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® 1
*2.
% 3.
* 4.
# 5.
*6.
®7.
*s.
*o.
#* 10.
* 11,
* 12
* 13.

* 14,
* 15,
#* 16.
*17.
* 18,
#* 19.
#* 20.
* 21,
* 22.
* 23,
* 24.
* 25,
#* 26.
* 27,
#* 28.
* 29,
#* 30.

St RLIAAEAZAE 2] 2 ROM LB 2R (oo 8
I e s SRS 11
FEEIRTE TE M vttt sttt ettt s et R e e s et et Re et et e R et n e te s ne et e e ete e enenreneas 13
FERUBEUTETE S oot 14
IRBIEEBELTE TE S vt 19
LB BT TE X o 20
JEITATE A DRI .. 24
FEATLAZE S AH JEH BT BRIZE v 26
FELIZE ARSI BITR oo 26
BRI OB TW 0 oottt ettt st re e 29
BRI MNIC_PATAM_INIt.cviiviiiicteceeceece ettt ettt ettt ettt re et aeeteebeebeebeeaeeaeeaeeaeenea 29
R o] (o oo g1 o] | =Y TSRS 30
BRI CUITENT_AULO_TUNING ..ottt ettt ettt re e aeeaeeteebeebeereeaeeaeeaeeaeeneas 30
BRI @EANZ_FIXEO ... ettt ne e 30
o [ 1)L PSSRSO 31
BRI PAraM_IdENLTY ... eveieicccciesie ettt ere e aeene s 31
BRI PAram_i_PrOCESS........cuiviieiiiieiete ettt sttt sttt s et eae s ese st s ese s eneere e 31
BRI current_read_fOC_LSNUNT .......c.oiiiiiice e 32
PR rds_auto_ CaliDration ...........ccceeueieuiiieieieiee ettt 32
PR enc_speed_get MTMENOM ........c.cceiiiiiiiiiececece et 33
BRI ZI POSItION_CMA_TAMP ..ttt sb et et sbeereeaesreeaeeaeeneas 33
BRIZL Nall_rotor_angIe QBT .......ceeuiieieeieeeeeeeee ettt eaea 34
PR 2L hall_delta_theta_ CalCUlAtioN...........ccoiieiiereeiecee e 34
BRI SVPWIM_SSNUNL ...ttt ettt ettt ae et aeeaeeaeeseeseeneeseeseenea 34
BRI SVPWIM_ 2SNUNL ..ottt ettt nn e 35
BRI SVPWIM_LSIUNT ..ottt er e reeseeneeneeneenea 35
BRI PWIM_SNIFL ....vvceiecc ettt enens 36
BRI fOC_CIrcle_lIMItation .........ccviiuiiiccie ettt et 36
SR (o Yol oI 1113117 i) o OO 36
E RS - L (0] oI o] o 1=Y 01 o o] o USSR 37
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* 31
* 32.
#* 33,
* 34.
#* 35,
% 36.
* 37,
% 38.
#* 39,
#* 40.
41,
* 42.

% 43.

BRI Startup_alPNa AXiS .......cciiieiieciciie ettt ettt ettt ettt et et te et eereenans 37

PR flag_status startup_angle_iNit..........cccceeveiieeeceieecceee et 38
PR %L flag_status startup_angle_iNit2 ..........c.cocveieeieiieecccecee et 38
PRIZL foc_Sensorless_angle iNit...........cccceciieiiiiiecececeee et 38
BREL current_angle_init_ SSNUNL..........couiiiiiiicie ettt 39
B current_angle init_ 2 ISNAUNT.........c.c.oiioiiceeeeceee et 39
BRI ODS_ Pl _EXECULE ...ttt ettt ettt et et e et esteenaeeteentesseennens 40
PRI rOtOr_angle_SENSOMESS.......c..c.ecuieuiieieeieieeecte ettt ettt ettt ettt re et eaeeaeeaeereene 40
BREL calc_adC_SamMPIE_POINt........c.eciiiieeiecieeie ettt ettt te et e te e ere e 41
PRZL bldc_sensorless_angle_iNit............ceoiciiiiiiicieececeee et 41
BRI angle_init_eStMAtioN ...........cooiiiiiicce ettt ettt e eaeeneen 42
PREL change_phase_Period_FamMp .........ccceiiieeuiieeieece ettt enea 42
SERSRRZR T B oo 45
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K 1. AT32F413RCT7 22 ROM LB (ATB2IDE)......ooceeceeceeceeieeieseseeseeseeseeseesiesies s sse s 9
B2, LRI BRI oo 10
B 3. EEHLEZE SCREZE I oot 10
B LA, il as ABZ A5 T IIE R it 21
Kl 5. PMSM Jx L% ERREH B A MR REI(HALL_LEARN_DIR=0) ...coootiiiieiiceeeeeeees 22
Kl 6. BLDC /R %4 E/RIRA S MOS SR ML R oo, 23
N 1 SRS 44
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R R BEE EE AT

HARbL: =HKBEFD BBl CERERIHE S
P

B FOC K&l

B 120005 iR

= PWM i
E SVPWM

B 120°FiH PWM 4

A PRSI AR 2K

B =R AR AR

I QN e R ol

W AR A A 5 2K

LB R
LRV s e
R

Wi T EAL AR
B R R ER T IE A AL
B P R R TR A R A

FOC 5% B3 (1% 10 B AL M A
B 4% 4k I8 (Luenberger observer) . B it i

12007 A2 il Ay 7 - B A A
W BRI R A T AR

B ADC forill o B4 Z 50 i

A 15 ds FOC sZ il
B R REE
B RRE (B ETE)
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2 HNEHEE

