﬁ%%ﬁﬁ}ﬂ? KL X

st_pi_id d B P AEER

st_pi_iq q B P AEER

st_vcomp BEEREMERBER

st_input BRHEMANAT—2EER

*p_angle_instance

TRAEEEHEEES1—ILSAVARE Y
A7 KLA

*p_driver_instance

FTBRSANES1A—ILAVAE VAT R
L&
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985 TV OTEZ - JEAKER
BRHAIHEDS2—I/ILD</0 - JEEKR-EZLUTITRLET,

K944 ERFIWMES2a—<3HoO0—&

_KHZ

T74IL%& /04 EHRIE =
rm_motor_current.c ('l\/lI <<
24U) | (T
VOTOR CURRENTOP | & 16U) || msmmisne > — 1t — 7 ifidh
8u) | (T
<< 0U)
MOTOR_CURRENT_FLG | o555 07
_CLR
MOTOR_CURRENT_FLG | S
SET
MOTOR CURRENT Tw | 29F *
el - 3141592 | 27
6535F
60.OF
MOTOR_CURRENT 60_ | MOTOR -
TWOPI CURREN | rad/s=rpm Z i
T_TWOPI
MOTOR CURRENT_SQ | 1414213 | -,
RT 2 56F
MOTOR CURRENT SQ | 1732050 | -
RT 3 8F
MOTOR_CURRENT DIV | oo™ [ e
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R 9-45 ERGIHE S 21— )L RAFIZEKR—

& (rm_motor_current_api.h)

B ZRB

AN

B

=R

motor_current_ev
ent_t

MOTOR_CURRENT_EV
ENT_FORWARD

EREIEETIARNY b
(ERHIEEEAZIY AH)

MOTOR_CURRENT_EV
ENT_DATA_SET

ERGIERE A X b
BRI EHE AR Y A H)

MOTOR_CURRENT_EV
ENT_BACKWARD

ERHIEETERAANND b
(BRI EEEAZYAA)

& 9-46 BRFIHE D 1 —ILANZEE—

& (rm_motor_current.h)

NTROL_TYPE_ENCODE
R

HZ{KB AN [ B
motor_current_ co | MOTOR_CURRENT_CO oY LR
ntrol_type_t NTROL_TYPE_SENSOR
LESS
MOTOR_CURRENT_CO I a—45FHA

MOTOR_CURRENT_CO
NTROL_TYPE_HALL

R—ILt oY FIA

MOTOR_CURRENT_CO
NTROL_TYPE_INDUCTI
ON

FECYFIA

motor_current_sh
unt_type_t

MOTOR_CURRENT_SH 1ovy b
UNT_TYPE_1_SHUNT
MOTOR_CURRENT_SH 2 %k
UNT_TYPE_2_SHUNT
MOTOR_CURRENT_SH 3 vk

UNT_TYPE_3_SHUNT

motor_current_vol
tage_compensati
on_select t

MOTOR_CURRENT_VO
LTAGE_COMPENSATIO
N_SELECT_DISABLE

EFREMIEHAERES

MOTOR_CURRENT_VO
LTAGE_COMPENSATIO
N_SELECT_ENABLE

motor_current_sa
mple_delay com

MOTOR_CURRENT_SA
MPLE_DELAY_COMPEN

fIAEERZFH IE A RE SR

pensation_t SATION_DISABLE
MOTOR_CURRENT_SA CIARFREMMEREER
MPLE_DELAY_COMPEN
SATION_ENABLE
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99 KFSANEDa—IL
RSANED1—)LIE, TE—24HADZES 21— LA MCU ODRYITTSILIZTZ LR T BEIZERYITISILE
Da—)LEERLET,

9.9.1 #¥sE

KSANED2—ILOMEE—EEZR 9-47IZRLET,
R947T FSANEDa—ILDO#E—E

HRE

FitEA

A/D ZH{ED S

HERPCAVN—FBFREELGE AD EZRIFLES .

PWM O duty %7€

UIVIW Fa~H S35 PWM Duty [EZRELET .

PWM DEALE. =1k

PWM H A DERIE . I (FOTAT T 0 T47) ZHIELET

9.9.2 EVa—I/ILERE

RKSANEDS1—IILDED 12— IILERREZR 9-7 IZTRLET,

Uty b

SW.VR1,/
LED

PC

FFY

r—<av

AR s
£52-1L BEN DA
35—
7;—3{
=S M RSANED2-I
Uty b
127
o i
(APD)
THBENR R
nonsnE - LB BAHEORE
= RE B BE
e
B
EYa—-)L
—_— PWME )
PWM | PWMEAgDEZ
I
i
e
EZa-—IL
B
RS

9-7 FSANED 1 —ILEREK

RO1AN8129JJ0100 Rev.1.00

2026.6.30

RENESAS

Page 95 of 134




KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor
Control &) —XH

9.9.3 API

RSANED2—ILD APl —ERER APl DERBA%EE 9-48 ITRLET .

#9-48 FSANEZ1—)LDAPI —&

API

5

RM_MOTOR_DRIVER_Open

FIANED2—IL  RUTBEDI—ILDAVRIVRE.E
E‘Z(T_jy) L/as-d_o

RM_MOTOR_DRIVER_Close

KSANES2—I)L . BRUTRBESI—ILDAVRARAER
THO—X)LET,

RM_MOTOR_DRIVER_Reset

FIANED1—ILE)EYMREILETS,
TRE 21—tV FET,

RM_MOTOR_DRIVER_PhaseVoltageSet

fite - BEERHRERELET .

RM_MOTOR_DRIVER_CurrentGet

BRHEERE, 1N—2BREEEZMELET,

RM_MOTOR_DRIVER_FlagCurrentOffsetGet

BEREA 7y RGLEEERLET .

RM_MOTOR_DRIVER_CurrentOffsetRestart

BEREA 7 RSLEERRRELET,

RM_MOTOR_DRIVER_ParameterUpdate

RSANES 21— ILDINSA—2EFBH LET,
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9.9.4 iR - THIFW
FIANED 21— ILTHERATABER—EZLTITRLET,
949 RFSANED2—)LABER - £H—E [1/2] (rm_motor_driver_api.h)

BERKE AN £ B
motor_driver_callback_ar | event RSANEDa—)La—ILN\yIBEHAIN k
s t
95 *p_context FSANEDa—)La—)L/\y I EHA
AVTEIAMERT FLR
motor_driver_current_get | iu U MBERE [A]
t
- iv VHEERME [A]
iw W HHERE [A]
vdc A N—3BHREEE V]
va_max BEARY MILHIRE
sin_ad FEt Y sinESANIE
(BB LART RLTIHERALEHA)
cos_ad FE+t Y cos EEANE
(oY LRARY FLTIRERLEEA)
motor_driver_cfg_t *p_adc_instance TEADC EVa—ILf 2V RBA VAT FLAR
iu_ad_ch U HERIE AD Fv¥ )L
iv_ad_ch V HHERRE AD F v R
iw_ad_ch W MBEREE AD F ¥ )L
vdc_ad_ch A N—32 BREFEIRF AD F v R
sin_ad_ch FEL Y sinEFEF AD FrRIL
(BB LARY MLTIEEFERALEEA)
cos_ad_ch FEtE Y cos EEMF AD Fr R
(BB LARY MLTIEFERALEEA)
*p_adc2_instance TEBADC EVa—ILfAVRARA AT KLR2DH
(ADC D=y bZ 2 DESHEICHERALEY)
shunt v U M EIER
*p_three_phase_instanc | TER=H PWM E 2 —ILA VY REZ VAT KL R
e
*p_callback BRIV IBEBET FLXR
*p_context BHI—UWAYIBEBAIVTIFRAMERT FL
R
*p_extend A—HHREAVI«4X2L—> a3 VBEKRSEAR
7 KFLR
RO1AN8129JJ0100 Rev.1.00 Page 97 of 134

2026.6.30 RENESAS



KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor

Control &) —XH

£ 950 RFSANEDa—)LABER - TH—E [2/2] (rm_motor_driver_api.h)

BiERA AN BT
motor_driver_api_t *open A—TUBET FLX
*close s o—XEHT7 FLR
*reset Dty FE#T FLX
*phaseVoltageSet EEESEREEAHT LR
*currentGet Bt - EEENRGEZT FLX
*flagCurrentOffsetGet BRA 7ty FRIGEBT FLX
*currentOffsetRestart EBRAT 7ty FREERBH7 FLX
*parameterUpdate NS A= BEHABRT FL R
motor_driver_instance_t | *p_ctrl FIANED 21— ILAERBEERT KL R
*p_cfg FSANED2a— Lo T4 L—> a3 VIEHRIE
ERT7 FLR
*n_api FSA4/NED1—)L AP BAEEHEER

7ELZR
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%951 FSANED1—)LAEERK -

ZH—E [1/3] (rm_motor_driver.h)

