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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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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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BIE [Vl | BE [°C]l | & [V] | BE [°C] | €F [v] | BE [°C] | B [Vl | iBE [°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 4.532 182.129
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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2.2.2.4 DTC
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A/DEMTETERIZEK S DTC DEMEA A—CZFH 2-8ITRLET,

RAM SFR

g_dtc_single_shunt_addr1] ADDROM (0xFO6A0)
ER%ZER: INTAD
16EvYhER. 2EERE

g_dtc_single_shunt_addr0]

B 2-8 AID EMSETEREIZL S DTC OEMEA A —

2225 7IYHhb—av 795 L—% 1=y b+ (AAU)
FIUGb—3y-F7Hw5L—4 2=y M, RL78/F23,F24 IZ## s h1-EZEMKTY, BLDC £—
ADEHLAARS MLEI#E (FOC : Field Oriented Control) %2 DC/DC a2/ A\—4 D Pl #l#THEAT S Z
ENTEET, AAUZFRTIAETCPUDY I MY I 7EARMERBS TS ENTEET,

AYLTINTOTSLTIEIAAU ZFEALT, UTOEEZTLET,

F 2-11 AT % AAU #igE

AAU EFMEE— K IR
D3—=D /=0 E|+PIGIE (E—45) | 953—0/N\—O % SHE-2HEH, EEREEEHR)
BV PIFHIEEREZITS
WN—=9 ) 53—y %k WN—=D /95— % (REEFEH. 28-3HEH)

Q) U5—9 /N—YEHR+PI FI{H

AAU Tl&., 95— %, IR—0 T, PlEIHEEEHTRETEENTEET,

HDS5—H %W 3HEOER (u, Iv, Iw) #2HIZEH (o, Ip)

IN—0 . EEEEZED S RIEREEICERR

Pl &I - P &I (LEBIRIED) & &I (FELHE) 2470, 2HOEAER (4, 1) EH
(2 =D /D S5—UF

Wi N— Zih - EEREEEMN S B EARICE R

HOS—0 %W 2HERE (Vo, V) Z3HEE (Vu, VW, Vw) [ZZEH#

R0O1AN6310JJ0110 Rev.1.10 Page 15 of 70
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23 Y7 rOITHER
231 774 IERK

HoINTOSLDT7AIILERER 2-12I12RLET,

R 2-12Y2TNTATSLDOIT7AILER (1/2)

RL78F24_SSL_FOC180SS_V105

or 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 [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

£ 2-12HOTNVTATILOT7AILERK (2/2)

RL78F24_SSL_FOC180SS_V105

src contrl_math.c

?ﬁll?ﬁﬂiﬁﬁmiiﬁﬂ

error_management.c

Z—EHENEE

foc_current_ref ctrl.c

’\9 b ILHITEIOD R EE I - FiTHE T EHIEER

foc_current_regulator.c

R ILHIEO E T EER

foc_math.c

ANY bVHIEESE AR

mtr_speed_ref _ctrl.c

B FE 5 fIE ) 57

rI78_interrupt.c

& Y 5A A SLIEER

rssk_inv.c A D IN— R IRIFNIRE]
sequence.c VAT LREEEEE

user_control.c

A—YERNEL

mcu_debug_option_for_iar.c

AToar N4 rERE (IARa2/IAFH)

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 ADZEM RS A /N - I —HEREEE
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 DIAJ =45 - K54 /N - A—HFERELE
r_cg_dtc. c DTC F5 A /\EEH
r_cg_dtc. h DTC KA NEEAYH

r_cg_dtc_user. c

DTC K34 /N » A—HERXEREE

r_cg_macrodriver.h

CGHE~N/ Ony#S

r_cg_port.c R— A RS /3EES

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

r_cg_timer.h BAT - FSANEEAYA

r_cg_timer_user.c

BAT» RTA/N» A—HFEHRFREE

r_cg_timer_rde.c

24 < RDe F5 A /\EEE

r_cg_timer_rde.h

243 RDe RSANEEAYA

r_cg_timer_rde_user.c

24T RDe KSA/\» A—HERXEREE

r_cg_userdefine.h

O—FERALI—Y - ~Av &

r_cg_wdt.c WDT K354 /\REH

r_cg_wdt.h WDT FS A NEEAY S
r_cg_wdt_user.c WDT RS54 /\ - A —H EHRFEEL
r_main.c main BIEE L

r_systeminit.c

N— R T 7HHRIEER
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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

232 EDa—ILER
YoTINTOIS LOMBEEEZR 29ITRLET,

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
29 VI bz 7TEHER
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RL78/F24

MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

24 VI bz TR

A7 TV —230 /) — bR ET BV I R T7OERLEHNER 2-13I12RLET,

£ 213 VI Iz F7DEXRLH

HHE

NE

Hl#E7 =

U LAARY b (B—r 2 bAR)

T— % Bk 51

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]ICEEEEIESEEL R
LEREMEN S 10 [s]#. 3000 [rpm]IC B EERGEEZLEE
EEREBEMNS 10 [s]iE. E—4ELE
- LEREMENS L[s]E. hora Uty b
o 1ty MERE. PWMEBANICKY EEEEREFEEHET S
- AH9T % PWMIESIL 10 [Hz] ~ 1000 [Hz]E T %
- Ta—T4H 100%0ND L =, EEREIESIEZ 3000 [rpm]& T 5
- Fa—F 4P 0%DEE, REEEESEE Orpm]ET S

[B] 85 F R AB 431 B 4% oY LR (BEREERER)
X ) TREKEE (PWM) | 20 [kHz]
Ty AL 1 [us]
il B 2R 100 [us] (50 x 2)
[B] B3 JEE il {0 1 B CW/CCW #t[Z 500 [rpm] ~ 3000 [rpm]
REEFELELE ;J_‘FO) WIFhIDEHDER., E—2FIEMESHN 6K) 2F7V T+ JIC
%
- 3HEDEREDO LTI 1 TH216.97 [A] (10Arms + 20%) ZikBi@E
(100 [ps]&=I-B5%R)
- A UN—RERERX Vdc H 28.0 [V]Zi#Bi (100 [us]EIZEE1R)
- A VN—AEREBE Vdc A 8.0[VIZETES (100 [us]EIZER)
- [EEREEAS 5000 [rpm] Z kB8 (1 [ms]EIZER)
— INTPO #FIZ Low LRJLA A
(EEELEBEF)Y 7ILE A L, T5—HEIE 100 [us)EIZE+R)
- EMEEA 120 [°C1Z#BiB (1 [ms]EIZB1R)
- E—Aa4)LITY KEBEM 180 [’C]Z#EiB (1 [ms]EIZEER)
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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)
3. E—AFIEAE

AETEYUTNLTATSLTHWS, KABARIAE—S2 (PMSM) DAY RLHEIEIZDWTEHRBALE
T

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

Uy Iy Py
v | =R, i |+ Pl Pv
Vw Iy Pw

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

lw

U, Uy, Uy BB TFEE LyLy, L, &EHEEAVE 920X

by Uy, by TAREHFER My, My, My, BAEREIFEE A 50 2 VR
O Py, P BT B FHHHLR VK AMAIZK 2 ERFERBERORKIE
R &EMWEHTFER 0: UMM S DXAMA (BEF) DEHA

p: T BEF

H 3-1 ZHKABARHAE—2 OMER

CCTHERBA VA VB VREWMBA VE VR VARRAD LS ZRESNET,

L,=1l,+L,— L, cos(26)

L,=1l,+ L, — Lgscos(20 + 2m/3)

Ly=1,+L,— Lgscos(20 —2m/3)