AT32H L ERE 1R R

2.1 TSRS
BRI H AR PMSM(BLDC)HLHL. AT-Link BUES =5 IR R 2088 DA — Bl ML hIAR
LR AT-MOTOR-EVB BN MR, WUIAHSSHE AL & 1] 2 A% e H L35 ) 7 A 4 P 001
B PMSM(BLDC)Hi#L
B O A
B AN
2.2  BHHFEEL
1. HP PSR A AT32 MCU 2 NI MERIfR 52 AT32 s, LI A AR S5 I DhRERC
Ho
2. HF R IEAE TR R L AN TR S, BRI AS B2 22 A 9 S S 5 ok 8% i NGB TR
L, T ASSL S AN B LSRN RS, LS B IR S il S, LU
WK S5
3. AT32IDE HIc & 75 R %1~ AT32 MCU HIINAFAEfig R /AMES Id STiF, R4 Z 3R 1, .
AT32F413RCT7 IINAFA G R /NN 256 K 775, T H: IROML 24547 B v 0x8000000, K/
A 0x3F800, H: IROM2 [fI#2 417 & Jy 0x803F800, A/ 0x320, IROM3 At tafi B AN
0x803FB20, k/INA OX4E0, AT32F413RCT7 HME LG anE 1 Fixs.
4. HPRELNHG R BITRSEGER, JFERER PR BIUERE, ZH O EyLE s
B, PO AL S TRETE .
R 1. NMNFFETRZ ROM EEER
Flash size 1024K 512K 256K
IROM1(adress) 0x8000000 0x8000000 0x8000000
IROM1(size) OxFF800 0x7F800 0x3F800
IROM2(adress) Ox80FF800 0x807F800 0x803F800
IROM2(size) 0x320 0x320 0x320
IROM3(adress) Ox80FFB20 0x807FB20 0x803FB20
IROM3(size) OX4EOQ OX4EOQ Ox4EOQ
Flash size 128K 64K 32K 16K
IROM1(adress) | 0x8000000 0x8000000 0x8000000 0x8000000
IROM1(size) 0x1FC00 0xO0FC00 0x07C00 0x03C00
IROM2(adress) | 0x801FC00 0x800FC00 0x8007C00 0x8003C00
IROM2(size) 0x320 0x320 0x320 0x320
IROM3(adress) | 0x801FF20 0x800FF20 0x8007F20 0x8003F20
IROM3(size) OxEO OxEO OxEO OxEO
2024.02.27 - - B 87 - = Ak 211




L[ RY AT32 8 BB FA 15 R

JHAL): &/ keil v5.33 KA, A1 AT32 BSP JFi91~ X ##V6.15 4jiF 45, 15 1E/H keil complier version 5 /&£ 77
%Z%Q

A 1. AT32F413RCT7 Z ROM L& (AT32IDE)

) AT32F413xC_FLASH.Id X

31 /* Specify the memory areas */

32 MEMORY

34 FLASH (rx) : ORIGIN = @x08000000, LENGTH = @x3F800 |
35[MC_DATAL (r) : ORIGIN = @x0803F80@, LENGTH = @x320
36/MC_DATA2 (r) : ORIGIN = @x@803FB20, LENGTH = @x4E0Q
37 RAM (xrw) : ORIGIN = @x20000000, LENGTH = 32K

38

39

40 /* Define output sections */

41 SECTIONS

42 {

43 /* The startup code goes first into FLASH */
44  .isr_vector :

45

46 . = ALIGN(4);

47 KEEP(*(.isr_vector)) /* Startup code */
48 . = ALIGN(4);

49 } >FLASH

50

51 .mc_datal :

52| {

53 . = ALIGN(4);

54 = ORIGIN(MC_DATA1);
55 _MC_VectStoreAddrl = .;
56 *(.MC_VectStoreAddrl);
57 . = ALIGN(4);

s8[ } >MC_DATA1

59

60 .mc_data2 :

61 {

62 = ALIGN(4);

63 . = ORIGIN(MC_DATA2);
64 _MC_VectStoreAddr2 = .;
65 *(.MC_VectStoreAddr2);
66 . = ALIGN(4);

67| } >MC_DATA2

638
69 /* The program code and other data goes into FLASH */

70 .text :
71
72 . = ALIGN(4);
73 *(.text) /* .text sections (code) */
74 *(.text*) /* .text* sections (code) */
75 *(.glue_7) /* glue arm to thumb code */
76 *(.glue_7t) /* glue thumb to arm code */
77 *(.eh_frame)
D I D S G S S— IS S B — L]} N —
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iV g =y

K 2 y— AL d] TR A AL R S e MCU £l 6 $(BSP). Ul 3B iRFE 7 LA S B 1 2% 2
K. KRR Z M BT bsp s, MHENUERES Ul RS #EM T BSP 5 Low
level %z b, T BATEES F4EHIFE 7 WA T EALE R ECS Ul gz b BRI T AR TS
e b 8 RS ) B R ) MCU AR AN, SEIRFMLEEHIRR 7o PT [RIET 28 B U 328 oR 50 A A
NTHEHL UL B T B, AR5 STy (1 LI h RS B i o s i S 8 5 a4 .

B 2. ANLEEHIEFEAE

Motor Control Program

4 i 4

Motor Control Func. Kernel Func. Comm. Func.

4 § U

Low Level Func. +’
CMSIS
BSP

t

Hardware

Bl 3 AW HLECR 4 MUl B, W RN E IR &R R, Hh
motor_control_drive_param.h Sk 3CHR AL 7 BAT A EALEESI R 0. BB EL EHRSE. 1546
WSHEE, LU me_hwio.h SKSCHFRTARYE MCU AMEE-5 # il BR 7 45 I I NG &R, 08 MCU ARk
ML 2 % . Mkt E 2 B T mc_foc_globals.h (mc_bldc globals.h) # & J5 , T
mc_foc_globals.c(mc_bldc_globals.c)H 1) s £ & A8 S A4E, $Eat AL R EUEH . MifE MCU 4k
RIS, W me_hwio.c SCHHAT AR MBI AL B 5E

3. HHLEE TR G it B I

mc_hwio.h mc_lib.h motor_control_drive_param.h

1/0 mapping Include file Drive mode Control param. Motor param.  Board param.
= PWM_ADV_TIMER + Include mc_hwio.h + FOC_CONTROL + MAX_SPEED_RPM - RS_LL + VDC_RATED
« PWM_BRK_PRT + Include mc_delay.h + ONE_SHUNT + PID_IQ_KP « LS L «  MAX _CURRENT
+ UART_TX_PORT * Include mc_type.h - SENSERLESS - PID_IQ_KI + POLE_PAIRS . DEADTIME_NS

mc_foc_globals.h / me_bldc_globals.h

mc_hwio.c mc_foc_globals.c/ mc_bldc_globals.c
mc_type.h
BSP API mc_foc_kernal.lib / mc_bldc_kernal.lib
user_flash_table.c user_interface.c mc_isr.c
5 7 1 | I S L] |

2 I0R R 2.1.1
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# 2 BN L SR I3, BUR R AR SRS 23 Sl AT 1 B

® 2. HYIESEER

SO FR

D)