EEAR4 AN £ BH
motor_driver_modulation | f4_vdc A N—2BREXE [V]
t
- f4 1 div_vdc A OoN—2BREXEFEH CEER)

f4_voltage_error_ratio

BEREL

f4_max_duty ®XRKTa—T41E
f4_min_duty &M Ta1—T411E

f4_neutral_duty

OVIEATa—T«1E

ul_sat flag

YFalL—avisy

motor_driver_shared_inst
ance_ctrl_t

open

ADC Yz 7— KED 21— LA —TiEH

registered_motor_count

ERE—H4H

*p_context

ADC Yz 7—FKEZCa—J)LHaOVTEX MERT
LR

motor_driver_extended_s
hared_cfg_t

*p_adc_instance_first

ADC Yz 7—FEDa21—/)LEFADC ED 21 —)LA
VRBUARAT RLA1DH

*p_adc_instance_second

ADCL Tz 7—FKFREDCa21—IILEHEADCES 2a—I)LA
VARURAFTRKLR2DH

*p_shared_instance_ctrl

ADC Yz 7—KFESa— )LERATHEEERT KL
2
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£ 9-52 FIANEDa2— )LABER - TH—E [2/3] (rm_motor_driver.h)

BERA

AN

i

motor_driver_extended ¢
fg_t

u2_pwm_timer_freq

PWM 24390y EKE [MHZ]

pwm_carrier_freq

PWM F+ 1) 7 EiK# [kHz]

u2_deadtime

TYRBALATU N (B2 ME)

f_current_range

ERRELL S BABRE (A

f vdc_range

1A UN—4BREEREHL VY (RRBRHER) [V]

f _ad_resolution

A/D ZHa s fER: (A/ID T E v FBEXE)

f ad_current_offset

BERBRHEERA 7Y b

f ad_voltage conversion

SNEEIR. ADY 77 LY RAEBEENFHIE ALAIE

u2_offset_calc_count

B4 7ty FREEEK

modulation_method

ZERAHER

port_up UMBLE7—LKR—+ES
port_un UHET7—LKR—+ES
port_vp VHEL7—LKR—+ES
port_vn VHET7—LHKR—+ES
port_wp WHET7—LKR—+ES
port_wn WHT7—LKR—+ES

f _ad_current_adjust

1%y MEFAD RIS IEE

s4_difference_minimum

1%y FEPWM Ta—F 4 RINESD

s4_adjust_adc_delay

13 v hEFAD BSEIERZE(E

trigger_phase

1<+ v b AID ZHBASA 1) FRAE

adc_group AID ZEBETEIVAHFKEYS IL—T (ADC_B B®D
)

iu_ad_unit UMEFRBRHEADI=ZY &S

iv_ad_unit VHEERBRHAD 1=y FEE

iw_ad_unit WHERKE AD 1=y FEE

vdc_ad_unit A N—2BREFREAD 1=y +EF

sin_ad_unit FEtL Y snfEEBREADIZY NES
(BB LARY MLTIEFERALEEA)

cos_ad_unit FEtL Y cosEERHAD =Y ES
(VoY LARY MLTIXERALEEA)

mod_param PWM Z 3 FAEER

interrupt_adc

B Y AAFEEADC A=y FEE

*p_shared_cfg

ADC Yz 7—FKEVa—J)LavIiq«FL—3y
EHREEASREA
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%953 FSANED 1—)LAEERK -

ZH—E [3/3] (rm_motor_driver.h)

BERA

AN

i

motor_driver_instance_ct
rl_t

open

F—TUER

u2_carrier_base

PWM BH#IRR DD UARE (B4 AHD Y MBE)

u2_deadtime_count

TYREALAIY ME (4D MiE)

f iu_ad

U fBERBREIE [A]

f_iv_ad VHERRHIE [A]
f_iw_ad W HBERRHE [A]
f vdc_ad A N—2 BREEREE [V]
f sin_ad FEt Y sin EESREIE
(B LARY MLTIXERLEEA)
f cos_ad FE+v Y cos EEBRHIE
(B LARY FLTIHERLEREA)
f_refu UMBTa—TF4
f refv VHETa1—T4
f refw WHTa1—T1

ul_flag_offset_calc

BRA 7ty FRBET 757

u2_offset_calc_times

BRA 7ty FREEHK (Ao A

f offset_iu BREUBA 7€y MME [A]
f_offset_iv BRE VHEA 7Y ME [A]
f offset_iw BREWHEA 7Y ME [A]
f sum_iu_ad A2ty MEHE U MBREHE

f sum_iv_ad

7ty MREE V BREHE

f sum_iw_ad

7ty MRER W BREHE

min_phase PWM Fa—T 4 &/ME (12 v > MHITERA)
mid_phase PWM Ta—7« $ffit (1 2+ > FHIEA)

u4_gtioca_low_cfg

GTIOCA /R—k LOW EEHAa Y T4 Fa L —
vay

u4_gtiocb_low_cfg

GTIOCB 7/"R—k LOW EEH AT s Fa L —
ay

ul flag_port_enable

PWMAR— rHEAEH TS S

st_modulation

ZIRREER

*p_cfg

RSANEDa—)arvIqaFxalL— 3 iER
BEARSERA7 LR

adc_callback_args

ADCECa—)La—IL/N\v Y H

timer_callback_args

BAREDa—)La—IL/Ny I HA

*p_shared_instance_ctrl

ADC Yz 7— RESa1a— )LTHABERT7 FL R
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9.95 TV OEFEE-JEARTEE
KSANED2—)LO< o0 - JIBEK—BZUTIZRLET,

#£954 FSANE a—)LTHYO—&

ORT_GPIO_MASK

T774IL% E&ZA=E E&IE e
rm_motor_driver.c (M' << 24U) |
MOTOR_DRIVER_OPE | (T' << 16U) || 4 —. 4=
N (D' << 8U) | A —TUER
(R'<< 0U)
(M' << 24U) |
MOTOR_DRIVER_SHA | (T' << 16U) | R e e
RED_ADC_OPEN (S’ << 8U) | (A ADC >z 7—FREDa—)LA—TUIER
<< 0U)
M&LOR_DRIVER_FLG 0 5555y T
MSOETTOR_DRNER_FLG 1 S5ty k
MT(ID?T/S\E—DR'VER—KHZ 1000U kHz=Hz Z#:/R
MOTOR_DRIVER_DEF
HALF 0.5F 0.5
MOTOR_DRIVER_MUL
TIPLE_TWO 2.0F 2
M[?ATT%RKA?:g\IéER—ADC OX00000FFF | ADC BB F— % TR 4
MOTOR_DRIVER_MET [, EHHERA
MOTOR_DRIVER_MET [, MRy FLERA
MOTOR DRIVER_SAT | 1 YFaL—23275707 FAU
MOTOR_DRIVER_SAT |, __, YFalL—3vISICTMEAVME
FLAG_BITV
MOTOR _DRIVER_SAT | | __, YFaL—23rI55 T AWM
FLAG_BITW
My ¢ | 0.6124F BEAY FLBKEEHRFR
MOTOR_DRIVER_SVP
WM_MULT 1.155F V413
MOTOR_DRIVER_IO_P PWM 7/R— b LOW BREAI> 740 F2
ORT_CFG_LOW 0x3000004 | _ o 5 55
MOTOR_DRIVER_I0_P PWM 7R— k HIGH ZEHAI>74 ¥
ORT_CFG_HIGH 0x3000005 L—YavF—4
MOTOR_DRIVER_IO_P
ORT_PERIPHERAL_M | 0x0010000 PWM R— FREB#EEREIEY F<T R
ASK
MOTOR_DRIVER_IO_P | rrerrpr PWM R— F— R EEBEIEY kTR
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& 955 RTANED 21— /)LRAFIZEHK—ZE (rm_motor_driver_api.h)

5%tk AU el =k
motor_driver_eve | MOTOR_DRIVER_EVEN KSANED 21— IILAERIA RN +
nt_t T_FORWARD
MOTOR_DRIVER_EVEN RSANES 21— ILRBEEFTA AL b
T_CURRENT
MOTOR_DRIVER_EVEN RSANED1—)LIMEBHA R b
T_BACKWARD
motor_driver_shu | MOTOR_DRIVER_SHUN 1oy bk
nt_type_t T_TYPE_1_SHUNT
MOTOR_DRIVER_SHUN 2 vk
T_TYPE_2 SHUNT
MOTOR_DRIVER_SHUN 3y b
T _TYPE_3 SHUNT
£ 956 FSA/NED1—)LAFZEAR—F (rm_motor_driver.h)
B e AN & =k

motor_driver_sele
ct_adc_instance_t

MOTOR_DRIVER_SELE
CT_ADC_INSTANCE_FI
RST

1D2BMDADC EVa— LAV RA VR

MOTOR_DRIVER_SELE
CT_ADC_INSTANCE_SE
COND

2DOHMDADCEDa—ILA VAR VR

motor_driver_mo
dulation_method
t

MOTOR_DRIVER_MODU
LATION_METHOD_SPW
M

EKK R

MOTOR_DRIVER_MODU
LATION_METHOD_SVP
WM

ZERANY MILEFH

motor_driver_pha
se_t

MOTOR_DRIVER_PHAS U 48
E_U_PHASE
MOTOR_DRIVER_PHAS V48
E_V_PHASE
MOTOR_DRIVER_PHAS W 48
E_W_PHASE
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0,10 AE/REHEE Y 1 —/L

AEEEREEED 12— LEBRH S HEERN SFEEEA TV —N\EAVTHENO— 2 OREEEE -

HEZHEETAES1—ILTT,
0.10.1 #%gE

AEEEHEED 12— IILDOEE—E4LUTIZRLET,
RI57 AEEEHTEED 1 —ILOHEE—E

st BA

AELREHTE FRERA IV —NZAVTREOLN—2DEEGERE - AEZHELET,

9.10.2 L a— LMK
BV —IERRELUTIZRLES,

Atheta

AIF=)C

drquEnm| PFN
T2a-JL

}

B EEEE
wret EEPLL
w
w
thet
o~ sEEE

d/q8BfiziE
BEEE

9-8 ELa— /LR
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9.10.3 API

AENEEHETEES 1—ILO API

—EBZLUTIZRLET,
£ 958 AERE#HEE S 1—/ILDO API—&

API B
RM_MOTOR_ESTIMATE_Open AEREHRTEE D2 —ILERE (A—TV) LET,
RM_MOTOR_ESTIMATE_Close AEREHTEE D1 —ILERLRT (VB—X) LET,

RM_MOTOR_ESTIMATE_Reset

a—)LzEJEYFLET,

RM_MOTOR_ESTIMATE_CurrentSet BESN-BEREZEELEFT,

RM_MOTOR_ESTIMATE_SpeedSet

3

B

X

ERBESA) radls]ZRELFET .