M::V —L,/2 — Lyscos(286)

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

Ly —HHBEYDERA TV 2 ADFEHIE
Lys: —HBHBYDEMA U EI 52 ZADEKRIE

—L,/2 — Lyscos(20 —2m/3)
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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v 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 32 ZHERE—2O#HER
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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v 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 >

R0O1AN6310JJ0110 Rev.1.10 Page 22 of 70



RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v 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
e b EMNATREICHRYET,

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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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 g
i
A6
¢]
oM
> [ &
jGM 0
N O
qHih
(5) = (“smaseacas) (@)

3-4 dg#h & vs EDRR

% SPMSM OEEAEBXICEL. BROKEAERXDOHICELL L, TROKSIZHYVFET,
R

~_é, :

p (iy) __[L (iy) +1(Uy) _ KLQ(— sind 9)
is P 5 is/) L\vs L \cosA®
ML

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

s () - ()

v e(n—1)=K8(n—1)
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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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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 BRMEREZRICEDIEVHLARY FLHEHHOFIEH O—
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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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FTDESC, HABE/NNILADF ¥ ) 7TRIZHT REEETa—T4 EFEUVET,

Ton Torr
| |

Ton

Tai—TF4=
Ton + Torr

x 100 [%]

FHEE

B 3-7 Fa—TFT1+DEH

T, EREMZEUTOLSICEELET,

m =

mEHE  VIESEEE B AL/ —SBREE

COERELZ, PWM Ta1a—TAEZRODLIDRAFICRBREEH I L THIEIZTLET,
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RL78/F24 MCU [Z& D PMSM E—42 Nt oY LARY MLEIEE (BE—2 v k)
35 BE—I vV MNERRKRH

AL YFUTIRE—V (BT E v FERDEAFRY K 3-8ITRLET, FRIRAYFD 1 DFES-
X2 DAF VU DBEDH., Oxy FERZHEALTHERZMEBTEEY, £LTARS vy FOREIZHL
TEHAEENERYET,

<FEIRSA YFDL1IO2B”F D E=E>

e VN U FERIFFDRA yFIZHIET AHEERICHEY I,

<TFHEIRAS Yy FD 2 DO2BNF DL =E>

e XV FEBRIIHET AR Y FOHRERDEHEIZHVES, £-ZHOBROSEF 0 [AE LS

CENSUTORXMNEYNIBET,

TEIRSA Y FRATDHEDER = — v FERE (FTERAYF 224 VDHEDEFRDEEHE)
BE—L vy NEFRETIE., BICHERZEZEAINDI DT TESHY THA, HHBREDER, L ELE
HAWMYEBN— KT 7OEFEEROAD aVvN—20Y 2T D BRABRETY, LA>T PWM E
HIZBVWT. BHEBF v RILOBERBICHDLERHENHIEECOH HEREZAMB I EANEEET,

38 E— v v FNERRHBIZCEIT2BEBRRA v F T/ 8—>
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B—v U bEBRAEIZEDEVHLARY FLHEIEHOREREF. 2 DOV v FERBEICLDIEE L&
CETWET, BIGLI-2 20O AD EMER EEHOENEEFH LY. BHOEREROFET . B 390
FITIEWHEAZRKPWMETHY . VENCAKIY/NSHEE, UBIRMELEG>TWET, VIEE WHEOD
AETHAYIVvCHEDOI Yy FERZBELIZGESE. WHOBRZRE LI LIZHRYET, RIZ, UL
VHEDILETAY Iy CHDY Y FERFAE Lf:i%i%\ VHEWHOmAZEOLELERMNAESINE
T 3DDHEBERIRTOEHIIEAOICHESIZELY., UHDERMNAESINDZEIZHYET, & 3-1 12
B— vy FERBREFOEHEREODREAZERLET,

TRDIOBO (Up)

TRDIOAL (Vp)

TRDIOB1 (Wp)

|
1
I
I
I
:
AR AR

|
VN VN !
| |
INTTRD_ADTRG ,L\
| .
:\ v/ :\ ;
|

L .
'y T WHER A/DRALIEBREER)
UFEE I (- AIDMHOEHREER)
VHE = — (UEER + WHER)

B 3-9 H—Y v » FEROREHG

£ 3-1 FEOERKRY

HAOBEEEN U HHER V HHER W HER

Vu > W > Vw AD YA 1 THRER - (UHHER +WHER) | - AD MJHOEHBRER
Vu > Vw > W AD A 1EBRER — AD ) HOEHER - (UABER +V HER)
W > Vu > Vw - (VHEER + WHER) AD R H 1 EHER — AD ) HOEHBREER
Vv > Vw > Vu - AID R 570 R AID YA 1ERGER - (UMER + VEER)
Vw>Vu>W | — (VHEER +WHER) | - AD U H0EHER ADD YA 1 EBRER
Vw > VW > Vu -~ AD F)HOZEHRER | - (UHEER + WHER) AID R A 1ZERER

RO1AN6310JJ0110 Rev.1.10 Page 30 of 70

2023.06.30 RENESAS



RL78/F24 MCUIZ& % PMSM E—42DtEUHY LAARY MLEIER (BE— v b)
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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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 H 5 AIERIESHEA D E#R

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)

B 4-2 PWM BRH A%
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(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,

% 4-1PWMBSEANICEZE—FEEBD R 1 <

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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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
qwEHRESE i o
mEmem |
[ 8553 FE {E E i
EEsF A E i E
HERE | BRSO | BHER
| |

B 4-4 RHREOBES A -2
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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 =

&R F—4 X  RUNMODE_OPEN

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

dEERIESIE
gEERY = v +
gEHERIERE
[E65EfE sO0—XK)L—7 ! | . b - WERRIEER
i HEEBERE i i E1 L % LB
HERE | FNEE I 4— K% Pl
i i
4-5 EEFEOEES A —
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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 BREFHEOREER

AR E—F - VAT LAIEOKEEZEREIZ DU TIL 4.1.4.3 Sequencer Controller 25 L T &L,
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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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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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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.

£ 43 BEERHE/NRZ 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 EBRRHE/ 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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« 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 ORBRHENRFTA—4

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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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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MCU [Z& % PMSM E—42 Dt 9 LARY kILEIHE

(B—2xw b))

42 VARATL-1)V—R

421 EYAH

AFEMTOTS LTHEAT 2EVRAFD—EEZR 49I1TRLET,

£ 49 BlYAHHBEE—F

ElY) JAH BlYIAHNYES EY) A HEH ERAY; -1
AD R TEIYIAHA | r_adc_interrupt () DTCIZ& % 2EMA/D | e I EFHFTF 7T
(DTC 85#5ET) THFEREME (v BRI L
(INTAD) D7EHAD2EIC1E | ¢ a—4H01E
DEETEIY AHDFE | o« BHREIEIL—T

A 22—\l - 247 |intintervalTimerinterrupt() 1 [ms] o 1—HNE
Y AH (1 [kHz)) o SR
(INTTMO1) o R il

o ITS5—BEM

FrTFv - 247E
YA
(INTTMO5)

r_tau0_channel5_interrupt()

TIOS AREEDIT VY
Ui Jan]

PWM {E5 A 1l

DJURAYIUR s BAT
L) AH
(INTTMO6)

r_tau0_channel6_interrupt()

100 [ms]
(10 [Hz])

B#%O INTTMO5 H 5
100ms #@ & (CFKE

1) EYAHEFEXLANIL

HEXAAVEENYAABELANILE 4 DFL, SEEYAARELDBEAEHLETRR S DOBEEA
FRATEFET ., AVATLTHRAIIEEEYRAHAZRIDERLANIVEUTOEY TY,

:F 4-10 BIYAAEE LRIVERTE

B YAH LN

ElYRAHZRY

kel

0 (Disable Interrupt) B0 ZEE Y AHFA]

