TOSHIBA

RD179d-SWGUIDE-01

DC300 V A%
J53LADCE-5—-t9—-L ABRENMEIEE
(TPD4165K &)

VYINDOIT7HA R

RD179d-SWGUIDE-01

RZTINMRKANL—IHA R

© 2024
Toshiba Electronic Devices & Storage Corporation 1/81 2024-%4-1 ?
ev.



TOSHIBA

RD179d-SWGUIDE-01

EWN
I 6
O T -7 6
1 L 7
P L A e ()17 1) 9
- 11— 1 s 113 I 10
T T &3 -1 L | 10
C 32 1 B2 7 572 v T 5 1 = 10
C J0C 20 0 7 Y O = 2 1 11
c I W I » ke 72 E  tly 4 P 115 12
v N e e | - 2 14
5. NAOYN=ROITPUY=ADTHAY ceiiiiiiivverrinnnnererarasnnnnes 15
T R =551 7 e ol 15
01| 105 7, 15
TG T 2 1 16
(ST S 3 | T L 17
(ST R S 7 1 Pt S0/ (12 =11 3 1) 17
6.2 AAVIV=T" (IMAIN_IOOP) . teuurrrnrirrnnirrrnssrresssrrnssrrnsssrnsssrrnsssrsnsssrnsssrensssensssees 18
LT J0R- -1 105 7.3 19
6.3.1 VE ATNLVALIE (INT_VeCtorCONTrOl_DYVE) .....ouoieiieioeieeeeeeeeeceeeeeeeeeee et 21
6.3.2 PMD ZEIDSAFIE (INT_PMDL) oo e e ee e ee e eeeeseeseee e seessees s s s eeeeeeesreeees 22
© 2024 2 /81 2024-04-16

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

7.1 BOY =LA i 23

s I s, B A U L e Y V. |

S T T sy i 24
8.1.1 AAN=NINHITE (LIMEF_CONUL) ...ttt ettt ea et e et ne et eneeans 25
8.1.2 AD BEVS (SOft_adC_getdata) .....c.coeieieceeeeeceeeeeee ettt 25
8.1.3 F—THIAH (UIKEYSCAN) ..uvviieiieeeeeeeeeteeet ettt ettt ettt ettt ettt ettt et et ese et ese et ese et esseseneenens 25
8.1.4 I—H'—FHTE (USEI_SELLING) ..ooviiieieictieeeteeetee ettt ettt ettt ettt ae et ae et ss s ene s 25
8.1.5 LED ZRIRHUAHD (1€d_dISPIAY) ...vievirietieieeete ettt ettt ettt e a ettt 25
8.1.6 TBISHIFED (UArt_CONLIOL) ..oeeieeeeeceieeeeeeeeeee ettt ettt ettt ettt eteeaeete et et et e s eneeneens 25

O. HEBEERBA ... 26

Lo T 11 0 26
9.1.1 FUHEITTIE (USI.COM_USEI) . .euititititee ettt ettt ettt et ettt ettt e b et et esseseesseseeseebeese s e s essensensanea 26
9.1.2 FUHHIEIEEIREE ....ocoovoeeeeeeeeeeeeeee ettt ettt ettt ettt et a et ettt ettt ettt ettt eaenrn e 26
0. 1.3 BABIEETE ..o eveveeeeeeeeeie ettt ettt A bbbt bttt s A sttt s st s s s e 26

Lo T 1. 0 N 26
9.2.1 BEENTFIE (ArV.COMMANA) .ooviiiiiiiiee ettt ettt ettt ettt aeeaseaeeteete et et e s essensensenea 26
9.2.2 AINVEITHIINI R (ArV.VECEOr_CIMA) ...ttt st nens e 26

Lo TG I 1. N 28
9.3.1 TT—1RBE (ANV.SEALE) ettt ettt ettt ettt ettt ae ettt et et e et bt nseneenea 28

o I R S i 5 = v~ PP 29
0.4, & ettt ettt ettt ettt ettt et tesaeetate s 29

Lo TR - 3 31
9.5.1 ADC FHASETE (INFE_ADCEN) ..veeeeeee ettt ettt et ettt st eae et e et e eat e s e eat et e saeertessesaeenannea 31
9.5.2 PMD HJEAEETE (INTE_PIMDEN) ..ottt ettt ettt ettt ae et s e eat et e saeerteesesaeenanne s 31
9.5.3 VE FHAZETE (INIELVEEN) ¢ttt ettt ettt ettt en e n s 31
9.5.4 E—A—HIHIFIEAZRTE (B_MOLOI_INIL) .ooiiieioeieieecee ettt 32
9.5.5 DAC FIEIFIHAERTE (INIE_DAC) c.eviieeieeeeeeeeeeeeeee ettt ettt ettt eseae et eaeenene e 33
9.5.6 FEHERFANY—FIEAEETE (iNit_Timer_int@rVAIAKHZ) .......ccooviioeeeeeeeeeeeeeeeeee e 33
9.5.7 A—Y—HIHFIEAZETE (INIE_USEIr_CONLION) ...oiviiiieiceceiceee ettt sene e 34
9.5.8 I—H = (UArE_CONLIOI) ...vevieieeeeeeee ettt ettt et ee e es e esene e 34
9.5.9 I—H—F—4—HlfH (B_USEr_MOEOrCONTIOI) ....coivieiieeeiieeeieeeeeeeeeeeee ettt 34

© 2024 3/81 2024-04-16

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

Lo SR St - i1 3 -5 PPN 35
9.6.1 IREEBBAUIBRIEL (C_CoNtrol_REF_MOAEI) ....ooviieieeieeeeceeeeeeeeeeeeee ettt 35
9.6.2 T—A—HIFHFEBAULIBRIER (C_COMIMON) o.eiiiieiieeeeeeeeeeeee ettt ettt e et es s s s sean e 36
9.6.3 ELEARRERTER (C_Stag@_STOP) ..ovecvieeeeieeeeeeeeeeeeeeete ettt ettt ettt eese s s senn e 37
9.6.4 J—RARSYTIREERIEN (C_Stage BOOLSTrAD) ....ciiieieieieiiieeeeeeeee et 37
9.6.5 AIEROIREERIEN (C_Stage_INIEPOSIEION) ..c.oovieiieieeceee ettt sene e 38
9.6.6 BHIERTRIRFERIEN (C_StAGE_FOICE)....ovivieeeieeeeeeeeeeeeeeeee ettt e e senn e 39
9.6.7 BHITEBLIRIRAERIEL (C_Stage_ChangE_UP) ...ceoueeeeeeeeeieeeeeeeeeeeeeee ettt 40
9.6.8 TERIRRERTEN (C_Stage_StEAAY _A).....ociceeeeeeeeeeeeeeeeeeee ettt e e s sean e 41
9.6.9 REIRRERTEN (C_Stage_EMEIGENCY) .. ocuicioeieeeeeeeeeeeee ettt s e s senn e 41
9.6.10 STk PWM HlIFHl (C_ShiftPWM_CONLIOD).....coviieieeiceeceeeee ettt ene e 42
9.6.11 VAQ B (CAI_VAQ) ceeiiiietieiieeeeee ettt ettt et ettt ae et ettt e b et e s e s neeneenean 43

o By et X = 3 - 44
o B N == = OO TRORUOPTRROR 44
9.7.2 AIEBHETERTEN (D_Detect._ROLOr_POSIEION) ...oviviivieiieceieeeeeeeeeeee ettt seee e 44
9.7.3 REFIFIRTET (D_CONLrOI_SPEEA).....coiiieieeeeeeeeeeeeeee ettt s e s seannas 46
9.7.4 3 v NERRAIMEHEIEL (D_Check_DetectCurrentError_3Shunt) .........c.ccoeveveveveceeeeeeeeeeeceeneans 46
9.7.5 1 v NERARAIMEHEI%EL (D_Check_DetectCurrentError_1Shunt) .........c.ccoeveveveveeeeeeeeeeeeenn 47

10.1 E—H—RSAN=EFERASIE : (D_Para.n) .ccccceeercirrcircec s s s e s s e e 49
10,11 DAC HATIIBIR ..o 49
10.1.2 BIB t — B e 49

10.2 E-9—-R5/IN—-5% ;"tEFﬂ?:I%S( E—5—Fv) (D_Para_ch1l.h) ...cocoveirerenrennnnes 49
10.2.1 BE=A=FFRIVBUBIER 1 B ettt ettt ettt e e nea 49
10.2.2 &% E&“Eﬂ'ﬁti}ﬁiﬁ?@ﬂﬂ{% ............................................................................................................................. 55

0 T T Ry e 1 i1 - D - 56

11. B, T—=IBIRDIAZEIY i e 62

11.1 VE ERICEBAT NUVBHE ..o 62
11,101 3IFUNEI oo 62
11.1.2 L IPINEI oo 63

12, RUIISIRTAIN— s e e, 64

g B s R 1 = 2 ) | 64
L2 0 ] T IR oo 64
©2024 Ny _ 4/ 81 2024-04-16

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

i B AN A 3 | 0 (V4 ) T 64
12, 2. BB AR oottt ettt ettt ettt et e e ereeneenre s 64
12.2.2 T mTRBIE oottt ettt ettt ettt ettt e et et ettt et et et eae et eaeenan 71
12.3 E—H—HIBHIEIEE (PMD) ...uuuururnrnsnsssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnnns 72
B2 T N =3 - ORI 72
12.3.2 TR oottt 73
12.4 PFOJTIFINAYIN=T = (ADC) euuirreuirrrnrrrrnnsrrnnssrsnsssmnsssrssssssssssrssssenssrenns 73
12 4. B AR ettt ettt ettt et eere et et e et re e eneenre s 74
12.4.2 T=RBIE .ottt ettt ettt ettt ettt ettt eaens 74
12.4.3 VEBERAIVEATEEL (MCUIP_AIVIN) et 74

0 T T v -5 4 = C L £ 78
13.2 IEFRIE (NOrMAliZ€) ceuvercireiereierirererern s s s s snssassnressnsmssasnssasnnsansnsnnsnnen 78
g T0C T et I 4 78
13.4 BB/ T R ... v rereri s s s s s s e s resresrasrnnrasrnsrasransansnnransnnranss 80
© 2024 5/ 81 2024-04-16

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

1. &

ARF1X>ME DC 300V Input BLDC Motor Sensorless Control Circuit UIJ7L>2THA1>DYI NI 7{14%
SEIRULIZBEDTHS.

1.1 {Eipl=
& EARAIY - TMPM374FWUG (Ei{F70v4 80 MHz)
& FERIFUSIIND=FT)NAZeeen e TPD4165K
& ERE-5- . I7IVERKIrARISSLAE-5— (BfFEE DC280 V)
* GARIREE. .- EWARM Ver8.50.1.24811 Ffz(& KEIL Ver5.29.0.0
& TIEMEE

-J33 LR DC E-9—1Y—L AR NI
- SAEBOS DR BN CHT IS
-5 DAC B (BEYE7FO0JEHE) BN LED £ (EZ5—H LED) (WS

¢ E5-HIHAE

I5H HEHRE
BERREAR 33v>bh orl13v>h
MERH A Y-
PWM Z: A= 3BZ or 2 HBZEHA
©2024 6/ 81 2024-04-16

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

1.2 P
ARINVEIIVI RO - —A>4-TJ1—-2IE% 757 )7 -3, IREEERE (State transition) (L&D
E-H—-BIEIRRE (Motor operation status) ZH#lfEHIF2E—5—lHl. E—5—EREIOIKZEZ 7 I7TALTE-
A—DERENRLIRZITOE—Y—BFEID 3 BEETHERENE T,

HlfE(User) BXEf(Drive)
command command
SW/KEY N —4—
e TIT=2a J: 1)
HlfE(User) BX&E)(Drive)
status status

1 R MVEIEYI MOI7 D&

i PIVT—2aUE ZMvF F— BERETHRELCHEDYY R AL, 2OMOFIHEIYY REEBICE-Y—
HEHICEZET . FIHHRT —IRZE—I—FIHINSEUSL . RERPIBZITIEEDIC. IR—MRECHENDLE
ER

i. E-A-HHEETIVT—23a>h55 25NN REFRAHED, E—F—EWEIRREICRE O TLDEARAIRER
BV RCEIAL, E-5-BRENCEXTT . FLBRBNRT —HRZ TS —ERBIDSHUSL. W ERMLIEZITIE
EBICT VT -3V (CERERLETS

E-5-BBLE-5—FIEINS S5 AN DEREN IV M FiHERD . E—5—ZBREILET . FIcE—F—-DEMFZERRL.
TOIRERICRED T B RAIEZITIELBI(C, BRENRT —H R ZE—5—HHEICERXLET .

PIZ(E, E=F—EEHR(CTTVT -SSR EIHBRRENSZANLE E-F- BB ERRED
ZAEISHIGTERWES, LORAE—I—HIHINTIR 4 (CZ(E T 2EF B BIRERE (LU THS - —BRBIC 5 2T

Ei%g}g EEEEEEEEEEEEER

HIHBESREE

BEn EIRRE
>t
B 2 FHBEREE LR EFRE
©2024 7 /81 2024-04-16

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

27T HJ0OVIE

LED

2 GPIO
—\—> GPIO
1 6
TPD4165K

NAd>
TMPM374 3
AD |« N
B
-------------------- E EMG \ 1 a\L—4

PC S@{S 4]
(F—3HWYTR)

3 YAFATOYIHE

© 2024
Toshiba Electronic Devices & Storage Corporation 818l 2024-%4-1 ?
ev.



TOSHIBA

RD179d-SWGUIDE-01

2. Y—=AI71 V&%

metis_motor_sample_r01
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C_Control.
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D_Driver.c

NIV RS AN —-BEDT7A I MBS TVET
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C AHNVEIEID> SO—)LBSEY — 2 T71 L
h ARONVEIEID> ~SO—)LEEEAYS —TJ71 )l
RONVEIEIRSA )N =Y =2 T71 L

D_Driver.h RONVEIEIRSA )=~ =T71 )L

E_Sub.h
ipdefine.h
ipdrv.c

|

|

|

|

|
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| E_Sub.c
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|
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| ipdrv.h
|

EERREEY-ZAT71

EEARBEAYY—T71)

YA TEREAYI—T71 )L
RAIVN\-RESEBRY-ZATJ71)L

RAIV)N\—RESBRANYT-T71)l

sys_macro.h NIOEZRRAYG-J71)L
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L—source

| initial.c YA WERERTEREY —RT7AIL
initial.h YA AEASEREAYS - T7 1)L

mai

n.c XAIN—F>

system_int.c ZIDIAHEIEY—-RT71)
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usercon.c 1-—Y—-#IfEEBY-ZT71)l
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dac_drv.h DAC IC R34 /){—~w4—T71)L
interrupt.c ZEIDIAHHIFHIEDEY -2 T71 )
interrupt.h BIDAHHIFHBSEAYS - T71 )L

mcu
mcu

ip_drv.c  XAAVN\=REERSFAN-Y=-ZT71)L
ip_drv.h  XATVN\=REERSAN—AYH-T7 1)L

Checkvdqg.h  Vdq EERRBEY-ZAT71(I
Checkvdqq.h Vdq EZERBEZAYY-T7A I

L—Libraries

[

|
|
|
|
|
|
|
L

\
\
\
\
\
\
L—driver
|
|
|
|
|
|
|
|
|
|

CMSIS CMSIS J7hHENEN TLET,

|  system_TMPM374.c XA #IERSRERY—-ZT71)
| system_TMPM374.h Y11 HERERERAYSI-TJ71)L
|  TMPM374.h NAIZRI-TEEAYT =TI

L—startup

F—arm

\ startup_TMPM374.s  ZX4—kPvI7t>J35-Y—Z(arm H)

L—jar

startup_TMPM374.s  ZX4—bk7vI7t>J5—-Y—-Z(IAR A)

IP_Driver RYTIIRSAN-HHEHENTVET,
tmpm374_adc.c
tmpm374_adc.h
tmpm374_gpio.c
tmpm374_gpio.h
tmpm374_tmrb.c
tmpm374_tmrb.h
tmpm374_uart.c
tmpm374_uart.h
tmpm374_wdt.c
tmpm374_wdt.h
tx03_common.h