RM_MOTOR_ESTIMATE_FlagPiCtrISet

PIHIEBR I ST ERELET .

RM_MOTOR_ESTIMATE_AngleSpeedGet

HESN-BEGEEE - AEZMELET.

onentGet

RM_MOTOR_ESTIMATE_EstimatedComp

HEPRDNFA—ET—2ZRGELET,

e

RM_MOTOR_ESTIMATE_ParameterUpdat

EE

AEEEED1—ILTERT DN A—FEEHLE

RM_MOTOR_ESTIMATE_ InternalCalculate

REMEEEXRELET .

(Lo LARY FILTIEIEY R—

)

RM_MOTOR_ESTIMATE_AngleAdjust

VGBS EAANEEERLET,
(EoH LARY FILTIEIEYR—

)

RM_MOTOR_ESTIMATE_EncoderCyclic

I a—5EYAHNEEFERLET,
(Lo LARY FILTIEIEY R—

)

RM_MOTOR_ESTIMATE_InfoGet

FEE XYY ITL—YavA—TUL—TRERE

mBLET,

(EoHY LARY FILTIEIEYR—F)
RM_MOTOR_ESTIMATE_CyclicProcess BEAEIY AHNEEERBLET,

(EoH LARY FLTIEIEYR— )

RM_MOTOR_ESTIMATE_SensorDataSet

FELUHANT—RERELET,
(LY LARY FILTIEIEYR—

)
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9.10.4 &K - THUIER

AEEEHEED 1 —LOBER - EH—EBEZUTITRLET,

FO-59 AEIREHTED 1 —LABER -

EH—E [1/2] (rm_motor_angle_api.h)

FFERALEEA)

BERKE AN £ B
motor_angle_cfg_t *p_context BRIV IVEBAICTEFIMNERT FL
R
*p_extend A—HHREAVI«4X2L—> a3 VBEKRSEAR
7 KLR
motor_angle_current_t id dEER [A]
iq qEER [A]
motor_angle_voltage_ref | vd dEEEIERE [V]
erence_t
vq qEMEEERE [V]
motor_angle_ad_data_t | sin_ad_data FE Y sin AKE
SHLARY FLT _
(L 7 b cos_ad_data FE+ Y cos ANE

motor_angle_encoder_in

fo t
(EoHLARY bLT
FERALFEFEA)

e_adjust_status

BIERAHART—ER

ul_adjust_count_full

Sl EAHEEN I E T ILIER

ul_adjust_mode

5lERAHE—F

e_open_loop_status

FEL XY IL—Ya
F—TUIN—TRFT—5 R

f_openloop_speed

FEtL oYXy IL—P 3y
F—T I —TEEIER

f _openloop_id_ref

FEL XY ITL—Yay
F—TUI—T dMERIERE [A]
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& 9-60 AESREHTED 1 —LABER -

EH—E [2/2] (rm_motor_angle_api.h)

BiERA AN BILL]
motor_angle_api_t *open A—TUNEBEHT FL X
*close O 0—XNEREHT F LR
*reset Dty FMLERRHKT FLX
*currentSet BREREEBT FLA
*speedSet RERSEERA) [radls|REEHT FL R
*flagPiCtrlSet Pl #IERAE T 5 VR EEHT FLR

*internalCalculate

REGEFEEHT LR
(oY LARY LTIEIFEYR—F)

*angleSpeedGet

AEEEH#EERSESRT FLR

*angleAdjust

VGBS EAABEHT FL R
(Lo LARY FILTIEIEYR—F)

*encoderCyclic

I Ua—5EHARERHET FLR
(EoH LARY bLTIEIFEYR—F)

*cyclicProcess

FHRIBEAE T FL R
(Lo LARY FILTIEIEYR—R)

*sensorDataSet

FECL U ANFEBRT FLR
(oY LARY bLTIEIEYR—F)

*estimatedComponentGe
t

HEEFRRRGERT LR

*infoGet I a—SiREFHRINEGHEKT FLX
(EoH LARY FLTIHESR—F)
*parameterUpdate AEREHTES 12— IS A—2BHEKT K
LR
motor_angle_instance_t | *p_ctrl AEEERTES 1 —ILEREHEEEFT7 KL R
*p_cfg AE/REHEE 12— LIV T FalL—Lay
BHIBEART LR
*p_api AEEEHTEED 1—)L APl BB 7 KL XEER

7 RLR
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x9-61 AEREHEED 1 —ILABER -

ZEH—E [1/2] (rm_motor_estimate.h)

BEAR4 AN £ BH
motor_estimate_bemf_ob | f4_k_e_obs_1 BHREEA T —/\LLHIE 1
s-axist 4_k_e_obs_2 FEBES 7T —/ SHHITE 2

f4_i pre B ATE{E
f4_i_est_pre H#E 3 B R A [E
f4_d_est HENELEE
f4_d_est _pre #ESNELEEATENE
f4_d_est_limit HENELEEED I b
motor_estimate_motor_p | u2_mtr_pp E—2 B
arameter.t f4_mtr_r £ — S HERIE [
f4_mtr_Id E—R dEAUF 2R [H]
f4_mtr_Iq E—R qEAUF VAR [H]
f4_mtr_m TS EHRBERE [Wb]
f4_mtr_j E—FA4F—> % [kgm”2]

f4_mtr_nominal_current

E-FERERIE

motor_estimate_bemf _ob
server_t

f4_dt

FREEA TY—/\F LR

st_motor_params

E—FINTA—RBERK

st d_axis

d EhHEE (B

st_q_axis

q EHEE (B

motor_estimate pll_est_t

f4_kp_est_speed

HE PLL LLBIMiE

f4_ki_est _speed

HE PLL i50E

f4 i est_speed

HE PLL 51

motor_estimate_input_t

f vd_ref dEEEIERE [V]
f vq_ref qEEBEEIERE [V]
fid d EER [A]
f_iq q EER [Al

f4_ref_speed_rad_ctrl

RELREERE(ESRA) [rad/s]

f4_damp_comp_speed

A—=TUoN—THFUEVTREERA) [rad/s]
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£ 9-62 AEMREHEED 12— I/LABER - TH—% [2/2] (rm_motor_estimate.h)

BERA

AN

5

d_cfg_t

motor_estimate_extende

openloop_damping

F—ToN—TEUETHEER

f e obs _omega

BEEEAF T —/\BHERH [Hz]

f e obs zeta

FEREEXA IV —/\BEERERE

f pll_est omega

EE PLL EHREKEE [Hz]

f pll_est zeta

HE PLL BARZERHY

f4_ctrl_period

AEEEHTED 1 —IILETEALY [s]

st_motor_params

E—FINTA—REBERK

_ctrl_t

motor_estimate_instance

open AEREHREE S 12— LA —TUER
f4_ed HE dEBETL
f4_eq #E qHEE

f4_speed_rad

#E EERERE(BERA) [rad/s]

f4_phase_err_rad

HSItEERZE [rad]

f4_angle_rad

HEAE [rad]

ul flg pi_ctrl

PI &I#EBABR 7 5

ul flg_pll_start

HEPLLEAR IS Y

st_bemf_obs

BEEEA T —/\HEREER

st_pll_est HE PLL AZE#IBER
st_input ERHEHSDAANT—2EER
*p_cfg aAVIT4 9 L—2aVEREEARSEA
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9.105 ¥V OFEE - B AEE
AEEEHEED 2—I/ILOTH/ O - FIBAK—ELZUTIZRLET,

x9-63 AEMREHEE 1 —ILYI/O—FE

T74IL% Xy 0%4 EEIE e
rm_motor_esti (M' << 24U)
mate.c MOTOR_ESTIMATE_OP | |(T'<<16U) | o . .=
EN | (B <<su)| | T~ 7~ 1A%
('S' << 0U)
MOTOR_ESTIMATE_FL = A
G_CLR ou 229907
MOTOR_ESTIMATE_FL —
G_SET 1U 239ty k
MOTOR_ESTIMATE_TW 2.0F :
oPI - - 3.14159265 |27
35F
< 9-64 AEREHTEIZAE—E (rm_motor_angle_api.h)

FIZE K% AN & 2R
motor_sense_enc | MOTOR_SENSE_ENCO 1
oder_angle_adjus | DER_ANGLE_ADJUST_9 WEAGLE 90 EA MBI EiAH
t t 0_DEGREE