0 (Enable Interrupt) e LvO BlYAAHTHNILZEFE|L AAHT]

1 (Enable Interrupt) INTAD LvO BlYAAHTHNILZEFE|L AAT]

2 (Enable Interrupt) INTTMO1 LvO-1 E|YAA THNITZEE Y AHF

3 (Enable Interrupt)

INTTMOS5, INTTMO6

LvO-2 E| Y AA THNILZEE| Y AATA

(2) LPREANDYEE

LORANVOHEFERT A ETEYRAAREHOL DA A BEBEZEHE LUEBEEREZRLEIEL I L
NTEFET, BEYRAAZRIDL ANV BEIFXLUTORY TY,

= 411 LSRENVHBE

B|YRAHZRY INVYERTE B
INTAD RB1 RBL (LYRANVY 1) EHTERALLENI &
INTTMO1 fEE#% L (RBO) T4 FEIE
INTTMO5 fEE% L (RBO) TIAI FEIME
INTTMO6 fEEHZ L (RBO) T4 FEIE
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422 PWM HEHE
AHE IO SLTHERT S PWMHEASBO—EE*RIZRLET,

= 4-12 PWM H h#e

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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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—-FzIvy
ZEDHEBRFI VY
ZE2EDREFI VY
IS5 —HARNE
E—4 - VATLEH

774 )L : foc_current_ref ctrl.c

B84 : crefFocControlTimer()
AR GL

EE R ERE

F—To—TJEUB—X FIL—TOHIEE— FEHBI L

HA: AL B UH 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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& 4-13 BA¥—%E (2/9)

ok SRS

| MIEBE

7 74 JL : foc_current_regulator.c

HAh

intl6_t angular_velocity
intl6_t comp_time

:intl6_tret _value

RA%4 4 : foclnitState() 4 UIN—2 NHE
AN EL s BEHEHRAT—2R, T5—-AT—2RADJ)tEY +
HAh gL o £ VN—FDWEE
s FlEINZT A= DY )T
s MBEHESA TS IDRT—F AL L BERTE
B8%(4& : focFocCarrierLoop() EFRAIEIL— TR
ARGl e AAUBBEICK D574 — FN\y U BEDEN
HA: L s NEHTEEREDEMR
c EFHEDEER
s HABEDETE
s IS5— - FIVYIDET
BE%t4 : focErrorCheck() IS—--FIvIDET
AR gL
HA: AL
B8%(4 : focStartDrive() o BIERHIHIR T—4 XA FFHEIKRE (FOC_STATE_ACTIVE)
AN L DBE. T— b FSA/\DOH H %A
HA: 4L 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
H A : uint8_t focStatus focStatus : EIERHIEHIR T—42 X
BE%t 4 : focGetError() FOCIS5—:a—KZm$E
AR gL
H A : uint8_t focError focError : FOC T5— -+ a—Fk
Ri% 4 : focCompensateAngle() HEAEE, HEREME., FERFLIVGEAEELZER
A1 1 intl6_t theta theta : #EAEIE [rad]

angular_velocity : #EREIE [rad/s]
comp_time : #1ERFR [s]
ret_value : fHIEAE(E [rad]

774 )L : foc_math.c

Eop €
AR

HAh

: focCalcvgLim()
2 intl6_tvd_ref

intl16_t vdg_limit

:intl6_tret _value

qEhEEFIRERE

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

774 )L mtr_speed_ref ctrl.c

Ep €
AR
A

: spdSlopeControl()
(TR L
(TR L

R 5 i AR

s FEHETEDCLR - TRZF v Y

s RERFEICRAA—TEEMNE

e A—TUN—T - Y 0—XFIL—TDUYEZHEEER

274 )L : 78 _interrupt.c

B%k4 : intintervalTimerinterrupt()

A 28— - 84 TEYAHNE

AR L s A—YEHAEI Y AAHNIEEAHKIEUE L
HAh: L « MEXO— THIEHBEBTUH L
o FEHEAEIY) ;AASLIERE S E N L
s IS —RHMEBEAHITFULL
RA% 4 : intCarrierInterrupt() X ) TRHEIYVAALE (INTAD THUEHL)
AR il o EFHEIL—TEABEUE L
HAa: L e A—H - X ) 7EBEYIAALERBEETFUL L
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B4 | MBS
74 IL :rssk_inv. ¢ (1/2)
RA% 4 : inviInitBoard() o 4 UN—2R— FOMEAL
AA:HL s BERBHF T VY
H 7 : uint8_t error_type error_type : 4 /IN\—# I 5—+a—F
B8%(4 : invEnableGateDriver() T—rEFZAN\OENEEFE
AR HL
HA: L
BE#(4% : invDisableGateDriver() F—brESA4N\OHEHhEEHE
AHB:HL
HA: L
BE%% : invSetUVW() =+t PWM H hiEFEFTLE
s TaA—T4LLLDEH
o ZHRNEDENE
o =1 PWM tH HEDEH
AF o intl6_tref vu ref_vu : U HEEIERE
intl6_tref vv ref_vw : VHEEBEIESRE
int16_t ref vw ref_vw : W HBEEIETE
HA: &L
BE%4 : invModulation () PWM ZE 3R 4028
A :intl6_t*mu mu: U HEREIERIE
int16_t * mv mv : VHEEERE
int16_t * mw mw : W HEEERE
uint16_t mode mode : ZFRE—F (BE or 12 EEMEAX)
HAh: L
RA%(4 : invGetError() A oN—3 TS5 —¥|FENE
AAB:HL
H 77 : uint8_t error_type error_type : £ »/N\—H# T 53—+ a—F
BE%4 : invGetCurrent() s ZHERMBEOEFGF
AA: %L c X7ty FBRE
s BEDERMBEDEH
H A :intl6_t*p_iu p_iu : U MERE
int16_t* p_iv p_iv: VHHERME
int16_t* p_iw p_iw : W ABERE
BE%4 : invAdjustCurrent() s ZHHEREDIRF
AR L e A7ty MEDER
s X7ty rRE
s ZNHEDERMEDES
HA:intle_t*p_iu p_iu : U HHERIE
int16_t * p_iv p_iv : V H8ERIE
int16_t * p_iw p_iw : W AHERIE
B8% 4 : invGetSingleShuntCurrent() B— vy FEREOERSB
A1 : uint8_tindex index : EBRIENMESES
H 7 : intl6_t calc_buf calc_buf : Z£#fER
B %4 : invGetVdc() Vdc BIE DEVF
AR L
H A : intl6_t calc_buf calc_buf : EBREEE
B# 4 : invGetBoardTemp() HEiREEDIRE
AN HL
H 7 : int16_t templ templ : EHREE
BE%4& : invGetCoilendTemp() E—ZaM4)LI Y FREEOIE
AR L
H A :intl6_t templ templ: E—4#a4 /LI KEE
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& 4-13 BA¥—% (49
e GaE | M E

74 J :rssk_inv. ¢ (2/2)

BE%4 : invThreePhaseSamplingCall()
A int16_tref u
intlé_tref v
intle_tref w
H 73 : uintl6_t phase_pattern

StE/ N —DEH

ref_u: UMBBEERE

ref_v : VIEEBEEIERIE
ref_w: WHHEEERIE
phase_pattern : fi8/82 —>

7 74 JL : sequence. ¢

B4 : seqlnitSystem()
AR EL
Hh %L

T—% - YRAT LML
V= URIS— - RT—RADI )T
* BlEEFOREZDHE

R4 : seqExecEvent()