T)\AZRSA N —BHED T A I HHEIMESN TVEY,
D_Para.h ARINLVHIHSIER : (FrrILEB)AYT-T71)L
D_Para_ch1.h ARINLVEIEISIER : (Frl 1 BA)AYT-J71IL

CMSIS J7. & IP 3173 —-hH&anTVEd,
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3. FHHIRIRICONT

3.1 AREY-I
ARYITNILAT ORFEY -V ERL CRESNEDLRDET .

IAR Embeded Workbench for ARM 8.50.1.24811
KEIL pVision MDK-Lite 5.29.0.0

3.270519MDMN5 LA
IAR Embeded Workbench z#lEUTERBBLUE D

1. M374¥iar_V8501¥ IAR_METIS_M374.eww &5 7IL9Uvh. Ed[Ir4I] > [BK] >
[J—HZR—Z]H5 IAR_METIS_M374.eww ZBIVTLRE L,

2. FEEEHNZEENDFT.

TP WEED Fr JODIONR et YoM SR ALTM

DDR@® B AR 24 Q > 5=< B > RO =0 - . &

D-1RA-R v ax|m =
Debug fo
Tril e . o

 @IAR METIS M374 ... ¥
- 8 e,

TTs8

a
DooEDEDD R

[TET

BT T

I5-0 9o 1M 227k M
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3. AT zME. FREITZY-ILOBRZITOITIZEL,
[TOSTIK] > [AT2a>] > [TNvHO<BE>ST

pesaal

— A Ta a
SRR

Seubed LR =

’C’;cﬁmﬁ BE  goyD-F (A=Y TNFIT EmATvIY T3MY
TSIz

THRLfEBIERE

WHT s F54%(D) EERERTETR

e FEATBY—ILEBIRL TS,

o Bk Py IR I0(E)

EdkEs) Ov70774L0EE (1)

Vial-&
CADI
CMSIS DAP

GoE /%
bt FRAREETA MO
JinkfI-Trace

I Stellaris O 57 kmF-/(51 o)
NLink $TOOLKIT_DIR$¥CONFIG¥debugger¥Toshiba¥ThPM374FWUG.ddf | [
PE micro

ST-LINK. v

Of Azl

4. F)\WIERIATREE(E. V-IVRIERL [JOSTI8] > 9020-RUTT/\W) #&IRI BN T LRy %
LTLIZ& L,

Be =[0] .

3.3 DACiiAH
ZHOEAZASOZRTI-TRETRBHD DAC HHHEEZRELTVET,
DAC i HzBZhCIBI(clE. D_Para.h D FERERZBICLTIZEV,
#define ___USE_DAC

DAC HHa3Z#1(&. J71 )L usercon.c MBFEN UiOutDataStartByVE()(CEEE L TWE T,
R I DEHNRVSERER. BESUTEIU TZEL,

«DAC IR TERZEE>

dac.select DAC H77:81R

dac.motch  DAC 7282 E—7—CH Za&EL TLIE,
dac.datsft0 - 3 FT—HEITREZFHTELTZEL,

FTIAIWKRTIIATOESDICROTVETD,
BE—RIET7A) usercon.c [C&HTHIEAIEET T,
dac_t dac={0,1,0,0,0,0 };

«DAC 17 T4 NEE>»
1. MODEO

VoA : U fHE

VOB : V #8ER

VoC : W t8Ei7R

© 2024
Toshiba Electronic Devices & Storage Corporation 11 /81 2024-04-16

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

VoD : XA

2. MODE 1
VoA : Id UJ7L > X (BE1E)
VOB : Id(ER7E(E)
VoC : Iq V77> A (BHE)
VoD : Iq(3R1EME)

3. MODE 2
VoA : BiRE (BEEE)
VoB : ARE(RTEHE)
VoC : BRE(E)
VoD : Iq(3R1EME)

4. MODE 3
VoA : U tBER
VoB : Iq UJrL > A(BEHE)
VoC : Id UJrL > X (BFE1E)
VoD : ARE(IREE)

5. MODE 4
VoA : Vdc(ERTEE)
VoB : Vdq(IR7EME)
VoC : VA(BRTEME)
VoD : Vq(GRTEE)

3.4 1-Y—1>5-IJ1—-AlOVT
I-Y—A>25-J1—-RELT T EetEZABLTVET.

«1-H—A2H-J1-AANE>»
1. E-49-REFRE
MJ1—L SW (VR1) ZIBIEIBLICED. E—F—DEERREZIEE I DN TEET,
REERE : cHZ_MIN ~ 60 Hz (BEXA)

2. E-45-[OERAmEt)E
ML SW (TSW1) #ZEIBETE-H—DEERAEEVIDEZZENTEET,
Hi : CW Low : CCW

3. LED &x
LED1 ~ LED3 GE{SIRRE, E—5—IRRERIER I BENTEET,
1. BIEE-R&FR (LED1)
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FEEQL BT
IN=REMG : =T
VINEMG : 1 s 5%
EEIFERIREESR 1 0.5 s /U
Vdc £8 : 0.25 s =
2. VE ZIDAHIIBEFEZRR (LED2)
VE BI0iAFHILIER 2SXT
3. BEE-RKR (LED3)
ISR« UT
BEI5— : sUm( 250 ms ON/250 ms OFF)
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4, €J1-)UiBH%

~

Application layer
Main control (main.c), Interrupt control (system_int.c),
User control(usercon.c), initial.c

- /

Vector control driver
B_User.c, C_Control.c

Middleware layer

D_Driver.c

: dac_drv.c
interrupt.c

MCU Initial driver
IP_Driver

mcuip_drv.c
Device driver
layer

-

"

PMD, ADC, VE TMRB UART GPIO

Hardware layer

/ PMD, VE device driver . \
[ } Dac driver
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5. AV N\=RIIFPUY—-ADT7HA>
5.1 B34 >5-J1—-A

IP HIHHAZES k=
TMRB CHO 4 kHz EEREIDA R
CH1 KEA
CH2 KEA
CH3 KEA
CH4 KEA
CH5 KIEH
CH6 KIEH
CH7 KIEH
SIO/UART CHO A BB H UART
CH1 DAC IC #l0 SIO
CH2 KIEH
ADC UNITB 254 Fi1—A TR : BAROH
£—45—CH1 JMIEF.
BIREEERS
PMD CH1 E—5—CH1 %l
VE CH1 E—5—CH1 &l
5.2 EIDiAd
ERX%& WUBENEN Eike)
INTTBOOIRQN 4 kKHz BERTA = Ve INTTBOO_IRQHandler

INTVCN1_IRQn

R MVEIEY I MR for CH1

INTVCN1_IRQHandler

INTTXO0_IRQn

XA P EBEFIHIX(E)

INTTX0_IRQHandler

INTRX0_IRQn

XA EMBERIH (Z1E)

INTRX0_IRQHandler

INTTX1_IRQn

DAC IC il

INTTX1_IRQHandler

INTPMD1_IRQn

VEZX5—h (1 3+v>hDdr)

INTPMD1_IRQHandler

2NAIHMBITE (L. ipdefine.h D TFEEEETEEIEETY,

/* High  Low */

/* 0----7 */

#define INT4KH_LEVEL 5 /* 4kH interval timer interrupt */
#define INT_VC_LEVEL 3 /* VE interrupt */

#define INT_ADC_LEVEL 3 /* ADC interrupt */

#define INT_DAC_LEVEL 6 /* SIO interrupt for Dac */
#define INT_UART_LEVEL 6 /* UART interrupt */
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5.3 GPIO
PORT METIS E> &5 HERE
PGO UH_1 £-4-U
PG1 UL_1 45—V
PG2 VH_1 F—45-W
PG3 VL_1 45X
PG4 WH_1 T-5-Y
PG5 WL_1 T—45-2Z
PG6(EMG1) XEMG_1 £—5—-EMG
PG7 RELAY ZEAERBSLE
PEO TXD_UA_MCU UART_TX
PE1 RXD_UA_MCU UART_RX
PF2 LED1 EMG =T
PF3 LED2 VE ZIDAHIIE KT
PF4 LED3 FHEE— R=2B{ETUT
PI3(AINB2) AD_UP_1 SRR
PJO(AINB3) AD_VP_1 V HHER
PJ6(AINB9) AD_WP_1 W HBER
PJ7(AINB10) AD_VDC_1 VDCEE
PKO KEY_A RJ1— LK
PK1 KEY_3 254 RA1yF 3 ([ElEx51E)
PE7 KEY_2 251 RZAvF 2 (HIHHE—R)
PA6 XSYNC_SPI DAC U7
PAS SDO_SPI DAC U7
PA4 SCLK_SPI DAC BU7)L
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6. SIR3)J0O-

6.1 A J—F> (main)

( main I

E|DIAHZEIE __disable_irqg()
[
WDT #JHAESTE init_ WDT()
I
JEERAA N —#IERERTE init_Timer_interval4kH()
I
SW ADVIERERTE init_Uikey()
I
ADC #JERERTE init_ADCen()
[
PMD #JHASTE init_PMDen()
I
VE #JHARSTE init_VEen()
|
-4 HIEWIHARRTE B_Motor_Init()
[
1Y —HIGYERRE init_user_control()
I
DAC HlIfEIRIHARRE init_Dac()
[
EIDIAHEFA] __enable_irg()
I
SW #JHAA 4 UikeyInitscan()
I
WDT JU7 WDT_WriteClearCode()

( main loop )
|
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6.2 A1 >JV—=7° (main_loop)

C main loop

D

WDT U7

1Y

1-Y-F—45—Hl1H

POEFEUSHIE

S LIEIRRRHIE

ERIEIAREHIH

7= RA NS TIREEHIAH]

ALETRDIRREHIH

sl AR REHIAED

S Thl TE S A RE I 4

TE FARRE ]

XA > EAREEHI

M_Main_Counter >= cMAINLOOP_CNT?
(1 ms#H@E?)

WDT_WriteClearCode()
user_control()
B_User_MotorControl()
D_SetZeroCurrentByVE()
C_Control_Ref_Model()
C_Common()
C_Stage_Stop()
C_Stage_Emergency()
C_Stage_Bootstrap()
C_Stage_Initposition()
C_Stage_Force()
C_Stage_Change_up()

C_Stage_Steady_A()

uart_control()
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6.3 EDiAdH
VE 2T >1-)L5E T B

GNTVCNX_IRQHandleD

VE RIMVALE

( EXIT >

4 kHz EIRACE

(INTTBOO_IRQHandIeD

4 kHz EIHRLLIE

C EXIT )

DAC 1818 8 bit :X{S58 T i

CINTTXl_IRQHandIer)

DAC IC iXx{S3E

C EXIT )

XA > EAMB{E 8 bit IXE5€ T

(INTTXO_IRQHa ndler>

UART XS0

C EXIT >

INT_VectorContorlByVE_CH1 ()

INT_interval_4kHz ()

DacWriteContinue ()

INT_uartOtx ()

© 2024
Toshiba Electronic Devices & Storage Corporation

19 / 81 2024-04-16
Rev.1



TOSHIBA

RD179d-SWGUIDE-01

XA > EAB{E 8 bit ZS7 T

CINTRXO_IRQHandIer)

UART Z{SHIE

C EXIT )

PWM EIDIAHEF (1 21> bDdy)

CINTPMDI_IRQHandIe)

PMD Z|D1AFALIE

C EXIT >

INT_uartOrx ()

INT_PWM1()
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6.3.1 VEARJNILALE (INT_VectorControl_byVE)

(INT_VectorContorIByVE_CH 1>

VE L2 25— fBEUS VE_GetdataFromVEreg()
|
BETAR D_Check_OverCurrent ()
I
BEEIRTH
@ No drv.state.all == 0?
Yes
AT EHETE Bl D_Detect_Rotor_Position ()
IR E Il D_Control_Speed ()

i D_Check_DetectCurrentError_3shun
ERMRANR
t()/

VE L RA—FETE VE_SetdataToVEreg_xxx()

|

Dac il UiOutDataStartByVE(ch)
|
VE 25—k VE_Start ()

(Note) 3 >v> hDH

C EXIT )
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6.3.2 PMD EIDiAH4LIE (INT_PMD1)

( INT_PMD1 )

VE 25— VE_Start ()
| (Note)1 Sv> hDd+

C EXIT
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7. IREEETS
7.1t>9-LA
> B_Motor_Init (); called
Stop Detect over current
1 usr.com_user.onoff = SET
Bootstrap Detect over current
l cBOOT_LEN time passed
Init Position Detect over current -
l CcINIT_WAIT_LEN time passed
Forced commutation Detect over current
l Omega com > cHZ_MIN
Change up Detect over current
l Change Id, Iq
Steady A Detect over current '[ EMG
usr.com_user.onoff = 0
usr.com_user.onoff = 0
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8. J_ﬂ‘_Tjou#_:/a>

8.1 1—H -l

SV (1 ms) THCI-H -7V~ 3 B0 MIBETNET.,
|

< user_control >

ALX—=HD> b timer_count ()

HUEIE—R : BgK? keydata.bit.sw2 == 07

AD fBEVS soft_adc_getdata ()
|
I1-H—-%7F user_setting ()
F— i1 Uikeyscan ()
|
LED ZR=HI4iH led_display ()

|
C EXIT )
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8.1.1 #4N¥—-hDU> Ml (timer_conut)

XA UEBACECTFRRDIIN—DHI Y MeiTVET,
1. WEIS—LED sMI1<Y— (1 ms x 250 A>N)
IBETIS—KF. 250 ms Z¢IC LED3 DiRAEEZINE X 31 DHT> hTZDFET
2. EMGIREESIBAIY— (1 ms x 250 #7>K~/500 59> /1000 A9 N)
EMG IRRE(CLD LED1 DIRREZYIDEZ BN NI NTRDET
3. @ TimeOut #4¥— (1 ms x 2000 #H9>h)
IBERF, XA > BEIREDIBERREZHETR T DIHDNI> MTZDFET

8.1.2 AD {EHS (soft_adc_getdata)

RU1—A SW (VR1) O ADME (12 bit) ZBMZHS T CEUSLET,
10 [EIEVSE. &K &/ MiB%FR< 8 [BIDOFIE%Z VR1 OBZMELL T ad_vr.avedat (CAHEHLET

8.1.3 +—H#li#l (Uikeyscan)

TSW2,3 OF —AFv > AUB%ITVETD,
BF—7—-4(3 20 EEFH—ITHEEL. keydata ((AZHENE T,

8.1.4 1-Y¥—-387E (user_setting)

I—H—1REICEDATIENIE VRL (CREV., FEEEREZITVET,
1. E-4—-REHIH

ad_vr.avedat % 8 bit 3REEICL. COEN

0x10 =i : 0 (0 Hz)

OxFO Lk : 60 (RAERE)

0x10~0xEF : BaBEL OGRETE

8.1.5 LED &Rl (led_display)

EMG OFEFE. iB{EIRRE(CLD LED1~3 RROEDHIE (FE8F ON. EE OFF. /) Z21T\\E Y,
I, RERTRIMZIJHEOBIERE (0.25s. 0.5 s, 1 5) BITLET,
BRROVWTE 3.4 I-H—A259—-TJ1—ADVTESEUTZEL,

8.1.6 E{EHIH (uart_control)

A D BEMREDIXIESN D EIERER - [FIRAT —H XAV P RAEL . MIET BB E X1 S ERNXEZITVET .
BISERIE (3

115200 bps. 7% 8 bit. AkvTEwh 1 bit. /\UFs—RL. JO—HIHRL

EIRDEY
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9. tHrEsREA

7TV =23 - —HIHME SUE—F— B E—5—-BREIREDA > - T1— A=A T (CERULET .