(oYL RAARS | MOTOR_SENSE_ENCO 2
FLTIEEALZE | DER_ANGLE_ADJUST 0 PHANIE 0 EARBI EAH
HA) _DEGREE
MOTOR_SENSE_ENCO | 3
DER_ANGLE_ADJUST F MEAGIES  ERAAHET
INISH
MOTOR_SENSE_ENCO | 4
DER_ANGLE_ADJUST _ FrYJL—vavt—JuIL—TEE
OPENLOOP
motor_angle_ope | MOTOR_ANGLE_OPEN_ | O e — ;
n_loop_t LOOP_INACTIVE F=TUN—TBHERT I 747
(¥ LAR%Y | MOTOR_ANGLE_OPEN_ | 1
FLTIEERLE | LOOP_ACTIVE A—TUIL—TEEH
TA)
motor_angle_erro | MOTOR_ANGLE_ERRO | 0 FELOYXY)ITL—23VIS—H
rt R_NONE L
(L% LAAY | MOTOR_ANGLE_ERRO |1 - \ _
- _— = -~ I —_ - J—
MLTIEERLE | R_INDUCTION Z%t”ﬂw JTV=vavI5—%
®A)
£ 9-65 AEMREHTEE D 1—/LAFIZE—E (rm_motor_estimate.h)
F K% AN & 2R
motor_estimate_o | MOTOR_ESTIMATE_OP | 0 FA—=ToN—TFEVTEN
penloop_damping | ENLOOP_DAMPING_DIS
t ABLE
MOTOR_ESTIMATE_OP |1 A—=ToN—THEEVTEH
ENLOOP_DAMPING_EN
ABLE
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10. NS A—B DERE

10.1 H &=

AYUTINTATSALTIE, FSPAYI4Xa2aL— 32N ETRED 2—ILDBENRSA—2DH)
HERENMTAET ., EESN-MHPMEK. 23— FOLEREIZ common_data.c/h, KU hal_data.c/h [CEEf
BICRBRENFET, BESN=NASA—F([FTEIBFOEZEEDS 12— I/ILOVELNIETES - BERICHRTES
h, ELONEBIZERAINET,

—EDINTA—R[E, RMW i ENSEIMICEEMNAIRETT . MRNTA—RICEHLTIX953E4SHR
LTLEEWL, Ff. NSA—SEHFOBEICEL TIEIRMW OB YFWNGRBEEESE LTS,

102 A VR ITI—RED2A—ILDBFEINTA—2D—8

AVBTI—REDA—IIDERENTA—FBENPRTEEELUTISRLET, NSA—F2FTaNT 14
TEYEBRETHIENTEET, UTETHOFSP EP2—/LTRRTT,

% 10-1 Configuration Options (rm_motor_sensorless)

rF7arg NE

Limit of over current (A) HERNCDIEZEBZDE. PWMHBEAR— AL JIZHRES
nFEJ,

Limit of over voltage (V) AVN—BREENCDEZEZ D L. PWMHAR— R
FTIICEESINFET,

Limit of over speed (rpm) EEEENCDEZEBZ S E. PWM HAKR— FAF TIZHRE
ShFET,

Limit of low voltage (V) AVN—FBREENCDEZTESE. PWM HAR— bA
TIICERESNET,

Callback RTa—I)L/\y VB

% 10-2 Configuration Options #]#i{& (rm_motor_sensorless)

TT7avd RX74M, RX74N
Limit of over current (A) 1.13
Limit of over voltage (V) | 60.0
Limit of over speed (rpm) | 4500.0
Limit of low voltage (V) 8.0
Callback mtr_callback_event
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10.3 EEHEES 1 —ILDBRFE/INSA—E2D—C

HREFIEED 2 —ILDRENTA—2 B ENREBELUTISRLET,
%= 10-3 Configuration Options (rm_motor_speed)

T avs

RE

Common | Position support

L& i1 AT A5 4R

General | Speed control period (sec)

EERIEEAL [s]

General | Step of speed climbing (rpm)

REZHOR T v TE@EME)rpm], MNE
ERET
COEICK>TEEZFIFLET,

General | Maximum rotational speed (rpm)

RREEMEWA) [rpm]

General | Speed LPF omega

EE LPF EARRE [Hz]

General | Limit of g-axis current (A)

qEER) IV L [A]

General | Step of speed feedback at open-loop

F—TUIL—THESTEERT Y T(HERI
EIZHY 88 ERE)

General | Natural frequency

NELEREA TH—/\DOEHREH

General | Open-loop damping

F—ToN—THFE L THIEHOER

General | Flux weakening

55 O R H| 1 DFER

General | Torque compensation for sensorless transition

oY LAY Y EZHIEOER

General | Speed observer

REA THF—N\LEOEFD EHERRL
EXED

General | Selection of speed observer

BEF TV —N\DEFEERLET,

General | Control method

a2 bO—J)LARDEIRPID or IPD)

Open-Loop | Step of d-axis current climbing

dBMERIEREMER Ty 7 [A/ms]

Open-Loop | Step of d-axis current descending

d EREFERERT Y T [Ams]

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

qMERERBERERT Y T [Ams]

Open-Loop | Reference of d-axis current

F—T I — Tl d MERESE (Al

Open-Loop | Threshold of speed control descending

d BhE 45 5 (BB 5 FaiA 2 B (FEA ) [rpm)

Open-Loop | Threshold of speed control climbing

d ST T B0 F B 452 BE (B A1) [rpm)

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

T LRGY B ZNEER [s]

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

Y L RAFIEHTI Y & Z TR RRE(ESR
£4) [degree]

Design parameter | Speed Pl loop omega

EEHIEREREKEY [Hz]

Design parameter | Speed PI loop zeta

B EHIHRIBE R

Design parameter | Estimated d-axis HPF omega

d BiEFRERE HPF Ay b A JRKE [Hz)]

Design parameter | Open-loop damping zeta

F—ToN—THE U EVTHEHBEZREK

Design parameter | Cutoff frequency of phase error LPF

(IARERZE LPF h v A T EERE [Hz)

Design parameter | Speed observer omega

BEAF TH—/\hy A TERE [Hz)

Design parameter | Speed observer zeta

BREXF THF—N\BERFREHK

Motor Parameter | Pole pairs

EE

Motor Parameter | Resistance (ohm)

EHE [Q]

Motor Parameter | Inductance of d-axis (H)

d#if 592 2R [H]

Motor Parameter | Inductance of g-axis (H)

qQEA U522 UR [H]

Motor Parameter | Permanent magnetic flux (Wb)

SHACHAREL [Wh]

Motor Parameter | Rotor inertia (kgm”2)

17— v [kgm"2]
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% 10-4 Configuration Options ##A{E (rm_motor_speed)

FTFToas

RX74M, RX74N

Common | Position support

General | Speed control period (sec) 0.001
General | Step of speed climbing (rpm) 0.5
General | Maximum rotational speed (rpm) 2400.0
General | Speed LPF omega 10.0
General | Limit of g-axis current (A) 1.13
General | Step of speed feedback at open- 0.2
loop

General | Natural frequency 100.0
General | Open-loop damping Enable
General | Flux weakening Disable
General | Torque compensation for Enable
sensorless transition

General | Speed observer -
General | Selection of speed observer -
General | Control method -
Open-Loop | Step of d-axis current climbing 0.6
Open-Loop | Step of d-axis current 0.6
descending

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

Open-Loop | Reference of d-axis current 0.3
Open-Loop | Threshold of speed control 700.0
descending

Open-Loop | Threshold of speed control 500.0
climbing

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

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

Design parameter | Speed Pl loop omega 3.0
Design parameter | Speed PI loop zeta 1.0
Design parameter | Estimated d-axis HPF 25
omega

Design parameter | Open-loop damping zeta | 1.0
Design parameter | Cutoff frequency of phase | 10.0
error LPF

Design parameter | Speed observer omega -
Design parameter | Speed observer zeta -
Motor Parameter | Pole pairs 4
Motor Parameter | Resistance (ohm) 1.32
Motor Parameter | Inductance of d-axis (H) 0.0021
Motor Parameter | Inductance of g-axis (H) 0.0021
Motor Parameter | Permanent magnetic flux 0.0115
(Wb)

Motor Parameter | Rotor inertia (kgm”2) 0.0000032
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104 ERFNIHEDS A —ILDBRE/INTA—FND—&
BENRSA— AL LB EEEUTIZRLES,

% 10-5 Configuration Options (rm_motor_current)

ERFHES 2 —ILD

AT ars

RE

General | Shunt type

Dy MEMZEWVWC DRAVWTERBREZ1T 50 %
BRLZET,

General | Current control decimation

B EIEE AR5 = E %K

General | PWM carrier frequency (kHz)

PWM F+ 1) 7 iK% [kHz]

General | Input voltage (V)

AREE [V]

General | Sample delay compensation

HUTJILEEGEEDEY  BUNEERLET,

General | Period magnification value

%Eiﬁ%ﬁIEﬂ?fd)F]Hﬁ{%??