A : uint8_t sys_mode_req
HA: &L

REDE—H - VRATLEBERE—H - VAT LOHEHA
EhENLYTRRY #FE1T
sys_mode_req : EXE—4 + VAT L

BE%% : seqActRun()
A : uint8_t req_state
H 7 : uint8_tret

E— 2 EEBNRAA
req_state : EBXRE—4F - VX T L
ret: EBRE—4 - VAT L

BE%% : seqActStop()
A : uint8_t req_state
H 71 : uint8_t req_state

E—42EEFLE
req_state : EBXRE—4F - VX T L
req_state : EBRE—4F - VX T L

Bi%k4 : seqActNone()
A : uint8_t req_state
H 71 : uint8_t req_state

nEz L
req_state : EBXRE—4F - VX T L
req_state : EBXRE—4F - VX T L

Bi%k4 : seqActReset()
A : uint8_t req_state
H 71 : uint8_t req_state

BIERHIEID /AT A —42 Z#EE
req_state : EBXRE—4F - VX T L
req_state : EBXRE—4F - VX T L

Bi%k4 : seqActError()
A uint8_treq_state
H A : uint8_t req_state

E—42EEFLE
req_state : EBRE—42 - VX T L
req_state : EBRE—42 - VX T L

Bi%k4 : seqGetSystemMode()
AHB L
H 7 : uint8_t seqSystemMode

E—4 - VRATFLOWMB

seqSystemMode : E—4 * VAT LA

74 JL : user_control. c

B%k4 : userControlinit()
AR GL
HAh: &L

aA—H - NS A= EPHE

BE%14 : userControlTimer()
AB: %L
HAh: &L

A—HEHE Y AHNIE E EE

B%k4 : userControlCarrier()
AR GL
Hh: %=L

A—H - X FEE Y AHNIELEEH

B%k4 : userldReferenceControl()
ARGl
AL

d SEFRHE T X & =R

B%k4 : userErrorDetected()
A1 : uint8_t * const sys_mode
uintl6_t const err_status
HAh L

A—4 - IS—RHNEEZEE
sys_mode : E—% - VX T L
err_status : T5— - XA7—42 X

BE%44 : userWarningDetected()
A : uint8_t * const sys_mode
uintl6_t const err_status

HAh: 4L

A—H - J—Z U5 BRHBAEEEE
sys_mode : E—% - VX T L
err_status : T5— - XA7—42 X
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ok SRS

| WIEHE

Z74J)L :r_cg_aau.c

intl6 t*p_dst vv
intl6_t* p_dst vw

BA%®& : R_AAU_Create() AAU #EEDFIEA1E
AH:HL
HA: &L
BE%4& : R_AAU_MotorPl_Set Reference() | AAU #EED Pl #IE B2 E %X TE

AF :int16_tid_ref id_ref : JEHBRIERTE
int16_tiq_ref iq_ref : g & B1Z(ERE

HA:#HL

Bi% 4% : R_AAU_MotorPl_Set_Params() AAU BEBED Pl HlfHI/NS A —3 #ERTE

A : floatkp_d kp_d : d&hELIfRER
float ki_d ki_d : d8hTE5H R
float kp_q kp_q : q BALLAI{R 2L
float ki_q ki_q: q BRL 7 1RE
int16_ti_limit i_limit : #5518 limit
int16_t pi_limit pi_limit : PI Fl#EH A3 limit

HAh: L

BE%%& : R_AAU_MotorPl_Set_Integral() AAU HEEED PI FlEIFE D IBE X B

AR :intl6_tid_buf id_buf : dEHfENE
int16_t iq_buf iq_buf : g EHTENE

HA: &L

BA% & : R_AAU_UW2DQ_withPI() e Clarke & Park ZH#DEHE
o B PIHIEEE

A7 :intl6_tsrc_iu src_iu : U tHERE [A]
int16_t src_iw src_iw : W HHERE [A]
int16_t theta theta : BEE [rad]

HA :intl6 t*p_dst_id p_dst_id : JEHEREEMNT FL R
int16_t*p_dst_iq p_dst_iq : ¢ MERMERMT FL X
int1_t*p_dst vd p_dst_vd : dEEEERMT KL X
intl6_t * p_dst_vq p_dst_vq : ¢ BHEEERMHT FL X

%% : R_AAU_DQ2UVW() I-Park & I-Clarke Z#DEE

A7 :intl6_tsrc_vd src_vd : dBHEEE [V]
int16_t src_vq src_vq : g EEENE [V]
int16_t theta theta : AEE [rad]

H A :intl6_t*p_dst vu p_dst vu: UMEEE®EMT FL X

p_dst_vv :VHEEEEEMT FLR
p_dst_ vw : WABEEERMT FL R

774 )L :r_cg_adc_user.c

Eop
AR
HAh

: r_adc_interrupt()
c TR L
c TR L

INTAD E| Y AH /N S
MBI EFAT ¥ ) TEHOETEUNHL
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& 4-13 BA¥—% (6/9)

e G | MEE
Z74I) :r_cg_adc. c
%% : R_ADC_Create() ADC H8ED ¥ H1E
AH:HL
HA: &L
BE%%& : R_ADC_Start() ADC & ReDECENEF ]
AR HL
HA: L
B8%%& : R_ADC_Get_Result() ADC #aeDEHFER NG
A : uint8_t channel channel : lRfGF ¥ )L
H A : uintl6_t * const buffer buffer : ZEHIEREMT FL X
74 :r_cg_cgc.c
Bi%k 4 : R_CGC_Create() 20y Y EREIROIEE
AN L
HA: &L

774 )L :r_cg_comp.c

Eop

AR
B

: R_COMP_Create()
&L
&L

QN L— S HEEEDMEAE

E#4

AR
A

: R_COMPO_Start()
&L
&L

a2\ L— S HEEDBNERE

Z74I) :r_cg_dac.c

Eop

AR
Hh

: R_DAC_Create()
&L
&L

DAC #EED #1#A1E

Eop €

AR
HA:

: R_DACO_Start()
el
EL

DAC #EED BN 1ERALA

Z74J)L :r_cg_dtc.c

Eop €

AR
B

: R_DTC_Create()
EL
EL

DTC #eED#H 1L

kg

AR
Hh

. R_DTCD2_Start()
mL
mL

DTC 7] (EEIER : AID THET)

E#4
A7
H 7

: r_dtcd2_get_shunt_buff()
: uint8_t index
: uintl6_t addr_data

DTC Bk $E5 (A/D ZHifE) i
index : MBT—2%FS
addr_data : T—42E#HET KL R

Z74J)L:r_cg_port.c

Eop €
A
g

: R_PORT_Create()
(TR L
(TR L

i F A DML

Eop
AN

B

: R_PORT140_Set()
: uint8_t level
Tl

P14.0 ®d7R— MB4E
level : IR— FHA LA
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% 4-13 BA¥—% (7/9)

s

| B E

774 :r_cg_timer_rde. c

F8% 4 : R_TMR_RDO_Create()
AB: L
HA: AL

4 4 < RDe ¥EED #EA1E

Ri% 4 : R_TMR_RDO_Start()
AN HL
HAa: %L

2 4 < RDe #8ED H > > AR

B%4 R_TMR_RDO_Stop()
ABh:%HL
HA: 4L

74 < RDe #gEDHh ™ > MMEIE

Ri% 4 : R_TMR_RDO_Reset()
AN %L
HA: gL

24 < RDe #RED ) v

Fi% 4 : R_TMR_RDO_Enable_Output()
AN HL
HA: 4L

4 4 < RDe BEBED i N EFT]

