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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)
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Renesas CS+
IDE Version CS+ for CC E8.07.00 [01 Dec 2021]
Compiler CC-RL E1.11.00
IAR
IDE Version IAR Embedded Workbench IDE
8.5.2.7561 (8.5.2.7561)
Compiler IAR C/C++ Compiler for Renesas RL78
4.21.3.2447 (4.21.3.2447)
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On-chip Debugging Emulator E2 emulator Lite
E2 emulator
MCU Part Name RL78/F24 (R7F124FGJ)
Inverter Board RTK7F124FGS00000BJ
BLDC Motor PMSM (TG-55N-KA)
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

BEAEICEVTE, POY—I R LEAREBERACEHEIN T —JLEZEICEREOEBREITVET,

UFICE—2aAA4ILI Y FEERDEEEHRT—IILERLET,
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B 2-2 a4 )Ty FRERE AD MFBEXERES S 2
26 AM)LTY FRERRE AD HFEEREBESR
BE [V] | BE [°Cl | E8x [v] | BE [’c] | 8F [V] | BE [°C] | E8F [V] | BE [°C]
0.000 -59.393 1.328 19.469 2.657 45.264 3.985 79.031
0.078 -33.636 1.407 21.111 2.735 46.818 4.063 82.049
0.156 -23.353 1.485 22.716 2.813 48.396 4.142 85.326
0.234 -16.808 1.563 24.289 2.891 50.002 4.220 88.917
0.313 -11.869 1.641 25.836 2.969 51.641 4.298 92.896
0.391 -7.838 1.719 27.362 3.048 53.317 4.376 97.367
0.469 -4.391 1.797 28.870 3.126 55.035 4.454 102.478
0.547 -1.354 1.875 30.364 3.204 56.801 4532 108.450
0.625 1.381 1.954 31.849 3.282 58.620 4.611 115.640
0.703 3.884 2.032 33.326 3.360 60.501 4.689 124.664
0.781 6.205 2.110 34.799 3.438 62.450 4.767 136.738
0.860 8.378 2.188 36.272 3.516 64.477 4.845 154.778
0.938 10.430 2.266 37.748 3.595 66.592 4.923 189.159
1.016 12.382 2.344 39.228 3.673 68.808 5.000 431.619
1.094 14.250 2.422 40.717 3.751 71.141
1.172 16.047 2.501 42.217 3.829 73.607
1.250 17.783 2.579 43.732 3.907 76.228
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RL78/F24 MCU [Z& % PMSM E—42DE VY LARY MLEIEE (32x 2 k)
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\
2-3 EIREEATE AD BFEEXERES S
* 2-7 EIREEAE AD BFEEREER
BE [V] | BE [°C] | BF [v] | BE [°C] | B8F [Vl | BE [°C] | EF [v] | BE [°C]
0.000 0.000 1.328 41.174 2.657 77.864 3.985 128.909
0.078 -28.744 1.407 43.453 2.735 80.135 4.063 133.649
0.156 -15.757 1.485 45.688 2.813 82.450 4,142 138.830
0.234 -7.357 1.563 47.887 2.891 84.814 4.220 144.548
0.313 -0.950 1.641 50.055 2.969 87.233 4.298 151.285
0.391 4.326 1.719 52.200 3.048 89.716 4.376 161.566
0.469 8.869 1.797 54.326 3.126 92.270 4.454 171.848
0.547 12.898 1.875 56.440 3.204 94.905 4532 182.129
0.625 16.546 1.954 58.545 3.282 97.629 4.611 192.410
0.703 19.903 2.032 60.647 3.360 100.456 4.689 202.691
0.781 23.029 2.110 62.750 3.438 103.397 4.767 212.973
0.860 25.969 2.188 64.858 3.516 106.468 4.845 223.254
0.938 28.758 2.266 66.975 3.595 109.688 4.923 233.535
1.016 31.420 2.344 69.107 3.673 113.076 5.000 243.656
1.094 33.978 2.422 71.257 3.751 116.659
1.172 36.447 2.501 73.430 3.829 120.465
1.250 38.842 2.579 75.631 3.907 124.533
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

2222 B3AX-FlLA4 2=y bk
BAI-TLA A=Yy rTAUIE, SEDI16EY - 24T EBELTVWVET, K16 EY - 2147
[FrrLl EFV, TRNEFNEERBROAATELTHERT S LEEEAA. BEHOF Yy RILEHAED
B CEELRIAIHELLTHERT I EELTEET, RT3 (RL78/F24) TlL, 2a=v + (5§t 16
FyrrL) ERELTVET,
AORATLTIE, TAUZR 28D&SICFRALTULEY,

T
| F A0 |
|~ 16Evh-21<
| Fy#ILl |A/
| 9‘)«%»6 |
| FrRILT |
~

B 24 84 -FLA 1=y b

R 28 24T FLA4 -1y FOBERAAR

Unit | CH IEH AR B&
0 1 | M7 DOEEE—F AR —IN)L » B A THERE 1[ms]EA2 1<
Y—R 45099 CKO00
Ao k- o8y RARE 40 [MHz]
Z YA A FEHA 1 [ms]
BT - T—R - LTRA 1 | 39999
(TDRO1) E%E{E (1 [ms] / (1/40 [MHz]) - 1)
5 | 2A4RDEEE—F * v TF v iHE PWM BEHBIER 2 A4 <
Y—R 45099 CKo1
Aok -0y yREEE 625 [kHz]
B Y 5A B HA Iy ORHE
AL - T—H2 - LYVRA5 | -
(TDRO5) E%7EfE
5% FRARNEZE 4.1.1.2 (L)IZiEH
6 | AAXDEEE—F I hr MEE PWM BERBIE R €4 LT
Yy—R-40vY CKO1 JhERRS A
Ao b -y RERE 625 [kHz]
2 YA A FEHA 100 [ms]
BAIT—R - LTRXA 6 | 62499
(TDRO6) E%7E{E (100 [ms] / (1/625 [kHz]) - 1)
&% FANE%E 4.1.1.2 (2)IiEH
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

2223 #4 < RDe

24T RDelf. 16 EY rEATZ 2K (47 RDO. 47 RD1) HbLbEI, £f-. 24 < RDe [ZIE.
LTD6 DDE—FAHYET,

s AT E—FK

1ty FEE PWM E—F
H#E PWM E—F
PWM3 £— K

sk PWM E— K
YLEEFE4E PWM E— K

RKURTLTIE, 1T RDeZEXR 29DKSITHERALTLET,

% 2-9 447 RDe OFEARNEA

FER2A4< 15H kS &
4 4 < RDe FRE—F ViaRtE4E PWM E— F (GEXR#RERE ) =+E4848
PWM A 50 [us] PWM H 5
5EAEBHLEESR | 1.0 [us]
(Dead Time)
Ao MEKRE | 80 [MHZ]
HALAL MEE A “Low’. 7V T4 7 - LRJL “High”
Ny IT7HE | HY
WNILAHA®RE | A% PWMAToar -2y bAZER)
FEE [T 1l 4 GEMEEDOHEAE : N4V E—F 2V RHAN)
AD kU H A% (FOVhOD FBIZaVRTIYF)

EE  VhEEE PWM E— KX, 4 YRDOEFAATRDIODADIUVEPLOR A EZHAEHE T=1EBH
PWMiER:Z=H A LET,
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

2224 7IYH5r—3v-TFHOESL—4E2-2=v k (AAU)

FIUr—S3-7H9SL—4 -21=vy M. RL78/F23,F24 IZ#E#i s h - EEEKTT, BLDC E—
BDEHLARY FLEIE (FOC : Field Oriented Control) 45> DC/DC 3 2 /8—4 @ Pl §lfH THEAT 5 2
ENTEET, AAUZRFRIBAZETCPUDY I M I 7EARMERBS TS ENTEET,

AHTLTOTSLTHAAU ZFERALT. UTOEEEITVET,

Fz 2-10 AT % AAU HiEE

AAU HHWLEE— K AIEHEE
D3—0 /IN—0FEB+PIHIEH (E—42) 95—/ IN—0 % (3A-2 tBZH#:. REREZELH)
BLUPIHIEEEZITS
BIN—=H /H 5= % WIN—9 9 5—0 %M (EEREEE#R, 2 18-3 HHEH#)

(1) 25—49 /18— FH 4Pl

AAU TlE, 5—9 %, IR—0EH, PIEHEELHTUNESTEENTEET,

DS5—H %W 3HOER (v, lv, Iw) % 2HICEH (o Ip)

IN— % ETEE S REREAZICE R

PI &l - P &I4ED C(ERBIKIGD) & 1 HIE FELGIE) 2470, 2HMOBHER (4, 1) ZEH
(2 FN—=D D S5—UEH

Wi S—4 2 . [EEREEED S EEEAZICE R

$OS—0 %R 2HBERX (Vo, VB) % 3HERXE (Vu, Vv, Vw) [ZEH
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

23 Y7 rOITHER
231 774 IERK

HoINTOSLDT7AIILERER 2-11I2RLET,

R 2-11 YoTNTATSLDOIT 74 ILER (1/2)

RL78F24_SSL_FOC180_V105

oI RL78F24_SSL_FOC180.mtpj cs+7aTzH k- T7A )L (CS+A)
cstart.asm ABE—brT7yT - L—FUEHEI74IL (CC-RLA)
monitor.asm FINYTE=ZSARALIIVEET7A4)L (CC-RL A)

OPT_BYTE.asm

TFTINARF T3 N1 FEZET 74 (CC-RL )

security_id.asm

X2 FTAIDEZEZ7A4I)L (CC-RLA)

stkinit.asm RAA o EEMEIE T 74 )L (CC-RL A)
iodefine.h LYREEEIT74J)L (CC-RLA)

RL78F24_SSL_FOC180.dep

RL78F24_SSL_FOC180.ewd

RL78F24_SSL_FOC180.ewp

RL78F24_SSL_FOC180.ewt

RL78F24_SSL_FOC180.eww

IAR 7—9 AR—X - T74)L—=xK (IAR )

inc control_math.h

HlfHEREREA Y &

control_parameter.h

E—AHIENRSA—FERRAAYS

error_management. h

IS—EEBENEAY S

foc_current_ref_ctrl.h

AN FIVHEIEOEERE - BERESEFEAY S

foc_current_regulator.h

NY FLGIEOERGIEA v F

foc_math.h

Y FILEHIEEEA Y

motor_parameter.h

E—H - NFA—FFERANVHY

mtr_speed_ref_ctrl.h

EEEREREHAY S

r'78_common.h

TNA RKFHBEEREANV S

rI78_interrupt.h

BlUAHAMBERRANY Y

rssk_inv.h A ON—BRFNEA Y Z
sequence.h VAT LRKEBEEAY S

thermistor.h

—S XA - TFT—JILEEA~NYHSY

user_control.h

A—HFERNEBAYHS

lib r_fixed_point_math.h

EENMNEREESATI) -~Av¥

r_foc_angle_est.h

NMEHESATI) - ~v &

r_scale_adjust.h

Rr—Y)vy 240

lib¥CC-RL | r_fixed_point_math.lib

BENMNRBEES1TSY

r_foc_angle_est.lib

HEEES 1T Y
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

£ 2-11 HOTLTATILOT7AILERK (2/2)

RL78F24_SSL_FOC180_V105

src contrl_math.c %'lﬁﬂiﬁﬁmfiﬁﬂ
error_management.c S5 —EHNIBE
foc_current_ref _ctrl.c ’\9 MILEIEI DR EFIE - FiRTE R EHEED
foc_current_regulator.c XY U EH O E TR H D
foc_math.c Ry b ILHIEEEE
mtr_speed_ref_ctrl.c R E 1E 5 (B Hil &
rI78_interrupt.c E Y A A AL IR ER
rssk_inv.c A D IN— R IRIFNIRE]
sequence.c VAT LREEEEE
user_control.c A—YEERLEE
mcu_debug_option_for_iar.c AToay N rEE (IRaV/A4SH)

src¥dry r_cg_aau.c AAU K3 /\EEH
r_cg_aau.h AAU RS A NEEAY T
r_cg_adc.c AID Z#a k5 A4 INEEE
r_cg_adc.h ADZEM KA NEEAY S
r_cg_adc_user.c ADE# RS A4/ - A —HFERFEEL
r_cg_cgc.c o8y ERER KD A /N\EES
r_cg_cgc.h o8By ERERR RS A NEEAY S
r_cg_cgc_user.c Ry YERRE RS AN - A—FEREER
r_cg_comp.c N /\L—43 - BS54 /\REE
r_cg_comp.h A NL—3 - FSANEEAYS
r_cg_comp_user.c AE3/\L—43 « FSA4/\ - A—HFFEREREE
r_cg_dac.c DIA QU /IN—4 « FS A /IN\EEE
r_cg_dac.h DIAJUIN—R - RSANEEAYH

r_cg_dac_user.c

DIAQU/IN—H « RS A\ A—FFHREES

r_cg_macrodriver.h

CGH~N/ OAyS

r_cg_port.c R—FAHA FS A/ EEE

r_cg_port.h R—FAHARSANEEAY S
r_cg_port_user.c R—FAHARSA/N - A—FERELER
r_cg_timer.c BAT -« FZANEESH

r_cg_timer.h AL - FSANEREAYHT

r_cg_timer_user.c

BAT » FSA/N\ A—HFEREEE

r_cg_timer_rde.c

247 RDe K54 /\EEE

r_cg_timer_rde.h

24T RDe RSANEEAYHS

r_cg_timer_rde_user.c

A4 RDe KA/ - I—HEHZELED

r_cg_userdefine.h

I—FEFRALI—Y - Av 4y

r_cg_wdt.c WDT K3 A /\EEH

r_cg_wdt.h WDT RS A NEEAYH
r_cg_wdt_user.c WDT FS4/\ - A—HEREEE
r_main.c main BI$E L

r_systeminit.c

N— R T 7HHRIEER
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RL78/F24 MCU [Z& % PMSM E—42DE VY LARY MLEIEE (32x 2 k)