FOC/BLDC 3t A%

mc_lib.h

I G —E

motor_control_drive_param.h

R 58 SCRINLIR B 2R A (RIDRAFAR A AR RS FRHIRS . ah
FARRSHL RS HL

mc_hwio.c

AR AM B B

mc_hwio_v1.h

T 10 2 1 % 52 SE & (L KR AT-MOTOR-EVB V1.X)

mc_hwio_v2.h

T 10 2 1 7 52 L & (L KW AT-MOTOR-EVB V2.X)

mc_isr.c AF 2 FEATL A i1l H 1T 2R 44
mc_type.h R ERBE X MEsE X
mc_delay.c FF [B] X 35 FH 5% R 4
mc_delay.h FF A1) 2 18 H 56 R 4505 B
mc_comm_uart.c TR AR DG A B

mc_comm_uart.h

T vart AR B . LB

mc_pid_control.c

PID F il 25 AH 5% R 2L

mc_pid_control.h

PID il 45 AH 5% 2R 4505 B

mc_curr_fdbk.c R ARSI A 0% bR 2L

mc_curr_fdbk.h FEL LA I A O B 20 B

mc_math.c JEBE AR A OC R EL

mc_math.h T8V AR A O R U B

mc_hall.c R AR A OC R B

mc_hall.h FE IR A% IR AR AH O R U B
FOC & HIsCHY

mc_foc_kernal.lib

LR A% L bR B (Keil & H)(EH T8 7 H FPU)

mc_foc_kernal_noFPU.lib

LR A% L bR B (Keil & F)(GEHTES J7 T FPU)

Libmc_foc_kernal.a

ML % 0 B B (AT 32IDE £ ) (& T8 A& FPU)

Libmc_foc_kernal_noFPU.a

R ML % 0 R B (AT 32IDE 5 ) (& T8 45 FPU)

mc_foc_kernal.h WL PEA% O BRI I
motor_control_foc.c R AL 1) A 5% R 4L
motor_control_foc.h B AL 1) A DG B 20 1
mc_foc.c PRt PR
mc_foc.h IR AR A DG B O
mc_encoder.c E Y ST
mc_encoder.h o b 245 A 5% bR B 7 B
mc_field_weakening.c S REAE O% R KT

®I1LR R 2.1.1
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mc_field_weakening.h SSTAR 5% R 5 B
mc_foc_sensorless.c Totk A FH S R 3L
mc_foc_sensorless.h Totk A A G R 2 1

mc_foc_globals.c

fJR AR E CEEBOME. 2R R EE Y]

mc_foc_globals.h

MR ERREFEY]. EEX

user_interface_foc.c B TR TH AR O R EL
user_interface_foc.h JE TR TH AR DG R 2R B
mc_flash_data_table_foc.c B\ flash %
mc_flash_data_table_foc.h B flash ZHER A CHL &
BLDC * I 5¢hY

mc_bldc_kernal.lib

HLEEAZ O B (Keil & A)GEM T8 A FPU)

mc_bldc_kernal_noFPU.lib

HLHLEEZ L ik B (Keil & FT)GEH T35 /7 76 FPU)

Libmc_bldc_kernal.a

HLHLEE A% 0 B B(AT32IDE & F) (&R T8 48 FPU)

Libmc_bldc_kernal_noFPU.a

mc_bldc_kernal.h

5
HLHLERZ O B B(AT32IDE 4 ) (& A T8 5 6 FPU)
R WL 2 4% 00 B B P A

motor_control_bldc.c LA ) AH D% R 2L
motor_control_bldc.h R L% 1) A O B 200 B
mc_bldc.c VAR 4 B E A
mc_bldc.h 7N T A A G bR B
mc_bldc_sensorless.c Totk AR DG R 3L
mc_bldc_sensorless.h Totk A G MR 2 1

mc_bldc_globals.c

G R AR CSEOME . & RREUE X

mc_bldc_globals.h

SRR, EREBFEYL EE

user_interface_bldc.c JE TR THAE O R EL
user_interface_bldc.h JE TR TE AR DG R O
mc_flash_data_table_bldc.c | 5 A flash &

mc_flash_data_table_bldc.h

BN flash ZE R KR E

B/ 12]
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motor_control_drive_param.h SCA%4

PESCRS 3 Z oy AR 4y, SRABUH T BATRA ALZEHI R, NS H. RIS EhE8

SHEE MV

® 3 ZE X, TR LS AL, e SOE . R F AR Y R R 5
EORHATRCE, — WM. XCBPHS e o MBSt hSe PR R E, ot

I B e BRI B AR B . SRR AL TR 5 5.

®3. HEAREX

e X AFR

D)

FOC_CONTROL

KA

SIX_STEP_CONTROL

INIB T AR IR

THREE_SHUNT = P PH HELA R A
TWO_SHUNT X EEL BH HEL I R A
ONE_SHUNT . EEL B R SR AE
U_V_SHUNT HLER S U PLA V shunt HLBH(TWO_SHUNT % )
V_W_SHUNT HL RSV BLK W shunt HLBH(TWO_SHUNT % )
U W_SHUNT HL A3 U BLA. W shunt HLBH(TWO_SHUNT %4 H)

AT_MOTOR_EVB_V1

TR VI A

AT_MOTOR_EVB_V2

EH T AR V2.x A

COMPLEMENT

JFE T MOS &5 LB PWM B AN U LI 6)

GATE_DRIVER_LOW_SIDE_INVERT

THRE N MOS %t (PR B L 6)

EMF_COMPENSATE

S AL R M

INCREM_ENCODER

ot LAY B i %

REVERSE_ENCODER_COUNT

2 ith s e HH O LU B2 D %)

ABZ AB {55 & AL IE O HL I R4 i 7)
AB AB {5 5 ARG BALRIE (Ot A1 B 4wAD 2%)
M_METHOD M T R 7 v O L b B g ) 2%
MT_METHOD MIT 33 FE Rl 77 925 (O FR B S 2w D 2

HALL_SENSORS

B RAR AR (B HT)

LOW_SPEED_VOLT_CTRL

R R 4% ) (FOC 2 /RAE 2%

LOW_SPEED_CONTROL

ARG T P 1) (N 20 75 B AR A TS

WITHOUT_CURRENT_CTRL

e ) JE A

PHASE_ADVANCE

FHRLIR T (7320 T B oAk i as 2 )

FIELD_WEAKENING Stz

SENSORLESS oAt IR 42 1 RO X (it )
OPENLOOP_STARTUP oAt G 2 TP A 3h (B )
ALIGN_AND_GO_STARTUP ToAk 28 2 X 5% A 3 (1B )

INIT_ANGLE_STARTUP

oA IS 106 Hy FEAS: DI 5 2 (8 )