9.1 BI@EIYU K
BN R F(CEELET

9.1.1 #lflAE (usr.com_user)

- E-9-ORERI—h AT
-ZERAR (248%55R. 318%55R)
SINPWMA AT (1 v 2 HBEFADEEEIIBR)

typedef struct {
uintl6_t spwm:1; /* Shift PWM 0=off, 1=0n */
uintl6_t modul:1;/* PWM Moduration 0=3phase modulation, 1=2phase modulation */
uintlé_t onoff:1; /* E—4—i2EiEs 0=off, 1=on*/

} command_t;

command_t com_user;
7TV —33>Tld, usr.com_user e SELTEREINET,

9.1.2 HlHBIRERE

g31_u omega_user; /* [Hz/maxHz] OMEGA #4, Q31 */
7TV —23>Tld. usr.omega_user HElEIEERELL TGREEINET .

9.1.3 RENEiR

ql5_t  Id_st_user; /* [A/maxA] d-BHicEERIES. Q15 */
gl5_t Ig_st user; /* [A/maxA] q-BhicBERIET. Q15 */
75 —33>Td, usr.ld_st_user & usr.Iq_st_user NEEEIERIEDELTGREINTT .

9.2 BRENTIV R
BRBY IV RE T ICSELET .

9.2.1 BREhA5iE (drv.command)

command_t command;

7 —23>04, drv.command =YL T, BRENSEZE—Y—HIHI RS/ N -BINELE T,

9.2.2 A MBIV R (drv.vector_cmd)
ANINVEIFEE OISRV KT A7-JCEDUIRZEIRLET .

© 2024
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typedef struct {
uint16_t reserve:9; /* reserve */
uint16_t F_vcomm_theta:1; /* Omega to Theta 0=command value, 1=Calculate the theta from omega. */
uintl6_t F_vcomm_omega:1; /* Omega by 0=command value, 1=Result of Estimation position */
uint16_t F_vcomm_current:1;  /* Current by 0=command value, 1=Result of Speed Control */
uint16_t F_vcomm_volt:1; /* Voltage by 0=command value, 1=Result of Current Control (unuse)*/

uintl6_t F_vcomm_Edetect:1;  /* Position detect 0=off, 1=0n */
uint16_t F_vcomm_Idetect:1; /* Current detect 0=off, 1=0n (unuse)*/
uint16_t F_vcomm_onoff: 1; /* Motor outputO=off 1=0n */

} vectorcmd_t;

ENENORAT—STREAINUVEIEIEREIOY> R (drv.vector cmd) ZBITFOLSICERTEL. E—Y—BFEN(CIE
SULTVEYD,
2B, F_vcomm_volt & F_vcomm_Idetect (I{ERALTHOFEA.

1)

2)

3)

4)

cmd theta omega current Edetect
Stage
Stop CLEAR CLEAR CLEAR CLEAR
Bootstrap CLEAR CLEAR CLEAR CLEAR
InitPosition CLEAR CLEAR CLEAR CLEAR
Forced SET CLEAR CLEAR SET
Change_up SET SET CLEAR SET
Steady SET SET SET SET
Emergency CLEAR CLEAR CLEAR CLEAR

F_vcomm_theta
O—-5—IEHETEEE T, SET QLS (IHEEEZO—Y—(IIEELET . CLEAR T(HIEREZO-I—IEL
LFd,

F_vcomm_omega
O—-5—IEHETEEE T, SET DEE(IHEEEZREwELE T . CLEAR TIHIEREZREw0ELET .

F_vcomm_current

REFIET, d. q MEROBEEBEOEH HEZIETRLET,

SET D¢ E. RERENS PI HIHTROIABZELEBEELFT . CLEAR Tl PL #2789 I501E%
ZOFFEREBEELFT,

F_vcomm_Edetect
SET O¢&. FERBEDEEZITV. - (IEETERZITVE I, CLEAR DEEE. FicBEDESR
(IATOHIFIELELEZ 0 LU, O-F—(IE(IIEREELFET
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9.3 FEEIRRE

9.3.1 I5—1AR& (drv.state)

typedef union {
struct {

uintl6_t reserve:11; /* reserve */
uintl6_t Loss_sync: 1; /* 0:normal, 1: Loss of synchronism  */
uintl6_t emg_DC:1; /* 0:normal, 1: Over Vdc */
uintl6_t emg_I:1; /* 0:normal, 1: Current detect error */
uintl6_t emg_S:1; /* 0:normal, 1: Over current(soft) */
uintl6_t emg_H:1; /* 0:normal, 1: Over current(hard) */

¥ flg;
uintl6_tall;
} state_t;
Loss_sync Rifft&d BRsAzt&BUIcEE SET 2NEd (RER).
emg_DC EEEZX#RY EEEEZRHULEE SET 2nE9.
emg_ 1 ERRHESE SRBRHOEREEZREULEE SETINEFT (REA).
emg_S VYVIMEERERLH VI FLEE_CJ_EE,mu’HﬁtHbEtg SET anZd,
emg_H J\-RBEFRE V13> \— MERETEERZIRHULESE SET 2NnE9,
© 2024
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9.4 T—45—HlEMEER

-4 —HfEHESR (vector_t) (. ipdefine.h (

F95
i)

T,
CEFR

vector_tMotor_ch1; /* Motor data for chl */

SNTVFT, ZHUILL T OLSICE-A—FrRILCELICES SN

9.4.1 W —E
il 28 B QA= =
Nyh

main_stage_e stage.main AMIAT=2 --- cStop
cBootstrap
cInitposition
cForce
cChange_up
cSteady_A
cEmergency

sub_stage_e stage.sub HIA7-> --- cStep0
cStepl
cStep2
cStep3
cStepEnd

itr_stage_e stage.itr ZNAHRAT—> --- ciStop
ciBootstrap
cilnitposition_i
cilnitposition_v
ciForce_i
ciForce_v
ciChange_up
ciSteady_A
ciEmergency

g31_u drv.omega_com ENENRE IS DB Q31

g31_u drv.omega HWERE Q31

ql5_t drv.omega_dev RERE Q15

g31_u drv.Id_com d BWERIEDE Q31

g31_u drv.Ig_com q MERIESE Q31

ql5_t drv.Id_ref d BhEREHE(E Q15

ql5_t drv.Iq_ref q MEREEE Q15

ql5_t drv.Id d BREER Q15

ql5_t drv.Iq q #ER Q15

g31_u drv.Iq_ref I q MEREDE Q31

uintl6 t drv.theta_com BRAIESE Q0

uint32_u drv.theta O0—-4—4(i& Qo0

ql5_t drv.vVdc BIRETE Q15

q31_u drv.Vdc_ave (FER) ---

g31l_u drv.vd d BhEEE Q31

g31_u drv.Vq q #EE Q31

ql5_t drv.Vdq (RfEH) ---

gq31_u drv.Vdg_ave (RfEH) -

q31_t drv.Vd_out HHEEME Q31

ql5_t drv.Ed d BWEAEERx Q15

ql5_t drv.Eq (REHA) ---

q31_t drv.Ed_I d BhEEEicEEENE Q31
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q31_t drv.Ed_PI d BREEACEEE PI B Q31
state_t drv.state E-H-EEIT-5X ---
command_t drv.command ENENT5% --- (9.2.1 =88)
vectorcmd_t drv.vector_cmd A NVEIEIDT R - (9.2.2 &%)
ql5_t drv.spwm_threshold SIONIBRE Q15 1 37> NEFD
uintl6_t drv.chkpls BRI R Duty 18 Qo0
uint8_t drv.idetect_error ERIR LIRS --- 0:4&H7]8E
1:ARHANEE
ql5_t drv.Ia_raw a fHER (E7-%) Q15
ql5_t drv.Ib_raw b HHER (E7—%) Q15
ql5_t drv.Ic_raw cHEER (£7-%) Q15
ql5_t drv.la a fHER ﬁ,—@l*ﬁ%ﬂﬁﬁé) Q15
q15_t drv.Ib b HER (R2RK1RE) | Q15
ql5_t drv.Ic c BER (u,fﬁ%[lﬁu’i) Q15
g31_u drv.Iao_ave a BPOERTII ADME | QO
g31_u drv.Ibo_ave b BPOERFII ADE | QO
g31_u drv.Ico_ave cHBPOERFHIADME | QO
uint8_t drv.spdprd RE HEERA Qo0
g31_u usr.omega_user FHIEHEREE Q31
ql5_t usr.Id_st_user Y5ED Id BB Q15
ql5_t usr.Iq_st_user YhED Iq BB Q15
uint16_t usr.lambda_user YHAO—-5—AIiE Q0
command_t usr.com_user S E - (9.1.1 =g)
command_t usr.com_user_1 H4E 5 FIE] ---
ql5_t para.omega_min RHERE TIRE Q15
ql5_t para.omega_v2i ERGIHERE Q15
ql5_t para.spwm_threshold >IN PWM tIBRE Q15
q31_t para.vd_pos fIERDIETEE Q31
q31_t para.spd_coef HAEEFRE Q15
g31_u para.sp_ud_lim_f BRENEEIERZY ME Q31
g31_u para.sp_up_lim_s BRENEEIZHIUZY MB Q31
g31_u para.sp_dn_lim_s BRENEE ATy ME Q31
uint16_t para.time.initpos B RIS Q0
uint16_t para.time.initpos2 B RDIRRERF 505 Q0
uint16_t para.time.bootstp J—RANSYTHER Qo0
uintl6_t para.time.go_up FIo STy I EEERR Q0
q31_t para.ig_lim q BHERHIRE Q31
q31_t para.id_lim d BHERHIRE Q31
ql5_t para.err_ovc BEEREREME Q15
g31_t para.pos.kp IEHEELBT 1> Q15
gq31_t para.pos.ki fIBHEERD T Q15
int32_t para.pos.ctriprd LB HEE FIEE HR Q16
q31_t para.spd.kp RESIELEGIST 1> Q15
q31_t para.spd.ki RESEEDT1> Q15
uint8_t para.spd.pi_prd (REEH) Qo0
gq31_t para.crt.dkp d BERHIELEAT1> | Q15
g31_t para.crt.dki d BEREIEMED 1> | Q15
g31_t para.crt.gkp q BERGIELEEIT 1> | Q15
g31_t para.crt.gki q MERGEMED 1> | Q15
g31_t para.motor.r E-H—EFIER Q15
q31_t para.motor.Lq E-A—q 8199902 | Q15
q31_t para.motor.Ld E-H-dEA(>H959>0X | Q15
int32_t para.delta_lambda FIoTTYIRERUE | QO
VL=
uint16_t para.chkpls ERIRLREE Duty & Qo0
uint32_t stage_counter AT=IN0289— Q0
©2024 30 / 81 2024-04-16

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

shunt_type_e shunt_type ST ---

c3shunt

boot_type_e boot_type EENIA ---

cBoot_i
cBoot_v

9.5 BA¥EEH
9.5.1 ADC #JHiE&E (init_ADCen)

9.5.1.1 18X
void init_ADCen(void)
51K
N
R0ME :
U

9.5.1.2 MBAE
ADC OIS EZITVET .
-E—%—H AD iX&E
-ADC 5%1]

9.5.2 PMD #J{B5%%E (init_PMDen)

9.5.2.1 18X
void init_PMDen(void)
51K :
AN
ROE :
)

9.5.2.2 MIBAE
PMD (FO0Y3YTINE-F—R3A\—-) OWHIEREZITVET,

9.5.3 VE ¥JHiF%7E (init_VEen)

9.5.3.1 18X
void init_VEen(void)
51%K :
U
RDME :
N

9.5.3.2 MEBRE

© 2024 31/ 81

Toshiba Electronic Devices & Storage Corporation

2024-04-16
Rev.1



TOSHIBA

RD179d-SWGUIDE-01
VE(NINVIDZD)DPERER EZITVET
-VE EINAHRTE
-VE :&7E
9.5.4 E—4—HlHHAERE (B_Motor_Init)
9.5.4.1 8%
void B_Motor_Init(void)
5128 :
U
=B
N
9.5.4.2 &
71 2 Rk S =
Ny b
47 | shunt_type S NIAT ---
boot_type BREN 1S ---
stage.main XIAT— ---
stage.sub HYIRT-2 ---
drv.Iao_ave U #BP0ERF AD 1B Q0
drv.Ibo_ave V #BP0ERF AD 8 Q0
drv.Ico_ave W ABEOERF AD {8 Qo0
usr.Iq_st_user Y5E) Iq BB Q15
usr.Id_st_user a8 Id BB Q15
usr.lambda_user EAO0—S—(IE Qo0
para.motor.r E-A—ERIEHL Q15
para.motor.Lq E-H—q 1> HI90R Q15
para.motor.Ld E-H—-d BA>HD90R Q15
para.spwm_threshold >k PWM ERE Q15
para.chkpls BRI AREE Duty 18 Qo0
para.vd_pos B RHIEREE Q31 BB
para.spd_coef A EBEFREL Q15 BB
para.sp_ud_lim_f BRENRE IRy MB Q31
para.sp_up_lim_s BRENREEIENNUZY MB Q31
para.sp_dn_lim_s BRENEE RSy ME Q31
para.time.bootstp J—RARSYTEER QO
para.time.initpos BRI Q0
para.time.initpos2 B RDIRREIT EIRF R Q0
para.time.go_up FI>o o7y EF5RM Qo0
para.omega_min BT TIRE Q15
para.omega_v2i ERHIEHYERE Q15
para.delta_lambda FrooTy I REERVIBAME QO
para.pos.ki UEHEEREDT1> Q15
para.pos.kp IEHETELLBT 1> Q15
para.pos.ctriprd FrEHETE B AEEEA Q16
para.spd.ki REHHBEDTA1> Q15
para.spd.kp HEFIEIEEBIS 1> Q15
para.crt.dki d BWERLEHT 1> Q15
para.crt.dkp d EREDT1> Q15
para.crt.gki q BERLLGIT 1> Q15
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para.Crt.qkp o BTN (>

Q15

para.ig_lim q BERHIRE

Q31

para.id_lim d BERHIRE

Q31

para.err_ovc WBE R ENE

Q15

9.5.4.3 NEBAE
E-S-HIESIER : OWIEMEZITVET,
IR CREREZITNDRVEHEEEZITVET .

9.5.5 DAC HlfEI#IRASRE (init_Dac)

9.5.5.1 18X

void init_Dac(TSB_SC_TypeDef* const SCx)
5128 :

TSB_SC_TypeDef* const SCx : SC 7RLAZiERULE T,

RE :
U

9.5.5.2 MBAE
DAC IC HHHOHIHAEEZITVEY .
SIO 8]
R— MIRRERE
SIO #IHAETE
DAC IC #JHHE@(=
SIO EIDAHLAILERTE
SIO EDAHMREEIVT
EASEIDAHEFE]

9.5.6 B/ —¥IHAEEE (init_Timer_interval4dkHz)

9.5.6.1 18X
void init_Timer_interval4kHz(void)
51K :
AN
RDME :
U

9.5.6.2 NEBAZE

4 kHz BBRAA =) %R S DI DIA N — DRI EZITVE T
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9.5.7 1-Y—-HI{H#MHAERE (init_user_control)
0.5.7.1 18X

void init_user_control(void)
51K

U
RDE :

N

9.5.7.2 {MBAE
I-H-RENEBNSDIESHIHROVEIREZITVE T,
- F— ASNIEYIEREETE (init_Uikey)
-7FOJEREASVIBYIEAELTE (init_soft_adc)
-LED ZARUIEIHASTE (init_led)
-UART QUEHEAESTE (init_uart)

9.5.8 1—HY—#lf#l (uart_control)
9.5.8.1 8%

void user_control(void)
51K

N
ROE :

)

9.5.8.2 MIERE
I-Y-RBESENSDIEGZHIHILET .
XA IEEATE DI DD b
-RU1—LA SW (VR1) ANICLBEEREEFI L)
ML SW1 ARICLZE—S—EER S AR
-LED 1

9.5.9 1-H¥—E—4-#lfil (B_User_MotorControl)
9.5.9.1 #8X

void B_User_MotorControl(void)
51K

U
RDME :

AN
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0.5.0.2 &
7516 2 =k Q;yf =
AF1 | target_spd BEEE --- 1-—E5
H7 | usr.omega_user FIEHEIEERE Q31
usr.com__user.onoff E—4—0ON/OFF ---
drv.state E-H-EBEIT-HX ---

9.5.9.3 L BRE
E-A-FEIC IR 1-H-NSDIEREIBLET,
SBER (\-RI17) REOFIVY

N=ROI7BEROIREZF VIV, T -BEATHIAZEFHLET.