General | Voltage error compensation

EREBEOED BHZERLET,

current 5

General | Voltage error compensation table of al‘O) BEESREHET—TILL
voltage 1
General | Voltage error compensation table of | EF D EFBREFFHET—IIL 2
voltage 2
General | Voltage error compensation table of | EF D EFBREFHET—IIL 3
voltage 3
General | Voltage error compensation table of | EF D EFBREFFHET—IIL 4
voltage 4
General | Voltage error compensation table of | EF D EFBREFHET—IILS
voltage 5
General | Voltage error compensation table of | BN EERERMET—JIL 1
current 1
General | Voltage error compensation table of | RN EFXBERET—IIL 2
current 2
General | Voltage error compensation table of | ERDEFBREMHMET— I I 3
current 3
General | Voltage error compensation table of | ERDEFREMET—JIL 4
current 4
General | Voltage error compensation table of | ERDEFBREMHMET—JILS

Design Parameter | Current Pl loop omega

EiRHIHRERBRRE [Hz]

Design Parameter | Current Pl loop zeta

ERHlHR AR R

Motor Parameter | Pole pairs

EE

Motor Parameter | Resistance (ohm)

EHE [Q]

Motor Parameter | Inductance of d-axis (H)

d#if 592 2R [H]

Motor Parameter | Inductance of g-axis (H)

qQEA U592 R [H]

(Wh)

Motor Parameter | Permanent magnetic flux

SHATHAREL [Wh]

Motor Parameter | Rotor inertia (kgm”"2)

A4+ — % [kgm"2]
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% 10-6 Configuration Options #EA{E (rm_motor_current)

TIavh RX74M, RX74N
General | Shunt type 1shunt
General | Current control decimation 0
General | PWM carrier frequency (kHz) 10.0
General | Input voltage (V) 24.0
General | Sample delay compensation Enable
General | Period magnification value 15
General | Voltage error compensation Enable
General | Voltage error compensation table of | 0.234
voltage 1
General | Voltage error compensation table of | 0.391
voltage 2
General | Voltage error compensation table of | 0.463
voltage 3
General | Voltage error compensation table of | 0.508
voltage 4
General | Voltage error compensation table of | 0.524
voltage 5
General | Voltage error compensation table of | 0.035
current 1
General | Voltage error compensation table of | 0.066
current 2
General | Voltage error compensation table of | 0.131
current 3
General | Voltage error compensation table of | 0.313
current 4
General | Voltage error compensation table of | 0.609
current 5
Design Parameter | Current Pl loop omega 300.0
Design Parameter | Current Pl loop zeta 1.0
Motor Parameter | Pole pairs 4
Motor Parameter | Resistance (ohm) 1.32
Motor Parameter | Inductance of d-axis (H) 0.0021
Motor Parameter | Inductance of g-axis (H) 0.0021
Motor Parameter | Permanent magnetic flux | 0.0115
(Wb)
Motor Parameter | Rotor inertia (kgm”2) 0.0000032
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105 RSANES1—ILDBE/INSA—E2D—8

FIANED1—ILDERFENT A =2 B LR EBELUTISRLET,
%= 10-7 Configuration Options [1/2] (rm_motor_driver)

T avs

RE

Common | ADC_B Support

ADC B fEF:#EIR

Common | Shared ADC support

ADC 17— RES 21— )LERER

Common | Supported Motor Number

HHEE— 2 HERTE

General | Shunt type BREHAEER

General | Modulation method EIRARER

General | PWM output port UP U7 vI\—F7—LR— F&E
General | PWM output port UN UMBB—7—7—LHR— FEE
General | PWM output port VP VT v iI"—F —LR— FEE
General | PWM output port VN VHEA—T—7—LKR— FEE
General | PWM output port WP WH7 vy N\—TF—LR— FEEE
General | PWM output port WN WHBE—7—7—LHKR— FRE

General | PWM Timer Frequency (MHz)

PWM 4 A T EiKE [MHz]

General | PWM Carrier Period (Microseconds)

PWM &+ 1) 7EH] [us]

General | Dead Time (Raw Counts)

Tv KA LAY ME [Raw Counts]

General | Current Range (A)

BRREL VD [A]

General | Voltage Range (V)

EERELCD V]

General | Counts for current offset measurement

7ty FRERHEERK

General | A/D conversion channel for U Phase current

UMERBRE AD Fy¥ U RILES

General | A/D conversion channel for W Phase current

WHERRE AD Fv¥ U RILES

General | A/D conversion channel for Main Line Voltage

A VN—2BIREETHEE AD Fv o rILE

=1

General | A/D conversion channel for V Phase current

VHERBE AD Fy U RILEE

General | A/D conversion channel for sin signal

sin[EE5#HE AD Fy¥ U RILES

General | A/D conversion channel for cos signal

cos {EEHH AID F¥ U RILEE

General | Using ADC scan group

$hi9dBADC ED 21 —ILDRFT v Y
TGN—THEERBLET,

General | A/D conversion unit for U Phase current

U HERKRE ADC 1=yt ES

General | A/D conversion unit for W Phase current

W HBEFEE ADC 1=y rEE

General | A/D conversion unit for main line voltage

AON—2BHREXHE ADC 1=vhES

General | A/D conversion unit for V Phase current

VHEREY ADC 2=y B

General | A/D conversion unit for sin signal

sin fE8f#&H ADC 1=v+HES

General | A/D conversion unit for cos signal

cos EB#H ADC 1=y EE

General | ADC interrupt module

BYIAHZRESE S ADC EVaA—ILES

General | Adjustment value to current A/D

Bt A/D FZ{E(1shunt F)

General | Minimum difference of PWM duty

PWM T 1—T 1 Dix/ME(Lshunt F)

General | Adjustment delay of A/D conversion

ADC DR #:EFE(1shunt )

General | 1shunt interrupt phase

1shunt B A/D ZEH#24E(UVW)

General | Input Voltage (V)

A N—SBREEANIE

General | Resolution of A/D conversion

A/D O /\—% 5 fREE

General | Offset of A/D conversion for current

ADaVIN—FARATEY F

General | Conversion level of A/D conversion for voltage

BEZHLAIILGEFEIE 1.0)
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%= 10-8 Configuration Options [2/2] (rm_motor_driver)

TFTarsk kS
General | GTIOCA stop level E7—LfELERFELR)L
General | GTIOCB stop level TT7—LELEBLANL
Modulation | Maximum duty PWMRAXT1—T4«
TY R LERV RKRKTa1—T4
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# 10-9 Configuration Options #EA{E [1/2] (rm_motor_driver)

ATvavsk RX74M |  RX74N
Common | ADC_B Support Enabled
Common | Shared ADC support Disabled
Common | Supported Motor Number 1
General | Shunt type 1shunt
General | Modulation method SVPWM

General | PWM output port UP

BSP_IO_PORT_14_PIN_00

General | PWM output port UN

BSP_IO_PORT_14_PIN_01

General | PWM output port VP

BSP_IO_PORT_14_PIN_02

General | PWM output port VN

BSP_IO_PORT_14_PIN_03

General | PWM output port WP

BSP_IO_PORT_14_PIN_04

General | PWM output port WN

BSP_IO_PORT_14_PIN_05

General | PWM Timer Frequency (MHz)

150

General | PWM Carrier Period
(Microseconds)

100

General | Dead Time (Raw Counts)

150

General | Current Range (A)

16.5

General | Voltage Range (V)

73.51

General | Counts for current offset
measurement

500

General | A/D conversion channel for U
Phase current

0

General | A/D conversion channel for W
Phase current

General | A/D conversion channel for
Main Line Voltage

14

General | A/D conversion channel for V
Phase current

General | A/D conversion channel for sin
signal

General | A/D conversion channel for cos
signal

General | Using ADC scan group

RO1AN8129JJ0100 Rev.1.00

2026.6.30

RENESAS

Page 118 of 134



KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor
Control &) —XH

% 10-10 Configuration Options #)HA{E [2/2] (rm_motor_driver)

TT7avd RX74M, RX74N
General | A/D conversion unit for U Phase | -
current
General | A/D conversion unit for W -
Phase current
General | A/D conversion unit for main -
line voltage

General | A/D conversion unit for V Phase | -
current
General | A/D conversion unit for sin -
signal
General | A/D conversion unit for cos -
signal
General | ADC interrupt module -
General | Adjustment value to current A/D | O

General | Minimum difference of PWM 1200

duty

General | Adjustment delay of A/D 800

conversion

General | 1shunt interrupt phase PHASE_U

General | Input Voltage (V) 24.0

General | Resolution of A/D conversion OxFFF

General | Offset of A/D conversion for Ox7FF

current

General | Conversion level of A/D 1.0

conversion for voltage

General | GTIOCA stop level Pin Level Low

General | GTIOCB stop level Pin Level High

Modulation | Maximum duty 0.9375
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10.6 AEEEREED 21— LORENRTA—2D—F
AEREREES1—LOBRE/ S A—2 8 ENPREBEUTISRLET,

%= 10-11 Configuration Options (rm_motor_estimate)

rToavs kS
Motor Parameter | Pole pairs 18 %3 450
Motor Parameter | Resistance (ohm) EHE [Q]
Motor Parameter | Inductance of d-axis (H) dEif a9 2 UR [H]
Motor Parameter | Inductance of g-axis (H) qQEhA A2 R [H]
Motor Parameter | Permanent magnetic flux (Wb) | SE3RBEE L [Wh)
Motor Parameter | Rotor inertia (kgm”2) A4 F—2 % [kgm”2]
Motor Parameter | Nominal current (Arms) AFEFR[Arms]
Open-loop damping A—=ToN—THFE T HIEHDER
Natural frequency of BEMF observer FIEETHE REFEIK#[HZ]
Damping ratio of BEMF observer FEEEHERBERE
Natural frequency of PLL Speed estimate loop & ¥ RE A BIRE[HZ]
Damping ratio of PLL Speed estimate loop M EHTERBREZR
Control period EiRGIEHEL [s]
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% 10-12 Configuration Options #JEA{E (rm_motor_estimate)