B 13|
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VOLT_SENSE

A TR O R Al Ao P L S A

CONST_CURRENT_START

1] 5 HLIAL A 30 (7825 T B oAk a4 )

CONST_VOLTAGE_START

18] 5 WL L J 30 (7825 T B i Ak ka4 )

BLDC_SENSORLESS_ADC

INB T AL AR LA ADC A B FL 94 A 5

BLDC_SENSORLESS_COMP

NG 5T A AR ) L LL A A I B Fi 4 A A

EMF_CONTINOUS_SAMPLE

S5 HL AL T AT S R AR I (N 25 5 TG A el L A X))

CURRENT_LP_FILTER

RIS dig il PR E P 15 5 (R RAE )

INTERNAL_CLOCK_SOURCE

i MCU P98 f ik

E_BIKE_SCOOTER

FLBIL A 2 T AR 2 P A

DC_CURRENT_LIMIT

B FLR FR 1) (E_BIKE_SCOOTER % )

RDS_AUTO_CALIBRATION

MOS W FH. i #h#% IE(E_BIKE_SCOOTER % H)

MOTOR_PARAM_IDENTIFY

HLLER e 25 A 3R

® RN RZHOE (WK 4 Yl MAEAFMBEE . RPLTR SIEHREE, R SR N

M4, IRaTEHAT I, Q. HIA dy g Bl PLEHIEE . AL PI KA.

K4 EHSHEREN

B EY S

iR

BLDC/FOC 3LilisE X

PWM_FREQ

PWM i 4% (unit: Hz)

MOTOR_CONTROL_MODE

FELBIL A A 2 (e T 1

motor_control_mode)

HREEEHAE. VR type.h B

CTRL_SOURCE

iy 2 SRR 1 B (S AR il A4 1)

UI_UART_BAUDRATE

FUBLR T B B

TUNE_TARGET_CURRENT

VAT PLSEET 1) B FR H A K/ (unit: ampere)

TUNE_CURRENT_TOTAL_PERIOD

W P Z 200 58 i (unit: ms)

TUNE_CURRENT_STEP_PERIOD

V1E P ZHr D Y (unit: ms)

SPEED_LOOP_FREQ

IS (unit: Hz)

MIN_SPEED_RPM

HM LIRS (unit: rpm)

MAX_SPEED_RPM

FHL IR =38 E (unit: rpm)

MIN_CONTROL_SPEED

PB4 38 22 1) A T 922 ) B 1 (uinit: rpmn)

ACC_SPD_SLOPE

IIEERLZE (unit: rpm/ms, 24 systick Al =1kHz)

DEC_SPD_SLOPE

JIEERIZE (unit: rpm/ms, 24 systick A =1kHz)

SP_MAX_VOLT

A A A SRUE ¥ 5K HELU (unit: voltage)

SP_THRESHOLD

AN A A SR Y B /N A (unit: voltage)

SP_RUN_VALUE

A ER a2 RIEAE S, TFARUKEN K R AR H IS E (unit: voltage)

SP_STOP_VALUE

A ER A KRR, A5 1R BXE K iR OK IS AE (unit: voltage)

PID_SPD_KP_DIV DIV

il R LG 25 BR L (Q16 mode)

2024.02.27
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R AR

Eiiipy

PID_SPD_KI_DIV_DIV

el R 18 s BR 2L (Q16 mode)

PID_SPD_KP_DEFUALT

LGS (Q15 mode)

PID_SPD_KI_DEFUALT

P E 25 (Q15 mode)

HYSTERESIS_LOW_SPEED

R T F, s 47 ) B b, 9 42 ) ) A 1) s 42 ) ) e /) T P AL
(unit: rpm) (LOW_SPEED_VOLT_CTRL %)

HYSTERESIS_HIGH_SPEED

R T F, s 47 ) B b, 42 ) 1) A 281 9 42 ) ) e R T P A
(unit: rpm) (LOW_SPEED_VOLT_CTRL %)

PID_SPD_VOLT_KP_DEFUALT

R L A I LE 3G 25 (Q15 mode)
(LOW_SPEED_VOLT_CTRL £H])

PID_SPD_VOLT_KI_DEFUALT

fRIE R EEHIF 5 (Q15 mode)
(LOW_SPEED_VOLT_CTRL £H])

PID_SPD_VOLT_KP_GAIN_DIV

R TR HE S 3 1) U A3 38 25 B 2 (Q16 mode)
(LOW_SPEED_VOLT_CTRL %)

PID_SPD_VOLT_KI_GAIN_DIV

R I R 2 I AR 2 3 25 B 2L (Q16 mode)
(LOW_SPEED_VOLT_CTRL %)

CURRENT_BANDWIDTH

L PI 98 (FRIAL PI 2808 %€ T H)

FOC % H5E X

STABLE_SPEED_RPM

HUPLAR B (unit: rpm) (BE/RFE K2R L H)

SLICK_SPEED_RPM

FALGE S (unit: rpm) (B /RfR R L H)

MIN_POSCTL_SPD

o B IR H B ALHE E A4 (unit: rpm)

POSITION_LOOP_FREQ

LB (unit: Hz)

MAX_POSITION_ANGLE

BALE KA E (unit: Degree)

MIN_POSITION_ANGLE

ML /MIE (unit: Degree)

CMD_TO_VAL_GAP

YT E R ML B2 D E LI, RA
PID_POS_KI_DEFUALT_STABLE #1414

SMALL_POS_CMD_GAP

M B ZEFE AR B 2 /DA E LA R, SR A B IR
%% 52 (MIN_POSCTL_SPD)

ROTOR_LOCK_ANGLE_GAP

ey B 22 R H bz B 2 /0 s U DA IR B e 1A B
(BE/RMEIEELH)

PID_POS_KP_DEFUALT

AL EIAIEE (Q15 mode)

PID_POS_KI|_DEFUALT

P BRI (QL5 mode)

PID_POS_K|_DEFUALT STABLE

A BRI (Q15 mode) (s Bk B brfr &)

PID_POS_KD_DEFUALT

LB (Q15 mode)

PID_POS_KP_GAIN_DIV

A0 E LB 25 FR % (Q16 mode)

PID_POS_KI_GAIN_DIV

e BRI A BR AL (Q16 mode)

PID_POS_KD_GAIN_DIV

O BRI A bR AL (Q16 mode)

2024.02.27
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R AR

Eiiipy

PID_ID_KP_GAIN_DIV

d Hl R UG 23 R %L (Q16 mode)