232 EDa—ILER
YoTINTOIS LOMBEEEZR 26 ITRLET,

Fm—————— == 1
Motor Control Layer I Library 1
............................................................................................. | 1
Reference Controller : :
: | |
Speed Reference Controller Current Reference Controller : > FOC math .
1
"""""""""""""""""""""""""""""""""""""""""""""""""""" | 1
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' | 1
Rotation controller t Control |
: g Function 1
Sequence Controller Current Regulator I :
____________________________________________________________________________________________ ! |
1 1
> 1
Error Management ! |
: Fixed-point | !
| math !
\ 4 1
! |
Driver layer 1, |
g 1
Inverter Functions : :
MCU Functions
\ 4
H/W
26 VI bz 7EEER
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

24 VI bz TR

A7 TIN5 —230 /) — bR ET BV I R I T7OERLEHNER 2-12 IR LET,

£ 212 VI Iz TFDEXRLH

HHE

NE

Hl#E7 =

oY LAY FILEIE (3-shunt A=)

T— % Bk F1E

LUF220D56, EL5onh—A%BIRLTEET S
e Yty MERBUTDAA = V) THIERERIREE BT S
3 [s]#. 1000 [rpm]ZREERE L L TEIMERA
EEEEEMN S 10 [s]#. 2000 [rpm]ICEEEEIESEXL R
LEREMEN DS 10 [s]#. 3000 [rpm]Ic B EERGEEZLEE
EEREEMNS 10 [s]iE. E—4ELE
- LEEMENS L[s]E. hora Uty b
o 1ty MERE. PWMEBANICKY EEEEREFEEHET S
- AH93 % PWMIESIL 10 [Hz] ~ 1000 [Hz]& T %
- Ta—T4H 100%0D L =, EEREIESIEZ 3000 [rpm]&T 5
- Fa—F4H0%DEE, FEEEESEE Orpm]ET S

B &5 F REAB AL B AR oY LR (BEREERER)
X ) TREKEE (PWM) | 20 [kHz]
Ty AL 1 [us]
il 10 /2 £ 100 [us] (50 x 2)
[B] %5128 5 i) 40 &6 B CW/CCW #£[Z 500 [rpm] ~ 3000 [rpm]
RiEELLuE ;J_'FO) WIFhIDEHDER., E—2FIEMESHN (6K) 2FE7V T4 JIC
%
- 3HEDEREDO LTI 1 TH216.97 [A] (10Arms + 20%) ZikBi@E
(100 [us]#E(-B5%])
- A UN—RERERX Vdc H 28.0 [V]Z#Bi (100 [us]EIZEER)
~ A VN—4BREE Vac A 80 [VIEFES (100 [us]EIER)
- [EEREEAS 5000 [rpm] % kB8 (1 [ms]EIZER)
— INTPO ##FIZ Low LRJLA A
(EEELEBEF) TILEA L, TS5—HEIZ 100 [us]EIZE+R)
- EHGBEAN 120 [C]Z#iB (1 [ms]EIZER)
- E—Aa4)LITY KEBEM 180 [’C]Z#EiB (1 [ms]EIZER)
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)
3. E—AFIEAE

AETEYUTNLTATSLTHWS, KABARIAE—S2 (PMSM) DAY RLHEIEIZDWTEHRBALE
T

3.1 E—ARFHEHRTLOEBEEAER
EREROBENTEE -k ABARSRE—2DEEAERXIEIR 310LSI2RTENTEET,

Uy Iy Pu
U | =Ryl | t+Dp| @v

Py L, My, M\, /iy cosf
((pv> = (Mu,, L, Mvw> (i,,) +y (cos(@ - 271/3))
Pw My, My, L, i cos(@ + 2m/3)

lw

Uy, VU, 0, FREHFER Ly, L, L, B2 VF 02 0R

by Uy, by ZAREHFER My, My, My, BHEEMREA V502 R
O Py, O BT B FHH IR R YK ABBIZL 2ERFEIERORKAE
R &EHEHTFER 0: UMM S DXAHA (BEF) DEHA

p: M BEF

B 3-1 ZfKABERME—2 OBER

CCTHERBA VA VB VREWBA VE VRV ABRRAD LS ZRESNET,

Ly, =1,+ L, — Lgscos(26)

L,=1,+ L, — Lgscos(20 + 2m/3)

Ly=1,+L,— Lgscos(20 —2m/3)

M::V —L,/2 — Lyscos(280)

My = —Lg/2 — Ly cos(20 + 21/3)
l;: —HHBEYDRhAFTIE VR

Ly —HHEYDEHA T2 ADFEHIE
Lys: —HBHBYDEA U EI 52 ZADEKRIE

—L,/2 — Lyscos(20 —2m/3)
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

3.2 A kILEIE

BEFDKRKAMEDOHE (N1B) ARIC JBETEDH., dEH S 90 EEAFLARIZ gHERMB 2 EIZT S
&, dg BRI L R-KAMARPBE—2DEEAERER/I-OICIEUTOERITIZALIEL N &
I2HYET,

= 2(cos8 cos(0—2m/3) cos(6+2m/3)
- _<—sin9 —sin(6 — 2m/3) —sin(9+2n/3)>

3
Dy
v
() =e()
q Uy

LRRDEFREMIZEY dg ERZTOXRABERYPE-—FOBEEABRREIUTORSIICRI ZENTEE

ERS
Ud _ R(l + pLd _(I)Lq id 0
(Uq> B ( wLy R, + qu> (iq> + <w¢a>
vy, Vg EHERFERE Ly L BHBEBAVHE VA2 VR
ig i HEHEHRFER Lg=1lg+3/2(Lg — Lgs)s Ly =1l +3/2(Lg + Lgs)
YV KAMBICKDERFEHRMEERODENE R, FHEEHKTFIER
Vo = V3129

CHICE YR LTOWSZHEEFICRNA TV =RGRIEX, BEFTHAKABEBLRHBLTHEEL TS
2HOBEEFICERE LTEHENSERLGT CENTEET,

H 3-2 ZHERE—2OHSH
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

E—BRICELDH MLIDRESFERANY FILEBRTFHRHEDNELY FTREDKIITKRFYET,
CORXRDELE—EEIT XY FMLY, BRE_BEYY SV VA MY EFUET,

T = Po{$aiy + (La — Lg)iaiy}
T:E—% kLY P,: #Bxt4

dBE DAV E I VADENBVNE—F ERBUABRNE—F EBUFET., COFE. U375
ARLIF0ICEEDT, gBERICHBFILTRLIBERECLGYFET, COF=H. ¢MERZ MLV ERE
R ERHYET, —AH. dHBERIE. TORESZERILSEEHET MEREIZE > THEM LKA
BOHWRDRESAZELTVEIIDESICRGEIBEET SN THHEERLESENHY FT,

— AR SPMSM (REHEEE TSI LA DC E—4) [FIEBENENNDOT, EEHFHIHOE., ML EH
ESELDITFRELR JHMBERIZOICHIELET ., % id=0 fIHEFUES, — AT, COBEDE—2D
BHAEKE. TROLSICRINEZDT, EEZLRSIEL-VGAEF., BBR g ZLRIENIEL NS
EDEY FET,

dw )
[E = Pnlpalq =T

T:Bf~LY LE—S2DEHE—A2

RESIEIL. COEFHHEREZHECEICL>TTEAGL, PIFIEIZ& >TITVWET, RE PIAIEICK->T
qimﬁe.uu.@?ﬁ' fgi‘?gff—d_o

Ko, .
ig = Kpo + (0" — )
Kpo,: RE PI LLBIT A > Ko RE PI Bas4y ssSTSREEF

dEié EHNERBESEICLEYRKRESIES-H. BRIEICH PIHIEEITVET, B PIFIEIZK -
THESEREZHET.

% Il
Vg = (Kmd d)(ld —ig)

Kpi,: dBAEFRPILLBI 7 1 > Ky AdBERPIBER T A >
Vi = Koy + 05— 1)
Kpi,: (HEE P b4 Kii,: qHETE PI S 51 >
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

E—AHLEETHEFTREENEEL. dBMBREICIT ¢MEBERICKIEEN, Ff- ¢HBERICET JBWER
EXRABMBHMRICEDEZEN., REAKRELLBHICONTHEIZGYET, C0 d#hE ¢BDFHE, ER
EOREZELEAIBEELTLESICEAHY TS . CNEEITHEDIC. EHOTHEEZHONMLHF Y
VELTBEICTA—FITFT—FLTEBMOEEZEHLET,

« KIL'd % . .
vg = (Kpiy + T)(ld — i) — wlgig

Ky
Vg = (Kpi, + Tq)(lé —ig) t w(Llqiqg +¥,)

CODESNICLTTFHEORELTECTHEZETHHHEEFUVET, ChITEY., dEE ¢ BZEMILITH
He b EMNAREICHRYET,

R MLHEIEIZ, BRI LCTHET S ENTELEN > EZHOKRE—F FMILICH|IEHITIEEL: 2 48
DERE—EANEEHBL, FLIOREFORE, NEXZEBELLGASHIHTIAELENVZET,

Ry MLEHEHOFIE I O—%2K 3-3I2RLET,

C()*

Vd*
{ =0 —— 9 a
Current L g dg Vv PWM M
Speed i PI Control Vet uvww ., \
Pl Control 7 » +T =
A h h

Decoupling adl (RPN

Control I 0
h F

id ' id §1/4
) .| dq
Iq ® 1q uvw

3-3 AN MLHEOHE 70—
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

33 ERHEEREIZEDCEUYLARY MLEIHE

Ry FULHIEIEEEFOMEICIE CTEREERETHANDT, Toa—FPOLYIMNEOHMERL VYHABE
IZHYET, CHDRBE VY EFEDLLEL., BlIbE U H LARY MLEIHZTSEBE. MEFRZR O M
DHETHTETIVELADHYET., ESE. Lo LATOE—2FIHOFENSFTY. NBHEHREZHEHETET
BBICHRABAENREEINTVWEYT, CCTlE. AVATLATEALTW EREEREICE S VY
LAARY MILEIEIZDWTEBNLET,

EE—ADMEBERBRIEIHY FEADT dBOHEIEISNY FHA. RIDKSIZ dEH 5 A0 BNi-FrIZy
BATEND, yEAND 00 BEHEALEEZAIZSHMZMAEIZT B E, dgih d yS I~NDEBRKIIR 3-4 D&
SICELCENTEET,

o B (UE)
4 v &
i
A6
0
Om
> (&
JQM 0
A6 & &
q'fih
(5) = (“5maneasas) (0)

3-4 dg#h & vs BDRR

% SPMSM OEEAEBXICEL. BROKEAERXDOHICELL L, TROKSIZHYVET,

p(i}')=_ 7 Om (iy)_l_l(vy)_KLé(—SinA@)
is . 5 is/) L\vs L \cosA®

COREARERXICBREBMSEY (4 5—88) ZFEHALBEBRIELET,
L)\ _ (,(n—1) Z v,(n—1) 3 i,(n—1)
Qﬂ@)_ﬁﬂn—n)+Lme—1» RQAn—D)

bt (0] e ()

v e(n—1)=K8(n—1)
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

CCT.E—4SETILELT, E—F - NSGA—BEFZEET—BDNTA—ZEELIMEELT Ry Lu. en
DESITTRL, A8 ZFE 0 ELIGAEEATT, COB. YUoTILEnDERMEIE. UTOLSIZELZEN

TEFEY,
(o) = (o) ) - (D)

—6yy(n — DLy (;jiﬁ"_]?) —ey(n—1) (‘1’)}

RE—FEEFETIOERKDENLY ., EREEREFZUTOLSICES I ENTEET,

(Aiy(n)> _Z(e(n—l)sinA f(n—1) )
dig(n)) ~ L\ey(n—1)—e(mn—1)cos46(n—1)

AODBHRITNENEZFRFIUTOLSITEBTE I ENTEET,

()-8

de(n—1)=en—-1)—ey(n—1)

Ae ENODEIZOTHNIE, E—FETIEEETIANEAHMLTCEELTWARREALGT I ENATEE
T Ae B O0IZHDEI T em T AsFE T4 — RNV I THETHEL., RRIZCAON0IZHEEES(ZonDIE
[CAyZTA—FNV I FTERETHEL, TE—HETILEERETILEZ—HIEET, evDHEEERITILUTTE
'FT,

ey(n) = ey(n —1) — K, Ais(n)

K(ZTREEENTA vERLTVET, AZRICOMDHEERX T, 1YV TILEAHROREFOREAEMR
TUTDESIZELSENTEFY,

0y(n) =0(n—1)+ KLeM(n) + Ky sgn{éM(n — 1)}Aiy(n)

1;,6,(n—1)>0

sgn{gM(n - 1)} = {_1. Oy(n—1)<0

KemlZE—FETILOEBEHEHR T, KIIHUEHES A VERLET, -, pODFEDRHYI(Z pou D
FEEFEALTLET, EFEF. EXEYUTDOESIZELENTEET,

.1 _ ey .
Oy = T{GM(n) —Oy(n—1}= m + 46y (n)

. K, . _
A0 (n) = ngn{HM(n — 1)}A1y(n)

BTN TOTSLOHEETIE, COREXOEDE 2 HOFREMHIEEIEIC LPF #0102 FEHALE
J, CCTIREHMKIFO<KSL ELTWET,

Ouio(n) = e,”;(")

B0 (1) = By (1 — 1) + K[43, (n) — A6y, (n — 1)