FTTavk RX74M, RX74N
Motor Parameter | Pole pairs 4
Motor Parameter | Resistance (ohm) 1.32
Motor Parameter | Inductance of d-axis 0.0021
(H)
Motor Parameter | Inductance of g-axis 0.0021

(H)

Motor Parameter | Permanent magnetic 0.0115

flux (Wb)

Motor Parameter | Rotor inertia (kgm”2) 0.0000032

Motor Parameter | Nominal current 1.13

(Arms)

Open-loop damping Enable

Natural frequency of BEMF observer 1000.0

Damping ratio of BEMF observer 1.0

Natural frequency of PLL Speed estimate | 20.0

loop

Damping ratio of PLL Speed estimate 1.0

loop

Control period 0.0001
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10.7 fRERE/NT A —4

rm_motor_sensorless/Limit of over current

BERRENBESTLIBRERELET . [ANE*sqri(2)*1.5] NRESNFT,

rm_motor_sensorless/Limit of over voltage

BEETRENBETIBEEZRELFTT ., FATHIBERRRICELETRELTILSLY,

rm_motor_sensorless/Limit of low voltage

BEEERENHETOIBEZRELFTI . FRATIBRREICELDETREL T LS,

10.8 PWM ¥+ ) 7RIEH#OZER
PWM X+ ) PRBRBDERIZFLUTOREEZLETELET,

rm_motor_driver/PWM Carrier Period

FrUTHIBEEARERELET,

rm_motor_current/PWM carrier frequency

Fr)TREBERELET,

rm_motor_estimate/Control period

FrUT7HEEARERELET .

10.9 /NILREERAEDEERTE

AYTNTOTS LTI, NILVARERARB AR Z 2BENSHRET I ENTEET, TIAHIME
RIS M ILZEFRA(MOD_METHOD_SVPWM)E Y FE T, ARIE K4 /VE Y 2 —)LD Modulation method
TTaVICKYBRETEET,

NWILRARERSBEARE. EXRERICERLIZHE . EEFIAED 86%ZHlHSh, E—2IELGEEH
HATET . MEBOBERXEZR/DIICIEA VN— I BREEZE<ETIVLENHYET . ERNINLEREER
Li=i5&. BEFMAEES oN—2 BHREFEICHLT 100%FHATEET,

rm_motor_driver/Maximum duty
BAPWM Ta—Tath, BEIF0.9375MFFLLTLLZEN
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10.10 4 IN—HR NS A —4
10.10.1 Ty REA L

rm_motor_driver/Dead Time (Raw Counts)

A N—8 K= FOLHE -

REEICERBE SN, TYFISLBERZZ2A/IOA 7Y FITHEEL TS

2E0, FIRIEE2A4< o0y 9 H 120MHz DIHBE 2.0us TIL 240 EHYFET,

10.10.2 BERRET A

rm_motor_driver/Current Range (A)
BRAOBRHEL U CHERELET ., 0-3.3V TH8.25A(Peak to Peak T 16.5A)DIRE &L 47 > TV S DA MCI-
LV-1 D4 T3, Peakto Peak DIEZHRE L TLEELY,

% 10-13 MCI-LV-1 O ERIEBLH

SHEAERE ADC A hEEE ADC ZEH#:{E
+8.25A 3.3V 4095
0A 1.65V 2047
-8.25A ov 0
T T T T T o L inverter” simtermal i
1
: — 0.0825Vv — 3.3V i — 4095 — 8.25A
1
10.01Q # i 0.0V # 1.65V i # 2047 # £ 0.0A
I . . . . )
! Y o0msy Pt oo e 0 o T 820
e e e e e e e e !
10-1 ERBRHBOFHEDO RN
10.10.3 BEEREYT A >

rm_motor_driver/Voltage Range (V)
ADC EEDHRKIE(ADC ZHE 40905)DEE, A VN—SBBEETHAIVICHET 02RO BEHER
FLFEF, MCI-LV-1 TIZ ADC E[E 3.3V T 73.51V [CHHET 51z, 7351 ZHELFET,

% 10-14 MCI-LV-1 A v \N— 4 B ETEETH

A4 oN—S2 BREREE

ADC AKhEXE

ADC Z B

ov

ov

73.51V

3.3V

4095
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10.10.4 BEXREHET—IIL
EHDA N—AT, ERERLEAAYFUIRBRZTOIN. TY R LEF v 7TRBEHOBE R
MoREDTY FAALDDEXREEEZRANT, BEEHET—ILEERLET. R4V FUITRE
TEONEERLEETOEELSKRDDE. FYNRMEBEERET—JLICRETRLGENAEONE
ER

Fl=, HEBEEDN) I Y FEIUTOXTHETEET,

AHEEEVIY b = (FvUTEARE khz]l x Ty R4 LRME [us] + 1000) x £ 2nN—%5F
WREEE

o7 ORFEDERE, Tu & Vullv-Vy, Iw-Vw) DEIFRARBRMIZE NG WNEEE, EEEOKE. £
EROFEEEBLTHILHEL., T—TLERDIVELSHYETS,

e A -
BEEEN] T IR
IR o s TRIESEA]
Lo/ | EROER
o - BETF—%
DEIvhk - —— -
10-2 HEBEMEE Y 2 v ., EREFEDCRER
% 10-15 #EADER - EET — 2 HEH
No rm_motor_current/Voltage error | rm_motor_current/Voltage error
' compensation table of voltage compensation table of current
0 0.477 0.021
1 0.742 0.034
2 0.892 0.064
3 0.979 0.158
4 1.009 0.400
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10.11 E—R /T A—4

E—HDHEA—HAND, E—FNTA—FDEHRMFFEONLENEE. LCRA—2FHWTR,LILGD
E—ANSA—FEBFMIZH/DIENTEET, Tz, #0OR—T#RAND LT, BEWICHEEE
EEZBHIIENTEFET, CCTHRALELAZE. BKREMGLEEZEZERBET. FLE—FEEPLHCETE
ZERELI-. BENLEHETHY . BREDCAERZEZEATHVET., COH. EEORREK TN
A—REFERTIEICIE. BEZERLLAERBZEAVTAEZT> TS,

LCR X —4[F, EHMICKREZ SN2 DT, BREEHLTIOHULBBESELI+—I VI TV T
ETKETRAELTLEZEW, Fz, 4HFEZAVT, TA—JORELZERBT SO, —TUHWIEL
Da—MHEZHoMLDHIToTLESL, FllllE, LCR A —2OHMIKFASZSESHL TS,

Pole pairs

E—IDBHABERELFT . BAKIE, BHZE 12 LIELEQGYET, E—20HHEZSREL T
él'\o

Resistance

LCR A —4 THIE T 2EDEMRIE. E—FD=HEABMUVWDSE, 22%F&L, TAO—T%DHIF
TLEEW, EREEZRODIBEEIE. EREROCRIDE—FE#AWVT. AIELET., Boh-EREL.
2HAPDEFBIEREL>TVWEITDT, 12%2FSH5_ET, 1EPDE—L2DEBREEZBICENTEE
T, BoNEERREZZED1—INDE—FNTA—LADEMEICKRELTLESY, BAFQELRYE
ER

Inductance of d-axis, Inductance of g-axis

LCR * —A2 TRIET HEDEREL. E—FDZHHEABUVWDS5, 22%RY, TO—T£2%(F
TLESL, FHEIE— FE. BENFMEREE— F(Ls)TITWET, FMAREARZEE, LCR A —42 Ok
BHEZSHR S,

BEPOCYEL, RRENDJAI VIV FIVADRKELET/IMEZAELFET, CDEE, TKED 1/2
M. Lg &Y., R/MED 12 DEA LD &Y FET,

BontzLdRPILQEEED1—ILOAdq#A U F 72 VRITHRELTLEEN, B HANYY—)T
ER

Rotor inertia

E—SDEEF - MDA F—2 % (BEE—AVF) ZHELFEFT, Bfuld, kgm2TT, B&F. E—4
IR ESnE=EBHICERLAHY EFT, BRFENMYFITHEEICIE. BFADAIF— v MATEHREL TL
=&y,

Nominal current

E—SDEBERENE)ZHREL TLLESV, BHEREXT7URTTY, E—F0ORIRETHFTERICE
BN TWLWET,

Permanent magnetic flux

E—SDOZHEABRUVWDS 5, 22FE Y, A VBARA—TTOHIFTLEEN, HlREFE, UBE YV
BE, Ao0R3—T0TO0—TZHTT, BEZHNDSGELSICLES, E—20BDEICE, EHRRET
BiTELE— 2RI TCEREETEGRSE D L. U-VEORBMBERBENESNET, REBEEEEV3
TEHCET, HHEYDFEBEEDE—VEATONFET, HIXHERHKVY X, FEEE=0Y OHAMS

RO1AN8129JJ0100 Rev.1.00 Page 125 of 134



KABARBHE—2IDE Y LARY FLEIE -1 ¥ > FEREE AR Renesas Flexible Motor
Control &) —XH

RKOLGNFETHL, EREEZE[AEREDRERI HZ][TBREL., w=2nf[CEE#Z. FEEE=2nfY &
BY, XELEHRL, BEERAT I ETHEIHEERY WA ELONET,

BOXITE—S2EZRYRITTERVGEDZEIZE, BEFRIEEENT, HELBHNOATORALLGY
FIW, FTRE(EEGSE, EERMERGL THZMICROIFELEATEET, FTERLEEIC,
UTDESGAA—DTERRENAFGONETEIN, COLEE, ERKT—ERITEVEAHRZREY. EED
E—Y LA#ZERDET,

v

‘ t[s]

A7ZNLT) ALTIFE—VEEEMNEICREST Z2LENH SOV 2 TE> TEMNE EMPms FFT

1
Emf' ;s [V] = Emf peak[v] X ﬁ

Ton=KE t[s]Z HZ ICET =&, =1t DXIZHTIIOHFET, FonffHzlE. CDIPME—2DE
BEENSFBLONDIESRARKEK mqwm&xw ﬂﬁl%%h#%&EmhﬂWl&&Hw%bi¢o

BRARRHM[Hz]
f'[Hz]

Emf[V] = Emf’ ,s[V] X

CORER., COE—SOERRETRE LE-RICEET S, FEBENVINEEMITKOONES ., KRS
FEBEZRDOIGEICT, BFFEREEZHEL. EREETE—2OMZERESETAET SLELSHY
F9.