-E—45—ON/OFF &5

BiZ®EE (target_spdl) OIREENSE—H—ON/OFF (usr.com_user.onoff) ZRELET,

BR&E 0 Hz OBJIC, E-9—-BERAT-9R%27I7LET.
-BEENEE IFARILRE
BERREZEFRELET,

9.6 E—4—HIEHIEIEX

T —HIEMLIR(E main BEOXA>IL-TRNSI-ILEN 2T ORI SO TERENE T,
E-5-BFz. BILIREE, T— RARSYTIRRE, AIERDIRRE. sBHIERIRAE, SREIESEUVERRR. ERIREE.

JSHET L —HIREE, REBIRRERIDIREBILL THIEILE S

A IAT =TT —-BMERIIRIE R TAIERS ((Initposition). s&8FIER7E (Force). s#HlEREIE
(Change_up). & (Steady_A) OIEICEITLET . HIXT—>(F Step0 H'5 StepEnd £TaD. StepEnd
DIFICAA > AT =T HF81TU Step0 hBIREDE T, Fie. E—F—DEBEZIRH UGS (IRE(ELE Emergency

(CBITLETS

9.6.1 REEZEIBALIBEIEL (C_Control_Ref_Model)

9.6.1.1 #8X
void C_Control_Ref_Model(vector_t* const _motor)
5% :
vector_t* const _motor & s 1 |- S =R %N
RDE -
U
9.6.1.2 &
1) i =k QA= =
Nk
AB usr.com_user.onoff HEES -
drv.state.all I5—IKEE o
A1 | stage.main NMIATF—2 -
stage.sub HYIZAF-2 -
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[ | usr.com_user_1.onoff | AIEIFIHEHES | --- | |

9.6.1.3 NEBAZE
TV —23a> B 525N BHIIINY RESUIRTEDIREZER L. KEBBZRITUET .
ZIRREFSB(CFHMESNIY TIRRR(CO DN ET . S TIREOBRB(PIREBBAIERILL T AL BIREOUIEH
BARTHITEINET.
ZA9F ON T-MANSYTHEEE  UEASKEEE  RSESERERRN  UOBINEEE

WA=D) Tz BE->ES

A4YF OFF

Z4yF OFF

A{YF OFF
A4yF OFF

4 E-5-HHDREEBR

9.6.2 E—4—HliHtENEREIZL (C_Common)

0.6.2.1 18X
void C_Common(vector_t* const _motor)
51%% :
vector_t* const _motor : E—4—HI{EEEAK
REOE :
U
9.6.2.2 ¥
Vel 28 =k QA= =
Nwh
AJ3 | usr.com_user.modul ZHANHIEITR --- 2 18 or 3 HHZ:A
para.chkpls ERIRHRFE Duty 1B TEfE ---
H5 | drv.command.modul ZiEANEFENI IV R --- 2 #8 or 3 HHZH
drv.chkpls BRI ARFE Duty 18 ---

9.6.2.3 MHENAE
-5 —-HIHOBIREE(CHBERUIEZEITUET
>k PWM #l4Hl (9.6.10 C_ShiftPWM_Control). B&U Vdg DEH (9.6.11 Cal_Vdq) EZRAXRDE L %Z1T
WEY
ZIRARELU T OEERCIVELRUET,
ZIFE(Vdg_per) = 100.0(%) x Vdq FIE(Vdqg_ave) / Vdc Fi3fE(Vdc_ave)
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9.6.3 {F1LIXRERIER (C_Stage_Stop)
9.6.3.1 8%
void C_Stage_Stop(vector_t* const _motor)
512K :
vector_t* const _motor E-A—-HIlfEEEA
REDE :
*U
9.6.3.2 &#
o e Q JA— e
AE EAl =S Lk =
AJJ | stage.main MMIAT=D ---
At | stage.sub HYIR7-2 -
H7 | stage.itr EIAHRT—S ---
drv.vector_cmd ARINVEIEIDT> R - (9.2.2 Z08)
drv.theta_com BEXAIESIE Qo0
drv.theta O—-45—fI&E Q0
drv.omega_com BRENRE IS B Q31
drv.omega RE Q31
drv.Id_com d MERIESE Q31
drv.Ig_com q EMERIEDE Q31
9.6.3.3 IBAR
T-A—-%zELEEET, (PWM HH%ELIELEY)
9.6.4 J'—bAMSYIIRRERSEN (C_Stage_Bootstrap)
9.6.4.1 18X
void C_Stage_Bootstrap(vector_t* const _motor)
5128 :
vector_t* const _motor E-A—-HIlEEEA
REOE :
U
9.6.4.2 ¥
Vele 281 B QA =
A stage.main MM AT ---
para.time.bootstp J— ANy iSRS Q0 * MainLoopPrd(s)
A7 | stage.sub HYIZT-2 ---
stage_counter AT—=hI249— Q0 * MainLoopPrd(s)
H stage.itr EAHRT—S ---
drv.vector_cmd AR NVEIFITT R (9.2.2 &%)
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9.6.4.3 MIERE

48 All OFF. F4H All ON D22 AL T—bARNSYT ST oY —DFEEITVEFET .
OBz [JT-hANSYTRME ] fiiaeeEd. [T-MANYTRE NS T - DREEZLRELET .

J—RANSYTIREEZ LUTF OB TARRE(CD I THIEILF
a) FIHPIARE
T = hANSY TIRBEDHERR EZITVE T,
b) EFfEFRBEFEINE
BEENT - RA Ny TREINMRIB T 20215, AIERDIRENBBLET,

High sides (u, v, w)On
Off

ON ==

Low sides (X, v, z)

Off

<« >

Stop - BootStrap

9.6.5 {iiERHIRAEEIEL (C_Stage_Initposition)

9.6.5.1 #8X
void C_Stage_Initposition(vector_t* const _motor)
5128 :
vector_t* const _motor : E—4—HIEEEA
REDME :
U
9.6.5.2 ¥
i 280 Bk QA= "=
Nyh
A stage.main MM IRT—2 ---
boot_type 1S ---
usr.Id_st_user RE) Id BB Q15
usr.lambda_user YHI0—-45—hIiE Q0
para.vd_pos UERDIERETE Q31
para.time.initpos &R QO * MainLoopPrd(s)
para.time.initpos2 B RDIRREIT SR Q0 * MainLoopPrd(s)
A7 | stage.sub HYIZT-o ---
stage_counter AT—=INI459— Q0 * MainLoopPrd(s)
drv.vd_out D EEE Q31 EIEEREN RS IE A
drv.Id_com d BERIEDE Q31
H stage.itr EDIAFHRT— ---
drv.vector_cmd AINVEIEIOT VR --- (9.2.2 &08)
drv.Ig_com q BERIERE Q31
drv.omega_com BRENRE IS DIE Q31
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| [drv.theta_com [E5mESE [Q0 ] I

9.6.5.3 WEEAZE
OZIFIHAMIE |[CEE. wZz 0 (CEE. IqgZ 0 [CEELRNS. Id Z 0 HSIRAZ(SBIISETVEET,
CONIRZ B RDESE [T . BRAREYIC Id HTI0E) 1d BIRMENCRDET . [MUBERDEFHE 1EM108) 1d B
B INSEMBFEZEDD Id DIEINEZRELEI .
Id N9aE) Id ERUMEIRNER. [(UERDFFEEERE] BB, RAT-JISBBLET .,

AIBERDIREEZ LA T QT TIRERICHD I THIFILET
a) #IERRRE
A ERDINREDHIHA R EZITVE T .
b) Id BHMRRE
Id ZEEMEFTHRA (TN EFT.

9.6.6 dHIEEFIRREEIZX (C_Stage_Force)

9.6.6.1 8%
void C_Stage_Force(vector_t* const _motor)
512K :
vector_t* const _motor -5 —HlfEEEAR
REDE :
U
9.6.6.2 &#
Velo 2 B QA= "=
Yyh
A stage.main MM IRT—2 ---
boot_type tCEH1S --- TR or BE
usr.Id_st_user RE) Id BB Q15
usr.omega_user FIHBREE Q31
para.omega_v2i BRI IR E Q15 EIEERENSICIB
para.spd_coef N EEFRE Q15 EEENEIFIZ AR
para.vd_pos IEROHENEFE Q31 EEEENBEIEIIERD
para.omega_min BRI TIRE Q15
para.sp_ud_lim_f BRENEE ISy MB Q31
A7 | stage.sub HYIA7-> ---
drv.omega_com BRENRE IS DIE Q31
H7 drv.vector_cmd AJNVEIEITY R --- (9.2.2 =0g)
stage.itr EIDAHRT— ---
drv.Ig_com q MERIEDE Q31
drv.Id_com d BERIEDE Q31
drv.Vd_out HAOEEE Q31 EEEENBFIZIIERD
9.6.6.3 BT
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O—45—DEEFZRIALET . COXT—ZTENT MLVEIHHICELS T4 — R VIR TR, 5868 (CERiR 2 5 A

T, O—9—-HheNSEREL TEERLE T,

Id Z[46%h Id EFMEL(C, Iq Z 0 (CEIELANS. BFENEEIEDBwon ZIR 2 ([CBIITEET .
B(Fwcom NEKDFT (B=wcomt) COIBZON T FRENERTRAR TRE |([OETDFTHIELET .
[BRENEIREE |2 —EMEI DIBNNSE CIHIHBRRE |(OADIET . [BREIEIREE I hw(CRDFET,

9.6.7 MHIEEVEIRRERIZ (C_Stage_Change_up)

9.6.7.1 8%
void C_Stage_Change_up(vector_t* const _motor)
5128 :
vector_t* const _motor -5 —HlfEEEAR
REDME :
N
9.6.7.2 &
i 281 % QA= =
Ny b
AB stage.main MIRAT=2 ---
usr.Id_st_user YRE) Id BB Q15
usr.Ig_st_user YhED Iq BB Q15
usr.omega_user FIHBRRE Q31
para.delta_lambda FIo o7y IREERENAR Qo0
para.sp_ud_lim_f BRENREIS )Y MB Q31
para.time.go_up FIo o7y Qo0 * MainLoopPrd(s)
AHA | stage.sub HIAT-> ---
stage_counter AT—=hI249— Q0 * MainLoopPrd(s)
drv.omega_com BRENREIEDE Q31
£ stage.itr EIAHRT—S ---
drv.vector_cmd A NVHEIEIIN R --- (9.2.2 =87)
drv.Id_com d BWERIEDE Q31
drv.Ig_com q MERIEDE Q31

9.6.7.3 NEBAE

Id % 0 ([T 1q ZM 188 Iq R IF TIEINNS . BROBMA 05— EE FICRIISICHIEILFT.
MUV ZFEESEET

w. BIfIEHE

i Sz A

EEE

(CLDRDFT .

[ERENEIRERE |2 —EMEI DIBINSE CTHIHBERRE [[OADWET, ELIOAT— S TIRHRESIEIF ToTUL
ROz, [BRENBERERE | (ESHIICEERINE R A,

s ERBUHRAREZ AT O TIRREICD I THIEILET
a) FIHPIARE

s E S IR ARRRDR AR EZITVE T,

b) Id.Iq tHaRIKEE
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Id Z 0 FTHRAICHDEE, AIFIC 1g ZEEETTHRA (LENNSEET, @IS LR OBRER(EHR
FET(33 = ABIEHIRRICEDE T, tIDBX T T, KA IFSIREBABEBLET.
c) EEREZBRILIARE

BENRFIEBUHIRAR MR T 20%2F5. ERIRBNEBLET,

9.6.8 EEFEIRAEEIEL (C_Stage_Steady_A)

9.6.8.1 8%
void C_Stage_Steady_A(vector_t* const _motor)
5|28 :
vector_t* const _motor E-A—-HIlfEEEA
REDE :
AN
9.6.8.2 &¥
i 27 Bk Q- "=
AB stage.main MIAT=D ---
usr.omega_ user HHEERE Q31
para.sp_up_lim_s BRENREEIEMNUZY MB Q31
para.sp_dn_lim_s BRENRE RSy ME Q31
AHA | stage.sub HYIR7-2 -
drv.omega_com BRENREIEDIE Q31
#7 | drv.vector_cmd ARYNVEIIIY R Qo (9.2.2 =Hg)
stage.itr EDIAHRT— ---
drv.Id_com d MERIESE Q31
9.6.8.3 EBARH
EBEIREONIEZEITUET,
[BRENBRRE | Z2—E 3 DIENNSE T HHBEFRERE ISEDIFET,
9.6.9 {R:EIRAERIZL (C_Stage_Emergency)
9.6.9.1 #8X
void C_Stage_Emergency(vector_t* const _motor)
512K :
vector_t* const _motor E-A—-HIlEEEA
REDE :
N
9.6.9.2 &#¥
i 281 B ey =
AB stage.main MM IRT—Z ---
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A | stage.sub HIZAF-> -
HhH drv.vector_cmd ARINVEIFEIOT R -- (9.2.2 £88)
stage.itr BDAHRAT— -

9.6.9.3 HEAE
BERNMEEUREE. COIRBABBLETD,

N=Ro17@ERZIRHUEEE T—F-BREIHT u. v. W, X\ Y. Z (FBT Hi-z ERDOTVET,
VIRND17BERZIRHUEE(E. E—F—BFEIHET u. v. w. X, Y. Z (FET OFF &3O TVET,

O—4—(3BEHETEEELEFT . 1

9.6.10 7 PWM $Il (C_ShiftPWM_Control)

9.6.10.1 8
static void C_ShiftPWM_ Control(vector_t* const _motor)
51%% :

vector_t* const _motor E-A—H SR

BEREERLIEZ R X TIORT—I&HMFFLET .