B8%4& : R_TMR_RDO_Disable_Output()
AN %L
HAh: L

2 4 < RDe HEEDH NEIE

Bi%t4 : R_TMR_RDO_Set_Duty()
AR :int16_t pwml
intl6_t pwm2
intl6_t pwm3
H 7 uint8_tret

ZEHOTaA—TaLERE

pwml : PWM1 DT a—7F 1Lt
pwm2 : PWM2 DT a2—7F 1 Lt
pwm3 : PWM3 DT a1—7F 1 Lt

ret : EEFAAKE (0: L. 1:KH)

b
AHB L
H 3 : uint8_t ret

: R_TMR_RDO_Get_Cutoff Status()

PWMOPA 05 il Btk 5 D BN 1%

ret : BRI A5

B% 4 : R_TMR_RDO_Release_Cutoff()
AAB: L
H A : uint8_t ret

PWMOPA @52 il 8% BT 4K 58 0D fiZ B&

ret : fRFRELE

774 )L :r_cg_timer_user. c

B384 : r_tauO_channell_interrupt()
AA:HL
HA:BL

RALT Tl A=y FOFrRILL
BYRAIANY KRS

B%k4 : r_tau0_channel5_interrupt()
AN L
HA: AL

BAI-TFLA 2=y FO0OFv¥2RIL5
B|YAHNVFS

BA%4 : r_tau0_channel6_interrupt()
AR %L
Hh: %L

BALT - TFLA A=Yy FOF¥RILE
BYRAIANVY KRS

B%k4 : r_tau0_channel5_get_duty()
AR GL
H 7 : uintl6_t g_tau0_ch5_duty

PWM TEZ onf-Ta—T 1 LLOEWE

g_tau0_ch5 duty : Ta—F 1 Lt
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s

| WG E

74 ) :r_cg_timer.c

Bi%# : R_TAUO_Create() BT T LA 1=y b 0#BEDAHIL
AB: L
HA: AL

B8%(%& : R_TAUO_Channell_Start() BAT-FLA A=y FOKSEEF Y RILLID
AN HL Hho > Eita
HAh: &L

Bi%k4 : R_TAUO_Channell_Stop() BAT-FLA 1=y FOBEFYRILLD
AA: L Ao v MMELE
HA: 4L

B8%%& : R_TAUO_Channel5_Start() AL -T7LA A=Y FOBEEFYRILED
ABh:HL Hhro 2 SRRt
WA &L

Bi%k4 : R_TAUO_Channel6_Start() BRAT +TLA 1=y b OEFYRILED
AAB: L Hhro 2 LA
AL

74 r_cg_wdt c

Eop

AR
HHh

R_WDT_Create()
&L
&L

WDT #aeD #HA1E

E#4

: R_WDT_Restart()
AH:
HA

7L
T L

WDT #gEDh o2 )y k

Z74J)L :r_main.c

Eop €

: main()
AR
HA

TL
T L

A UEH

kg

: R_MAIN_Userlnit()
AR
HA

TL
7L

SREMPCEAKTULHL

77 4L : r_systeminit. c

Eop €

AR
B

R_Systeminit()
T L
T L

BETI ODOMELE

Eop
A

: hdwinit()
AR
Sl

L

N— R 7REEDODHE
EE. AEREI—F - VT FY I 7 OPHIEAETRY
HLTCEEL,
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RA%L# A IEREE
774l :r_fixed_point_math.lib
BE%4 : R_SinCos() Sin, Cos &t E L
A7 : signed short sc_rad sc_rad : Ry —) o JEnk=5 7 0AT—4
signed short * p_sin p_sin: SiNfE7 KLX - RA 42
signed short * p_cos p_cos: CosfE7 KLR - A >4
HA:#HL
%4 : R_MTR_AngleEstInit() MBHTES A TS MEAENE
AJ : 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() MEHETA T - Uty FNLE
AH:HL
HA: &L
BI%4 : R_MTR_AngleEstExec() B+ EREH T NE
A A : signed short * p_speed_rad p_speed_rad : BlERET7 KL R - R4 >4
signed short int *p_angle_rad | p_angle rad : BEFHET KL R - R4 &
HAh: L
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4.4 EEiLFR
YUINTATSLOEH—RER 4-14ITRLET, L. B—HLEHERHELTLELEA,
® 4-14 EH—K (12

P e i kS
errErrorStatus uintl6_t IS53—+*AT—4RR
errRpmOsd int16_t BERELS—HRE LELME rpm@#ERA)]
errRpmUsd intl6_t E—420v7REREELZUVME [rpm@G&HA)]
errTempBoardOHD int16 t HEIRBHAILS—HEH L ELME [°C)
errTempBoardWD int16_t ERBREERE LELME [°C]
errTempBoardWC int16_t ERBREEMRIRLEULME [°C]
errTempCoilOHD int16_t E—234)LIT Y FBRIS—HEELEWME [°C]
errTempCoilwD int16_t %—9:4»1&P'*ﬂiﬁﬂbébﬁﬁq
errTempCoilWC int16_t E—ROM4ILITY FBRELMERLEME [°C)
errLockDetectFilterSet uintl6_t %—9Dv7ﬁ&ﬁ74»&ﬂm]
errLockDetectCountSet uint16_t E—420vURHELELME [ms]
mathSqrt_3d2 intl6 t \/ﬁ NDEEES
mathSqrt_2d3 int16_t J2/3 DiEEEE
mathSqrt_3 2 int16_t V3/2 DIEEEE
mathSqrt_2 intl6_t V2 DiEEESE
mathSqrt_2_2 int16_t V272 DIEEES
crefRunMode uint8_t E—2EEE—F
crefRpmRef int16_t EERSE [rpm(tEHA)]
crefRpmEst int16_t EEHTEE [rpm(tEHH)]
crefSpeedRadRef int16_t AREERE [rad(ESA)
crefldRefRequest int16_t dEERY VTR ME [A]
crefldSlopeUpVec32 int32_t dEERNMEF A O—7 [A/0.001s]
crefldSlopeDownVec32 int32_t dEEFRENMTER O—7 [A/0.001s]
spdfRpmSlopeOl32 int32_t A—T I —THIEEIE - BEE [rpm/0.001s]
crefldRefOIRequest int16_t A—ToN—T d@HER) Y TR ME [A]
crefldSlopeOI32 int32_t A—ToI—T dBMEFRENMA O— [A/0.001s]
creflgRefOIRequest int16_t A—TUIN—T qBMER) VTR ME [A]
creflgSlope0I32 int32_t A—ToI—T qBERENMA O —T [A/0.001s]
crefPiPrmSpeed PI_PRM_T | &E[E Pl /85 A — 2 &K
crefldRefBuffer32 int32_t dEERY VIR MEFNY D7
creflqRefBuffer32 int32_t gBERVIIAMERANY I 7
focTimeSettingOffset uint16_t F 7ty FERIRGERM [s/0.00005]
focTimeCountOffset uint16_t o7ty FERIEHRHERAD VA
focStatus uint8_t EEEHIEH R T—2 X
focError uint8_t ERGHITS— - AT—42 R
focldRef intl6_t dEERIESME [A]
foclgRef int16_t qEERIERE [A]
focCurrentlu int16_t U HBERE [A]
focCurrentlv int16_t VvV HERE [A]
focCurrentlw intl6_t W HHERIE [A]
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£ 4-14 TP—F (212