RICHFEBEMN G, EHIHERHY WO EROFT . —MRHIC, FEBELHEIBRBICIIUTOL S5 H
BRAVBHY FT, I, ERREROETARRHE(HZ|TY,

Emf[V] = ¥ = 2nf¥

XEEML., LEETEHONEFEREET EmV]E. EREEEGFOBRARKEH(HZ|ZRAT S L& T.
SHX B Y [Wb]ZRHDOENFET,

_ Emf[V]
T 2nf

Bon-HEXHEEHY IEZEED 1—ILOD Magnetic Flux [CEREL TL ZELY,
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10.12 ERFIE/NS A —4
rm_motor_current/Current Pl loop omega, rm_motor_current/Current Pl loop zeta

BRI R E A BKE Current Pl loop omega & B Hll{HRIBZRE Current Pl loop zeta % Ff% L THilf#
DTAVERELFET, ERFIHREAFTRREL. ERFEMETIMECEFHLTHRELTLLEL, BER
HEE RS (PWM F+ U 7ERY OH VIO EFTRETEFITH, MERLEEBEREHD/ A X G EEE
BL. I—PUEBITTESEETDIHEENELHYET,

fz& ZI1E. ERHIEEKEA 20kHZ(50ps R TERBIELBE)D L FIL, /10 FTHEETEFETOD
T. ERHHRBEARKRIE 2kHz ZHETEET, LHL, EEIZIE, E—FDONSA—F2DEREHIC
ERLT, BERAREANABVEHRICRIE LT ELHZENHY . 2kHz & Y £ TOREIEH (7= & Z(E 300Hz~
IkHZ)REEICERE T H I ENZIVTT,

ERHIHRBRERE. 0.7~10AEREETY, 1O ISEVWFERETROMNISEIZRYFET,

10.13 EEHIEH/NZ A —4
rm_motor_speed/Speed Pl loop omega, rm_motor_speed/Speed PI loop zeta

HREHMEED 1 —ILTIK, REHHRESREKE Speed Pl loop omega & &R E fil 1 R = %3k Speed PI
loop zeta ZHEL THED7 A U Z2RBLET ., REFHHMREAFRAKBEE<THE. BEESMLELIE
REECHT HREQEBREIMLELET, REFHRERTRRRIBERFHEDFSEHCFH, BET
ELLERAERFIEROBEHERED 1/3 £7E>TWEYT, ERFIHROEFEREH 500Hz TH o115
BIZI&. 500Hz/3=166Hz LY FET, LHL. BEVHLARY MY T TASTSLTIE, Toa—
SEFERAETIEEDHTE 217> TLVSE% L. Natural frequency of PLL Speed estimate loop T&HRE L T
WOBEIEER#IVEBEVRREHEZSRELTLESW, E2E NP BEEREHL VSO TRET 51548
21X, EBERRBOEEZNIICELE TEPT Z LT, NELORBANDERENLCHEY ., TIAIIL MERE
FULRELTELSKBENHY FET,

REHIHRBERFRHNL 0.7~1.0 (TERASGEHEE L., EL1IEWVWEERETREOMGIGEIZRYFET, EE
DISEZHEALLENSREXIToTLIEELY,

rm_motor_speed/Step of speed climbing

REETEZHRELFIC, ZREALRTHIRE—F (EE) 2RELET. EZARKE<THE. BL
RENAEFLES . 1EHEELER, EEFREEABILICpm, EFLETS,

10.14 BEGIIEEAHE/NT A —4

rm_motor_current/Period magnification value

BERBHEAAIVITEZREELLT, ERICPWMAE NSNS 2SI VIFEFTCHEZETE H-HDMHE
ETY,
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11. S0 — (Z7a—Fv¥— k)
11.1 A A A0

‘/ A0 \\
\_ ‘ J
Y—IL RBEHEED M EME
FSPESa1—ILD#EHE
AU FERERO WL
)ty MLE
\
// T~
(\// o \\/ [Board]
[Analyzeﬁ\ - \ /
I SWOIKEEM S
E—ADOHEE—FEE
com_ul_mode_systemMDEMN S
EHAOHEE—ELER
‘ EmE ERE
LE D]
EEnREIETIEDRE
LEDHI {0
o

11-1 A NBo7O0—Fv— bk
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11.2 EFRFEHEAZ Y A A 0E

< B TR R Y A AL R >

1o v NERRH

A N—SBHREE R

EBRATEINRE
StREREH

[INACTIVE MODE]
SYSTEM MODE

[ACTIVE MODE]

(& 32R]
Wit 7y MER S5 THER

[Ft&H5xET]

UVWHE R = doB R 2 1 EiRA 7wy RIERE

TP

T

B EHI PR AR

da# BE =>UVWIE BT Z it

EEREN

PWM duty E

PWML < 2 5% TE

] |

SN

11-2 ERGEHEHR Y AANEBEIO—F v — k
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11.3 EEFEHEAE Y A A 0

( HESIHELR Y AH >

fIfHERZE LPF ALIE

EE LPF L

Bt
EfnRE RS EA E5 T R

[FHE=T]

EEREEHESE

A

55 SO BRI 15T 7T

EEL oY il

O

11-3 FEEFIEHEHE Y AALEIO—F v —

A
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11.4 BEREEE Y AHLIE

BERBHENY AL, YO TILY T I T7IZEITSEPWM EBAIHFONA A D E—5 O R&I#EHT
EETDEYRAHFTT, TD=H. RENY AHNIBDEITEEE A TIXEXIC PWM B AIRFIF NS A U E—
BUORREIZHE-2TEY ., E—42~ADHAFFELELTWET,

( B H & DA H LI )
|

POEGUE v I

EBRARHEIS—Tv kR

IZ—AT7—43R2ALEv R

( )

11-4 BERBEHEIYAHALEBO—F v— k
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12. FAQ

121 CAHEZTIX
RE|MLGIREE., TO@BREBIZER 12-1[TRLET,
F12-1 WEELEZEND—F

e EE
BEmEHTHE. E—42N | E—2MABRALTVEYT, HETEKETIOT, EOMNFLELTLE
RELUNDEETE YT | SU,

TLZES E—RINFGA=F0, GRS A—FHBTBYTHESE. N—F2z7T
DMEREDHHNT, HETERWVGEELAHYET, HKFADRELZITOT
{2y,

IS—TRELEE. E—4% |670FSRLTLEEIN, IF—MoDERAENHRASATVETS,
E#RTEZ 0
EEFIRZEIToTH. T 6.70)ZZHMLTIS—ERZHIAEL T L&V, TS—ERICEET S

S—TEFEIELTLES HEFHERLTLEEL,
RMW M5 EFERE L T com_ul_enable_write DEIRIET. NI A—FZEETHBAFT,
3. REES AL com_ul_enable_write ~NOHEDEZTMZ IAIVIH. NFTA—FDE

ERAAEYEDEHE., NEORBULENEICIHELET, UTDL S I3
LTS,

com_ul_enable_write Z&RENDITIZE <
com_ul_enable_write DEEAHF 2EITS. Fl=lE. FIILERAHT D
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122 &< HHEM

12.2.1 RMW [CRTRENDEBDENEE LT >TLES

YU TINTOTSLDOERFIT o156, EIL F#&IC src/application/rmw 7+ )LZ —RIZERK S5 Map
T740LERMW IZEEL, Yo TLTOV S LOERREEEHTHEENDETYT., COEEEERL
258, ERHINELKRRTELRWNEGELHY F9, FHllE. 65BN,
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HECERLOFESIE
CCTIE RAaVERLRIERYT S MERALOEESRE] ITOVWTHBALET., BIHOFEALOFESFEICONTIE. AFF21 AV MELUTY

ZHALTYTT—FEBRBLTIESL,

1. BERXE
CMOS #EDER YRV DBRITFHERHFLZLAF T EZEL, CMOS HAITBVHERICE > T — MEBHIRZEL DS EAHY ET . EMOR
BORICIE, HAEFHESIERALTVIEEED FL—OI AP Ur—X, BEHOREHM. B/ —XGEEFAL. AL TIEICET—
REBLTLESWD, T3RAFvIREICKHELEZY., HFEM-LY LBEVTLE S, 2. CMOS #RERE LI=AR— FIZDOVTHRB%KOEK
WELTLIESL,