RDIE
N
9.6.10.2 &#
velo 280 B QA= "=
Ny b

A7 | shunt_type S NS -
stage.itr BAHZT—
USK.COM_user.spwm 2T~ PWM HlfH75 5% ---
drv.omega_com BRENREIEDIE Q31
para.spwm_threshold 2Tk PWM tHGRE Q15

H5 | drv.command.spwm >Jh PWM EREJIV> R -

9.6.10.3 NEAE

COHENL VE ERHD 1 34> MESEIFBZITY .
>J PWM @ ON/OFF Oz E’iﬁb\i‘gﬂ,
I PWM &5 E. BIDAHAT—

>, BREENS. ST PWM BRENSEERELET, B TINVYIRTIE, &

1 DRMAFETEEIROTVET,
& 1 >JbPWM BREV5ESRM
>Jb PWM #7535 | EDAHRT—2 BiRRE >Jb PWM ERENF5E
USr.COm_user.spwm stage.itr drv.omega_com drv.command.spwm
OFF (0) All All OFF (0)
Stop All OFF (0)
Emergency All OFF (0)
Initoositi . BEiERE >= JTMMuEE
ON (1) clinitposition_| drv.omega_com >= OFF (0)
Force_i
Change_up pa\ra.spwm\_threshol\d
Steady_A BEREE < STMILERE ON (1)
drv.omega_com <
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I | para.spwm_threshold

9.6.11 Vdq &} (Cal_vdq)

9.6.11.1 8
ql5_t Cal_vdq(gql5_t _vd, q15_t _vq)
51K
gl5_t_vd : d#EhEE
gl5_t_vq : q#hERE
ROME :
gl5_tVvdq : dq#hEx

9.6.11.2 X
vt 281 BTk Q7= mz
Nvyh
*h | _vd ST 3G
_vqg qEEE Q15
E5 | _vdq dq BT Q15

9.6.11.3 EAF
TEEERICLD Vdg zBHUET .
Vdg =/3x4/(Vd? + Vg?)
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9.7 E—45—BRENRIZX
9.7.1 FIFERRER
9.7.1.1 3MRZHDEZES

PWM 7~ R E) FrUp—mhs TR
PWM FvU7—
(ZF38)
U 4848 Duty | | I _l I__I
V 1H_E48 Duty | | | | | |
W #8_E4B Duty r_l I__I I ]
CPWMEET | PWM RS
A g
9.7.1.2 2ZHDIES
 PWM U7~ (E) F17—RRA FrU7-£-7

U #8_E4H Duty

s T~ — \// T~

V #8_E4H Duty

] J l J l

W #8_E4H Duty | |

A
y

PWM JEIEA PWM JEIHA
A m¥

9.7.2 IEHETERIE (D_Detect_Rotor_Position)

9.7.2.1 #8X
void D_Detect Rotor_Position(vector_t* const _motor)
51K
vector_t* const _motor : E—4—HlEEEAK
RDME :
R
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9.7.2.2 &#
Velo 27 B QA= =
Ny h
AN drv.vector_cmd.F_vcomm_Edetect | B EBEFIEHITOR ---
drv.vector_cmd.F_vcomm_omega | HEEREHHITOR ---
drv.vector_cmd.F_vcomm_theta HEEO—-SF—(UBEFHHEIIVR ---
drv.Id d BER Q15
drv.Iq q ER Q15
drv.omega_com BREnRE IS B Q31
drv.theta_com BRAEDE Q0
drv.vd d BHEE Q31
para.motor.Lq E—9—qBA>HD90R Q12
para.motor.r E-5—BIRIEN Q12
para.pos.ctriprd IS EFIHEHEEA QO
para.pos.Ki IBEHETERDT 1> Q15
para.pos.kp IEHETELLBT 1> Q15
AEA | drv.Ed d SR ET Q15
drv.Ed_I d BEFEiC BT DB Q31
drv.Ed_PI d #hEEHCERE PI B Q31
drv.omega HERE Q31
=P drv.theta O—49—{I&E Q0

9.7.2.3 MBAE
BEENE— Y- BRENESOHEERE west. HIfHEN d #EFHEERE Ed £UT PLHIEZITVET.
126 Ed OEFHMERFEC 0 TY, DEDmEF-Ed EBDFET,
PI HHENCIDKDIHETERE West ZHRDIBET, O—F—IEO (AE) ZRDHEI.

E-4-0 d BRI IR EMEEESFENE. FE TRILNTEET,
Va=R-Ig+Lg plg—wese* Lg - Ig + Eg
(p=d/dt, Id=—7EfELD pld=0 £FBENTES. )

vd E-S-EINERE Id,Iq E-45-8H#
West HETARE
R :3EHT Ld,Lq :A/>5959> R

&oT. d BERIEERE Ed @ T EEER TROBIEN TEXT,
Ed = Vd - R'Id + (.l)est‘Lq‘Iq

Id

E
‘H——’mﬁﬁ d l-ﬁ—»

SN i s
A
West 0
5 d #ESEREMR Ed (CL3MEHET OVIH
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9.7.3 EEHIHEI%L (D_Control_Speed)
9.7.3.1 18X
void D_Control_Speed(vector_t* const _motor)
5|%K :
vector_t* const _motor & ol 1 | =S =R %N
RO :
U
9.7.3.2 &E#
7518 25 =0 Q- =
w b
AN drv.vector_cmd.F_vcomm_current ERESHIEIY R S
drv.Id_com d BERIEDE Q31
drv.Ig_com d BERIEDE Q31
drv.omega HERE Q31
drv.omega_com BRENREIEDIE Q31
para.id_lim d BE TR HIRE Q31
para.ig_lim q BHEERHIRE Q31
para.spd.ki REFIERED ST 1> Q15
para.spd.kp SRE BT A > Q15
AEA | drv.Ig_ref I q EMNERIEDME Q31
drv.omega_dev HERE Q15
Ray] drv.Id_ref d EREEE Q15
drv.Ig_ref q BEREEE Q15

9.7.3.3 MEBAR
SN REIRES W, #IFEN q BHER Ig LU T PILHIEZITVET.
EREEDEZRBOREDRENS. d #iE q HEREBEEDRELET,

IClcom Idref
>
Wcom K: Iqref
> K, + ?‘ —

» )
g
w

B 6 EEHHIOYIE

9.7.4 3 v MERRIRMIREEIE (D_Check_DetectCurrentError_3shunt)

9.7.4.1 18X
int D_Check_DetectCurrentError_3shunt (uint32_t _duty, uint16_t _chkplswidth)
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51%% :
_duty Duty OHfEliE
_chkplswidth JULZF1Tv/iE
RDIE :
EiRtRHIARE
9.7.4.2 T
i 28 =k QA= o
Nk
A | _duty FfE D PWM Duty Lt Q15 0.0to 1.0
_chkplswidth JOULZF IR ---
Hh | --- ERIRIREE --- 0:#&HaIEE
1 AR AEE

9.7.4.3 NEBAF

PWM Duty T&(ICIDERZIRHE TERVIA T THHILZIRELFT

Duty OFFBHMEN SR EMESLOARERBEZRELFT .

CORSETERMRETERV Duty 1BTHHEZMESDL . BIAREAUE TR IEEZEALBVT, RIEIOEZERY
BIET, BRERIRA(CLBHIHENZHELET

PWM RRAAEDE AR AD ZHUES, EECIERLTLRLZSH. PWM HEEOEFRIREEN R EBSIOAE
RBHEARE NG EHIELFT

9.7.5 1 3v> METRRIRMIREEIE (D_Check_DetectCurrentError_1shunt)

9.7.5.1 18X

int D_Check_DetectCurrentError_1shunt (uint32_t _pwma, uint32_t _pwmb,
uint32_t _pwmc, uintl6_t _chkplswidth,
int _sfhpwm, int _modu, int _sector,
uint32_t _mdprd)
51K :

_pwma U #8 PWM Duty Lt

_pwmb V 2 PWM Duty tt

_pwmc W #H PWM Duty tt

_chkplswidth /ULZF1v/iE

_sfhpwm >Jb PWM £—RiREE

_modu ZEFHEAR

_sector w9 —-1EH

_mdprd PWM JEEA

D& :
BRI IR

Al

10|
ca
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9.7.5.2 &F#
i 28 B Q2= =
Ny
AH | _pwma U 48 PWM Duty tt Q15 0.0to 1.0
_pwmb V 18 PWM Duty Lt Q15 0.0to 1.0
_pwmc W 18 PWM Duty tt Q15 0.0to 1.0
_chkplswidth JOULZFIYINE ---
_sfhpwm 3 JN PWM E—RYREE ---
_modu ZHRGERBH IV R --- 2 HHE(E 3 BER
_sector 45 —18HR ---
_mdprd PWM JEEA ---
£ | --- ERARLIKRE --- 0:4&HA]8EE
1: AR AEE

9.7.5.3 NEBAF

PWM Duty I&ICEDERZIRE TERVIMII THIEEIREUET .

£/)\ Duty 18, Duty IBZEDAZTENREMENNSKRIEZBHUET , BB, 1 S NT 2 HHEFADEEDOFR/N
Duty f&(& 3 8 Duty faDHRI Duty lRERDFET,

COBIETERMEL TERL Duty 1@ THHIEZMHERL . ERRLAIE T L BZERLRVT. RIEOfEZERY
BCET. BRRRAICLBHIHELNZ LT,
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10. EHGEZ=EREA
10.1 E-45—-RSAN\-EEMSEIE : (D_Para.h)

10.1.1 DAC h773%4R
__USE_DAC : HlAROZEUEH D DAC FlHiziTo3EEERL TS,

10.1.251%: —&

5% : & B

cMAINLOOP_PRD XA D JEHARRTE

Bifi[[s] DHFEE 4 kHz

XA > R BA DB Z e E L TS,

cIXO_AVE POEFIER I — 151

T4 — 1280 5TELTIZE W,
ARERMEZGTEIDELZTELEFIN, RIGHENET,

cVDQ_AVE BIRETE Vdc, HHEE Vdqg AI1ILT— %%

T4 — 1280 ETELTZE W,
AERMEZGTEIDELZTELEFIN, RIGHENET,

10.2 E—5—-RSAN-EREMEIE : €E—Y—Fv1J)l (D_Para_ch1.h)
T-A-RIAN-EBD5|%R : ZBFIBEICED, SFEIFRE-H—%ZEFENITBENBIEETT

10.2.1 E-5-FrIBI5IE : —

5128 . & B

cPOLH FHRRSAN—RIEETE

0: Low active/ 1: High active

BRGS0 TEZZEEL TS,
FHRRSAN-DRBORTEZITOTRE,

cPOLL THERSAN—RIEETE

0: Low active/ 1: High active

BEMGEETISUTEZZ B U TIZEL,
THRSAN-DHEBOHEEEIT TS,

cV_MAX RAETEDRTE

BH{I[V]

BEARGLET (TG0 TIEZ R E L TS,

[BE V]S TEL TS,

AD ZHat8 M 12 Ey b METIILAT =)L (4095) (CHHEHTZEIRETE
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cA_MAX RABRMEOFRIE
BI[A]
gméﬁéﬂzm‘)ﬂ ZEEBLTIEEW,
D ZH& D 11 EyMIDYMBETIINRT—)L (2047) (CHBHTBIEER
[ﬁu AVEEEEL TLIE L,

cSHUNT _TYPE BREEAR B3y hEEE 1 Svoh) 0%
1: 13y 3: 33v>b

EMGREHISU TEEZELU TZEL,
EREEAROREEITOTUIZE,

cBOOT_TYPE FCENBFDEFEN S TNDERTE

cBoot_i: & ELEREN/ cBoot_v:EBERIENE)
EEFOER B SR ZERTELTIZEV. 1 v NEREIDEBF R EEFRNSEUE TE
RVBEREIC. BERERENZRIRLETD,

CSHUNT_ZERO_OFFSET | ATJtw NEEDRTE

B[ V]
BRMRENTORVNEEZDI > NEEZETEL TN,
COfEF. COERFEEOYEHMEIFERUED .

CADCH_CURRENT_U U ABEIREMS AD FrRILERTE (3 v hA)
AINX
U ABERZRE TS AD FrRIVZeREL TS,
cADCH_CURRENT_V V HBEFREMUS AD FroILEEE (3 v hE)
AINX
V ABERZEE TS AD FrRIZEREL TS,
CcADCH_CURRENT_W W tHERHS AD FrRIVERTE (3 Sv> M)
AINX

W HBERZIRE IS AD Fr I EiRELTZE0,

CcADCH_CURRENT_IDC EIREMUS AD FrRIVERIE (1 v~ hF)

AINX
ERzRE 95 AD FrRIVZERELTEEW,

cADCH_VDC EIRETLHEUS AD FrRILERTE
AINX
EIREE Vdc ZH&H 93 AD FrrILzesEL TLIZEL,

covC BEFIREEDETE
BfI[A]
Jﬂéé,bu,éé,blth'f ZERELTIZE,
OFREMBU O/ ERZIRE I DL, HH%ZYIRT OFF [CLFET.

cVDC_MINLIM BIRET Vdc RIKMEDERTE
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EU[V]
BIREBIE Vdc DRAKBEZFZTEL TZEL\,
ZOERBOBEEZARETDE, E—I—ZFLLEESEET,

cVDC_MAXLIM EREE Vdc REEDKTE

E[V]

BIREBIE Vdc DRFEZFHTEL TZEL,
COMBEDARSMENEBEEZIRE I HE. E—F—2FLLEETT.

cPWMPRD PWM JEEADEETE
Eifi7[us] 7 fEEE 25 ns@80 MHz
PWM FvU 7 —EEAZERTEL TZEL,

cDEADTIME TYRYA MEDELTE
Bifif[us] 9 f%EEE 0.1 us@80 MHz
Ty R ©AONBEZEZTEL TXZEL,

cREPTIME VI N1 7 RS | EEERDFETE
Bif7[[E]] 1 to 15

NINVBEBYI NI 7R ZITIF1Z ) #HIBIET 22N TEET.
1 EERTFEIBE. PWML FEACULIINI NVEE DY I MLUBEZITWET,
2 LFRTETBE. PWM2 FHAIC 1 BRI MNVEEOYI MUIEZITVEY,

cID_ST_USER_ACT d BiRENEIRDERE

E{I[A]

d BRENEROMBEZRTEL T2,
COMEDEFRMET. AIERDSJUEH IR ZITNET

EFRERRD 10%I2EDERETEL TZEL,
E-A-DEHIRVGE(E. BIKETHRA (CEZAREUTZEW,

cIQ_ST_USER_ACT q ERENEIRDERE

HH[A]

q ERENEROMEZERTEL TUIEE,

d #IRENEIROD 1/2 BEDEZREL TS,

SRR (d EFIE) NSEE (g BHIE) BITRHC, T D2IEID
BEEAEZ/NEAZFLELTUEIZ A BZAREUTIZE,

cMOTOR_R E—4—I1 A E
BiI[Ohm]
E-5-01)L 1 B OEFUBZEZEL TS,
cMOTOR_LQ q A >0 218
B[ mH]
E—5—IMD q B> 905> ZBEBELTIE,
cMOTOR_LD d 81> 55> 1B (RIEMA)
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BAfi7[mH]

E—H-04D d 81 >H95> 2BZERTEL TLIZEL,

cPOLE

T—H— 1 DERTE

Eifij[pole]

Y- O TEL TZE W,

cID_KP

d EHEEIRHIAEILEHIT 1>

BEI[V/A]

d BhERHIEIEEBIT A > 238 TEL TZE W,

cID_KI

d BHEIRHIEED T 1>

BA{TI[V/As]

d BERHEED T A > ZERTEL TS,

cIQ _KP

q MEFRHEILEHT 1>

BEI[V/A]

q EHERBIEILLHIT A > 2 EL T,

cIQ _KI

q BERBIEED T >

BAfi7[V/As]

q MERHEED T A > ZERTEL TS,

cPOSITION_KP

AIEHEE LT 1>

BifiI[Hz/V]

AIBHEEDLEBIT A > %235 TE L TZE0,

cPOSITION_KI

MEHERD T~

BfiI[Hz/Vs]

NBHEEDED T %2HTELTZE0,

cSPEED_KP

EREHIEILEAA T 1>

BfI[A/HZ]

EREHIEIOLEHIS A > ZERTEL TS,

cSPEED_KI

EEHIEIEDT (>

BAfI[A/Hzs]

REREIOBD T 1> %R TEL TS,

cSPD_PI_PRD

R PI HIfHEHAERE

(=]

BE PI SIHEEHZERTEL TS,
1 EERTEIBE. PWML FEACEIORE PLEEZITVET .