PID_ID_KI_GAIN_DIV

d il AR M SR FR L (Q16 mode)

PID_IQ_KP_DEFUALT

q FELIL LB EE (Q15 mode)

PID_IQ_KI_DEFUALT

q fill IR

W35 (Q15 mode)

PID_IQ_KP_GAIN_DIV

q iR L 3 25 R 2L (Q16 mode)

PID_IQ_KI_GAIN_DIV

q fill AR

W FR% (Q16 mode)

OLC_ANGLE_INC

TSR o T

& (5 PWM i 4iR)

OLC_VOLT

FEEREEHI Rt (unit: voltage)

ALIGN_VOLT

DA E HALL B 2= I 55 % (unit: voltage)

LEARN_OLC_VOLT

HALL B >IHA A HEIE (unit: voltage)

LEARN_OLC_ANGLE_INC

HALL B2 FIMAERINE (B PWM it A0%R)

LEARN_TIME

HALL H% BB E (unit: ms)

LEARN_ALIGN_TIME

HALL 2> it 3¢ 8 E - (unit: ms)

FW_MAX_ID_CURR

SRR RO d B (unit: ampere)

FW_KP_GAIN St H I 25 (Q15 mode)
FW_KI_GAIN LI HI R3S (Q15 mode)
FW_KP_GAIN_DIV SyM P LE g 25 BR % (Q16 mode)

FW_KI_GAIN_DIV

ARG HIR > 18 25 52T (Q16 mode)

CURR_LP_BANDWIDTH

d/o il FEL AR E P A 7 9 (uinit: Hz)

OBS_SPD_LP_BANDWIDTH

WL 2 T FEAR IR PRI #5598 (unit: Hz)

OBS_GAIN1 L2848 25 R4 1 (Q15 mode)
OBS_GAIN2 L84 25 R4 2 (Q15 mode)
PLL_KP_GAIN PLL i L% 25 (Q15 mode)
PLL_KI_GAIN PLL #1425 (Q15 mode)

PLL_KP_GAIN_DIV

PLL 2 EL i # 25 BR % (Q16 mode)

PLL_KI_GAIN_DIV

PLL #2330 3 25 B3 (Q16 mode)

STARTUP_MAX_SPD

PINHAHTIT A B il B (unit: RPM)

STARTUP_CURRENT

FFIREA TR B R (unit: ampere)

STARTUP_OL_SLOPE

FER RN E (unit: rpm/s)

STARTUP_ALIGN_TIME

JE SR EE T XFFFI R (unit: ms)

STARTUP_START_TIME

XSG VI ERRE] (unit: ms)

DETECT_PULSE_WIDTH

ey e Ak DBk B FEFE (unit: us)

REVERSE_MAX_SPEED_RPM

R FEEE (unit: rppm) (E_BIKE_SCOOTER % )

REVERSE_CURRENT

S EEER T4 (unit: ampere) (E_BIKE_SCOOTER % )

BRAKING_CURRENT

RZEHR A4 (unit: ampere) (E_BIKE_SCOOTER % )

BLDC £ H & X

2024.02.27
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7 58 XA FR Hik

|_SAMPLE_CHANGE_DUTY 23R B R S PWM DUTY 8 (unit: PWM i 2%
5E)

|_SAMPLE_MIN_DUTY AIHAT LR PWM £/ DUTY {H (unit: PWM 111
SIE D)

SENSE_HALL_TIMES W FEA D) B AR T AR % (unit: 1X) (BLDC Tt
&R )

REBOOT_PERIOD_MS 5 i sh U 1 2 B TR (uinit: ms) (BLDC TEf&éds %
)

SPEED_FILTER_TIMES TR TSRS Bl P O B (unit iR)

INIT_SPD_COUNT WIGHTHE T A (BLDC Ttk idas & H)

START_CURRENT SEFLILE B EAE (unit: ampere) (BLDC otk /& gL )

START_VOLTAGE JE R I A Bl LU AB (uinit: V ARR)

START_PERIOD SE HL YL/ HE PR JE SRR SRR TR] (unit: usec)

OLC_INIT_SPD TEH 4] 4AH E (unit: rpm)

OLC_FINAL_SPD FFER 1) B 2434 (unit: rpm)

OLC_TIMES AT G633 5 328 18 381 g 24 ok PR 26 184 Y 25 (it 1K)

OLC_INIT_VOLT FERR BRI 4A U (unit: V AREF)

OLC_VOLT_INC B — IR A 3 B (uinit: VIR)

OLC_STARTUP_PERIOD FFERJE S PIN R 42§ 1] (unit: ms) (BLDC A& Eas %
A1)

LOCK_VOLT JE BRI FF R (unit: V R%F) (BLDC Jofe s £ )

LOCK_PERIOD JEENHTEETXF 55 18] (unit: ms) (BLDC JoA% &as % )

PID_IS_KP_DIV_LOG R 28 e Y48 1] LU A3 38 245 B 2L (Q16 mode)

PID_IS_KI_DIV_LOG REZR L B AR 3 25 B2 4L (Q16 mode)

PID_IS_KP_DEFUALT BEZR S LG 25 (Q15 mode)

PID_IS_KI _DEFUALT BEL R HIFR /25 (Q15 mode)

EMF_CHANGE_PERCENT_H S5 FEL 3 T A AR U P AT P AR 7] 480 38 v e X[ ) 47 488
DUTY fH(unit: PWM itiF 25 4) (BLDC AL EKLS 4 H)

EMF_CHANGE_PERCENT_L SR B T ARG I AL R v ) 45 BT X ) 14 1) 48
DUTY fH(unit: PWM {15255 4) (BLDC AL KL% £ H)

EMF_LOW_SPD_SAMPLE_POINT S5 L3 TR AT R AR I X [ R URE 32 B DUTYY B (unit:
PWM it 2215 35) (BLDC oAk s % M)

EMF_HIGH_SPD SAMPLE_DELAY 5 HL 3 TR A T e T X (AT R R . DUTY B (uinit:
PWM it 2215 35) (BLDC oAk s % M)

EMF_SAMPLE_INTERVAL T 4 BORE R 2 1) BORE (8] 8 (uinit: PWM 1 IsF 28558 (BLDC
Ttk &% % H)

EMF_LOW_SPD_CONT_SAMPLE_END TS BB R BURE 22 55 (unit: PWM - i B3 A 2E)
(BLDC Toft 828 % H)

2024.02.27 B ITH RRAS 2.1.1
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EMF_HIGH_SPD_CONT_SAMPLE_DELAY

T HURAR S S IR BURE 2 5 (unit: PWM R 235 5E)
(BLDC Ttk &a% L )