2. BREBEABROLE
BREARL. HEOKEIFETT. BREFEARKICE, LSIORBEBROKEIFTEETHY . LORIDBRECEIHFOREITETT, HMD
Uty FMagFTY Y FFH2REDEHE. BREANSY Y EAFENLLFETOHME. ImFOKBIIRIETETFEA. RIS, RB/T—F >
Uty FERBEEZFEALT) Y FTHRHRDGEE. BREANLS YUY FOMDD—EEEITET 52FTOHM., HTFORREBERIATEEEA,

3. BRAIJBICBITHANES
LEUGOERNLT TREDLEFIZ, ANEBOABATLT Yy TEREANLGVTLEE L, AANEBOARBATLT v TERISDEFEAIC
&Y., BEMEESIEREILEY. REERASRNABRFZSLSELYVTREENHYET., ERFPIC TERA TRICETHIANES] 12DV T
DREBOHLEMIE. TORBETFTHOTLESIL,

4, RERFFONRIE
REAEFIE. TREMFHFOMRE] SR> TREBLTLEEL, CMOS #HEDANEFOA VE—F U RIE, —fBIS. NAAVE—FURELS
TUWET., RMEMAFFERBRETEESE S L. FERRICKY. LSIAAD/ 4 XHNMMEh, LSIRBTEBERNANZY. AHESLRH
ShTREEEZECTBALDY T,

5 20921221\ T
Uty hEE, 709N RELIZE. VY FERBRLTCESY, RIS LRTFOI OV IOY BRI, OYBXEIOVINRELS:
BICOYBR TS, Yty M. MEBRIRF (FRENBREIRER) AWV 0v ) TEHEZRBTEIOXATLTIE, 709 IR+ RE
Lz, Uty bEMBEBRLTLLESY, £, TAV S LOEDPTHEREIRF (FIFMBHIRER) 2RV (ICHIVEZBHEE, 1Y
BRAADIOYINTRRELTHLEYIYEZ TS,

6. ANEHF DN
AR/ A XPRGFRIZEDBEREAERBEORRICHEYFETOTEELTLLESL, CMOS E#ZDAAN/ 4 X EISEBEL T, Vi (Max.) »
5Vh (Min.) EFTOEFEICELEFDLSGHEE, RBELZSISECIBIADLHYET ., AALRILANBEEDHEIFELEEHA. Vi (Max.) HH Vi
(Min.) FTOEEZEBT I2BBHMPIZF Y2 YT/ AXBERALBVESIZERALTCEEL,

7. UH—TF7RLR (FHEE) 077 ERZLE
YH—T7 FLR (FHEE) OF Y R E2IELET., 7 FLREEICE, FEOLERERCEYFTOATNG YHF—TT7 FLR (FH4E
) AHYET, ChoDT7 FLRET7ZIEALEZEZDBEIZONTIX., RETEFRBANDT, PV EALLGWVWESIZLTLESLY,

8. HRMOMEIZONT
HEORGIURBICEFETIHEEE. BEHLATLICORTLIHERREZEREL TSV, ALIL—TDIAaVTERENES L, T35
VAAEY, LATIMRE—VORELEICKY . ERWHFEOHE T, HiEE. BEY—Cr. /A XME. /A XIBHELENEL L FHEN
HYFET, MENESHRICEFTTLHEE. ABLROBRIEITORTLFHERBRERBL T3,



1.

10.

11.

12.

13.
14.

SaEE

>
—

=]

AEHICRBINER, VI FYz7ELIVINSICEET IERIT. FEFRRIOBEN. CAGZHBETLIHIOTY, B, VI LIz T7H
FUINGICEHET 2EREFERT HHE. PEHROBERICEVT. BEHROEIE - DRATLERHCLESIL, ChoOFERICERLTEL-EE
(BEFFLEFE=ZBOWTIICELBELEAFET. UTRILTT, ) ICEL. H#E. —UZ0EEEEVEEA,
LHMUBFLEARABHICRHSNEERET 4. K. £, 7OJS5L ZLT) XA, CRAEBRGAZOEROERICER L THRE LIE=E0HH
. ZRETOMOMMMEEICHT IREFLEIASICET IPNRICONT, SiE. ASORIEZTIHLOTELEL. FLEEFZESLDT
IEHYEEA.
L. RERCHEDSLUUHFLEFE=BOHHIE. ZHEETOMONMUEEEMNSHETIIOTEHY FEA,
LHRFEFMFAALEROBEA. WiE, B&FE, FIA. BRZOMOTAETSICHY. E=EREFORMOMNAICET IS5/t ANREL
HRBE. BARTM UV ARBOHKFS L URBEEEROBECENTIT>TLEEL,
LT E, EHELF—BE[HT. . RE. HE. UN—RIUPZTYVY,. FOM. FEDIERLENWTEEL, hHdHE. &
L EE UNRN—RIVPZFYLTHIZEYELEETICEAL, S1E. —UZF0EEEFAVEEA.
LE, SHBKOGRBEKEE MFEKE] LU (BREKE] CHBELTEY., EREKEF, UTITRTARICHANMERSADE ZLEER
LTHYFET,

BEKE . aVEa—4. OAME. BIEWE. FHAMKE. AVEE. RE. TEEM. -V L. EXAO0Ry +F

EMEKE  EEE (BEE, EH. LM% . ERE (S5 . KFREEHE. SRERER I TLA, FERLHHEES
LR, T—2— FEICKYBEEME. Harsh envionment AITRREERL TS L0 ERE, BEiELES - SRICEEERIFTAEMEDOH S
SR - SRTL (EGHBEE. AMRICEOAAMERATIE0%) . L LAEZALYMEET2RESEIETNOH DM - VR TL (FHES
L. BEDHME. RFAFBORT L, MEEHEOATA, TS5V MEBIRAT L, BEERBES) (CEASNDIILEERLTHELT. Thoo
ARICERATILEFEBELTVERA, X, SHAEELTOVEVARICEHBUREZFEALLZIEICKYBEENELTEH, BHIE—VIZTDOE
FEEVERA
HoHFEERERE, SBHENSDRLME 100%BRIESNTVEIDITTEHY FEA. BHN—FIzT7/ VI Iz 7HRIZIFEF2Y
T4 RAENMEAAFNATNDEDEHYETA, ThITE- T, S#E. EF2 YT HEBUHFEFLFRE (MRS FLESHBESAERSATH
ZVRTLIZHTBARET VR - FEFRAZEAFITN. CNICRYFEA, ) ho4ELSBEEZASLOTEHY TR A, S, SHEUFE
FIFLHESNERSINEZHOPZ VAT LN, FELGHE. BB, VMR, FH. Nvx2J T2 0OWEFLEBETOMOFELRRALT
B (THESBMERE] EVWET, ) L TEEEZTLRVILFRIALEFRA, BitE. BBERMBEICERLELEIAICEELTELEEBEIC
DT, —YIHERZEVERA, T, ZRITEVTEOOLMDIBYIZENT, AEHBLUVLSHN—FIYII 7/ VI rIFHBIZDONT, BEH
HELUHETEMENERICHT 2RALELVICE=ZEDOEFNERE LBV LORIEEED. ARFLEFIRTOVHEIRILTVEE A,
LHBBECHEAOEE., BEFORSER (T—42>— b, 2—H—X7zZa7I, 7FUs5—av/—k, EEENY Ty IIZEEHD T8
ETNAADERLEO—BHTIESRIE] %) #CRAOLE. UM EETIRAER. BEERETHE. MEBHE. REZFGHZOMIBEESRGD
HEHEANTIHEACESL, EEEHOHEEEZBI TLUHERECHERASALSEOME, RBEOTESSIUERICOETEL TIL, Sk, —4)
ZTOEFZEAVFERA,
LlE, BHERORBESLVCEBREORLICEOTVETA, FERUREHIBRTHENRKEL-Y ., FAFHICE>TITREELZYTS
HBENBYET, T, BHERE., T—2P— FHFITBLWTEHIEEMN. Harsh envionment MITR R EFERLTWSEDERE. MREHREEE
ToTHBYFEEA, RICHHEROBMEFIIBHENELESETH o TH. AFER. AKERTOMUHSMBEETEZELIELEVELS. BF
HROBEICHE T, TRES. ERXRSE. RBEHLEHFORERHB LIV I DU NEE, BEHROBE - SXTLELTOHRRIEE
ToTLESL, BT, Y422V T bz 7I(E, BRTORIETREL -0, BEEOWEEE - DXTLELTORERIIEHEHROEETITOT
&Ly,
LHUTORBEESHSOFMOFTFL L., RRERN L TURELROETHHEE LSV, CHEAICELTE. BEOHEDNES - £A
ZHRHF 5 RoHS 55%. BRAINIBEEELISZ2THHAENS X, M IEFITHEET L5 SHEACES L, MEEFEETFTLAENI LI
FYELEBEICELT, Sk, —UZ0ETZEVERA,
LHUSSIUEMEZENNOZESE LRI YRE - A - REZELESNTUVIEE - DXATLAICERT S LETEERA, BHESS
FUBMT . REF-EIBEFTHHE8E. MEABRVUNEESE] TOMBAESSICERSNINEORHEEEEEIRZETL. £
NOEDEDHDZEAITRVBELAFHREET>TLLESL,
BEHNLHAUSEZE=FICETEINIBAICE. BANCUZE=FIIHL T, ATIEEZTHOEEHEBNITIEEEES LD EVELE
ED
AEHOEMEE—BELHOXEICLIFHOREL/ICLUEGEHELFERNT I LEELET,
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