2 EERTET DE PWM2 EIHAIC 1 BLRE PLIEEZITVET .

cFCD_UD_LIM

ERBNRE MRS (SRFBIERRET)
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Bifij[Hz/s]

SRR OB E MR EZEETEL TS,

EHIELROEAC, E—F—-DEIENMERL TIRWVGE(E., B2/ &L TS

Lo

cSTD_UP_LIM

ERENREIMRR (EHHT)

$1E[Hz/s]

HFOERENIREZLEL T,

cSTD_DW_LIM

ERENREIRERR (EHHT)

Bifi7[Hz/s]

EBFORERIREZIHTEL IS0,

cBOOT_LEN

7= RANSYTRAZ S B

B{i[s] 7f#EE:1 ms

J—RZANSY SRR OB DR #ERTEL TS,

CcINIT_LEN

{IiE R EHBSF i

Ei{t[s] 2fREE:1 ms

MERDIFEIZEHTEL TZE0N,

CINIT_WAIT_LEN

LB RDE TS IFE]

B{i[s] 7f#EE:1 ms

IBERDHIEDFERMZEREL T,

cGOUP_DELAY_LEN

FI> TPy TEFFEREME

B{i[s] 7f#EE:1 ms

F1> STy TRAFERIRZEEL TUZEL,

cHZ_MAX

RAERER

BAfiI[HZ]

NI THRESE 2R AEIREZREL T2V,

FIHTERIIEAERED 10 15 20 %IBULIEE OEZETE
ENNSVWGEEEAFEN ENDFIN RBBENCDIEZIBZ BEFITHINZAL

ia_o

LTKIZ&0N,

cHZ_MIN

sEHIERRNSTEBADYIDE RE

BAfiI[HZ]

SEHI RN S EBABITIEREZEREL TS,
AIBEHEEN TEBGHEREEMRE TES)EEZRELET,

cHZ_SPWM

SThPWMUIDEBZRE (1 >v>b 2 1BZ5EA)

BAfi7[HZ]

2Tk PWM H5@E PWM AYIDEZ 2 RE 2 TEL TLIZEL,
EDREMETYINEZET,
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cID_LIM d EHEER limit

BAI[A]

d BEROYZY MBZFZTEL T2,
cIQ _LIM q EHETR limit

BAI[A]

q BEROYZY MEZFZTEL T2,
CINITIAL_POSITION HERLIIE

Bifi7[deg]

AIERDFFOAEE 2 E A THREL TS,
cVD_POS EBEBROME RO NIEE

Ef[V]

FIERDIEFOEEZRTEL TE,
cBOOT_TYPE h*"cBoot_Vv"DOEETEIFERD
(X 10.2.2.2 EBEAEHFOELSIEZSIBL TIZEL,

cSPD_COEF BB BT OEFIERR I N EEREL

0 < x <1 DfEZEEEL TLE,
RHIEREF DL NEBEZRDET
CORTEMBLIEDREZBNITEZE HEBELELTVET,

Vd = ¢SPD_COEF x Omega_com

cBOOT_TYPE H"cBoot_v"DEEIBRN

FFHH( 10.2.2.2 EFEEHROELIEZSIRU T2,

cHZ_V2I BEESIEHNSERSIHAOERE

BAfiI[HZ]

EEFIHNSERHIEALIDE X 2R E ZHTEL TIZEL,

CHZ_MIN LDAESRMEZEREI DL, cHZ_MIN LU E(CRBEEENBITL. B
EEHICEIDEDDET,

cBOOT_TYPE h"cBoot_Vv"DOEEEIFTERD

__FIXED_VDC BREEEERE
0:RHME 1:EIEfE
BIREEZEIEMECTZHEE 1 ZHEL TR,

cvVDC EREBEEEIEE

BAI[V]

BIRBEDEZEREL TS,
__FIXED_VDC W"1"DEEEIIERN
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10.2.2 FEHENEMEBAZDOREMR
10.2.2.1 BB BISDELUE
4
: Moir: SO0k
: Iq iE5E
cID_ST_USER_ACT : > _ _ U HER
cIQ ST USER_ACT e
] i :
: TR
L ML I |
7 .' | Litl
o N
= i
| |
I I
. 1 1 1 1
t1: cINIT_LEN A 3
t2: cINIT _WAIT _LEN | fIERSD | EHIERR it
t3: cGOUP_DELAY_LEN
;< 111111 ; ;
[ O
S N -
I |"
1 Ao
1 e
= — ==t
<>
: =5
B IBL R I FIOIPYT 5

7 EEEREE (BXA 0°(LAiERD)
FI>ITYITZAT—IT, cID_ST_USER_ACT & cIQ_ST_USER_ACT DfEZANEZS.
Jk NEZ1%. cGOUP_DELAY_LEN QBRI Iq 35S ME—FEETHIH.

BRITE. 1q I8DME PI FIHICLDEE,
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10.2.2.2 BEELEEFOELE
ASORT-TRETERBRAZHEZDURNS . ERDEZRD TS,

EHIFLAFROBE Vd (&, FEREENTKOTVET,

EENRE x E# cSPD_COEF]

BHEREFOERN . —E(CRBLIIC cSPD_COEF %Z3f

BRI Z2ERURISBEZOER B, TR,
(BT, cVD_POS D% fAZE
LTLIZ&L,
y
BR

AIERHETE > : v
cVD_POS : :

— ——

0 50 100 150

CINIT_LEN cINIT_WAIT_LEN
fIERD SRBIERIA

8 EMEERENFDSIE : AR TE

10.3 1—Y—HIEHBEES
usercon.c
/* Timer setting */
#define cEMG_S (1) /* LED1 blinking request(over detect(soft)) */
VI~ EMG sUmZE:K
#define cEMG_I (1) /* LED1 blinking request(curret detect error) */
BERREEE SRER
#define cEMG_DC (1) /* LED1 blinking request(over vdc) */
Vdc EERHEK
#define cC2000MS_TIMER (2000) /* [ms] (4 kHz * 4) * 2000 */
BEHIE 25 91—
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/* Key settting */
#define S_SW2 TSB_PE_DATA _PE7 /* SW2 or 9(KEY2) */
SW2 iR—h : PE7
#define S_SW3 TSB_PK_DATA_PK1 /* GPIO_15 */
SW3 M—b : PK1
#define cKEY_CHATA_CNT (20) /* [cnt] chattering counter for KEY SW */
SW BFvAUTBRENT -1 : 20 EhERRE—

/* Soft ADC Setting */

#define cADUNIT_USR TSB_ADB /* User ad data ADCUnit */
VR1 AZF ADC 1Zwh : 1Zwhk B

#define CADTRG_USR  ADC_TRG_SW

#define cADCH_VR ADC_AIN11 /* ADC Channel for VR */
VR1 AHFR AD FvxJ)L : CH11

#define cADREG_VR ADC_REG5 /* Result register No for VR */
VR1 A7 AD fE &L X5— : REGS

#define CADAVECNT (10) /* ADC average count */
AD fEfEERFIINT> ME(10 [EIEYS THETE)

/* Led setting */

#define LED_EMG TSB_PF_DATA_PF2 /* LED1 */
EMG LED /R—b : PAO

#define LED_UART_ERR TSB_PF_DATA_PF4 /* LED3 */
UART @1 LED /R—b : PF4

#define cFLASH_TYPE1_CYCLE (1) /* [s] led flash cycle typel */
LED sbEfE 1 : 1s

#define CcFLASH_TYPE2_CYCLE (0.5) /* [s] led flash cycle type2 */
LED mUmHF#E 2 : 0.5s

#define cFLASH_TYPE3_CYCLE (0.25) /* [s] led flash cycle type3 */
LED U5 3 : 0.25s

#define cLED_ON (1) /* LED ON level */
LED LAJL : ON

#define cLED_OFF (0) /* LED OFF level */
LED LAJL : OFF

/* User Setting */

#define cROTATION_CW (1) /* Direction: plus */
El#r/5ME : CW

#define cROTATION_CCW (0) /* Direction: minus */
[El#s5ME : CCW

#define cCONTROL_SINGLE (0) /* UART control: single */
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BEHIEE-R @ Bi{K
#define cCONTROL_UART (1) /* UART control: uart */
BEFIHETE-R : B(E

/* Speed Control Setting */

#define cAD_MIN (0x10) /* motor speed ADC min value */
VR1 AD 1 : &/IEE

#define cAD_MAX (OxF0) /* motor speed ADC max value */
VR1 AD f& : &RAXEE

#define CcSPEED_USER_MIN (10) /* [Hz] Min Target speed of motor */
E-H-EE : &/INEE 12H

#define cSPEED_USER_MAX (60) /* [Hz] Max Target speed of motor */
E-5-RE : RAEE 200 Hz

/* UART Setting */

#define UART _ch UARTO /* UART Channel */
UART FvxJL : CHO

#define INTERRUPT_TX INTTX0_IRQn /* UART Interrupt request */
UARTO XS EIDAHEK

#define INTERRUPT_RX INTRXO0_IRQn /* UART Interrupt request */
UARTO Z{EEIMAHER

#define cSEND_DATA_NUM (7) /* Send data size */
BIET— 98
#define cRECEIVE_DATA_NUM (6) /* Receive data size */

ZAET T
#define cUART_RECEIVE_WAIT (0x00) /* UART mode : data receive wait */
UART £—R : Z{ETTHS5
#define cCUART_ERR (0x01) /* UART mode : error */
UART £— R : 8{EI5—
#define cREQ_SYSTEM_START (0x10) /* System start request */
AT LEEERIVIR
#define cREQ_ROTATE_MOTOR (0x11) /* Target speed update request */
BREREEHERIVIR
#define cGET_MOTOR_ENABLE (0x80) /* Operating status */
E—45—81E EN/DI BYSOV> R(X A AT ATIIKRER)
#define cGET_STATE_EMG (0x81) /* Emergency status */
EMG A7 —%ZABUSIY> R
#define cGET_STAGE (0x82) /* Main stage */
A VAT—IBUSINR
#define cGET_CONTROL_CH (0x83) /* Control channel */
E-45—#lfH CH Bi§Iv >R
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#define cGET_CARRIER_FREQUENCY (0x84) /* Carrier frequency */
FrU7 —REIREEMS IV R

#define cGET_MOTOR_SPEED_MIN (0x85) /* Minimum rotation speed */
E=/\CIERZEEIV R

#define cGET_MOTOR_SPEED_MAX(0x86) /* Maximum rotation speed */
ERA[CEREEMSIV R

#define cGET_DEAD_TIME (0x87) /* Dead time */
FTYRYA LAEUSIY R

#define cGET_GATE_ACTIVE (0x88) /* Gate active */
J—=Nr7o74TBUSIRN R

#define cGET_POSITION_DITECT (0x89) /* Position detect */
S MATEUEIR R

#define cGET_VDC_VOLTAGE (0Ox8A) /* VDC voltage */
EBREBEHISIVR

#define cGET_INVETER_TEMP (0Ox8B) /* Inverter temp */
EEEUSINVR

#define cGET_U_VOLTAGE (0x80C) /* U-phase voltage */
U ABEEESIVIR

#define cGET_V_VOLTAGE (0x8D) /* V-phase voltage */
V HHEEEUSIVR

#define cGET_W_VOLTAGE (Ox8E) /* W-phase voltage */
W ABEEESIVOR

#define cGET_DAC_DATA (Ox8F) /* Daca date */
DAC 7 —#%E¢§IY >R

#define cGET_INTERNAL_AMP (0x90) /* Internal amp */
Mg 7> TRV R

#define cGET_DIRECTION  (0x91) /* Direction */
Bl A AEEMSIV> R

#define cGET_MODULATION (0x92) /* Modulation */
EFaib—2avBUsavoR

#define cGET_KEY_OPERATION (0x93) /* Key operation */
EIERHIEES IV RCX ARSI AT ATERERA)

#define cGET_MOTOR_SPEED (0x94) /* motor rotation speed */
Y- EERHEUSIV R

#define cEMG_STATE_EMG_H (Ox00) /* emergency status : over detect(hard) */
EMG X7—b : J\-R EMG

#define cEMG_STATE_EMG_S (0x01) /* emergency status : over detect(soft) */
EMG X7—h : YJM EMG

#define cEMG_STATE_EMG_I  (0x02) /* emergency status : curret detect error */
EMG 27—b : ERREERE

#define cEMG_STATE_EMG_DC (0x03) /* emergency status : over vdc */
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EMG X7—b : VDC £8

#define cCONTROL_CH_CHO (0x00) /* Motor control channel : ch0 */
45—l : CHO

#define cCONTROL_CH_CH1 (0x01) /* Motor control channel : chl */
-5l : CH1

#define cCONTROL_CH_CH2 (0x02) /* Motor control channel : ch2 */
45—l : CH2

#define cCCONTROL_CH (cCONTROL_CH_CH1) /* User Motor control channel */
{ERE—4— 4

#define cGATE_ACTIVE_H_H (0) /* Gate active : H/H */
5—=k79547 : H/H

#define cGATE_ACTIVE_L L (1) /* Gate active : L/L */
T—=N79747 /L

#define cGATE_ACTIVE_H L (2) /* Gate active : H/L */
J—=K79747 1 H/L

#define cGATE_ACTIVE_L_H (3) /* Gate active : L/H */
J—=k795747 : L/H

#define cPOSITION_DETECT_3SHUNT (0) /* Position Ditect : 3shunt */
SAINIAT L 33vh

#define cPOSITION_DETECT_1SHUNT (1) /* Position Ditect : 1shunt */

SAINIAT 0 13

#define cDAC_DATA_TMPREGO (0x00) /* Dac data : TMPREGO */
DACF—% : UHER

#define cDAC_DATA_TMPREG1 (0x01) /* Dac data : TMPREG1 */
DACF—% : V {BER

#define cDAC_DATA_TMPREG2 (0x02) /* Dac data : TMPREG2 */
DACT—4 : W t8ER

#define cDAC_DATA_THETAHALF (0x03) /* Dac data : theta.half[1] */
DACT—% : BxA

#define cDAC_DATA_IDREF (0x04) /* Dac data : Id_ref */
DAC -4 : Id UJ7L > X (BE&E)

#define cDAC_DATA_ID (0x05) /* Dac data : Id */
DAC 7—% : IdGRT1E(B)

#define cDAC_DATA_IQREF (0x06) /* Dac data : Iq_ref */
DAC 7—% : Iq VJ7L> A (BEE)

#define cDAC_DATA_IQ (0x07) /* Dac data : Iq */
DAC 7—%4 : Iq(GRT1E(B)

#define cDAC_DATA_OMEGACOMHALH (0x08) /* Dac data : omega_com.half[1] */
DAC 7% : ARE (BZE)
#define cDAC_DATA_OMEGAHALF (0x09) /* Dac data : omega.half[1] */
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DAC 7—% : ARE(GRIEE)
#define cDAC_DATA_OMEGADEV (0x0A) /* Dac data : omega_dev */
DACT—% : ARE(E)

#define cINTERNAL_AMP_NO (0) /* Internal amp : External */
N>« RKER
#define cINTERNAL_AMP_YES (1) /* Internal amp : Internal */
NE7> 7 EF8
#define cDIRECTION_CW (0) /* Direction : plus */
El#r/A5ME : CW
#define cDIRECTION_CCW (1) /* Direction : minus */
[El#x/5ME @ CCW
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11. FIH, F—HEHRDOILZ)
11.1 VE {ERAIC L BT NVFIE
11.1.1 3 >v> M
PWM FvU7 —EEER
(FEER)
AD NJA—FvU7—
(=) \/\/\/
Tl F—t g — FrU7—IVR

(FrU7—RRL) /(:\'—VUJ — k)

PWM F+)7y—
(=AK)

U #_E#8 Duty I | [ | ]

V 48 48 Duty 1 ] | | | |
W #8_E#8 Duty M M T 1
AD ZHa Il t-7-E5x 3. BEEE

l ve sz | 1

FrU7—-RRAT. FrU7—IDRT.

NS —% 57 HINNyTr—% B
11.1.1.1 FvVU7 -k
JEET] ST
PWM 3HEEE=AK
AD NJH— | OZEDR
11.1.1.2 9T WN\YI7—BEFILZ)
F—4 BERIL(Z)
PWM EHA (RATE) Fr)7—-IOR
Duty {& (CMPU,CMPV,CMPW) Fv)7—-I2R
NJH—i7& (TRGCMPx) Fr)7—RMA
HHEEE (MDOUT) Fv)7—-I2R
11.1.1.3 BIDA#HE9E
| DIAHEK N, LRI
VE Eae]) VE ANATS1-)i8 T
PWM (PMD) = 1[al, 2 @, 4 @BCE
AD BT =)k E-4H-ERx3. BREEOLTO AD TR T
AD NJ#i— — PWM tREIVSERE
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11.1.2 1 3v> MRl
PWM Fv!)7 —EiRER
(A1) R
AD M —Fv)7—
(=AK) \/\/\/
TP — A — Fr)7—IDR

(FPU7—RRL) /(:FT’U) — )

PWM £v)7—
(=AR)

U #8 48 Duty [ | T 1 1
V 48148 Duty | | | | | |
W #H_E4H Duty i i
AD Z#f gl' ] EEET
5B
1 teameo 1 :
FPUP-RMAT,  FPUP—IDRT. MIA-IU
N — &3 HOIT NIy Tr— =B
11.1.2.1 ¥vU7—iBhz
e RS
PWM 3MLE =M
AD Nfi— | DZEDR
11.1.2.2 9T WNYIT7—EBHILZ0Y
= EEIAZ
PWM EHi (RATE) Fr)7-IR
Duty 18 (CMPU,CMPV,CMPW) FpJ7—IR
NS —fIi& (TRGCMPx) FrU7—MbA
HEE (MDOUT) Fv)7-IR
11.1.2.3 BIDAHB9E
Z|DIAHER Z|D1A G R
VE Fra] VE ARATT1- )& T#
PWM (PMD) =ik 18], 2 8], 4 [BICE
AD ZHHR T it BIREED AD B T#
AD NJH— — PWM ¢ EIUSERE
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12. RUIISI RSN -

12.1IPF=J)
RYTTIIRSA)N=API [CES YA I EBEIFEL S 29— DR— AT RLAZEEZLET .