EMF_PHASE_ADV_SPD

FHALHR B (¥ 55 KT (unit: rpm)

EMF_MIN_DELAY

AEA SR B /N SR B[R] (Unit: usec)

EMF_AVOID_NOISE_INIT_PERIOD

FITHE S e AT e F 55 2 S8 (9 ZE IR I [R] (uinit: ms)

EMF_AVOID_NOISE_TIMES

I Fh 98 2 5 e P 8 7 A3 1) (uinit; PWM
FHE B2 5E)

EMF_LOW_SPD_OFFSET_RISING

AR DX 8] 1 W7 Ay S P 4 IE 5 A A B (uinit: AL
Y AuE) (BLDC Joft &% ADC 5t e i 349 & HY)

EMF_LOW_SPD_OFFSET_FALLING

AR X 8] W7 Ay s P 34 A7 5 A A B (uinit: AL
Y AuE) (BLDC Joft &% ADC il e i 3% % HY)

EMF_HIGH_SPD_OFFSET_RISING

A o A X ) W Ay e P9 IE 2 T A B RS2 fE - (uinit: R
By et fe) (BLDC FoAk sk ADC il [ i34k & )

EMF_HIGH_SPD_OFFSET_FALLING

A e X 8] W7 DAy e P 4 A 5 A A v (uinit: L
By et fe) (BLDC FoAk ks ADC il [ i 34k & )

MAX_VOLT_CMD

AR HL s 42 11 IR £ 85 K LU i 42 (Q15 modle) (BLDC Hall f%
AR H)

MAX_V_CONTROL_SPD

AR FEL S 32 #1) A7) 45 3] B, 34 ) 100 5 K A8 (rpm) (BLDC
Hall f&/&48 % )

MIN_|_CONTROL_SPD

A3 F, 42 1) I 47 482 1) P 428 o1 F) £ /)N 33 B2 £ (rpm) (BLDC
Hall ££ /845 % )

2024.02.27
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® SCTIBNSMM RS EUE XINFR 5 Fron, WBCIXIF A, riiAs Il sip . BB ot .. 4555
K5 WSS EEX

F e AR Ei: 3%
VDC_RATED JER RSS2 NI
V_SENSE_GAIN FH, e B 432 1 L 481
ADC_REFERENCE_VOLT ADC 7% HiJE (unit: voltage)
ADC_DIGITAL_SCALE_12BITS ADC 43 ## %
SYSTEM_CORE_CLOCK RGMERHESE (unit: Hz)
TMR_CLK BB SRS E (unit: Hz)
CHANGE_PHASE_TMR_DIV HAHB B ERANGS 2P 7 BT )
DEADTIME_CLK_SFT_BITS FEIX SR B AL F 4L
DEADTIME_NS FEX A E] (unit: ns)
MIN_INTERVAL_TIME PWM i b} B AHAS 5 Be /NIRRT (] (unit: ns)
MAX_CURRENT HPLAZ ) 25 SRR IR (unit: ampere)
MIN_CURRENT FELAE il a5 B /N AL (unit: ampere)
DC_MAX_CURRENT RELR K HIR (unit: ampere) (DC_CURRENT_LIMIT %)
CURRENT_SPAN_SHIFT RS A AT 7 O AL RS 2
R_SHUNT Shunt HFH (unit: Q)
OP_GAIN LB 2
CURR_OFFSET_VOLT FHRME R (unit: voltage)
RDC_SHUNT 2% Shunt HFH (unit: Q) ( DC_CURRENT_LIMIT £ )
DC_OP_GAIN RELR IR I 25 ( DC_CURRENT_LIMIT &)
IDC_OFFSET _VOLT BRI F WA E (unit: voltage) ( DC_CURRENT_LIMIT %)
EMF_SENSE_GAIN S L4 (EMF) [ 4% 4 L 431
OVER_CURRENT_VREF I H IS A (unit: voltage)
OVER_VOLT THRESHOLD T EEIG S AL (unit: voltage)
UNDER_VOLT_THRESHOLD KBRS AL (unit: voltage)
VO_V NTC K 5 % R ALl 2 2 240 VO(E[2])
T0_C NTC K 5 R R ALl 2k 2 240 TO(E[2])
dv_dT NTC HJ L 5 0 R I el th 2k 2 240 dVIdT ([ 2])
OVER_TEMP_THRESHOLD RIS A (unit: Celsius degrees)
MC_ERROR_MASK PRS0 28 e

JH2): H [ fE 7 2 VT 26 77 FE2C VIV]=V0+dV/dT[V/Celsius]*(T-TO)[Celsius]

® FHRHHSEIZEE XK 6 Fizn, WkxT . dwisasS s, BRI

W
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R 6. HHLSHCEREN

T8 L AAFR i
BLDC/FOC iffi 1 2%k
RS_LL FELAL2E ) B BEL{EL (unit: Q)
LS_LL FLLZK 7] FURAE (unit: H)
POLE_PAIRS HXT ¥

NOMINAL_CURRENT

HHLAUE B3 (unit: ampere)

HALL_LEARN_DIR

HALL H %] 5 i B LEE 1)

HALL_LEARN_0_STATE

HALL A% 215 55— MIREEOC: A 0 3
BLDC: )

IRIRES 4]

HALL_LEARN_1_STATE

HALL B %2 JE I3 AR FEOC: A 60 FEME /IR GE
[4]): BLDC:)

HALL_LEARN_2_STATE HALL H % ERHE=ARESEOC: BAM 120 FERE RS
[4]): BLDC:)
HALL_LEARN_3_STATE HALL H % EREUARAFEOC: BAM 180 FERE RIS
[4]): BLDC:)
HALL_LEARN_4 STATE HALL H % ERETARESEFEOC: BAM 240 FERE RS
[4]): BLDC:)
HALL_LEARN_5 STATE HALL H % ERENARESFEOC: BAM 300 FERE RIS
[4]): BLDC:)
FOC LHIZ ¥
ENCODER_PPR i %4 P ik v 8 (unit: pulse per revolution)
ENC_IDX_COUNT DA ELE S (uint: count) (E[3])
ENC_STALL_TIME i AR IEFLFE] (unit: ms)
BLDC % HZ 4t

ANGLE_INIT_DETECT_DUTY

WG OTNE PWM DUTY {H (unit: PWM i1 23 B 58)