+ AéMo(n)
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

COFHEAEDHEIO—%K 3512k LET,

a)*
3 + Vy* Vu
4 iy =0——9) ® - vs
Current A Vv PWM M
Speed ok PI Control *
PI Control © * ® Ve uvw | Vi O \
A 7'y TV:SJA Vi ui o y
wmo Decoupling
i’ Control
@ LPF S I
Iy iy Iy i/
® - - 8
is @ s g is| Y
¢ QM UvVW w
eM eM A4 A4 v v A4 4
wmo Position / EMF N I,VM Model Current
o————— A » :
Estimation 15 Calculation
em | IeM EMT wmo
B 3-5 BRMEREZRICKDIEUVHLARS FLHHOSIEHT O—
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

3.4 =FRHEZE

BSEEEZERIZEAT HE=0121F,. FrUTER (ZARK CtHESEEERRELERTSIETHA
BEEDNILABERODBZ=AFREKEZAVET, 20O PWM AKXIC&Y. EZRFRODIESEETEEZRLHN
ICHATEHIENTEET,

,4'
_‘ URBBRAS v F U5 kR

> Wt

i!!
|

VRS Yy F T KR

|
|
|

i
RRRRNTRANEN

» Wt

U-VIERIEE
(UDER) - (VIEDER)

> wt

H 3-6 ZAREEBZOBESE
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

B7TDESIC, HABE/NILADF v ) TRICHT 2EEET1—T 1 EMUVET,

Ton Torr
| |

Ton

Fai—T4= x 100 [%]

Ton + Torr

FIBE

37 Ta—TFT14DEE

T, BEREMZUTOLSICERLES,

m =

s

S5

LRE V. EREEE EAVASBRER

m:

COEREEZ, PWMTa—TAEZRODLIDRAZICRBREESH L THIEETLET,
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RL78/F24 MCU [Z& % PMSM E—42 Dt UYL ARY ML (3x 2 )
4. FETO45 S LERRA
41 HIEAE

411 E—4EENEL

ATV T F I T TIEUTD 2 &Y DFIEAERHY FI,

HIEAEDESER(T A0, PEKETIH 4111 TRIFIEEZEEDE L. ZOMIETIVRAMILRS VT
& YEMELTLET,

41.11 BRFEAZROZEBBEICKP E—2HE

E—ARITHW Uty HMERR., HlIEZBRIBELET, 1[ms]4H o2 —N\IL - 24/ TDNBRIZHD U2 %H
EL. A9V MUCR L THEZEZEELE T, FlIHOERICKE > TRERENEILLET,

YTV T RO TTIE, Uty MERR 3 [s[ZiE%&(C 1000 [rom]|DEEESEEREL. BEFE—F%F
FELTCHEEHEZERIBLET . Thhd 10[s[RBEIZ 2000 [rpm]~NEERSEEZZEE., S 5(2 10[s]iE@
12 3000 [rpm]~ERERSEZZEE L E I, 3000 [rpm]EfEL 5 10 [s)iE@%. EEFE— FEZE L [EExH1HE
EEIELET, FLEEL[SITHYIVEZY LY ML, BELTOBHEZBYERLETLES,
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RL78/F24 MCU [Z& % PMSM E—42DE VY LARY MLEIEE (32x 2 k)

41.1.2 PWM ANDIERIEIZK S E—FENME
PWM BER— MZEZON-Ta—T AN SE—RDEEGMEERLET,

PWM @ER— MZHITEBEELANILOD High £ & Low HIBDBEMZLEB L TTa—T s lEZERL.
Bonl=Ta—TA4hSE—2REHEZEELET,

T 1—T 1tk 100 [%]DiKEEZ O [rpm] GEEFLLIKEE) . 0[%]% 3000 [rpm]& L CEERIEREZER L F
ED

100%

Orpm 1-2999rpm 3000rpm

4-1 PWM M 5 [EERIRSE~N DT

1) Ta—T1BEARE
Fa1—T 14 DAIFEIZIE TAUO (TIO5 AH) ZEHALET,

ANV ATERRBIE#EZFERAL. H #ifH. L HiIEmAOBEZAET 2DENHLI-OANIT Y DIEM
IyDICEELET,

Iy BREDE Y AHBEICR— FMEBEICKBAANLANILDF VI FT0D, AAbENY, FHIEFIETHN
UDELLDANTHIMNFHIHLET, ABTHAYIYOINLIABEAY I Y OETORMZ Low 1EHARE &
LTRIELET, £, IBTAHAYI Y CDBRESZ A 2245 T Hightg, Low IBEARARB TETLNSIRET
HHGEEZFD2 ONEFFRALTCTa—T(LEEHLET,

5V
TIO5
ov -
\4 V \4
TDRO5 X Low X High X Low X High
v
Duty = High/(High+Low)

4-2 PWM B A%
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

(2) 0%, 100% MR H

AANNLAERBEZFAT S5, AWBEALAHEE., FLELEEDEEFIZT Y DHREAEELLZL
=&, 0%& 100%DBRENTEEFHA, TDH., TYPHBBICKDBIEELERIZ. hOVFRFI—bE&K
UREDI Y CHBRENL—ERBRBURNIZROI v ORABRBEEINEZNEEIZ 0%d LL I 1000672 —FT 4T
HBEEEHNTBEIALTIEDARY FEERLET,

Iy REBICIDIATIEIERUEY LS, 1 BEARV M EERTLHEBEIY DRETHETIER
HEhELA,

BY e
\\VZR I B
\4 V \4
TCRO6
v v
100% 0%

4-3 Fa—F 4 0%, 100%&RHEHE

B) BARHNIVARTE

TIO5 ~D AN EE# O R 10 [Hz] ~ 1000 [Hz]& LET,

AREHEFTEITH, HOoTIWLTAFSLTIEAYID Y —ZXAEBELU, DOV EREEZUTOLSIZHE
EFLET,

% 4-1PWMBBSEANICEZE—FEEBD 2 1 v

VAN 722 =) -
54% Bfronyy | avRT ke Trel | O | e
AF78)L R A E 62.5kHz 1 [ms] (625) @ 1kHz 0.16 4.8
(40MHz/2°6) | 100 [ms] (62,500) @ 10Hz | 0.0016 0.048
DUAYU R BT | 62.5kHZ 100 [ms] (62,500) — —
(40MHz/276)

TR ANBERBOERCERBDAA (High tE+Low IEEEFHEA 1ms KFEDHE. F£1=1% 100ms ZEZ
BER) [COVWTEHAFT I VATLEEERY FHA,
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

41.2 WREAE

oY LARY MLAIEDOGREREIX. ZHOEBREZRELE—F2ETILEOERREZFHATSH L
CTHEFOBRBELREGEEZHELTOVET, T—2FILRE, FHMEERIERETIZE—F DEERIC

é%ﬁ%&ﬁméutw‘%E%ﬁ+ﬁt%$ﬁfﬁiﬁf%iﬁ&

YOTIY T b7 T, BBBICABERODERZNMUBHERS TS LICKY, E—42ZFMEERS
B354 —TUII—THE (BHEEER) #TVWET,

E—4 - VRATL% SEQ_ MODE_RUN KEEIZEFT 5 L. EBRIERMEHIEIE 8. ¢ HOERIETES
FRNEFNDA—TUIIL— THIEHBEOENMEHRFEIZHE > TEM (CCW BIEFD) SEET, JBBHROMME
NA—TUIIN—TEE dJHMERY VTR MEICET 2 L EGIESEDEREZRIBLET ., A— TV IL— T4
BOREEFAELXPWMOXv ) 7EHEICHEERENCEH L-EHAEZMEL TCERLET,

MEROICHDDEMIE., JBMERMMEEEA—TVIL—TRKO JBRERESEITKELET,

SEHIER AR EREREORERHEEL . FOC 71— FA\Y I Hl#Y) Y B X BEKOHEEBRICEL
YRELZEY.

B« SRFL ' SEQ_MODE_RUN
| K BE SEQ_MODE_STOP !
dBMERIESE i i
qwmERERE e
mEmem |
[ 8553 FE {E E i
EEsF A E i E
HEKE | BER® | ®HER
| |

B 4-4 RHREOBES A -2
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

4.1.3 2 AO—XFKJ)L— &l

F—TUN—THHT—EEEHULOEREICG - EF, HlEHKEZI O—X FIL—THIEIOYEZ
FY9, V7O—XFIL—THETIE, BEDT4—FN\YII(2&>T ¢ EREREL RS THEZE~NER
DHTWEFES, COTA—FNY VMBI PIHHEERALET, dHERIEERX - SHERLGHIEET
B1=8 Id=0FIHMZEITLN . dABRETENOAIZLEESLSICTHFTVEFT,

£, A—TUL—THENr 57 O—X FL—THE~ADOY Y BEZBERSERFHNHOREFLHELET S
EO—EDHREERETENBRETVEEA,

. RUNMODE_FOC
BERfERE S

&R F—4 X  RUNMODE_OPEN

e eccdecca) e s s ccc e e a---

dEE RIS SIE
GEERY S vk

gEERIESE

L i | EREESE
BB L : s B SRR LR

R HEEBEES ; ! E1A L 2 LME
HHRE | FNEE 4 —F\w % Pl
i i
4-5 HREHBEOBESA A —
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RL78/F24 MCUIZ& % PMSM E—4 Dt 2UHLARY MLEIEER (3 v k)

4.1.4 KREER
BTN T E I 7TOREEBRZEHELET,

4.1.4.1 Current Reference Controller

ERESENERT—2REZEEBLET,

BRESHIETIXEEE— FA RUNMODE_OPEN (4#—7 2 )L—7#l{#l) & RUNMODE_FOC (FOC &
RIZ4—FNyI%#) 02 Oo00OREEHEFET,

WEAE#R . BIYEE— FIX RUNMODE_OPEN TEI{EZ B L £ 9. RUNMODE_OPEN JKEETMDE—4 -
DR T LOHEIKEES SEQ_MODE_RUN KEEDHZE, EERzZMiELET, EHEEENI O—X F)L—TH|
HBBEEGHICEET 5 & RUNMODE_FOC ~B# LET,

E—4 VR TLOFIEIKREEA SEQ_MODE_STOP 4>, SEQ_MODE_ERROR M35 & & RUNMODE_OPEN
KELEGYVFET,

BRESEFERAT—2 AOREEBRIETE 46 DLSITHYET,

RESET
E—4 - DRTLOEE
userControllnit()

RUNMODE_OPEN
FOC & 7 « — K/\y U HIEERS

SEQ_MODE_RUN RUNMODE_FOC

F—T I —TEIEER ‘

E—4 - VAT LFIEER

SEQ_MODE_STOP.
SEQ_MODE_ERROR

4-6 BRETHEOKREER

AR E—F - VAT LAIEOKEEZEREIZ DU TIL 4.1.4.3 Sequencer Controller 25 L T &L,
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RL78/F24 MCUIZ& % PMSM E—4 Dt 2UHLARY MLEIEER (3 v k)

4.1.4.2 Current Regulator

Ry MLEHOEEHEMR T—2 X EZEELET,

EERHIHR T—2 X (IHMEIETER I DFAEKE (FOC_STATE_ADJUST) IZEBLEYT, ERtY
YDA Ty FRABET o, E—2EMETEEIKEE (FOC_STATE_ACTIVE) 2B LET,

INTNORETIS—DIHLELLBZEIL. T5—1KE (FOC_STATE_ERROR) ~E®% L Fd, BT
SICITHENRHIELEZTSLELHY FET,

EEEFIER T—2 ADOKREEBRIETE 4-7DELSITHYET,

RESET

A4 UN—2 1L
foclnitState()

FOC_STATE_ADJUST

A4 N—32 HH1E
foclnitState()
ERtoY A7ty FRAE

FOC_STATE_ERROR FOC_STATE_ACTIVE

4-7 EEHIEIDREER
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RL78/F24 MCUIZ& % PMSM E—4 Dt 2UHLARY MLEIEER (3 v k)

4.1.4.3 Sequence Controller

E—4 - VRATLOFHEIKEEZEELET,

EF—42 - VAT LIFWMELE SEQ_MODE_STOP ICREINFET, Ims BIZTE—2 - VATLDYI IR
MR CTHREZZEIESEFET, SEQ_MODE_RUN RKREEIZEBT 5-OIZIEA oN—2DENEHS1=H.
EIERFIfEI R 7—42 XA FOC_STATE_ACTIVE (E—ZBIMEREEIREE) THIBELHY FT,

E—4 - VRATLOKREBBRIEIR 48D&K5(2HYFET,

RESET

E—4 - AT LY
seqlnitSystem()

SEQ_MODE_STOP
(SEQ_MODE_RESET)

SEQ_MODE_RUN

SEQ_MODE_ERROR

FOC_STATE_ACTVE

4-8 E—43 » AT LDOREERS

EE  AY FLHIEOREHER T—4 A DIKREEBFEIZ DLV TIL 4.1.4.2 Current Regulator #88B LTL 12
=Ly,
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

415 S RTLIREMEE

HUINTOTSLER, UTOIS—KEZ/HLE, ThEThOBRICELENEBEZRTLET.

(1) TS>—#ER

BERRE (HW)

N—FOzT7HhDREFEILES BERKEH) I2X Y., WILRAEADBRFERZTOVET (CPUENSH
WRAEL) , ;/1aVvABOaVNNL— 2 2FRALAEERBREZITLVET,

L EE./)IL*ﬁ H:ll (S/W)

PWM ¥+ ) PE|YAAEBICEREZERLET, ERBERED 3HOWLWTALN L EILAEEITEDA
EBRBHLEMEZRBA-IGEICAEREFILET, BERZRE LGS, HADEILENEEITL,
IS5—--a—FZEERLET,

FHUTNTOT S LATEERGE LEMEZE 16.97 [A] (10Arms +20%) & LTWET,

£ 4-2 BERBRH/INS A—42

INSA—H % [l =X v] SBA
invOverCurLevel 16.97 A E—A2BERKRELELME
e BEXRH

PWM F+ ) 7EI Y AABICNRABERHEEBREFERAL T Vic EREEOBEEEZERLFT . BEEZ
BRUE LI5S, HADFIEREZTN, T5—-a—FZERLETS.