12.1.1 F-518&

12.1.1.1 Ipdrv_t

Data Fields

TSB_VE_TypeDef* const VEX : VE 7RLAZEIRUE Y,
TSB_PMD_TypeDef* const PMDXx : PMD 7 RLAZZEIRUE Y,
TSB_AD_TypeDef* const ADXx : AD 7RLZZ&EIRUET .

12.2 AIMVIYS> (VE)
12.2.1 BastiR

12.2.1.1 IP_VE_init

VE ¥JHEAESE
API :

void IP_VE_init(TSB_VE_TypeDef* const VEx, VE_InitTypeDef* const _initdata)
51E8 :

VEX : VE 7RLAZEIRLEFT

_initdata : VE #¥JHAERET —IH8iEA

S 12.2.2.1 VE_InitTypeDef Z&88U TZE0\,

P4EE -

VE O¥JEREREZITVET .
fie :

VE {Z1E. BIDIAHEEIETIEA TZEW,
RDIE :

2L

12.2.1.2 VE_Start

VE R5—h
API :

VE_Start(const ipdrv_t* const _ipdrv)
SIEK :

_ipdrv : IP F=JIL7RLRZEIRUET
PRE :

VE ZBaLE T,

weE:
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$EHIRU
RD{E :
U

12.2.1.3 VE_GetPhaseCurrent
HEEROES
API :
void
VE_GetPhaseCurrent(const ipderv_t* const _ipdry,
ql5_t* _ia, q15_t* _ib, q15_t* _ic)
S1EK :
_ipdrv : IP T-JIL7RLZ%#IRLET
_ia : a HERZBINT IEET RLAZRTELE T,
_ib : b HHERZAGINIT REZ I RLUAZRTELE T,
_ic: clHERZBINT IEET RUAZRTELET .
P4EE -
ZHEOERMEZEUSLET .
a 18I U 4BER1E. b #8(C(3 V ABERME. c HHIC(E W BERIEHIAADET,
flie :
1FICRU
RDIE :
2L

12.2.1.4 VE_GetCurrentAdcData

&t AD {EEUS
API :
void

VE_GetCurrentAdcData(const ipdrv_t* const _ipdry,
uint32_t* _adc_ia, uint32_t* _adc_ib, uint32_t* _adc_ic)
51EN :
_ipdrv : IP T=JIL7RLAZEIRUET
_adc_ia : a tBE AD [BZA&INT LT RLAZHELFT .
_adc_ib : b 1HE7 AD EZA&HNT 2L L AZETELFT .
_adc_ic: Cc tHER AD BZA&HN I 2 EE T RLAZHELE T,
BRE :
IAADCx. IBADCx. ICADCx L' RA—DiEZZHDE AD {BICBISLE Y.

e :
HFICRU
RDIE :
BU
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12.2.1.5 VE_GetdataFromVEreg
VE L2 RA—-F7—5BS
API :
void VE_GetdataFromVEreg(const ipdrv_t* const _ipdrv, vector_t* const _motor)
S1EK :
_ipdrv : IP 7=JI7RLRZEIRULET
motor : N NUEIEHIZ 2SR T RUAZEIRLE T,

BEHE :
VE LS29-NSE-4—-BRERE Vdc. d BHEE Vd. q #hEE Vq. d BETR Id. q BHER Iq OEERY
NUHIEID R ZELNBIRLET .
Duty T&ICEDERMEL TERVIAZDITIE. d BHEER 1d. q BHETR [q OfE%Z VE LS ZF—AFIEHEH
BzEECHET.

e :
BFCRU

RDIE :
RU

12.2.1.6 VE_GetPWM_DutyMed

Duty FREHEEYS
API :

uint32_t VE_GetPWM_DutyMed(const ipdrv_t* const _ipdrv)
51¥ :

_ipdrv: IP 7=JIL7RLAZ&EIRLET
BHE :

U. V. W 48 Duty fEQHEDEZEELE T .
g :

1FICRUL
RDIE :

Duty HfElfiE

12.2.1.7 VE_GetOutPutMode
PWM L IARRES
API :
int VE_GetOutputMode(const ipdrv_t* const _ipdrv)
S1¥K :
_ipdrv : IP 7=JIL7RLZA%Z#IRLET
BRE :
PWM HIREEZEIS
fie :
1FICRU
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RDIE :
PWM jREE OCRMD_OUT_OFF : i3 OFF
OCRMD_OUT_ON : /3 ON
OCRMD_OUT_ON_LOWPH : F4H®D# ON

12.2.1.8 VE_SetdataToVEreg_Stop

VE LZRF-A\DOT—7twh (Stop)
API :
void

VE_SetdataToVEreg_Stop(const ipdrv_t* const _ipdrv, const vector_t* const _motor)

S1EK :
_ipdrv : IP T-JIL7RLZ%#IRLET
_motor : RINLHITHZER OSSR T RLAZHELET .
BEHE :
{Z1EIRRED VE LRI — DR TENIREZITVET,
EREET A AR EL SR - REDYEMEZITVET,
e :
FFICRL
RDIE :
N,

12.2.1.9 VE_SetdataToVEreg_Bootstrap

VE L2 29— D7 —7tyh (Bootstrap)
API :
void
VE_SetdataToVEreg_ Bootstrap(const ipdrv_t* const _ipdrv,
const vector_t* const _motor)
SI¥K :
_ipdrv : IPT=J)7RLRA%ZEIRUE T,
_motor : RINLHITHZELR OSSR T RLAZHELET .
BHE :
J—RARSYTIREED VE LS RI-ADRELIEZITVET,
VE Tl&. 24 BZFHANDOENEFEZ 0 £FBET. LAIFZT ON &R 2 i HLET,
e :
FFICRU
RDIE :
NG,

12.2.1.10 VE_SetdataToVEreg_Initposition_i
VE LS29-A\DF—#tyh (Initposition EFRHIHASA )
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API :
void
VE_SetdataToVEreg_ Initposition_i (const ipdrv_t* const _ipdrv,
const vector_t* const _motor)

S1¥K :

_ipdrv : IP T=JIL7RLAZEIRUET

_motor : NINLEHHZEOREERT RUAZRELE T,
PRE :

ERTEIEE DA BERDIREED VE LS RI—-A\DETEYIRZITOETD,
fie :

FFICRU
RDIE :

B

12.2.1.11 VE_SetdataToVEreg_Initposition_v
VE LS29-A\DF—#tyh (Initposition EEHITEHASA )
API :
void
VE_SetdataToVEreg_ Initposition_v (const ipdrv_t* const _ipdry,
const vector_t* const _motor)

Bl%K :

_ipdrv : IP T=JIL7RLRZEIRLET

_motor : NI NLFHITEIZE OISR T RUAZRELE T,
BEEE :

BE B O ERDIREED VE LS RI—-ADETEUIEZITOET,
fie :

FFICRU
RDIE :

AN,

12.2.1.12 VE_SetdataToVEreg_Force_i
VE LS2A-A\OF7—-7tyh (&HIEmm BRGNS
API :
void
VE_SetdataToVEreg_Force_i (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
51¥K :
_ipdrv : IP 7=JIL7RLZA%Z#IRLET
_motor : NI NLFHITHZEOESAET RUAZERTELE T,
BRE :
BREEEL OsRFERFARRED VE LS RAI—A\DHEAIRZITVET
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flije :
FFICRU
RDIE :
B

12.2.1.13 VE_SetdataToVEreg_Force_v
VE LS2A9-A\DOF7—=7tyh (G&HIERm BEHIES(T)
API :
void
VE_SetdataToVEreg_Force_v(const ipdrv_t* const _ipdry,
const vector_t* const _motor)

5l¥K :

_ipdrv : IP 7=JIL7RLZZEIRLET

_motor : NI NUEHHZEOEERT RUAZZELE T,
P4EE -

EEFIHRORHETRIREED VE LS RI-ADREYIRZITVET,
e :

FFICRL
RDIE :

N,

12.2.1.14 VE_SetdataToVEreg_Change_up
VE LSZA-A\DT-5tybh (FI>27v7)
API :
void
VE_SetdataToVEreg_ Change_up (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
SI¥K :
_ipdrv : IPT=J)7RLRA%ZEIRUE T,
_motor : RINLHITHZELR OSSR T RLAZHELET .
BHE :
FIOSTYTIREED VE LRI -ADEENIEZITVET
e :
1FICRU
RDIE :
R

12.2.1.15 VE_SetdataToVEreg_Steady_A
VE LSZ9-A\DOF -3ty (&)
API :
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void
VE_SetdataToVEreg_Steady_A (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
S1¥K :
_ipdrv : IP 7=JIL7RLRZEIRUET
_motor : NI NLFIFHZEOEERY R AZRELET .
BRE :
EFEIRRED VE LRI —-ADETELIEZITVET,
fie :
1FICRU
RDIE :
U

12.2.1.16 VE_SetdataToVEreg_Emergency
VE LZRA—-A\DF—Ftzybh (EMG)
API :
void
VE_SetdataToVEreg_ Emergency (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
51E8 :
_ipdrv : IP7—JIL7RLAZERLET.
_motor : RN HHZZOEERT LU AZETELET .
BHE :
Emergency ARRED VE L RA—ADEEAIEZITOE T,
g :
FFICRU
RDIE :
12U

12.2.1.17 VE_SetZeroCurrentData
COERNTE
API :
void
VE_SetZeroCurrentData(const ipdrv_t* const _ipdry,
uint32_t _z ia, uint32_t _z ib, uint32_t _z ic)
SIEK :
_ipdrv : IPF=JIL7RLAEEIRLET,
_z ia: afBYOFER AD BZZELE T,
_z_ib : b #BEOER AD BZEELET
_z_ic: cHHEYOER AD BZ:RELE T,
BERE :
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YOERRD AD fig% VE L ZY—CHELET

iR :
BFCRU
RDIE :
RU

12.2.1.18 VE_SetVDCreg
DCYU>YJ&HE Vdc OFTE
API :

void VE_SetVDCreg(const ipdrv_t* const _ipdrv, q15_t _dat)

S1EK :
_ipdrv: IP 7—JIL7RL2%&ERUET .
_dat: T-45-0EFEEXZHELET.
Hae -

E-H-DEREEZ VE LI RI—(FEELFT .

flie :
¥EICRU
RDIE :
U

12.2.1.19 VE_SetModulType
EHEAHRBE
API :

void VE_SetModulType (const ipdrv_t* const _ipdrv, uint8_t _dat)

51EN :

_ipdrv : IP 7=JIL7RLAZEIRUET
_dat : ZIRAXZRELEFT
HEE

ZiAAE VE LSRI—GRTELET,
g :

FFICRU
RDIE :

RU

12.2.2 F—-51@i&

12.2.2.1 VE_InitTypeDef

Data Fields :

uint8_t ve_ch : RMINLI>S>FvRIL
0:FvxILO
1:FvxIb 1
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uint8_t shunt : Sv> M
3:33v>b
1:13v>h
uintl6_t pwmfreq : FrU7—EiKEEL
uintl6_t reptime : UE—RNEIEL(1 to 15)
uintl6_t trgmode : E&RIH—
TRGMODE_UNITA : ADCA PMDO hJ#j—[EHAZ & T ZID1A A CHEED
TRGMODE_UNITB : ADCB PMD1 N —[ERAZ#3R T DA H CHCED
uintle_t tpwm : PWM JEIHARSR (4B #EREIR)
VETPWM LS5 —(C5%TE T BB
uintl6_t idkp : d SHERBIEILLHIST 1>
uintl6_t idki : d ESWERBIEED T
uintl6_t igkp : q #HERHIEILLGIST 1>
uintl6_t igki: q BERSIEEDT1>
uintl6_t  zerooffset : YOERATEZY S

12.3 T-4Y—#l#E (PMD)
12.3.1 BIgLIE

12.3.1.1 IP_PMD_linit
PMD FJEAERTE
API :
void
IP_PMD_init(TSB_PMD_TypeDef* const PMDx, PMD_InitTypeDef* const
51EN :
PMDXx : PMD 7RLAZZERUE T
_initdata : PMD #JERE&ET —FHEiEik
¥4 12.3.2.1 PMD_InitTypeDef #&88L T<EEL,

p4Ee :

PMD O#JHAEE EZITVE T
e :

PMD {Z1E. BIDIAHZEIETHATIZEW,
RDIE :

BU

12.3.1.2 PMD_GetEMG_Status
EMG {REIRREEUS
API :
emg_status_e PMD_GetEMG_Status(const ipdrv_t* const _ipdrv)
BlEL :
_ipdrv : IP 7=JIL7RLRZEIRUET

_initdata)
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BERE :

EMG fREIREZEUSLET
iR :

FFICRU
RDIE :

emg_status_e : EMG {R:&IXEE
cNormal : [F&E
cEMGProtected : EMG FE4(CLD PWM HADZE1E

12.3.1.3 PMD_ReleaseEMG_Protection
EMG fREEIRREHERR
API :
void PMD_ReleaseEMG_ Protection(const ipdrv_t* const _ipdrv)
B1EL :
_ipdrv : IP 7-JIL7RL2%#IRLET

piee :

EMG {REEIRREZREIRLET
e :

COREEEIFATE, MDOUT A0 hD EMG /R— MY H DIRRETRV\E | REEIRBE(EARBRENEE Ao
=D :

U

12.3.2 7—518i&

12.3.2.1 PMD_InitTypeDef

Data Fields :
uint8_t shunt : >v>hA S
3:33v>h
1:13v>h
uint8_t poll : L B4
0 : L active
1: H active
uint8_t polh : H =4
0 : L active
1: H active
uintl6_t pwmfreq : PWM EiEEL
PMDxMDPDR (CF%TE 9 3B
uintl6_t deadtime : 7Y RY1 LBFR-E
PMDxDTR (CE%TE I 2B

12.4 730953902 )IN-49— (ADC)
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12.4.1 Ba¥LH

12.4.1.1 IP_ADC_.init

ADC #JHAESE
API :

void IP_ADC_init(TSB_AD_TypeDef* const ADx, AD_InitTypeDef* const _initdata)

S1%K :
ADX : ADC 7RLRAZEIRUE T
_initdata : ADC #JHAERTE T — ISR

FEil(E 12.4.2.1 AD_InitTypeDef #5880 <0\,

BRE :

ADC QIR EZATVET
flie :

ADC fZ1E. EIDIAHZEIE TIFATIZEL,
RDIE :

N,

12.4.2 7—-518i&

12.4.2.1 AD_InitTypeDef

Data Fields :
uint8_t shunt: Sv>MMAS

3:33v>h

1:13v>h
uint8_t iuch : U HBEREWDIAH AD FrRILES (3 v MA)
uint8_t ivch : V #EEREDIAH AD FrRIVES (3 v M)
uint8_t iwch : W HEREWIAH AD FrrILES (3 v hH)
uint8_t idcch : DC EBIREWIAH AD FrRILES (1 v MA)
uint8_t vdcch : E-4—-EIREXE Vdc BiDiAH AD FrRILES
uint8_t pmd_ch : fEAH9% PMD FvJLiEIR

cPMD : PMD Fv%Jl 1
uint8_t pints : PMD N —FBZINAHiEIR

cPINTS_B : ITTADxPDB

12.4.3 VE EE#HY(IVAEE (mcuip_drv.h)

12.4.3.1 PMD
MDCR L 25 —5ER
E#RE TEEROER EIRT -4 BEIRT —HIDEIR
cPWMEXCLK | PWM EIERER PWMCK_NORMAL B EA
E-REE PWMCK_4FOLD 4 {5EHA
CPWMSYNT A—hEDE-R SYNTMD_O
SHIE SYNTMD_1
© 2024 74 | 81 2024-04-16