EHL it SES
focCurrentld int16_t dERERIE [A]
focCurrentlq int16_t gEERIE [A]
focVdRef intl6_t | JEEIERE [V]
focVgRef int16_t qEBEIERE V]
focVuRef int16_t UMBEBEEERE [V]
focVvRef int16_t VHEEERERE [V]
focVwRef intl6_t | WHEEERE V]
focvdgLimit intl6 t dg SHEEHIRIE [V]
focAngleRad int16_t EEFHAE [rad(BKA)]
focSpeedRad int16_t EEEFAZEE [rad(EXRA)/S]
focCompTimeAd intl6_t | ERMGHAEMERRE [s]
focCompTimePWM int16_t BELE N AEHERSM [s]
focMtrLd intl6_t | d#4 V52 VR [H]
focMtrLq int16_t qEhiA U F U2 R [H]
focMtrKe int16 t HHEEE NZRE [Vs/rad]
spdRpmRefRequest intl6_t RE)HY TR MME [rpm]
spdRpmLimitMax int16_t RE ERRFIPRIE [rpm]
spdRpmLimitMin intl6_t | ZRE FRREIRME [rpm]
spdRpmSlopeUp32 int32_t IERO—7 [rpm/s]
spdRpmSlopeDw32 int32_t FEZR O—7 [rpm/s]
spdRpmOIToFoc int16_t F—ToI—Th 5o 0—X RIL—THIEB#EEEER [rpm]
spdRpmFocToOl int16_t 9 O0—X KIL—FTh oA —T U )IL— THIEBHEEER [rpm]
spdCntDelayOIToFoc uintle_t | ERFIERERSF S ERE [s/0.001]
invOverCurLevel int16_t BERBRLE LELME [A]
invOverVolLevel intl6 _t BEERELE0ME [V]
invUnderVolLevel int16_t BEERELELME [V]
sscCurrentOffset int16_t 7ty FERIE [A]
invPhasePattern uintl6 t RSIfE/ N — >
userRpmEnhanced intl6 _t HEERRIETRENM L ELME [rpm]
userldRefEnhRequest intl6 t iR {EBRENME [A]
userThOnBoard intl6_t EFEE [°C)
userThCoilEnd int16_t E—42a4)LT Y KEE [°C]
seqSystemMode uintg_t E—4 - DR T LFIEKEE
seqErrorStatus uint8_t E—A « ORATFLEIHIS— - RTF—H R
g_opsr_clear_flag uint8_t PWM i hs#ER S )7 7355
g_tau0_ch5_width uint32_t | TAUO5 A PWM 5 /)L RIE
g_tau0_ch5_Hwidth uint32_t | TAUOS5 A PWM {§5 High 1@
g_tau0_ch5_Lwidth uint32_t | TAUOS5 A PWM {E8 Low g
g_tau0_ch5_duty uintlé_t | TAUOS AZNPWMIEETa—T 4B
g_trde_adt0_adj uintlé_t | A/D + U H 0 EERR
g_trde_adtl_adj uintle_t | A/D k1) A1 EIERRR
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45 T/ OEEMLH
YUoTINTOISLDIYVOEE—EFK 4-15. X 416 I1TRLET,

% 415 TYVRAEE—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
HlELIYEZ LELME [rpm]

CP_RPM_FOC _TO_OL (100) Y O0—XR)L—Thd—TFoI—T~D
HEIYEZ 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 Z= LME [rpm]

CP_ID_REF_ENH_REQ (0.5f) HERRIEERE [A]
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RL78/F24 MCU IZ& % PMSM E—42 Dt UH LARY LLAIETR (BE— v > k)
® 4-15 YUREHR—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 (3.15564f) d BB PI il LI R 3K

CP_ID_PI_KI (0.02000ff) | dEHEFR PI FlEFED R

CP_IQ_PI_KP (3.45939f) q ERTER PI HilE L5 3 3L

CP_IQ_PI_KiI (0.02200f) q BHER P Fl IR 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) / (floatyCP_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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RL78/F24

MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

£ 415 ¥/ OEE—E

(317)

<Y 0% | EHE | NE
7 74 )L : error_management.h
WAR (0x8000UV) Warning 3— KEZ
ERR (0xC000U) Error — FE
MCU (0x000U) MCU S 1—ILEE
INV (0x100U) INVES 1—ILES
FOC (0x800U) FOCECa—IEE
ERROR_NOT_OCCURRED (0x0000U) IS5—FKEH
E_MCU_INIT_ERR (ERR + MCU + 0x00U) | ¥t 5 —
E_INV_OVER_CURRENT (ERR + INV + 0x00VU) | BERITS— (H/W &H)
E_INV_OVER_VOLTAGE (ERR +INV + 0x10U) | BEFIS—
E_INV_UNDER_VOLTAGE (ERR + INV + 0x11U) | BEEETS—
E_INV_OVER_TEMP (ERR + INV + 0x20U) | EiRB@HRHE
E_FOC_OVER_CURRENT (ERR + FOC + 0x00U) | BERIS— (S/W &)
E_FOC_OVER_TEMP (ERR + FOC + 0x20U) | E—4 @R
E_FOC_OVER_SPEED (ERR + FOC + 0x30U) | BEEITS—
E_FOC_MOTOR_LOCKED (ERR + FOC + 0x31U) | E—40Ov Y& H
E_FOC_INVALID_SEQUENCE (ERR + FOC + 0x80U) | REEEH TS —
E_FOC_UNKNOWN (ERR + FOC + OXFFU) | FEALERGIE T S —
W_INV_OVER_TEMP (WAR + INV + 0x20U) | EiRBHEL
W_FOC_OVER_TEMP (WAR + FOC + 0x20U) | E—4@BHZEL

IS_ WARNING(status)
A1 : status
H 51 : TRUE/FALSE

(WAR == ((status) &
0xF000U))

Warning 3 — K#I5E

IS_ERROR(status)

(ERR == ((status) &

Error 23— F#IE

A A : status 0xFO00U))

5 : TRUE/FALSE

774 JL : foc_current_ref_ctrl.h

CREF_RUNMODE_OPEN (1V) BEE—F : A—T—7
CREF_RUNMODE_CLOSE_SPD (2U) B#EE—F: y0—XK)L—7F
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RL78/F24 MCU IZ& % PMSM E—2 DY LAARY LR (B—2 v > )
* 4-15 THOOEHE—FE 4/
&A=k E&RIE AR
7 74 JL : foc_current_regulator.h
FOC_STATE_ADJUST (0x00U) BRI EIREE - BIRAEF
FOC_STATE_ACTIVE (0x01U) ERHIEIKREE . EFRFIEAE %
FOC_STATE_ERROR (OXFFU) ERHIEINEE . ERFET 5 —
FOC_ERR_BASE (OXEQU) BRI — - 03— FRX—X
FOC_ERR_NONE (0x00U) I5—7%L
FOC_ERR_OCD_HW (FOC_ERR_BASE + 0x0U) | HW B HBERT S —
FOC_ERR_OCD (FOC_ERR_BASE +0x1U) | BERITS5—
FOC_ERR_OVD (FOC_ERR_BASE + 0x2U) | Vdc BEET S —
FOC_ERR_UVD (FOC_ERR_BASE + 0x3U) | Vdc EBETS—
FOC_ERR_SEQUENCE (FOC_ERR_BASE + 0xDU) | REEBH TS5 —
FOC_ERR_INIT (FOC_ERR_BASE + OxEU) | #1#i{t =5 —
FOC_ERR_UNKNOWN (FOC_ERR_BASE + OxFU) | FEAHZ TS5 —