& 4-3 BEERHE/IF A—4

INSA—H % & Bifsp Lz
invOverVolLevel 28.0 \Y; Vdc BEEHEH L ELME
« REXHRH

PWM % U 78I Y AA &I \ZBERHEBZEEALT Ve BREEVEBEZHRLF T, BEEEE
B LSS, MAGBLEMEZT, T5—  1— FEERLET.

F 4-4 BEERH/INS A—42

INSA—H 4% & Bifsp Bz
invUnderVolLevel 8.0 \Y; Vdc IREEHEH L ELME
o BB

A3 —NL - 24BNV AABICEREEZERLET . ERBRZRE LI5S, HODFLEREZE
T, I5—-a—FZERLEY, F-. BRIS—RHEELY 10°CBEWNVEETEEZHLET,
ZEOHRRIIBRESHREEELY 5°C TA>-HRICHKRLET,

£ 4-5 EBARRHE/ S A -4

NS A—5% B B B
errTempBoardOHD 120 °C ERBRIS—BRHEE
errTempBoardWD 110 °C ERBREERHRE
errTempBoardWC 105 °C ERBREERIREE
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

« E—AROA LT FiBEEH

AVE—NIL - A TE|YAABIZTE—RAA/ILI UV REEZEHALET., E—4aM4ILIT Y FBREZR
HLfHE. HADOFELENEZTN, I5—-3—KFZERLET, Ff-. BRIS—KREEEKLY 10°C
BLWEETELEZHLET., ZEORRITBBELERHEELY 5°C TA--G5EIZHEKRLET,

%R 46 E—2a4ILTY FBRBH/ISA—4

NS A—BZ B B B

errTempCoilOHD 180 °C E—FOMIILIV RBRAIS—BRHEE
errTempCoilwD 170 °C E—H2a4)LIT Y FBREEREEE
errTempCoilWwC 165 °C E—A2a4)LIT Y FBREEHEREE

s IEE. E-FAvVIEREH

HEREZHERALRAZERLES . HHERAZEZ S EEMERFICH

FEHIM LIFLEREZITVETS,

EEETIEERERHEEGEREZBADERE LG BEICFELELEZTVVEY, EREZTEE—4O0YY
R EEHA 1 LU LG CISEICIS— L4 L TRIEREBZITVET,

£ 47 B0 ORBRHENFTA—4A

INTA—HB % E BT £ ER
errRpmOsd 5000 rpm 208538 [ 4 (B B 3
errRpmUsd 150 rpm E—42 0y Y REEERH
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

2 T>—%E
EREhIcTS—%H&HE LT

S5, BELI-I5—%RIES % errErrorStatus [IZH#MILET,

errErrorStatus 1% 16bit DZE#HTHY . FEEY FOTRITEHKRZEZR 49, X 4-8IZEHLET,

Ewv bk 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BLL] A—Za—F EDa—) IS—EE
B 49 EvFEIYHST
%® 48 T5—&S
IHE & BE
R—ZX3—FK 0x8 Warning code
0xC Error code
ECa—) 0x0 MCU
ox1 INV
0x8 FOC
0x9 APP
IS>—ER 0x00 BEREH
MEDA—ILHNAMCUDBZEDH., LIS —
0x10 BEEEH
0x11 EEEEH
0x20 1B B
0x30 R E R
0x31 E—420vVUEH
0x80 KEERITS—
OxFF UNKNOWN
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

42 VARATL-1)V—R

421 EYAH

AFEMTOTS LTHEAT 2EVRAFD—EEZR 49I1TRLET,

£ 49 BlYAHHBEE—F

YA H EYRAANY RS Y AHEH ERAY 11
M5 EFxv ) 7RABIYIIAA | intCarrierinterrupt() 100.0 [us] o 1—HLIE
(INTTRD1) (20 [kHz]) o ERHIEIL—T
X1 M5 E e TS5—E5R

AVB =N B4 TE|YiAA | intintervalTimerinterrupt() | 1 [ms] o 1—HALIER
(INTTMO1) (1 [kHz)) o TR D

o R

o TS—EfR
v TFv - A4 TEYRAH r_tauo_ TIO5 ANES | PWM ES A Sl
(INTTMO5) channel5_interrupt() DIy IR
TNk BA4TEIYAA | r_taul_ 100 [ms] =#ED INTTMO5 M 5
(INTTMO6) channel6_interrupt() (10 [Hz)]) 100ms #Fi@B#& 1T FE4E

1) EYAHEEXLANIL
HEIAAVIEENYAABELARNILE 4 DL, ZEEYAARTELEDHEAEHETRARLS DOELEN
FATEET, AVRXRTLTHATZEEEYVRAARZRATIDBELANIVIEILUTOEY TY,

F 4-10 BlYRAABEELARNILERE

B YAH LN

BYIAHZRY

kel

0 (Disable Interrupt) 2Ll ZEE Y AHTA]

0 (Enable Interrupt) ZEGL LvO BlYAAHTHNILZEFE|L AAT]

1 (Enable Interrupt) INTTRD1 LvO Bl YIAA THNIEZEFE| Y AH T

2 (Enable Interrupt) INTTMO1 LvO-1 E|YIAH THNIETZEFEI Y AAH T

3 (Enable Interrupt)

INTTMOS5, INTTMO6

LvO-2 Bl Y AA THNILZEE|Y AHTA

(2) LPREANDYEE

LORBANV Y ZERTHETEYVRAAREROL DR REREZERLAEREZRN LS ES L

NTEFET, FEVRAHAZRIDLERENYY

BREIFLUTOEY TS,

R 411 LORIINVIRE

B|YRAHBHZRY INVYERTE B
INTTRD1 RB1 RBL (LYRANVY 1) #HTERALLENI &
INTTMO1 fEE% L (RBO) T4 FEIE
INTTMO5 fEEZ L (RBO) T4 FEIE
INTTMO6 fEE% L (RBO) TIAI FEIME
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

422 PWM HEHE
AHE IO SLTHERT S PWMHEASBO—EE*RIZRLET,

= 4-12 PWM H h#ee

AHH H HiEF B BE g =
H A TRDIOBO /P11 | UME7—LE—X&IHES PWMEH (Up) SREEERE(X
TRDIODO /P12 |UMT7—LE—XREHES PWMEH (UN) “High” 79747

TRDIOA1/P15 | VL7 —LE—ZFIEES PWM HA (Vp)

TRDIOC1/P16 | VHET7—LE—2&IH{ES PWMHEH (VN)

TRDIOB1 /P17 | WHLE7—LE—A2FEHES PWMEH (We)

TRDIOD1/P30 | WHT7—LE—42#I#HES PWMEH (WN)
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

4.3 PBAEEHR

HYoTLT0TSLOMB—EER 413ITRLET,

# 4-13 BA¥—E (1/9)

ok SRS

| MIEBE

7 74 )L : control_math.c

Ri%k4 : ctrlPiControl()
A A : pi_prm_t * obj
H 1 : intl6_t ret_value

PI 45
obj : PI Hl{Ext 5
ret_value : PI il 52

B%k4 - ctriLimint16()
AA :intl6_tsrc
intl6_t limit
H 71 intl6_t ret_value

1) 2y kIl

src : il {H1E

limit : I FR1E

ret_value : 1) S v FHIEFER

7 74 )L : error_management.c

Bi%k4 : errClearStatus()
AR GL
HAh: %=L

I53— - RT—RADII7T

BE%44 : errCheckError()
AR HL
HA: &L

I5—--Fxv7’
ZEDHEBRFI VY
ZE2EDREFI VY
IS5 —HARNE
E—4 - VATLEH

774 )L : foc_current_ref ctrl.c

B84 : crefFocControlTimer()
AR GL

EE R ERE

F—ToN—TE/B—XFIL—TOHIEE— FZ¥I5 LEA

HA: AL MU L
BE%(% : crefForcedCommutation() 2 4] B 7 41 4D
AN HL
HA: &L
BE#4& : crefFluxCurrentRefControl() T 3R B R A ) D
AA: %L s dMBROI—YERLETFUHL
HA: L s ABERIESEOMBEE

B%k4 : crefSpeedControl()
AN L
HA: AL

BET 4 — RNy OHIEICE D dBEBFRER
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RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

& 4-13 BA¥—%E (2/9)
IS | M E

7 74 JL : foc_current_regulator.c

Ri%k4 : focInitState()
AR L
HAh: %=L

14 onN—529H1E

s BEHIHRT—2 R, T53— - AT—F2ADJEY I+
o £ UN—F DL

o FlEISSA—=BDH )T

s MBHESA TS IDRAT—2XAHLLBRTE

R%4& : focFocCarrierLoop()
AR HL
Hh %Gl

EFRHIEIL— TR

s AAU HBEIC K B0 4 — KNy Y BEDEM
c LEHTEEEDER

e EFHEDER

s HABEDHE
CIS—-FIVIDERST

B8k 4 : focErrorCheck()

I5— - FvIDET

H 73 : uint8_t focStatus

AN L
HA: AL
B8%(4 : focStartDrive() o BIERHIHIR T—4 XA FFHEIKRE (FOC_STATE_ACTIVE)
AR GL DBE. T— b FSA/\DOH H %A
HA: L e MBHFESATSYDINS A—3 ZERENREEICHEET
RA% 4 : focStopDrive() s MBHESATSDINS A— R E{EILREICESR
AN gL s F—rFZANDENZEEFL
HA: AL
BE% 4 : focGetStatus() EERHIER T—42 X W&
AH:HL

focStatus : [EIERHITHR T—42 R

B4 : focGetError()
AN %L
H 71 : uint8_t focError

FOCIS5—-a—KRZlEB

focError : FOC T5— - 3—F

B4 : focCompensateAngle()
A intl6_t theta
intl6_t angular_velocity
intl6_t comp_time
H 71 : int16_tret_value

HEAEHE., HEREE. HEBBMIVHEAEEZEL
theta : #ERAEE [rad]

angular_velocity : #EREE [rad/s]

comp_time : #1ERFR [s]

ret_value : fHIEAE(E [rad]

774 )L : foc_math.c

B%k4 : focCalcvgLim()
AR int16_tvd_ref
intl16_t vdg_limit
H 73 : intl6_t ret_value

qEhEEFIRERE

vd_ref : dEAEEIEHIE
vdq_limit : dg B FEEFIFRE
ret_value : g #HE EFIfR{E

774 )L : mtr_speed_ref _ctrl.c

B84 4 : spdSlopeControl()
AN L
HA: &L

B S A

s FEHETEDCLR - TRZF v Y

s RERFEICRAA—TEEMNE

e A—TUN—T - Y 0—XFIL—TDUYEZHEEER

7 74 L : rl78_interrupt.c

B4 : intintervalTimerinterrupt()
AR L
HA: Gl

AR —NIL - B A TE|YAHNE

o A—YREHAE| Y AHNEREEIFUE L
o EEXO—JHIEIRASMFEUHE L

o FEHAZIY AAHILIERAERIE N L

s IS —HRHENEEAKITUSH L

B%k4 - intCarrierinterrupt()
AA:HEL
AL

FIBIEF X+ ) 7RLEIY AHNIE
o BRHEIL—TEMEUE L
e 1—4 - X ) 7RI AHNEREEHIFUOL L
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RL78/F24 MCU IZ&k % PMSM E—42 DY LARY MLEIEIE (32w b)
® 4-13 BA¥—E (3/9)
B Hk | P RS
74 )L :rssk_inv. c
B%4 : invinitBoard () o« £ UN—4 - R— FOHMEL
AB L s BERBHFI VY
H A : uint8_t error_type error_type : f »/N\—% - T5— - a—F
R8% 4 : invEnableGateDriver () T—brESA41OEANEEIE
AHB:HL
HA: L
R8% 4 : invDisableGateDriver () T—bEFESA4 1 \OENEENIE
AR HL
HA: L
BA%A : invSetUVW () =10 PWM H HEEFHNE
s Ta—T4aLLOEH
o ERANEDE
o =1 PWM HH HEDEH
AA :intl6_t ref_vu ref vu: UEERSE
int16_t ref_vv ref w:VHEETESE
int16_t ref_vw ref_vw : W BB IS 1E
HAh: L
B%t 4 : invModulation () PWM Z= 50T
A :intl6_t*mu mu: U HERIERIE
int16_t * mv mv : VEEEERIE
int16_t * mw mw : W HHEEIERE
uint16_t mode mode : ZFRE—F GBE or 12 EEMEAH)
HAh: L
RA% 4 : invGetError () AVN—3 - IT5— - FzvIDE
AB L
H 71 : uint8_t error_type error_type : £ »/\—% - T5— - a—F
BE%4& : invGetCurrent() s ZHHERMBOE]M®S
ARGl s A7ty FRE
s ZMDEREDES
H A :intl6_t*p_iu p_iu : U tHERIE
int16_t* p_iv p_iv: VHEERIE
int16_t* p_iw p_iw : W HHER{E
BE%4 : invAdjustCurrent() s ZHHEREOER®EF
AR L e A7ty MEDEER
s X7ty LRE
s ZMDEREDEFH
HH:intl6 t*p_iu p_iu : U tHERIE
int16_t * p_iv p_iv : V HERIE
int16_t * p_iw p_iw : W HHERIE
BE%% : invAdGetlx () =HERBOm®SE
A A : uint8_t channel channel : A/D ZE#F v R JL
H 7 : intl6_t calc_buf calc_buf : Z#HER
B%k4 - invGetvdc () Vdc BEE D
AR L
H A :intl6_t calc_buf calc_buf : EBREX(E
Ri%k4 - invGetBoardTemp () EREEDRE
AN L
H 7 : int16_t templ templ : ERERE
BE%4 : invGetCoilendTemp () E—2a24 LI FREEORE
AR L
H A :intl6_t templ templ: E—X2 34TV KEE
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