KE

HIAL KE 14

OUTPUT_AH_BL_HALL_STATE

it A ML PWM 5 B A TE ON X EEALEE 2R A (FE[5])

OUTPUT_AH_CL_HALL_STATE

it AL PWM 5 C AT ON W R R ALEE IR (FE[5])

OUTPUT_BH_CL_HALL_STATE

it B AH L PWM 5 C A0 N ON R I ALEE IR (FE[5])

OUTPUT BH_AL_HALL_STATE

it B A L PWM 5 AR R ON X B ALEE 2R A (FE[5])

OUTPUT_CH_AL_HALL_STATE

it C ML PWM 5 A A0 ON R FALEE 2R (FE[5])

OUTPUT_CH_BL_HALL_STATE

i C M LB PWM 5 B A B ON X AL ZRAIRZS GE[B])

HALL_STATE_ONE_NEXT_CW

HALL JIRZ 1 N — /MRS (EE)

HALL_STATE_TWO_NEXT_CW

HALL R3S 2 B F—ANRE(ER)

HALL_STATE_THREE_NEXT_CW

HALL ARZ 3 I F—ANRE(ER)

HALL_STATE_FOUR_NEXT_CW

HALL JIRZ 4 N — /MRS (IEE)

HALL_STATE_FIVE_NEXT_CW

HALL ARZ 5 B F—ANRE(ER)

2024.02.27
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58 B i3
HALL_STATE_SIX_NEXT_CW HALL RZ 6 B T — MRS (EFR)
HALL_STATE_ONE_NEXT_CCW HALL RZE 1 B T — MRS (T H)
HALL_STATE_TWO_NEXT_CCW HALL RZ 2 I R — MRS (0 )

HALL_STATE_THREE_NEXT_CCW | HALL IR 3 T — AR ()

HALL_STATE_FOUR_NEXT_CCW HALL RZ 4 B T — MRS (T )

HALL_STATE_FIVE_NEXT_CCW HALL RZ 5 B T — MRS (0 H)

HALL_STATE_SIX_NEXT_CCW HALL RZ 6 B T — MRS (T H)

JH3). My g G i 28 A ABZ 155 & E M IE PG FAg
4 4 JK42BLS01-X056ED Zwfidas ABZ 5 5 KR K. Z 55 LT 21T BRI 58 X 55T AB
{55411 4 count %, J5E X ENC_IDX_COUNT A 11. (—MtHmig %@ 5 A 1 5% 2 4 count)

& 4. JRiE3%R ABZ EE X RAE

Encoder_A :
|
L IUUREN USRS | S

123 4567 8 9 1011
|

|
!
!
|
i
i
|

|
|
e e e A 1
|
|
|

D_‘——\-.J—‘_‘—\_-J—‘_‘—\._.-.:: :’-—-—I—"—‘_L—_J—_‘—\-.d—'

Encoder Z

THAL. IR B 555 BN ARAS HIXT I ] 17 B AR AR W7 50 I H A o

5 4 JK42BLS01-X056ED HiHL FLFH . /RS B ME HALL_LEARN_DIR=0 i [1] ¢ R &,

HLML = A 2R IE) R H 38 TR T SR T, FAAR O BEXT L VW 2] i LA R s KA, FASUA 60 B2 UK
UV Z[8] S B3 de /ML . AR, ARAEAS R RS A0 SEAS R R AU . P AN TR AT R,
A8 F HBLEE ()82 7R B 2 ) DhRE T B S0t BIARXS U E ZOIRESE, R B0 2% 2] J5 I RIS I L)
R E XWA, E/RAZADAEMEHUNMWAIESKRE RMEBEETECHN
(AN0167_AT32_PMSM_FOC_Hall_Deme &{ AN0194 AT32_PMSM_FOC_Hall_Demo(E-Bike-
Scooter))
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Bl 5. PMSM R %, BRRESHSAKRRE(HALL_LEARN_DIR=0)

Hall State 1 5 4 6 | 2 3
H1 o | 1
H2 0 | 0
H3 11

EVW

0 60° 120° 180° 240° 300°

JHB). IRAF BB IR H 5 ZE RS 19X o7 ] i AT MOS = R EFFFHERES
Kl 6 4 BLDC Jx ¥, E/RIREE MOS RIBRAM X RE . LULE NG, A MR HBHRKH B K
B At /N TG N B B ZROIRAS N 4, BIE T OUTPUT_AH_BL_HALL_STATE %€ XN 4, R,
A FH K B C A I HL 3 d /NI R B R ZROIRAS N 6, BRI T
OUTPUT_AH_BL_HALL_STATE Z%E S H 6, PLIEHER XTI 6 NE RS EA & U5 B AT fic
A AN E LA H IR A PWM B .
MIRBAE A N E NS 5 T0 R ) AL A 3K B 7% (Gate driver), H BB PWM )i & AN H
AN PWM I, J6t B2 PWM i HOIRES T B i o Gn SR i fd 1) I AR 3K 3)) 2% (Gate: driver) T B
ANARAAL EE PWM YIS 240 H Tk PWM B, 3 rE &0
motor_control_drive_param.h SCRS 4 7 € BSOSO AR B H AR X 1 = AN 7S A8 T i s il
(A AR iR AR R0 D R A e vt ELF JE ECRM AR 2
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R

AT32ENLEFE TR
A 6. BLDC kH#. B/RIREE MOS S@ERESHIRRE
Hall state 5 4 6 2 3 1 5
Hall H1 1 1 ‘
Hall H2 0 i 0
Hall H3 1 ] o
EMFU o S
EMEV b N
EMFW S OSSR St N T
UH PWM TMRx CM1
OFF. PWMA (OFF Low | oFf (bit0-7)
UL
V_H PWM TMRx CM1
LOW  OFF. PWMA  OFF Low (bit8-15)
VL
W_H PWM | TMRxCM2
PWMA OFF.__LOW __ OFF PWMA (bit0-7)
W L

A 2.1.1
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2) mc_hwio.h A%

O ULSCRYE TR BRI 10 B0, T 2 U E . R /6L A me_hwio.c SCPHiY L
.