FOC_RPM2RADPS GED EIEEEE [rpm]h 5 IEE [rad/s]~D
TR

FOC_RADPS2RPM Gx2) IERE [rad/s]h o BIERERE [rpm]~®D
THGRE

FOC_SUP2DQLIM GE3) NRABEMN S dg BAEEHIRE~D

LR

FOC_DIV_PI (1.0f / MATH_PI) UnE&E

RECOGNIZE_SPD_LIM (CP_RPM_OSD_SPEED) | @#FEIS—HHZEE L ZEULME [rpm]

FOC_FP_RPM GE4) A=) oJ%0OBRELTS—
BREERE L ELME [rpm]

FOC_FP_SPEED_RAD GE5) RF—) o J%0OBRELTS—

BRHEE L ELME [rad/s]

FOC_FP_ANGLE_RAD

(SC_GEN_FIX_PT(
MATH_TWOPI))

Ar—1) o T%D2r EE

FOC_FP_RPM2RADPS

(SC_GEN_FIX_PT(
FOC_RPM2RADPS))

Ab—1) o %OEEGRE [rpm]h S
IEE [rad/s]~DZE IR I

FOC_FP_RADPS2RPM

(SC_GEN_FIX_PT(
FOC_RADPS2RPM))

RF—1) UG %OMEE [rad/s]h 5
E#5EE [rpm]~ DL G %K

FOC_FP_VSUP2VDQLIM

(SC_GEN_FIX_PT(
FOC_SUP2DQLIM))

ARF—1) U THBDNREEMND
dq ShE X HIRE~ D EHIFRE

FOC_FP_DIV_PI

(SC_GEN_FIX_PT(

ARr—1) o T%D lUnrEE

FOC_DIV_PI))

FOC_FP_LD (SC_GEN_FIX_PT( RF—) %D d8A > F B2 VR [H]
MP_LD))

FOC_FP_LQ (SC_GEN_FIX_PT( A=)V T%D g4 592V R [H]
MP_LQ))

FOC_FP_KE (SC_GEN_FIX_PT( R—1 T %DOHEEREAFREK [Vs/Rad]
MP_KE))

[GX] 1. ((MATH_TWOPI * (floatyMP_PP) / 60.0f)

o~ v

(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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RL78/F24 MCU IZ& % PMSM E—42 Dt UH LARY LLAIETR (BE— v > k)
£ 415 THOOEE—E (5/7)
<45 0% EHiE | N
774 )L : foc_math.h
MATH_PI (3.14159265f) MREAZE 7 E&
MATH_TWOPI (2.0f* (MATH_PI)) |27 %%
MATH_SQRT_3d2 (1.224745f) J3/2 B%
MATH_SQRT_2d3 (0.816497f) J2/3 ©%
MATH_SQRT_3 2 (0.866025f) V3/2 BE
MATH_SQRT_2 (1.414214f) V2 EBE
MATH_SQRT 2 2 (MATH_SQRT_2) |+2/2 &%

/ 2.0f)

MATH_SQRT_2_2))

FP_SQRT3D2 (SC_GEN_FIX_PT( | R4 —1U > 5%0D/3/2 &%
MATH_SQRT_3d2))

FP_SQRT2D3 (SC_GEN_FIX_PT( | R4 —U > 5%0D2/3 £&
MATH_SQRT_2d3))

FP_SQRT3 2 (SC_GEN_FIX_PT( | R —U 2 T%DV3/2 EE
MATH_SQRT_3_2))

FP_SQRT2 (SC_GEN_FIX_PT( | RH5—YV5HBDV2 E&
MATH_SQRT_2))

FP_SQRT2 2 (SC_GEN_FIX_PT( | RH5—UVT%DV2/2 EE

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 AFRE [Vs/Rad]
MP_MAX_TEMP (180.0f) E—S2RXKEE [°C]

774 )L : sequence.h

SEQ_MODE_STOP (0U) E—4 - VRATLEFLEE
SEQ_MODE_RUN (1V) E—42 - VAT L EFT
SEQ_MODE_ERROR (2U) E—R - VRATL:IT57—
SEQ_SIZE_STATE (3U) E—4R  VATLYAX
SEQ_EVENT_STOP (0V) E—42 - VATLEX : F1&
SEQ_EVENT_RUN (1U) E—4 - VRATLER : BT
SEQ_EVENT_ERROR (2V) E—42 - RATLEXR: T5—
SEQ_EVENT_RESET (3U) E—R - VATLER: Uty b
SEQ_SIZE_EVENT (4U) E—4 - VATLERYAX
SEQ_ERR_NONE (0x00U) I5—%L
SEQ_ERR_UNKNOWN (OXFFU) THHGITS—

774 )L : sequence.c

STATE_TABLE

= 4-16 SR

REBBERT— I

ACTION_TABLE

K 4-16 z5 81

BEEET—II
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RL78/F24

MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

£ 415 THOOEEHE—E (6/7)
<5 0% HiE | NE
774 )L :rssk_inv.h (1/2)
INV_PWM_DEADTIME_s (0.000001f) dead time [s]
INV_SHUNT_R (0.005f) Ty MER [Q]
INV_AMP_GAIN (20V) BRVY U NTUTHA
INV_AD2CUR GE1) AD ZEHERNSERIE~DEHRZE
INV_AD2VPN (65.0f / 4095.0f) AD ZHMERIN L BEE~NDELRZRE
INV_MAX_RATIO Gx2) 1%+ 1) 7EAEAAOD dead time LS+ D
tbE
INV_OV_LEVEL (28.0f) BEERE L ELME [V]
INV_UV_LEVEL (8.0f) EEERHRE L EULME [V]
INV_VOLTAGE_MAX (40.0f) RABEHAIGEERE [V]
INV_OC_LEVEL (16.9706f) BEFRRE L EUME [A]
INV_CURRENT_MAX (20.0f) RABRHEAIEEER [Al
INV_CURRENT_OFFSET_K (0.125f) BRA 7Y F T2 ERE
INV_OVERHEAT_DETECT_TEMP (120.0f) EBHRBELHERE [°C]
INV_MODU_MODE_NONE (1V) ZERTIE L L
INV_MODU_MODE_CSVPWM (2V) FRIERE 12 mEAR
INV_ERR_BASE (0xCOU) INVIS—+a3—FKR—2
INV_ERR_NONE (0x00U) I5—REH
INV_ERR_VDC_OVD (INV_ERR_BASE + | BAEE®KRH
0x0U)
INV_ERR_VDC_UVD (INV_ERR_BASE + | EEE#&H
0x1U)
INV_ERR_OCD (INV_ERR_BASE + | BEHH&H
0x2U)
INV_AD_CHANNEL_VDC (5V) ADD F¥ #J)LEF : Vdc
INV_AD_CHANNEL_T_RT1 (24U) AID F¥ 3)LES : RT1
INV_AD_CHANNEL_T_NCT1 (4V) AD F+ #)LESF : NCT1
INV_FP_CURRENT (SC_GEN_FIX_PT( | R —1) U DRRXREAEEER [A]
INV_CURRENT_MAX))
INV_FP_VOLTAGE (SC_GEN_FIX_PT( | R —1) U DRRXREAEET [V]
INV_VOLTAGE_MAX))
INV_FP_AD2CUR (SC_GEN_FIX_PT( | R4 —1) > J%D AD EHBEREMNS
INV_AD2CUR)) BRE~NDEHRZRK
INV_FP_AD2VPN (SC_GEN_FIX_PT( | R —1)>J%D AD EHREREMD
INV_AD2VPN)) BEE~NDOEHRFZ
INV_FP_OFFSET K (SC_GEN_FIX_PT RF—) O THRDERA 7Y b
(INV_CURRENT_ 74 ILRRE
OFFSET_K))