£ 4-13 BAH—E

(4/9)

s

|

SIEREE

774 )L : sequence. c

BA%8 4 : seqInitSystem () E—4 « VAT LIHE

AR GL V=l URIZG— - RT—RADI )T

HA: gL o EEEFDIKEEZT WAL
BE%4 : seqExecEvent () BEDE—4F - VATLLEERE—R - VATLOHAED

WY TE2RY EET

A uint8_t sys_mode_req sys_mode_req : ERKE—4% « VAT L

HA: L
BA% 4 : seqActRun () T— 2 EREIRALR

AJ : uint8_t reqg_state req_state : EBXRE—4 - X T L

H 7 : uint8_t ret ret: B RKE—42 - VAT LA
BE%4 : seqActStop () E—2EREFL

A7 : uint8_t req_state reg_state : EBRE—4 - VAT L

H A : uint8_t reqg_state reg_state : EBRE—4 - VAT L
B & : segActNone () WMIBA L

A : uint8_t req_state req_state : EBXRE—4 - VX T LA

H 7 : uint8_t req_state req_state : EBXRE—4 - VX T LA
B34 : seqActReset () EIERFIEID/NF A —2 ZHH1E

A7 : uint8_t reqg_state reg_state : EBRE—4 - VAT LA

H 77 : uint8_t req_state req_state : EBXRE—4F - VRXT L
BE%4 : seqActError () E—42BREFL

A : uint8_t req_state req_state : EBXRE—4 - VX T L

H 7 : uint8_t req_state req_state : EBXRE—4 - VX T L
BE#% : seqGetSystemMode () E—4 - VATLOWE

AR GL

H 7 : uint8_t seqSystemMode seqSystemMode : E—4 + VAT L

774 )L : user_control. ¢

BE%t4 : userControllnit () A—H - NS A—2 EHHL
AN HL
HA: AL

R8%t4 : userControlTimer () A—YREHEYAAHNIEEER
AN HL
HA: AL

BE%t4 : userControlCarrier () aA—4 - X ) TEHE Y AALEEERE
AR L
Ha: 4L

R8%t4 : userldReferenceControl () dEERH A X ZEIR
AN :HL
HA: AL

R8%t4 : userErrorDetected () —4 - TS5 —RHENEFER
A1 uint8_t * const sys_mode sys_mode : €E—4% « VAT LA

uintl6_t const err_status err_status : T35— - X7—42 X

Hi: AL

BE%4 : userWarningDetected () A—H - D—=UJRHENEFER
AJ : uint8_t * const sys_mode sys_mode : €E—4% « VAT L

uintl6_t const err_status err_status : TS5—+* X7—4 X

HAh: 4L
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RL78/F24

MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

& 4-13 BA¥—% (5/9)

ok SRS

IEREE

Z74J)L :r_cg_aau.c

RA% & : R_AAU_Create()
AH:HL
HA: &L

AAU #EED #1171 1E

AFI :intl6_tid_ref
int16_tiqg_ref
HA: L

B% 4 : R_AAU_MotorPI_Set_Reference()

AAU HEED PI #lE B1ZEZ BT
id_ref : d&hEEERTE
iq_ref : g BB 1Z{EE

A7 floatkp_d
float ki_d
float kp_q
float ki_qg
intl6_ti_limit
int16_t pi_limit
HA: 4L

B8%%& : R_AAU_MotorPl_Set Params()

AAU HBED Pl FllfEl/ N5 A —2 R TE
kp_d : d&htEfl Rk

ki_d: dERFESREL

kp_q : g LA R %k

Ki_g: qgEhR 2 REL

i_limit : #5538 limit

pi_limit : PI FlfEIH A limit

AFA :intl6_tid_buf
intl6_tig_buf
HA: &L

BE%%& : R_AAU_MotorPl_Set_Integral()

AAU ##EED Pl HIEEN B EH
id_buf : d&hf55 B
iq_buf : g EhHFENE

%4 : R_AAU_UW2DQ_withPI()

AFI @ intl6_tsrc_iu
intl6_t src_iw
intl6_t theta

H A intl6 t*p_dst_id
intl6_t*p_dst_iq
intl6_t*p_dst vd
intl6_t*p_dst vq

* Clarke & Park Z#:DEE

o B PIHIEEE

src_iu : U HEFRE [A]

src_iw : W HERE [A]

theta : BEE [rad]

p_dst id : JERAERMEEMT KL R
p_dst iq : ¢EAERMEEMT FL X
p_dst vd : JEAEEERMT FL R
p_dst_vq : ¢ BHEEERMT FL X

%4 : R_AAU_DQ2UVW()
A :intl6_t src_vd
intl6_tsrc_vq
intl6_t theta
H 7 intl6_t*p_dst_vu
intl6 t*p_dst vv
intl6 t* p_dst vw

I-Park & I-Clarke Z#: DX

src_vd : dEAEEME [V]

src_vq : qEHEEE [V]

theta : HE{E [rad]

p_dst_ vu: U EEEEMT FL X

p_dst_vv:VHEEEE®ERMT FLR

p_dst_ vw : W BEEERMT FL R

774 )L :r_cg_adc.c

fi% & : R_ADC_Create()
AN HL
HA: AL

A/D O 2 /\—45 DOYIHRE

Bi%4 : R_ADC_Start()
AB: L
HA: Gl

A/D O 2 /\—S3 HEEEDFREEEFA]

BE%14 : R_ADC_Get_Result()
A7 : uint8_t channel
H 73 : uint16_t * const buffer

A/D O /N\N—3 DEBRIERINE
channel : BRiEF v R JL

buffer : ZHMEEREMT7 FL X
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& 4-13 BA¥—% (6/9)

s

|

SIEREE

J74) :r_cg_cgc.c

RE%4 -
AR
e

R_CGC_Create()
HL
HL

20y ERERODHE

74 :r_cg_comp.c

BA%4& : R_COMP_Create () aNL—AHEEED M EAE
ABh L
HAh:HL

RE%4 : R_COMPO_Start() O N — A EEEDENERTLA
ABh:HL
HA: AL

774 ) :r_cg_dac.c

B8% & : R_DAC_Create () D/IA O > /\—%4 DHHAE
AR HL
HAa: %L

BE%t4 : R_DACO_Start() D/IA 2 2 \—%4 OEVERI LS
AR HL
HAa: %L

774 :r_cg_port.c

BE%t4 : R_PORT_Create () i F AL I DOMERE
AR HL
HAa: %L

Fi% & : R_PORT140_Set() P14.0 OR— MEE
AB :uint8_t level level : R— FHAL AL
HAh: &L

774 )L : r_cg_timer_rde_user. ¢

BA%4& : r_tmr_rd1_interrupt ) A 43 RDe E|YRAHNY RS
AR &L
HAh: L
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& 4-13 BA¥—%E (7/9)

s

| MIEHE

774 :r_cg_timer_rde. c

%4 : R_TMR_RDO_Create () 4 4 < RDe ¥RED#HA1E
ABh L
HAh: &L

BA%4 : R_TMR_RDO_Start () 24 < RDe BEED H ™y > FEALA
ABh:HL
HAh: 4L

Ri% 4% : R_TMR_RDO_Stop () 24 < RDe HRED Hh ™ > MMELE
ABh:HL
HAh: 4L

%4 : R_TMR_RDO_Reset () %4 < RDe BgED ) v b
ABh L
Hh: &L

B#%& : R_TMR_RDO_Enable_Output () 2 4 < RDe BBED H AT
AR L
HAh: AL

BE% 4 : R_TMR_RDO_Disable_Output () 424 < RDe HEEDH HELE
AB:HL
HAh: &L

%% : R_TMR_RDO_Set_Duty () ZHPWMOTF1—TalbEH%TE
AF :intl6_t pwml pwml: PWM1 DT a1—TF 1Lt

int16_t pwm2 pwm2 : PWM2 DT 21— 1 Lt
int16_t pwm3 pwm3 : PWM3 DT a1—TF 1 Lt

H A : uint8_t ret ret: EFAHHKE (0:FIN. LXK

%% : R_TMR_RDO_Get_Cutoff_Status ) | PWMOPA [Z &k 5 5& |38 B DIk B BN 5
AB:HL
H A uint8_t ret ret : 5 | B BT IR B8

%4 : R_TMR_RDO_Release_Cutoff() PWMOPA O 5 il 8 it O 4K BE fi B
AB:HL
H A : uint8_t ret ret : fEIRRLE

774 )L :r_cg_timer_user. c

g

: r_tau0_channell_interrupt ()
(Gl
(Gl

BARTLA 2=y F0OFYRILLEBYRAANCES

: r_tau0_channel5_interrupt ()
(L
(L

AT -TLA 2=y FOFYRIILSEIYRANDY KD

: r_tau0_channel6_interrupt ()
(gL
(gL

BARTLA 2=y F0OFYRILE6BYRAANCES

: r_tau0_channel5_get_duty ()
L
: uintl6_t g_tauO_ch5_duty

ESE (PWM AA) OFT1—T 1 LLEE

g_tau0_ch5 duty : Ta—F « Lkt
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F 4-13 BI¥—%E (8/9)
et | MIEHE

74 :r_cg_timer.c

Ri% 4% : R_TAUO_Create() BAT-TLA 2=y bk 0HEEDWHIE
AB:HL
HAh:HL

B8%%& : R_TAUO_Channell_Start() BAT-TLA 2=y bO#EFYRILLID
AR HL ho Y MER
HA: L

B9%(% - R_TAUO_Channell_Stop() BAR-FLA -1=v F OMEEF v /L LD
AB: %L hor +ELE
HAh: &L

B8%(%& : R_TAUO_Channel5_Start() BAT-TLA 2=y bOHEFYRIL5D
AA: L Hhor Btk
HA: &L

B8%%& : R_TAUO_Channel6_Start() AL -T7LA A=Y FOKEEFYRILED
AR 7L hor Rtk
Hh: &L

774 :r_cg wdtc

BE%%& : R_WDT_Create() WDT #aeD#Hi1t
AB: L
HA: 4L

%@ : R_WDT_Restart() WDT DA VA Yy b
AH L
HAh L

774 )L r_main.c

BA%4 : main() A B
AR L
HAh: L

%4 : R_MAIN_Userlnit() LIEMHEBEMMEUCH L
AB: L
Ha: 4L

7 74 JL : r_systeminit.c

Bi%4 - R_Systeminit() LBV OOWHE
AB: L
HA: kL

BE%4 : hdwinit() N— Rz 7EHEBEOEAL
AR GL AE. AEBETI—Y - VI FY T 7OUEERET
HA: QL MUHLTLESLY,
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& 4-13 BA¥—%E (9/9)

e GaE | M E
774l :r_fixed_point_math.lib
Ri% 4 : R_SinCos() Sin, Cos §tE 0L
A7 : signed short sc_rad sc_rad : Ry —) oINS 7 V0AT—4
signed short * p_sin p_sin:SIN{E7 FLRX - RA 4
signed short * p_cos p_cos: Cos{E7 FLR - R/ 4
HA: &L
Bi% & : R_MTR_AngleEstinit() MEHES A T35 DEbuE
A : est_configure_t* p_est _conf p_est _conf: FIHEAE/SS A —2 - P LR - RA U4
H # : signed short (0 : #IHEAERLTh. 1 : #DHA1ERER)
Bi% & : R_MTR_AngleEstReset() MEBEHETA T - Uty FLE
AHB:HL
HA: L
BE%42 : R_MTR_AngleEstExec () B+ EREH T NE
A7 : signed short * p_speed_rad p_speed_rad : BIERET KL R - RA U4
signed short int * p_angle_rad | p_angle_rad : BEsFAET KL X - R4 >4
HA: &L
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4.4 TEAEH