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179d-SWGUIDE-01

CPWMSPCFY | 37—57(—F—R DTYMD_COMMON 3 HE
BIR DTYMD_INDEPENDENT 3 A8
cPWMINT PWM Z|hAHE | PINT_BOTTOM PWM 1) 7 —RhATEIDIAHERF
KILTDBIR =2
PMD1MDCNT<MDCNT[15:0]> =
0x0001
PINT_TOP PWEM )7 —-E—-ITEINIAHER
¥
PMD1MDCNT<MDCNT[15:0]> =
<MDPRD[15:0]>
CPWMINTPRD | pWwM ZIDiAHE | INTPRD_HALF PWM 0.5 BEHICEICEIDIAHER
SRIEHEEIR INTPRD_1 PWM 1 EHACE(CRDAHER
INTPRD_2 PWM 2 EHACEL([CEIDAHER
INTPRD_4 PWM 4 BERACE(CEINIAHESR
cCPWMWAVE | PWM FvU7— PWMMD_SAWTOOTH Tv> PWM, JIEUE
RALEIR PWMMD_TRIANGULAR > 49—PWM, =ik

MDPOT LAY —s5EMA

EHE TEHOELR E|IRT—4 BIRT —HDELK
cPSYNCS MDOUT S E #53% | PSYNCS_WRITE PWM JEEHR (ESIAHFICRIR)
HALZ) 38R PSYNCS_BOTTOM FrUT7—RMA

MDCNT=1
PSYNCS_TOP FrU7-E-7
MDCNT =
PMDxMDPRD<MDPRD>
PSYNCS_BOTTOM_TOP Fr)7-E-IBLUFrUT7—RBA
MDCNT = 1 S R
PMDxMDPRD<MDPRD>

PORTMD L X5 —s%EMH

EH

EHDEIR

EIRT -4

BEIRT IO

cPORTMD

Y=L TL—IKED

PORTMD_ALLHIZ

48 High-z / F48 High-z

N— MBI TE

PORTMD_UHIZ_LON

48 High-z / F48 PMD 73

PORTMD_UON_LHIZ

48 PMD 173 / F4H High-z

PORTMD_ALLON

48 PMD 473 / F48 PMD HiH

TRGCR LIRS —FSTEH

EHH EBOER EIRT -5 EIRT - DK
CTRGMD_3SHT | 3 3¢> N&ONJ# | TRGMD_DIS N -
—51227 TRGMD_DOWN AN NED—ERT NI -
TRGMD_UP PYTHI> MEO—ETAA—HH
TRGMD_UPDOWM TYT/ IV NI MESCNIA—
TRGMD_PEAK PWM F+)7—E—JThH—H

TRGMD_BOTTOM

PWM U7 —RhAT R —HH

TRGMD_PEAKBOTTOM

PWM Fv)7—E—J/RRAT M-
H7

TRGMD_DIS7 NUH -2
CTRGMD_1SHT | 1 3+v> NiEORNJA | TRGMD_DIS KU — i H2E -
-4 TRGMD_DOWN AN MREO—ETNA S
TRGMD_UP 7YTHhD> NEO—ELTNA -
TRGMD_UPDOWM 7Y/ R NEIC N -
TRGMD_PEAK PWM F+U7—-E—-JThH - F
TRGMD_BOTTOM PWM Fv)7—RbATNA-HH
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TRGMD_PEAKBOTTOM

PWM Fv)7—E—J/RRAT NG —
7

TRGMD_DIS7 NJH - 2RI
cBUFSYNC | {y77—03FFEH | TRGBE_SYNC ESES
ET TRGBE_ASYNC JEEHAE

TRGMD L RXA—EM

EE& DR EIRT -4 BIRT —SDELR
cEMGTGE EMG {R:E&h{E+ | EMGTGE_DISABLE (REEENVERS N — B 28
DHNFFEITE | EMGTGE _ENABLE IREEBNVERS NS — D]
EMGCR L X5—5%EH
EE EEDELR EIRT—4 EIRT —HDELR
CEMGCNT EMG AP 0 ~ 15 RERL AN (EMG) OJAARE
ST BFREIERE
CEMGCNT x 16/fsys
cEMGCNT >=0 ~ 15
"O"ERERF (LA XTI EZI—-T B
cINHEN YL JL—7850 | INHEN_DISABLE =
e/ INHEN_ENABLE Ease|
CEMGMD EMG REE—R EMGMD_ALLHIZ EEA e P P
IR EMGMD_UON_LHIZ 2 FEAY /2 TFHEIAAE-F2R
EMGMD_UHIZ_LON 2 FR)\A12E-F>R /2TFHEA>Y
EMGMD_ALLHIZ2 PAR)\A(E-HF>R
OVVCR L Z5—E%EHR
EE& EEDEE BEIRT—4 EIRT - DELR
cOVVCNT OVV AH&EH 0 ~ 15 OVV AHND /A ABRERFRIFETE
iS5 cOVVCNT x 16/fsys
cOVVCNT >=0 ~ 15
"O"SETERFIS 1 (CRDFT,
CADIN1EN ADC(1-vhB) | ADINIEN_DISABLE AP
ESfAMEEE 1 AEF | ADINIEN_ENABLE AFIEFT]
aJ
CADINOEN ADC(1=wkA) | ADINOEN_DISABLE A
ESfRBEEE 0 A75F | ADINOEN_ENABLE AFIEFA]
aJ
cOVVMD OVV REE-R OVVMD_NOCON D HIAERL
4R OVVMD_UON_LOFF 2 A 2 AT
OVVMD_UOFF_LON 2 FHEAD, £ TFHEA>
OVVMD_ALLOFF AT
cOVVISEL OoVV igF AN OVVISEL_PORT R—KAS
It OVVISEL_ADC ADC E5fR{ES
cOVVRS oVV {R#&JREENS | OVVRS_NORMAL REIREENS DB ENMEIRZE L
18w OVVRS_AUTO REIREENS DB ENEREFA]
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12.4.3.2 VE
cTADC

FMODE L2 RX49—3EMH

139> b T PWM A AD ZEHaBFfE ZERTEL TKEEW,

EH EFDEIR ERT -4 BEIRT —IDER
CMREGDIS SIN/COS/SECTOR | MREGDIS_EFFECTIVE (=R
BIEMERERER MREGDIS_NOEFFECTIVE i)
CADCSEL1 VE Fvx)L 1 ADCSEL_UNITB d1-vkB
ADC I1ZyhE&EIR ADCSEL_UNITAB J-yhAB
CcADCSELO VE FvxJL 0 ADCSEL_UNITA d-vhA
ADC I1ZyhE&EIR ADCSEL_UNITAB J-yhAB

MODE LY R5—3=EH

EH EFDEIR BEIRT -4 BEIRT —HIDER
cZIEN POERARESIE | ZIEN_DISABLE BEERRE
ZIEN_ENABLE POER&H
cPVIEN SZAE##5 R 1 PVIEN_DISABLE ZiE
PVIEN_ENABLE 8]
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13. {3ix

13.1 BE/M 08
ARG TIVYINIG, NEEB REE/IIRTITOTVWEI DT, BE/NIEEICOVWTHIEM CERBALE T .

13.2 IEH{E (Normalize)
ERIbEET =92 —EDIN— UM TERLT —7%2FBULPICITZETT,
A1 TR EMZFSEYN (0 (FE. 1 E8) LU RODEYRDBII/NMIRZEE. FLEDT-INRD53
EADE (0x7fff) % 1. &/)\OfE (0x8000) %Z-1 ERBLSCIEFRUEZITVET,

11)
rEE= 1V

v

1511413

12

1110 9

INERALE

9 16 EY =5 Dl

ARTHLOTEERT —IDRADEZ cA_Max EEELTHH. HIZ(E 16 EyhERT -1 Ox7fff DIFE(E
A_Max(A). 0x8000 DIZE(F-A_Max(A)ERXDET,

13.3 7=9TA=Yh

K7 TV —23> 09— HIE CEREE NI REEZITOTVET,

BIE/NSREE T/ NER D OEY Mz Q REE (Q IA—Vyh) TRULET,

HEARN(C(F 16 EybT—IDIFEE Q15 TA—<yb (NEERS 15 Evh), 32 EybT—AD5E(F Q31 TA—NY

b (BB 31 Evh) TEEZITOTVEY,

INIA—=RYNTRI CEDTEMMEETA Y MIEDERDFT

xR 2 HEE (16 EYN) M&OA-Ivh

Q JA—Xwh INEREY hK IEDEAAE(0X7FFF) B0&KE (0x8000)
Q15 15 0.999969482421875 -1
Q14 14 1.999938964843750 -2
Q13 13 3.999877929687500 -4
Q12 12 7.999755859375000 -8
Q11 11 15.999511718750000 -16
Q10 10 31.999023437500000 -32
Q9 9 63.998046875000000 -64
Q8 8 127.996093750000000 -128
Q7 7 255.992187500000000 -256
Q6 6 511.984375000000000 -512
Q5 5 1023.968750000000000 -1024
Q4 4 2047.937500000000000 -2048
Q3 3 4095.875000000000000 -4096
Q2 2 8191.750000000000000 -8192
Q1 1 16383.500000000000000 -16384
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[ Q0 0 | 32767.000000000000000 | -32768 |
& 3 BRE (32EYM) MIOA-IYDH
Q JA—<vh INEREY N EDSRANB(0x7FFFFFFF) ansAE (0x80000000)
Q31 31 0.999999999534338 -1
Q30 30 1.999999999068670 -2
Q29 29 3.999999998137350 -4
Q28 28 7.999999996274700 -8
Q27 27 15.999999992549400 -16
Q26 26 31.999999985098800 -32
Q25 25 63.999999970197600 -64
Q24 24 127.999999940395000 -128
Q23 23 255.999999880790000 -256
Q22 22 511.999999761581000 -512
Q21 21 1023.999999523160000 -1024
Q20 20 2047.999999046320000 -2048
Q19 19 4095.999998092650000 -4096
Q18 18 8191.999996185300000 -8192
Q17 17 16383.999992370600000 -16384
Q16 16 32767.999984741200000 -32768
Q15 15 65535.999969482400000 -65536
Q14 14 131071.999938965000000 -131072
Q13 13 262143.999877930000000 -262144
Q12 12 524287.999755859000000 -524288
Q11 11 1048575.999511720000000 -1048576
Q10 10 2097151.999023440000000 2097152
Q9 9 4194303.998046870000000 -4194304
Q8 8 8388607.996093750000000 -8388608
Q7 7 16777215.992187500000000 -16777216
Q6 6 33554431.984375000000000 -33554432
Q5 5 67108863.968750000000000 -67108864
Q4 4 134217727.937500000000000 -134217728
Q3 3 268435455.875000000000000 -268435456
Q2 2 536870911.750000000000000 -536870912
Q1 1 1073741823.500000000000000 -1073741824
Q0 0 2147483647.000000000000000 -2147483648
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13.4 BIE/NIRTORE
BE/NEROMANEETE. &, RBFZOFFBYETOLICERTESEIN, RE. BRETIHESE
RONIRAIBNZEALT D128, T/ INRAIE R T UENNE(TIRDET
(1) &®E
INSTA—-RYNEEOREDIHE. HIZ(E QL5 IA—Yyhr—7%2REIIIHE. EREIMEHEE Q30
TA=XYNIRDFET , Q31 TA—YY T —INNEREE(T, EEER%E 1 EYNMLITINIBETENE
& Q31 JA—<XYNIRDFET,
Q15 * Q15 = 2715 % 2715 = p(15+-15) _ 530 _ 339

(2) BRE
INSDA-RYNELORREDHZS. FIZ(E Q31 JA—¥ybz Q15 Ay CHET 35S, ERE
Q16 IA—RYNCBDFET . Q15 TA—NY T —INNEREE (T, EBEAICEREZ 1 EyhaES I3
ET. Q15 TA—YNT—HRGZENTEET,
Q31/ Q15 =271/ 21 = 2031~ = 2716 = 16
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CFIREY

ARRE BEREFZT A ZAJAMN —DHAEE (UTFIEEIEVVEFT) LORT, B ERRmEERUE
WEHETIBRCBEBERDRF XD NRUT -9 (UTFIRYTFLOZATHAY1EVWWET) OERICEET 2% M42EDHZEDT
¥ BEREIAFHZETURINERDER A,

$1% FRIULFH
HEROREIFIAG, LTo@EdTY,
1. RUIPLYATHA U, et OB ET — LU THERIN AL ZRRUTWET, SRRMEREERE. ENUSIOB/IC
(FEERLRBRNTLZE,
2. K)IPLOAT YA V% ERGE. BE. B5FLRVTIZE,
3. KUIPLOATHA [} BIRE - 208 - s8BHSAR EOMMRIBHA(CHMERTEZ R A,
4, KUYIPLOZATHA 2% ERSOES. RRBIRUGBCLD, RUE. £, IRFeeZE SN TOSRmIERULBWTE
(AN

55 25 (REIBIPRSE
1. KUIPLOZTHAU(E, MiOESRECEDFERUICEEFEINZENHDFET .
2. RUIPLIATHA VIS ERDT-HTY, Hitld, T-9RPIBEROIERES. T2 MECBELT—I0RIEEVLER
Ao
3. FERRFIIEREBULOEPELID T RENHDNET . KUIFL O ATHA D2 S E (CHIRNETZITIHS (. SR/EENTD
BPEIC LD - BR - IENMEEINDEDRVESIC, BEFRODBELCHVT, BEFRON-RIIT-YINIIT - S AT AIC
MBRLZ R RITICEEPFEVLET . 2. AN TO R EARRF(CEHIIROEHR CEEMMEFENE) ORIy
DEE. TN TIVT—23> ) MRE) #THERO L. NS TZEW,
4. KYITPLOATHA 2 SE (MRS T2ITIHE E SATARARTHDISGHEL . BEFROSE(CHVTCERRIEZH
LT &V, St ARSI EFEEEVERA.
5. KYI7LYRATHA (3 TOERICERU THARUE=E ORI EAEZ DAMOEF (XTI R X (IKRIEAEDFea%E
ITHOEDTEHDER A
6. St RAUTFPLOZTHA UL T, BEIRICBERINCE—UIDRIE (BEBEBNMEDIREL. IBmIMEDIFRL. ¥ EB
BINDEEDREE. 1BIROIEHEEDRE. 2 =EDIEFDIFEZRIMZSONNIIRSR, ) 28T FeHttE K
TPLATHAUICEAT2—IDEE (RFEE. ERVIEE. FRIESE. (IRIIEE. REAFIZ. HBK, (A28
£, FARKEZSONTNIRSR, ) ([OEF—tHInEFEZEVERA.

5 3 & ZHRAmE
ARUITPLYRATHA %20~ RRMEA T B2 6T BEREARHNICERBUEDEHBENET AR T ER
UICEENZZENHDET . L BAOIEZRINDT VDO TOARIR N ZERIR T LN TETT  AARKINEIRSNS
Bld BEREERITFPL AT A V2 BREURIINERDER A SHICHHNERULISECE. BEREEELCLZEET
HEEZ A CIRELRINERDER A,

Fa4x GiHER
BERGARIIFLOATYA V%, RERIRRSZORFEZOEN. EFFAOEN. H3V\IZOMESREOBNTHEA
UTERBDFEA. T SERRMIERBRUNNEESE | RESHEERA 1%, @RHMEEEESTETUR
FNERDER A

56 5 & X
ARRFIDERLEFAAEELET .

56 6 & EEEHIFR
KUTPL AT AT 22 TOMRICONTIE., BIERDEDH BV RO RS H Pz — B OB B EESFIFTEL
ia_o
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