[E] 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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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

£ 415 IYVOEEHE—F (7/7)

X904 | x=mE | A%

774 )L :rssk_inv.h (2/2)

INV_PHASE_UV (0V) /NN —  BEESEIEVIEIS
U-V->W

INV_PHASE_UW (1V) /82— . BEERSENEWVIEIC
U-WwW->V

INV_PHASE_VU (2U) ff/a—>  BERSEISVIEC
V-oU—->W

INV_PHASE_VW (3V) /NN —  BEESEIEVIEIS
V—-W->U

INV_PHASE_WU (4V) it/ —>  BEESEIEVIEIS
W-U->V

INV_PHASE_WV (5V) /X2 —> : BEESENSVIEIC
W-V->U

7 74 )L : thermistor.h

TH_TEMPTABLE_NTCG163JF103FT1S | % 2-7 #5H8 | NTCG163JF103FT1S £t 7—J )L

TH_TEMPTABLE_103NT_4_R025H41G | % 2-6 #3888 | 103NT_4_R025H41G Z£i#7—J L

7 74 JL : user_control.c

RPM2REF(mRpm) G | 27— L% ORERIESE

3] 1. (SC_FIXED_VAL16((mRpm), FOC_FP_RPM))

= 4-16 BTV OER

STATE_TABLE

{¥
I* state SEQ_MODE_STOP, SEQ_MODE_RUN, SEQ_MODE_ERROR */¥
/* request */ ¥

/* SEQ_EVENT_STOP *{ SEQ_MODE_STOP, SEQ_MODE_STOP, SEQ _MODE_ERROR },¥
/* SEQ_EVENT RUN *{SEQ _MODE_RUN, SEQ MODE_RUN, SEQ_MODE_ERROR }¥
/* SEQ_EVENT_ERROR *{ SEQ_MODE_ERROR, SEQ_MODE_ERROR, SEQ_MODE_ERROR },¥
/* SEQ_EVENT_RESET *{ SEQ_MODE_STOP, SEQ_MODE_ERROR, SEQ_MODE_STOP }}

ACTION_TABLE

{¥

I* state SEQ_MODE_STOP, SEQ_MODE_RUN, SEQ_MODE_ERROR */¥
/* request */ ¥

/* SEQ_EVENT_STOP */{ seqActNone, segActStop, seqActNone }¥

/* SEQ_EVENT_RUN  */{ segActRun, segActNone, seqActNone 1¥

/* SEQ_EVENT_ERROR */{ seqActError, segActError, seqgActNone }¥
/* SEQ_EVENT_RESET */{ seqActReset, segActError, segActReset B
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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

4.6 #HlEHZO—
AEETOFS LD T7O0—Fvy—rERLET,

4.6.1 H*4 B

mainfBE%
( main () )

HIERIER b
userControllnit ()

D/AOYN\—-SEERLA

WIEHERSER
UL

L—5EnERata

A/DIN\-5ENERMA

EIDIAGEFE]

KN~T

B 4-10 » 4 B
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MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

4.6.2 HIfE#DEA1L BE %K

HIERD AR LRE 2R
userControlInit ()

AIBHETES( TS
JESX—SHEHE

RIBHETESA TS UFIEME

AIBEES( T3
WIRHERRTS ?

T-RER (I5-KR)

4327 LYIEHMEEIER
seqInitSystem()

E-HEERHIEFER L
seqActReset ()

v

wT

E—AEIERHI IR b BIEL
seqActReset ()

1> I\—5HIEHE
focInitState ()

>
«

Speed controller parameters
#EHE

Current reference controller
parameters #IHHE

Speed PI controller parameters
#EME

Error management parameters
HIEHE

I5—-ATH5R- 97

Id enhanced control
HEME

45227 LAIEHE
seqInitSystem ()

BRPIHIAH) (53— 5347

BRPIFHR R ERE

ERPIHIHE ) IRE T

FvIFv- H13BE

DA 94X FRdAE

[EERHIBITS—IRAERIEME

'

®’T

EPZAS L)) T o35
focInitState ()

1> \—45 - R—REDEHE
invInitBoard ()

A5 K=
AT ?

EERHIHIRT—5X - I5—3%E

>
<

EBIEE. BIHME. AEED
Z)\WIrHIEHE

BRPIHIERE D IRIEME

ERPIFIHE R

E-IERED

PWMALDIZE

A/D adjust counter 717

[Cl#r 7 EHEE

AIBHETE/\TA -5

v

C

wT

4-11 FlEN#IHA{LRA%
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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

4.6.3 A /N\—% - R— F{#HEAE

A>3 - IR— RYTEH L BEEX
invInitBoard ()

T —b RS\ R

125-)0b- 54
Ao MELE

=HEPWMHH5(Y
AOPMELE

SR I S ERTIAAE ?

SR S ER AR

bzl B i
fEBRRRTH ?

A2N=5 - T5—|EERIBHA

el

AYN=5 \SA-5FEHE

=HEPWMHEAH1Y
hOCEA

1>25=)0L- 54
Ao NEA

=

4-12 A \—% PR
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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

464 A2Z—=N) - FA4TEIYRAHN S

C

A29= )0 BAYEIDIAF N\ RS
intIntervalTimerInterrupt ()

)

I1-YEHRIDIAHNIE

RS DB R

EE BRI HIE
crefFocControlTimer ()

I>—tRHHLIE

C

®T

)

B 4-13 4123 —N)L - A REIYRAHINVES
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RL78/F24 MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

4.6.5 ERIESIESIE

BE T EH R
crefFocControlTimer ()

-5 2T LHEMARREYS

SEQ_MODE_RUN ? No
(AT LE-REITH)

RSB/ ARSI HIHE—R = A=T2-T

No BIUEDE. EEEVHHLE

H0-ZRIV-F 2

HSRAE A No
A=FoN-T?
RE D — R VIl
Yes
B8 B 7t D
P A4 A 4
ERPIFIHE R ERE
A 4
4-14 BRESER M
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46.6 FvUTREHBIYRAHN S
FrUTREIRREIDAG \> RS
intCarrierInterrupt ()

BRI — e
focFocCarrierLoop ()

1Y ) 7EHARIDIA LR

D

B 4-15 X+ UT7EBEIVRAAHNVEFS
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MCU [Z& b PMSM E—42 Dt S LARY MLEIEE (B—2 v k)

4.6.7 EiRHIEIL—T0IE

C

EFHIE) L — LR K
focFocCarrierLoop ()

-9 RT LHIRMARRESS

FOC_STATE_ADJUST ? No

(B EET)

—REREYS . ATy MEFIEE S

=AEEREYS

<
¥

5 A LE I

Clarke-Park ZH#, ERPIES

FOC_STATE_ADJUST ?
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= FOC_STATE_ERROR
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focStatus ? (L5 AR)

= FOC_STATE_ADJUST
(AR T)

= FOC_STATE_ACTUVE
(BRI HEIIREE)

ATy NEREVS R NI E R
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A7y MIIERFRRE ? No
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focStatus = FOC_STATE_ACTIVE focStatus = FOC_STATE_ERROR
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P.44 ctrlPiControl () Bt DFHRAXAEE
ZEHEH

obj->ibuffer = ((int32_t)refi << 16U) + (int32_t)((int16_t)
obj->ibuffer);

TEEL
obj->ibuffer = (((int32_t)refi << 16U) & OxFFFF0000) |
(obj->ibuffer&0x0000FFFF);

P.49 r cg dtc.c 774D DTC T—TILEEEZIARIVINL S
[ZXIG U= EREkITIBE

P.51 hdwinit () B RS 2800
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