YOoTNTOTSLOEH—EEZRK 414 I1TRLET, L. O—AHLEHIEIEEHE L TLELA,
® 4-14 EH—K (12

P e B A&
errErrorStatus uint16 t IS5—RART—42R
errRpmOsd int16_t BEEIS—HRELEUME [rpm (HEHA)]
errRpmUsd int16_t E—A20vIBRERAEELEUME [rpm (BEHA)]
errTempBoardOHD int16 t ERBHRIT S —RH L ZULME [°C]
errTempBoardWD int16_t ERBREERE LELME [°C]
errTempBoardWC int16 t ERBREEMRLELME [°C]
errTempCoilOHD int16_t E—Sa4)ILIT Y FBRIZ—HEELELME [°C]
errTempCoilWD int16_t E—2a/I)ILIT Y FBRELERE L EULME [°C]
errTempCoilwC int16_t E—FaAMILITY FBREEMERL ELME [°C]
errLockDetectFilterSet uint16_t E—420VVBRERAT 4/)LE [ms]
errLockDetectCountSet uintl6_t E—A20O0v KRB LELME [ms]
mathSqrt_3d2 int16_t J3/2 DIEEEE
mathSqrt_2d3 int16_t J2/3 DiEEEE
mathSqrt_3_2 int16_t V3/2 DiEFEES
mathSqrt_2 int16_t V2 DIEEEE
mathSqrt_2_2 int16_t V2/2 DiEFEES
crefRunMode uint8_t E—REHEE—F
crefRpmRef int16_t HERSIE [rpm (EHH)]
crefRpmEst int16_t REHTEE [rpm (BEHA)]
crefSpeedRadRef int16_t AREESE [rad (ERA)]
crefldRefRequest int16_t dEER) VTR ME [A]
crefldSlopeUpVec32 int32_t dEEFRNMEFE R O0—7 [A/0.001s]
crefldSlopeDownVec32 int32_t dEERENM TR O— 7 [A/0.001s]
spdfRpmSlope0I32 int32_t F—F 2 IL—THIEHEENE - BERE [rpm/0.001s]
crefldRefOIRequest int16_t A—TUN—T d@EFR) Y TR ME [A]
crefldSlopeOI32 int32_t F—TUII—7T dEEFRENMA O—T [A/0.001s]
creflgRefOIRequest int16_t A—=ToN—T gEERV VTR ME [A]
creflgSlopeOI32 int32_t F—=TUI—T gEEFRENMA O — [A/0.001s]
crefPiPrmSpeed PI_PRM_T | iR Pl §lfl/ N5 A —2 &K
crefldRefBuffer32 int32_t dBMERV VIR MERNY I 7
creflgRefBuffer32 int32_t qEMERVIV IR MERNY I 7
focTimeSettingOffset uint16_t A2ty FERIGERH [s/0.00005]
focTimeCountOffset uint16_t A7ty FERREGEEBRAAY VA2
focStatus uintg_t EEEHIEHR T—4 X
focError uint8_t '%ﬁ%lﬁﬁﬂl S—RT—4R
focldRef intl6 t dEERIESIE [A]
foclgRef int16_t q EEI'E,»L?E S{E [A]
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£ 4-14 TP—F (212

T4 it AE
focCurrentlu int16 t U HBERE [A]
focCurrentlv int16_t VHEERE [A]
focCurrentlw int16_t W HHERIE [A]
focCurrentld int16_t dEERME [A]
focCurrentlq int16 t qEERE [A]
focVdRef int16_t dHEEERIE [V]
focVqRef int16_t qgEHETIERE [V]
focVuRef int16_t UHEEESIE V]
focVvRef int16_t VHEEERE [V]
focVwRef int16 t W HEEETIE [V]
focVdgLimit int16_t dg BAE X HIEE [V]
focAngleRad int16_t EEEFAE [rad (BRA)]
focSpeedRad int16_t EEEFAEE [rad (BKA)/S]
focCompTimeAd int16_t ERIFAHEFERE [s]
focCompTimePWM int16_t BIEE N AEMERM [s]
focMtrLd int16_t d&A 593X [H]
focMtrLq int16_t QA VT YRR [H]
focMtrKe int16_t WHEE ARE [Vs/rad]
spdRpmRefRequest int16_t RE Y IR KMME [rpm]
spdRpmLimitMax int16_t RE LRHIPRIE [rpm)
spdRpmLimitMin int16_t EE TIRFIPRIE [rpm]
spdRpmSlopeUp32 int32_t MEZR O—7 [rpm/s]
spdRpmSlopeDw32 int32_t FER O—7 [rpm/s]
spdRpmOIToFoc int16_t A—TUN—THh 59 a—X F)IL—THIEBBEERE [rpm]
spdRpmFocToOl int16_t 9 AB—X R)L—Th oA —T 2 I)L—THIEHERBEERE [rpm]
spdCntDelayOIToFoc uint16_t Ea,;.bﬁ%llﬁﬂ EfFH A [s/0.001]
invOverCurLevel int16_t aum*ﬁu‘ﬂj L ELME [A]
invOverVolLevel int16_t BEERHLEWME [V]
invUnderVolLevel int16_t ‘IP_E%J:T:*ﬁHj LZELME [V]
invOffsetlu int16_t UMA Ity FERIE [A]
invOffsetlv int16_t VA Tty FERIE [A]
invOffsetlw int16_t WA 7ty FERIE [A]
userRpmEnhanced int16_t WEERGRIEEFRENAM L Z LME [rpm]
userldRefEnhRequest int16_t HERGRIEERENME [A]
userThOnBoard int16_t BIIEE [°C)
userThCoilEnd int16_t E—Ra4)ILITY KERE [°C]
seqSystemMode uints_t E—43 - SR T LAIEKEE
seqErrorStatus uintg_t T4 VATLHHIS— - XAT—42 X
g_opsr_clear_flag uints_t PWM t Q& HERR Y )7 759
g_tau0_ch5_width uint32_t | TAUOS5 A1 PWM {§8/3)L R 1ig
g_tau0_ch5_Hwidth uint32_t | TAUO5 A7 PWM {§% High g
g_tau0_ch5_Lwidth uint32_t | TAUO5 A1 PWM {55 Low g
g_tau0_ch5_duty uintlé_t | TAUOS AZIPWMIEETa—T 1B
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45 T/ OEEMLH
YUoTINTOISLDIYVOEE—EFK 4-15. X 416 I1TRLET,

% 415 TYVAEE—E (1/7)

<y 0% | wHE | N

7 74 JL : control_parameter.h (1/2)

CP_FREQ_SPEED_Hz (1000) HEHEREL [Hz]

CP_RPM_MAX_SPEED (3000) B R EIERERKME [rpm]

CP_RPM_MIN_SPEED (500) ElEnREERER/IME [rpm]

CP_RPM_OL_TO_FOC (300) F—=—To—Thooa—XFIL—FT~D
FlELIYEZ LELME [rpm]

CP_RPM_FOC _TO_OL (100) Y O0—XR)L—Thd—TFoI—T~D
HEIYBEZ LELME [rpm]

CP_RPM_OSD_SPEED (5000) BRET S —RHEE L EUME [rpm]

CP_RPM_USD_SPEED (150) E—20vIRBREERELELME [rpm]

CP_RPM_SLOPE_OL_REQ (10000) F—=TUIN—TEOMEERE [rpm/s]

CP_ID_REF_OL _REQ (1.02f) F—TUN—THD dh (LLERD)
BRERE [Al

CP_IQ_REF_OL_REQ (0.30f) F—=TUIN—THED ¢ HHERIESE [A]

CP_ID_SLOPE_OL_REQ (30.0f) F—TUIL—THO dHERAO—T [AlS]

CP_IQ_SLOPE_OL_REQ (10.0f) A—TUIN—THO ¢8ERRO—T [Als]

CP_RPM_SLOPE_UP_REQ (40000) S A—X RIL—THOEEESE
MEZRA—7 [rpm/s]

CP_RPM_SLOPE_DW_REQ (25000) P O0—X R)L—THOREESE
FOERAO— T [rpm/s]

CP_DELAY_OL_TO _FOC_s (0.050f) A—TUIN—ThoERHELY 2D
HIHREFHEME [s]

CP_ID_SLOPE_UP_REQ (8.0f) Y A—X RIL—THO dEEFR
EHEZ20—7F [Als]

CP_ID_SLOPE_DOWN_REQ (80.0f) 2 O0—XRIL—THD dHER
TBAO—7 [Als]

CP_SPEED_PI_KP (0.1f) RE P HIE LR

CP_SPEED_PI_KI (0.002f) HE Pl FIEED R

CP_IQ_LIMIT (2.88f) qEERYI Y b

CP_RPM_ENHANCE (450) WAL FIE L = LME [rpm]

CP_ID_REF_ENH_REQ (0.5f) HERRIEERE [A]
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® 4-15 YUOAEHR—K (2/7)
<5 0% | wHE | N

7 741 JL : control_parameter.h (2/2)

CP_RPMSLOPE_UP_DIV_FREQ GEL) REHHBHH VDI O—X FIL—THD
EERSEMEROQ—7 [rpm/s]

CP_RPMSLOPE_DW_DIV_FREQ Gx2) REGEHRARHY DI O—X FIL—THD
RERSERERO—T [rpm/s]

CP_RPMSLOPE_OL_DIV_FREQ GE3) RERHHI-YDA—TUIL—THD
MEGERE [rpm/s]

CP_IDSLOPE_OL_DIV_FREQ Gx4) RERHHE-YDA—TUIL—THD
dEEFRZAO—T [Als]

CP_IQSLOPE_OL_DIV_FREQ GE5) RERHHI-YDA—TUIL—THD
gEERAO—T [Als]

CP_IDSLOPE_UP_DIV_FREQ (G 6) RERHH-YDIO—XFIL—TEH®D
dEBEREFRO—T [Als]

CP_IDSLOPE_DW_DIV_FREQ CET) RER#HH-YDI O—X FIL—THD
dEERTBRAO—7 [Als]

CP_PWM_CARRIER_Hz (20000) PWM &+ 1) 7EH# [Hz]

CP_TIME_OFFSET (0.19) A7ty FEEEER [s]

CP_DECIMATION (1) F ) 7ENY AHEE E B

CP_ID_PI_KP (1.05188f) d BB PI Hl{E LI R 3K

CP_ID_PI_KI (0.01000f) d BB P FlHETE DR

CP_IQ_PI_KP (1.15313f) q ERTER PI Hil1E0 L5 % 3

CP_IQ_PI_KiI (0.01100f) q BHER Pl FIlHETR 2 R

CP_THETA EST K (0.331446f) | AEHETS 1A >

CP_SPEED_LPF K (0.070914f) | REHET 1A >

CP_EMF_EST K (0.356745f) | FEEFHTES 1 >

CP_CONTROL_FREQ (X 8) 5 EH% 0 PWM ¥ v ') 7 EIR¥ [Hz]

CP_CONTROL_INTERVAL G¥9) IEIE%D PWM v 1) 7EH [s]

[:

~
H
e
=

© ©® N s WD

((float)(CP_RPM_SLOPE_UP_REQ) / (float)CP_FREQ_SPEED_Hz)
((float)(CP_RPM_SLOPE_DW_REQ) / (float)CP_FREQ_SPEED_Hz)
((float)(CP_RPM_SLOPE_OL_REQ) / (float)CP_FREQ_SPEED_Hz)
((float)(CP_ID_SLOPE_OL_REQ) / (float)CP_FREQ_SPEED_Hz)
((float)(CP_IQ_SLOPE_OL_REQ) / (float)CP_FREQ_SPEED_Hz)
((float)(CP_ID_SLOPE_UP_REQ) / (float)CP_FREQ_SPEED_Hz)
((float)(CP_ID_SLOPE_DOWN_REQ) / (float)CP_FREQ_SPEED_Hz)
((float)CP_PWM_CARRIER_Hz / (float)(CP_DECIMATION + 1))
((float)(CP_DECIMATION + 1) / (float)CP_PWM_CARRIER_Hz)
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£ 415 IYVOEHE—FE (3/7)

tH 1 : TRUE/FALSE

<5 0% | EHIE RE
7 74 )L : error_management.h
WAR (0x8000UV) Warning 3— FE X
ERR (0xC000U) Error 3— FEH
MCU (0x000U) MCU EY 31— EH
INV (0x100U) INVES1—ILESE
FOC (0x800U) FOCEL a1—IESE
ERROR_NOT_OCCURRED (0x0000U) I5—REH
E_MCU_INIT_ERR (ERR+MCU+0x00U) | #1#iibT5—
E_INV_OVER_CURRENT (ERR+INV+0x00U) | @ERIT S — (H/W &)
E_INV_OVER_VOLTAGE (ERR+INV+0x10U) | @AEEIS—
E_INV_UNDER_VOLTAGE (ERR+INV+0x11U) | EBEITS—
E_INV_OVER_TEMP (ERR+INV+0x20U) | EiRBERH
E_FOC_OVER_CURRENT (ERR+FOC+0x00V) | @EHRI S — (S/W&RH)
E_FOC_OVER_TEMP (ERR+FOC+0x20U) | E—4 @ZiRH
E_FOC_OVER_SPEED (ERR+FOC+0x30U) | @EET S —
E_FOC_MOTOR_LOCKED (ERR+FOC+0x31U) | E—42 A v Y&
E_FOC_INVALID_SEQUENCE (ERR+FOC+0x80U) | REEBH TS —
E_FOC_UNKNOWN (ERR+FOC+0xFFU) | FEALERHHIT S —
W_INV_OVER_TEMP (WAR+INV+0x20U) | EfRiBEEL
W_FOC_OVER_TEMP (WAR+FOC+0x20U) | E—4 BEZE
IS_WARNING(status) (WAR == ((status) & | Warning 23— F#|&E
A7 : status 0xF000U))

IS_ERROR(status)

(ERR == ((status) &

Error 31— F#IE

A A : status 0xFO00U))

5 : TRUE/FALSE

774 JL : foc_current_ref_ctrl.h

CREF_RUNMODE_OPEN (1V) EEE—F: A—T—7
CREF_RUNMODE_CLOSE_SPD (2U) BEE—F:90—XK)IL—7
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RL78/F24 MCU I2& % PMSM E—2DEUH LARY MLAIERRE (3 v 1)
* 4-15 THOOEHE—E 4/
<5 0% | %18 RE
7 74 JL : foc_current_regulator.h
FOC_STATE_ADJUST (0x00U) ERGIEIRRE : ERFEEH
FOC_STATE_ACTIVE (0x01U) EREEIREE . ERHIEE D
FOC_STATE_ERROR (OXFFU) ERGIEIREE : ERFIET S5 —
FOC_ERR_BASE (OXEQOU) Eg,m%llﬁﬂl J—+-a—F-~R—=2X
FOC_ERR_NONE (0x00U) Z—7%L
FOC_ERR_OCD_HW (FOC_ERR_BASE+0x0U) | H/W #HBEBRIT S —
FOC_ERR_OCD (FOC_ERR_BASE+0x1U) | #@EHRIS—
FOC_ERR_OVD (FOC_ERR_BASE+0x2U) | Vdc BEETLS—
FOC_ERR_UVD (FOC_ERR_BASE+0x3U) | Vdc{EEEILS—
FOC_ERR_SEQUENCE (FOC_ERR_BASE+0xDU) | JREEBH TS5 —
FOC_ERR_INIT (FOC_ERR_BASE+0xEU) | #1#i{tT5—
FOC_ERR_UNKNOWN (FOC_ERR_BASE+0xFU) | REAHZ TS5 —
FOC_RPM2RADPS Gk 1) EIE5EE [rpm]h 5 IEE [rad/s]~D
TR
FOC_RADPS2RPM Gx2) IRE [rad/s]h b BIERRE [rpm]~
THERH
FOC_SUP2DQLIM G¥3) NRABEMNG dgEEEFIRIENDE LRI

FOC_DIV_PI (1.0f / MATH_PI) UnEE&

RECOGNIZE_SPD_LIM (CP_RPM_OSD_SPEED) | BFEEIS—HHZEELZULME [rpm]

FOC_FP_RPM GE 4) Rr—) 7% 0DBREL S —HEH
EELEUME [rpm]

FOC_FP_SPEED_RAD (G£5) A=) 7% 0D@AREL S —HEH

EELEME [rad/s]

FOC_FP_ANGLE_RAD

(SC_GEN_FIX_PT
(MATH_TWOPI))

Ar—1 o T%D 2t EE

FOC_FP_RPM2RADPS

(SC_GEN_FIX_PT
(FOC_RPM2RADPS))

A —1) % OEEGRE [rpm]h 5
IEE [rad/s]~DEHIZRE

FOC_FP_RADPS2RPM

(SC_GEN_FIX_PT
(FOC_RADPS2RPM))

Ay—1) U HBOMEE [rad/s]h 5
[E#5EE [rpm]~DZE %k

FOC_FP_VSUP2VDQLIM

(SC_GEN_FIX_PT
(FOC_SUP2DQLIM))

ARF—1) o THBDNREEMID
dq SHEXHIRE~D LIRS

FOC_FP_DIV_PI

(SC_GEN_FIX_PT

ARr—1) o T%D UnESE

(FOC_DIV_PI))
FOC_FP_LD (SC_GEN_FIX_PT R7F—)27%DAEAFI 822X [H]
(MP_LD))
FOC_FP_LQ (SC_GEN_FIX_PT RF— )2 7%DqA 39220 R [H]
(MP_LQ))
FOC_FP_KE (SC_GEN_FIX_PT Rr—1) 7% OFERENFRE [Vs/Rad]
(MP_KE))
[;£] 1. ((MATH_TWOPI * (float)MP_PP) / 60.0f)

o~ wDN

(60.0f / (MATH_TWOPI * (float)MP_PP))
(MATH_SQRT _2_2 * INV_MAX_RATIO)
(SC_GEN_FIX_PT((float)(RECOGNIZE_SPD_LIM)))

(SC_GEN_FIX_PT((FOC_RPM2RADPS * (float)RECOGNIZE_SPD_LIM)))
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£ 415 IYVOEEHE—FE (5/7)

<5 0% | EHiE | N

774 )L : foc_math.h

MATH_PI (3.14159265f) MRAZErEE

MATH_TWOPI (2.0f * (MATH_PI)) 2TES

MATH_SQRT_3d2 (1.224745f) 3/2% &

MATH_SQRT_2d3 (0.816497) J2/3%E

MATH_SQRT_3 2 (0.866025f) V3/2%E

MATH_SQRT_2 (1.4142141) V2 EE

MATH_SQRT_2 2 ((MATH_SQRT_2)/2.0f) | V2/2%&

FP_SQRT3D2 (SC_GEN_FIX_PT RF—1) U 7%D.\[328%
(MATH_SQRT_3d2))

FP_SQRT2D3 (SC_GEN_FIX_PT RF—1) U T%D,[2/3E%E
(MATH_SQRT_2d3))

FP_SQRT3_ 2 (SC_GEN_FIX_PT RT—1) V%DV 2EE
(MATH_SQRT_3_2))

FP_SQRT2 (SC_GEN_FIX_PT A=) THDV2 T&

(MATH_SQRT_2))
FP_SQRT2_ 2 (SC_GEN_FIX_PT RF—1) U THROV22EE

(MATH_SQRT_2_2))

7 74 )L : motor_parameter.h

MP_PP (2V) 1Bt 3K

MP_RA (2.80f) 18H71- Y OERIERE [Q]
MP_LD (0.00084150f) A8V F 922X [H]
MP_LQ (0.00092250f) qEhA U F YRR [H]
MP_KE (0.00853396f) WHEE NFRE [Vs/Rad]
MP_MAX_TEMP (180.0f) E—ARKEE [°C]

774 )L : sequence.h

SEQ_MODE_STOP (0U) E—4 - VRATL:EFIE
SEQ_MODE_RUN (1V) E—42 - VAT L ET
SEQ_MODE_ERROR (2U) E—4 - VATL:I5—
SEQ_SIZE_STATE (3U) E—4R VAT LHYAX
SEQ_EVENT_STOP (ov) ERE—4F - VRTL:EFLE
SEQ_EVENT_RUN (1U) BERE—HF - VAT L EfT
SEQ_EVENT_ERROR (2V) BERE—HF - VRTL:IT5—
SEQ_EVENT_RESET (3U) BERE—F - VATL: YUY E
SEQ_SIZE_EVENT (4U) BERE—F - VRTL-HAX
SEQ_ERR_NONE (0x00U) I5—7GL
SEQ_ERR_UNKNOWN (OXFFU) TRLGIS—

774 )L : sequence.c

STATE_TABLE % 4-16 1R KEBBERT—IIL
ACTION_TABLE = 4-16 #5H& BEERT— I
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MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

x® 415 ¥/ OEE—E

(6/7)

<5 0% | EHIE RE

74 :rssk_inv.h
INV_PWM_DEADTIME_s (0.000001f) dead time [s]
INV_SHUNT_R (0.005f) Ty MER [Q]
INV_AMP_GAIN (20U) BRVOY VT UTHFAY
INV_AD2CUR GED AID ZHERM S ERE~NDEHRZRE
INV_AD2VPN (65.0f/(float)OXOFFFU) | A/D ZitER M b BIEE~NDEHFR I
INV_MAX_RATIO G£2) 13 ) 7EBAD dead time LIS+ D L3R
INV_OV_LEVEL (28.0f) BEFEE LEUME [V]
INV_UV_LEVEL (8.0f) BEEHREHLZME [V]
INV_VOLTAGE_MAX (40.0f) RARHERIEEEE [V]
INV_OC_LEVEL (16.9706f) BERRE L E0ME [A]
INV_CURRENT_MAX (20.0f) RABHAIBEER [A]
INV_CURRENT_OFFSET_K (0.125f) BRA 7Y T4 L2 ERE
INV_OVERHEAT DETECT_TEMP (120.0f) EBEEREHEE [°C)
INV_MODU_MODE_NONE (1V) ZEATIE L L
INV_MODU_MODE_CSVPWM (2V) FREIERE 12 mEAK
INV_ERR_BASE (0xCOU) INVIS—:-3—F:-R—X
INV_ERR_NONE (0x00U) I 5—KREH
INV_ERR_VDC_OVD (INV_ERR_BASE + | BEE#H

0x0U)
INV_ERR_VDC_UVD (INV_ERR_BASE + | EEXH&RHE

0x1U)
INV_ERR_OCD (INV_ERR_BASE + | BE#R#&H

0x2U)
INV_AD_CHANNEL_IU (1V) AID Fv #)LES : Iu
INV_AD_CHANNEL_IV (o) AD Fx *ILES : Iv
INV_AD_CHANNEL_IW (2V) ADD Fv RIILES : Iw
INV_AD_CHANNEL_VDC (5V) AID F v *ILEE : Vdc
INV_AD_CHANNEL_T RT1 (24V) AID F v *)LEE : RT1
INV_AD_CHANNEL_T_NCT1 (4V) AID F v J)LES : NCT1

INV_FP_CURRENT

(SC_GEN_FIX_PT
(INV_CURRENT_MAX
)

R7r—Y VT ROERRBREFATREER [A]

INV_FP_VOLTAGE

(SC_GEN_FIX_PT
(INV_VOLTAGE_MAX
)

RIr—1) VT BDERREEFIREEE (V]

INV_FP_AD2CUR

(SC_GEN_FIX_PT
(INV_AD2CUR))

Rir—1) v 7%D AD ZHFERNSER
E~DEBIFRE

INV_FP_AD2VPN

(SC_GEN_FIX_PT
(INV_AD2VPN))

Rr—1 o T%D AD EERNSEE
B~ DEHFRE

INV_FP_OFFSET_K

(SC_GEN_FIX_PT
(INV_CURRENT_
OFFSET_K))

ARF—) o %DERA 7Y F T 4L
EREX

] 1. (((5.0f/ (float)INV_AMP_GAIN) / INV_SHUNT_R) / 4095.0f)
2. (1.0f- (2.0f * INV_PWM_DEADTIME_s * (float)(CP_PWM_CARRIER_Hz)))
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£ 415 IYVOEEHE—F (7/7)

7/ 0% | EHE | RE
7 74 )L : thermistor.h
TH_TEMPTABLE_ ® 27238 NTCG163JF103FT1S Z#aF—JIL
NTCG163JF103FT1S
TH_TEMPTABLE_ * 2-6 2BR 103NT_4 RO25H41G ZT#F—J )L

103NT_4 R025H41G
7 74 JL : user_control.c

RPM2REF(mRpm) (SC_FIXED_VAL16 Rr—1) o7 #%OREHIERE
A# : mRpm ((mRpm), mRpm : [E#EEESE
H A : value FOC_FP_RPM)) value : R4 —1) U5 D EIEIESE

® 4-16 EHTYI/OER

STATE_TABLE

/* state 0:SEQ_MODE_STOP, 1:SEQ_MODE_RUN, 2:SEQ_MODE_ERROR */¥

/* request */ ¥

/* 0:SEQ_EVENT_STOP * {SEQ MODE_STOP, SEQ MODE_STOP, SEQ _MODE_ERROR },¥
/*1:SEQ_EVENT_RUN * {SEQ_MODE_RUN, SEQ MODE_RUN, SEQ MODE_ERROR },¥
/* 2:SEQ_EVENT_ERROR */ { SEQ_MODE_ERROR, SEQ _MODE_ERROR, SEQ _MODE_ERROR },¥
/*3:SEQ_EVENT_RESET */ { SEQ_MODE_STOP, SEQ_MODE_ERROR, SEQ_MODE_STOP}
ACTION_TABLE

[*state  0:SEQ_MODE_STOP, 1:SEQ_MODE_RUN, 2:SEQ_MODE_ERROR */¥

/* request */ ¥
/* 0:SEQ_EVENT_STOP */ { segActNone, segActStop, segActNone },¥
/*1:SEQ_EVENT_RUN  */ { seqActRun, segActNone, segActNone },¥
/* 2:SEQ_EVENT_ERROR */ { seqActError, segActError, segActNone },¥
/* 3:SEQ_EVENT_RESET */ { seqActReset, segActError, segActReset }
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4.6 #HlEHZO—
AEETOFS LD T7O0—Fvy—rERLET,

4.6.1 H*4 B

mainBi%
main ()

)

HIERER L
userControlInit ()

D/AJYN\—-5Eh{Era

TL—5EEREA

A/DIVN—5ENERIG

EIDIAHFFE]

KN~T

HIEHMERSER
UL

4-10 A A VB
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4.6.2 HIfE#DEA1L BE %K

HITERD AR ERa 2R
userControllnit ()

AIBHETES1ISY
JSA—SHIEHE

AIBHETE S TS UMIENE

fIBHEES1T5Y
WIRHMERRTS ?

T-RER (I5—KR)

-4 AT LIIEHEEEER
seqInitSystem()

E-SEERFIEIEA L
segActReset ()

v

®T

E—AEIERHI IR b B
seqActReset ()

AP
focInitState ()

>
«

Speed controller parameters
HIERE,

Current reference controller
parameters #EHE

Speed PI controller parameters
#ERE

Error management parameters
WIEHE

I5—-A7H5R D)7

Id enhanced control
HEME

E-45-2 27 LHEHE
seqInitSystem ()

EBIRPIGIE) (SX— 5% TE

BIRPIFIHERMESE

ERPIHIRE S TR

,,,,,,,,,, 4,,,,,,,,,,,,,

FvTFv- H13FA

DA -5 FRE

EERHIHITS—IRRERDHAE

'

BT

APZASE L) T oz SE¢
focInitState ()

A>I\—4 - IR— RIIEHE
invInitBoard ()

A= TRk
ERHEART) ?

EERHIHIRT— SR - I5—3%TE

>
<

BB, EE. AEED
Z)\ITHIEME

ERPIHERE S IRIHAE

ERPIFIHERMELIHAE

E-SIEHEN

PWMALDIZE

A/D adjust counter 27

|
|
i
! DHENE
|
|
|
|

EERFAIEHETE

RIBHETE) (SA—FHIEHE

v

C

®rT

4-11 FlEN#IHA{LRA%

RO1AN6309JJ0110 Rev.1.10

2023.06.30

RRENESAS

Page 58 of 65



RL78/F24 MCU IZ& % PMSM E—42 Dt Y LAANY MLEITHR (322 k)

4.6.3 A /N\—% - R— F{#HEAE

A2\ —4 - Th— RN LR %R
invInitBoard ()

T—b RSN R

1>25=)L- 54X
hOPMELE

=HEPWMEH51Y
AOUMELE

BRI EHTIRAE 2

SR I DB AR R

Gz il lea P i
FEBRRRTN ?

12N—5 - I5—EHAEHN

el

12N=5- NG A-51)EME

=HEPWME MY
PN

1>59-)0L-54%
hO> R

=

4-12 A N\—43 PR
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464 A2Z—=N) - FA4TEIYRAHN S

C

A>5= b FAREIDIAHI\ D RS
intIntervalTimerInterrupt ()

)

I1-YEHRIDIAHNIE

RS R AERI IS

BEDEHI R
crefFocControlTimer ()

I5—1RHALIE

C

®’T

)

B 413 4123 —/N)L - BAREIYRAHNVES
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4.6.5 ERIESIESIE

EHE R
crefFocControlTimer ()

-9V AT LFIENAREEYS

SEQ_MODE_RUN ? No
(PATLE-RETH)

REHE DB/ ARE AR HIHE—R = A=T2I—T

No BEDE. EEEIEHE

H0-ZXRIV—F ?

TSR TR B AE No
A=FoIN—T ?
ERET— RNyl
Yes
o8 HIBE e D
< A4 A
ERPIHIHERESE
A
4-14 BRESER M
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46.6 FTv!TRABEYRAHANYEFS
FrUPREIEREIDAH/N\ D RS
intCarrierInterrupt ()

BRI — TR
focFocCarrierLoop ()

1Y R 7EEREIDA LI

A
(W)

4-15 v Y FRBEVAANVEFS
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4.6.7 EiRHIEIL—T0IE

B — AL IR
focFocCarrierLoop ()

E-H2 AT LHIAMRREESS

FOC_STATE_ADJUST ? No
(B HEAET)
=AEEREUS . ATty MBS H1H = AEEREYS
A EEIE S

Clarke-Park Zifa, ERPIEE

FOC_STATE_ADJUST ?
(BRI ERE)

[#n T BHE RS AR

IETFHIAHIE

VdcEBEEUS

Vd/Vq)Zy Nl

Park-ClarkeZ 2

SEQ_MODE_RUN ? Yes

(A7 LE-RRTH)

BEHDOVERTE

ERPIFIRE D TEER

>
«

=HEPWMHIHEE R

4-16 ERHEEIL—TLE (1/2)
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FOC_STATE_ACTIVE ?
BRI

BRI S— RN E

>
)l

focStatus ?

= FOC_STATE_ERROR

(I>—IREE)

= FOC_STATE_ADJUST
(Bl D)

ATy NEREMS I NS BT

ATty MLIEEERFEE ?

Yes

focStatus = FOC_STATE_ACTIVE

= FOC_STATE_ACTUVE
(BFHIEEDIRRE)

FOCIS—#U ?

No

focStatus = FOC_STATE_ERROR

A

4-16 BREIEIL—THNE (2/2)
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RL78/F24 MCU [2& % PMSM E—2 DY LARY MLEHIER (3T v k)
R ET AC %
BETAR
Rev. #17H R— KAk
1.00 2022.9.30 - IR FAT
1.10 2023. 6.30 P.13,14 | Y7 k7% V.1.04H55 V.1.05 [CHEH
P.39 ctrlPiControl () BI¥tDFHRAXAETE
ZEFERI
obj->ibuffer = ((int32_t)refi << 16U) + (int32_t)((int16_t)
obj->ibuffer);
L%
obj->ibuffer = (((int32_t)refi << 16U) & OxFFFF0000) |
(obj->ibuffer&0x0000FFFF);
P.46 hdwinit () B RS 2800
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HmCHERALDOIERR
CITE. RAAVHESLERISERT S TEALOZERE] (COVWTHALFT . BHOEALOZEERHEIIOVTR. KFFa1 AV ELUTI=
ANT v ITT—rESBLTIESL,

1.

BEINER

CMOS HEDE Y RV DBEFFHERLEEZ DN T T LEL, CMOS HREFEVHERICL > T/ — MEBWIRZE LD EAHYFET, EROR
BAOBICIE, BHAEEFHEBICERALTVWSEEEDO FL—PI AP Ur—X, BEHOREM. B/ —XGLEEMAL, HAITIEICET7—
REBLTLESD, F5RAFvIREICKHBLEZY., HFEM-Y LBEVTLLEEL, Fz. CMOS #@ERE LzR— FIZOLWTHRABKDIER
WELTLIEZEL,

BREARDOLE

BREART, HROKREEITETT, EREARICE, LSIORHBEBROKREFITEETHY. LORIDEELEHTFOREEIFTETT, 58
Yty MEFTYEY T HREOGE, BREALS Yty FABEMICHELIETOHME. HFOREBIRIETEERA, RIS, RB/NAT—F >
Uty MEEEZERALTY Y FTHRGDBE. EREANSY Y FOMDS—EEEICET HFETOHM. HFOKREBIFRIAETEELA,
BRA I7BIZHITEANES

LEEROBERNT TREDLEFIZ, ANESCABATLT vy TEREANLGVTLEID, AHNEESPLALATILT v TERNSOEFEAIZ
&Y, BIEESIESRECLEZY., ERERSRNANBRFELELS LYV T IHEENHYFET. EHPIC TERA TBRITEFTEANES 12201\ T
DEBOHAIHERIE., TORABEFH>TLIEEL,

KRIERHFONE

REAHFIE. TREABFOLE] [TH>TRELTZEL, CMOS #EDAAHFDA VE—F U RIE, —fIC. N VE—FVREHS
TVWET, REARTEFABRKETEHESE D L. FERRICLY. LSIATO/ 4 XLHMEh, LSINBTEBERNANY . ANESLRBH
SNTREEEFECTBANHYES,

2821221 T

Jty B, YAy IRRELIZE, VY FEBRBRLTESY, TOYSLRTHROIOYINYEZIRER. YYBXEI BV INRELE
BRICUYBZTLESL, Yty b, HERIRT (FREASERER) 2RV 0y THBEZEBRT S VATLTIE, 70V IN+RRE
Lz, Uty FEBBRLTLESY, £z, OV S L0ORDPTHBREIRT (FFNBRIRER) AV 0y ICOYEZ LI5S, Y1Y
BZAKOI By INHRRELTHASUYEZ TS,

A FisHF D ENAN R

AN/ A ZORERICE DEBEATEBHEORRCHYETDOTEEL TS, CMOS #RDAAN/ 4 X EITEAL T, Vi (Max.) H
5 Vik (Min.) ETOMEEICEEED L SHIBEEE. REELSISEIIBIDNHYET . ANLALPEEDEEEEESA. Vi (Max.) Md Vin
(Min.) EFTOHEEZBBT HBBHEPICF v 2 YT/ ARXGENRASHENESITFERAL TS,

YH¥—TF7 FLR (F#EE) OT7 Y XELLE

YH—TT7 ELR (F#4EE) OF7 I RE21ELET, 7 FLREEICE., FEOME#RERIZEYRTSIATVNS YF—TF7 KLR (FH4%E
BHB) B"HYET., ChoDT FLRETIEALEZEEDHEICOVTIE, RIETEFEFRBANDT, 7IVERLAEWVESIZLTLEELY,
HEEOHEIZDNT

BEZORLGDIHERKEETHHESF, BRBLZILICVRTLFHEAREEREL TSV, ALTL—TDIA IV THRENES L, T5 Y
DAAEY, LATIRRE—UOMRBLEEICELY, BERUBHMEOHEE T, HEE. BEY—D0, /A XWME. /1 ABHELENRLDIHZEN
HYET, RENESHRITERT H5E81E, BRORBITLICORTLFFERREEEL TS,



-_— S, =
N B
—/L.o=

1.

10.

11.

12.

13.
14.

AERCREBESINERE, VI FIVI7ELIVINSICEET 2FRIE. FERVLI[OEEG. ISAGIZHATIEOTT, B, VI LD 7H
FUIIhSICEET 2EREERAT HEHE. BEHROBEICB VT, SEHROBE - SXATLERHCESL, ThoDOFERICERLTELKEE
(BEFRFREEZFVWTNICEL-EBELEAFT, UTRILTY, ) ICEAL. ZiE. —UZ0EEZZEVEEA,
LUHBRFEAEHIRBE SN ERRET -2, B, £, 754, 7LITYRL, ERARRFZEOEROERICERL TRE LE-E=E0HH
1, EFETOMOMMMEEICHTIREFFLIECALICET E2HFICONT, S, MLDRIEZTSEDOTIELEL., FLEEFEZES1DT
EHYFEEA.

LiE, REHCEDELUFELIEZETORHIE. EEEZTOMONMMEELRISHETIHLOTEHY FEA.

LMK ERARAALZRROEEA, 8, &G, AR, BRZOMOTAEZTSICHEZY. E=ZERAOEMOFAICET LS54 ANREL
HHIGE. HETA U ARBOHES L URBESEROBEICEVTIT>TL L,

LHBRE, 2RFEEF—HE[HLT. g, HE. HH. UN—RILTOZTFYY, F0M., FEYICERLZVTLLEEN, MDHE.
T B\ UN—RIVCZFYUTHITKYELEESICEL, SiE. —UF0OEFEEAVERA,

Litld., BHERORBEKEEL MZEKE] BV EREKE] ITHBELTHY. EREKEFK, UTISRTHARICESAERAINSGZLEER
LTBYET,

BHEKHE . aUEa—4. OAHE. BISHEE. SUHIMEE. AVHEEE. RE. TEHM. S—VFLlE. EXRA0RyY %

BmEKE  WmEgE (BPE. BE, WH%) ( XEHE (ES) . XBREEEHS. SRIRRER IR TL, FERLHHEES
LHERIE, T—2o— FFITKYBEEME. Harsh envionment AITRZEETEL TV L DERKRE, BELES - BRICETERIFTAEMEOH
DB VAT L (EHHBEE. AMRCHEOAAMEATI20%) . H LIEZREYNBEERESEISTNOHIME - AT L (FEE
BL BEPHSE. BFHGIEORT LA, MERHBSRTA, TS5V MEBIRTLA, BERBEE) ITHEASNIZEEZERLTELST. Chbd
DARIZHERTAERFBEELTOVERA, X, SHABELTVAVARICUHBRZZFERALE-IEICKYBENELTH, SHE—TZFD
BERZEVEEA.

HoWHFERMRE, NEBHENSDREMEZE I00%RIESNTVEIDIFTTEHY FA. BHN—FIz 7/ VI bz T7HRICEEF2Y
TARNENMEARAENTNDEDEHYFETHN, ChickoT, HE, XU T EBHEFLEIRE (AHERFLELSHEKIAERSATY
BURTLICRHTBARET V2R - FEFRZEAFEFTHS. CHICBYFERA, ) DOELDEEZASIIOTEHY FEA, BtlE, LBHERF
FIFSHBERZAERASNZHOEP DL RTLN, FELBHRE, XE. YJMLR, Fib, Nnvx2J, T—40OWBFLETEZOMOFELRAIT
A (THESMRRE] LVWWET, ) ITE>TEEEZ TRV LERIILERA, LitE. MBBEMBICERLEFLIEINIZEEL TELEBEIC
DNT., —YEFEZEVERA, T, ZFICBVTROONDIBYIZEVNT, AEHBLUSHN—FHIZ7 /Y I Iz 7HRIIOVT, B&
HHELIUHEENLEDOERICHATIRALGLVICE=ZZOEFEZRELLEVWCLORIAZED. ATRFEFLERTOVIELIRIELITVERA,
LHBAETHERAOKEE. RFORBFER (F—42>— b, 21— —XvzZa7IL, 7FV5—S3>/— b, EEUNYF Ty YIZEHD T3E

ETNAROFERLO—MMTTREE] F) £CHEOL. SHSMBET 2HRAENK. DEEREEHE. RARFE. REZGTOMBESED
FEEINTCHEACESL, BERHOHEZEX TAHERZCHEASN-HEE0OHE, RBEOTFEASLURRICOETELTE, H1tiE, —9
ZTOEEZREVEEA,

LE, SHBEUSKOSESSCEEEORLICEHTOETA, FERRNRIHIBETHENARKELY ., FRAEKHICE>TIXEHELIZYTS
BENHYFET, £z, BHERIF. T—22— FFICTBLWTHIEEM. Harshenvionment MITRRLEEREL TS EDZRE. HREGTHREZ
ToTHYFERA, RICHHERZORBTEZIEIRFENELCLEETH>TH, ABER. ARBRZTOMUESMBESEFLELSIBLVELS . BF
BHOBEICENT, RS, ERAESRM. BBEHLEHZOREZHBIVI—DUJ0EBE, BEHOBE - SXTLELTOEERIESE
ToTLESWL, BIT, Y43V Y T I 7E. BRTORIEGREBL 0. BEROHEE - VRATLLELTORERIEZRFEHROEETIT-T
&L,

LHBHZOBRBEESHZEOHMICOTELTE, EREANHTLUHEXROFTHMER LSV, THEAICKELTE. HEOWEOESR - A
%3519 % RoHS f55%., BRASNIBEEEESZTAHABENS X, MDD ERITEETDIEI CHALESL, MDEESEEFLANI &I
FYELCHEFICELT, 4%k, —IZz0EXZEVFEEA,
LHUSEIUVEMZERNAOZSELVCRAICKYELE - FA - REFZLESIATUVIHE - DATLAICHERTSIILETEEF A, SHESZE
FUHEMEE#EL, REF-IBEETHHEEE. MEABRUNEEZESEZ] TOMBAESSCERASNINEOHEEEEELREETL. T
NOEDEDDECAICTRVVMDERFHREFT >TSS,

BEHNLUHB B L ESHICEREINZBSICE,. FMICSFZESHICHNLT, ACIEEZTHOHEEHEZRMTIEELEESILOEVLE
ED

AEHOERFEE—BELEUHOXEICLIBHOREEBDI GG FELIFENTLILEELET,
AERCRBINTOVINBTFESHBERICOVWTIFALANSTVNELZL, BHOEXBLEFEFTHHEE S,
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