3) mc_hwio.c Sk

® TR EARE A P AR AT RO E . W TMR. ADC. DMA. GPIO...55%, AIR#EAIH
FIREE SR AT RO E . AR &4, LED {745 %k, VE4InER 7 s,

R7. RIABEMHRERE

PR AR i)

nvic_config W T S

tmr_pwm_init PWM % AR SRS 4P (tmr). crm clock. GPIO. DMA B

gpio_hall_init B RfEEEE GPIO B & (BLDC % )

tmr_hall_init B SRAB RS B (tmr) . crm clock At B (BLDC % )

tmr_sensorless_change_phase_init | Jof& /& a8 #AHE £ (tmr). crm clock BC# (BLDC Jotk @4 H)

hall_timer_init B SRAB RS B (tmr) . crm clock. GPIO fit & (FOC £ )

encoder_time_init 5 7 Y H 2 5 48 B (tmr) . orm clock. GPIO. EXINT [ & (FOC #
H)

encoder_capture_timer_init WM 4n AY 8% 3K B &0 (tmr) . crm clock . GPIO
(FOC/MT_METHOD %)

adc_ordinary_config ADC @il <2 ADC. DMA. GPIO it &

adc_preempt_config ADC #t 552 ADC. DMA. GPIO it &

speed_timer_init T FE I B (tmr) . crm clock Bt &

uart_init UART #H3% crm clock. GPIO. UART [t &

button_switch_init switch #%4fl GPIO. crm clock fi B (BLDC hall £ &#%+% )

button_exint_init A R T AE EXINT W&

led_config LED #J4f GPIO. crm clock it &

led_on LED 4T5%

led_off LED Tk

led_toggle LED BlEE (T 222 4T K AT KA 5%)

led_init LED WIiHIRAS W &

led_blink LED A4k

mode_switch_init TR RSP E

current_offset_tmr_setting o R offset AHE tmr B & (BLDC 4 H)

bldc_angle_init_config K BT46 A AH2C tmr FL & (BLDC otk idkas & H)

tmr_sensorless_change_phase_init | Jof& & a3 #MH K tmr 1 5CHL B (BLDC Ttk i&as % H)

tmr_read_emf _init ToAR AT I 2 A SR EURE Y tmr AHOCHEC B (BLDC otk /&as
M)

2024.02.27 E24AW RRAS 2.1.1
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bldc_sensorless_detectEMF_config

TAL B ATIE % S tmr. ADC. DMA FEGHDL B (BLDC AL/
L)

foc_angle_init_config

T UHI4E A AHOS tmr. ADC i B (FOC Tofk 4% % H)

motor_parameter_ID_config

ALk B S8 E PR SE tmr. ADC it &

2024.02.27
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4) mc_isr.c R4
o B NTT RS, 5 ADC. TMR. SYSTICK i, VE4HU# 8 fn.
R 8. HIHLIEHIHE < Wi R

R AR i
ADVTMR_PWM_CYCLE_IRQ BRI W R AL (PWM 38T
ADVTMR_PWM_BRK_IRQ AZEFN R WR % (PWM Fr 2k 1)
ADC_SHUNT_SAMP_READY_IRQ | HLift/ S HL A KAE 5 i rP 7 ki %
ENCODER_CAPTURE_IRQ Hulid a8 2k BT R S (FOC £ H)
EXINT_ENCODER_IDX_IRQ gt 25 F A A F kR (FOC & H)
HALL_CAPTURE_IRQ FERE ST IR BT R 2
SPEED_LOOP_TIMER_IRQ HE I b R H(FOC £ )

SysTick_Handler RGP R AL (Ims). ARSI HOR AT
BUTTON_EXINT_IRQHandler JE B HALL [ 27 >3 v 7 ok i (B8 AR A 8 ) ~ 20 T e 4
CHANGE_PHASE_IRQ Toft s Ad o W R $(BLDC % H)

READ_EMF_IRQ To A AR AT L % i SRR ) T T R £ (BLDC % )

5) mc_type.h i
o RIS RS E L. TEAINER 9 R,
# 9. BHLEMEIERETR

BEEIRRL TR #iR
BLDC/FOC i 1241

firmware_id_type X 53 AN [) B ATLAE A = ) G 5

motor_control_mode HUHLZ BB P AR ARl 1d WP, g i, Hd
el AR EER. AR HIB L)

ctrl_source_type P SRR (AR . A0 AR )

process_state_type FEF LB A

esc_state_type H LI HIR IR S HLOE &9 5.1)

err_code_type LR HERAGE R RE iR . midassin. ERER.
FALLE B S HOHRER . IR 2 2 EHR)

shunt_nbr_type AF FE g e AR 5 (B FBEL . DU BEL. = HAFH)

hall_learn_process_type ERAFARBRTPRES

curr_offs_type ADC MU wAL(E

current_type HL A S i

pid_ctrl_type PID £ Hl B AHC A 5

pid_ctrl_dc_type PID £l B AHC A 5

speed_type AR =

value_type AR

2024.02.27 E26W RRAS 2.1.1
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hall_sensor_type FERAR IR AR A AL &
ramp_cmd_type B MR E
usart_data_index UART {25 M R &
moving_average_type B A R
usart_config_type UART #MAEC B A G &
ui_wave_param_type VTN AT i ety s
i_auto_tune_type FLJL Pl 55280 5 8 e M AR &
motor_param_id_type HLHLZ: B 2 50 B B R AR DO B
hall_learn_type FE/RAF R &

FOC LTS
low_spd_ctrl_type R I R A i 2 Y
qd_type d,q kA
abc_type a,b,c KM
alphabeta_type a,p A
i_dc_type REZE AR AR
trig_components_type ZHRBEEA
voltage_type R AR AR B
adc_trigger_type ADC ik AH 5G4 5
pwm_duty_type PWM JK/MHECAE &
rotor_angle_type T HAEMATE
encoder_type il AR AH AL
open_loop_type FEER AR AR
position_type o B AR AR
angle_type BUBE A FEAR AR B
field_weakening_type SHEAH A
lowpass_filter_type R IE YR 28 AH AR
motor_volt_type FoL P HH AR DGR B
motor_emf_type S HL ARG U AF DG AR 1
state_observer_type TC A [ WM 25 A S AR
sensorless_startup_type To Ak B I BN AH AR
foc_angle_init_type UG Fi FEAG U AH 528 B
rds_cali_type MOS N FHAZ IEAH AL &

BLDC % &
angle_init_type W6 Ff1 PRI AH < 22 B (BLDC oAk ds L 1Y)
start_state_type HrIRI46 £ FEFE P RS HL(BLDC otk Bas L H)
init_current_type WIUG 1 FEART I B AAH 5G4 i (BLDC otk s % )
angle_init_type HIUE Fiy PRI AH 2% 22 B (BLDC oAk ds L HI)
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i_bus_type BRLR H A AR

olc_type FEER I AR AR B

emf_sample_type S HL A BURE A 548 B (BLDC o2 k2% £ )
adc_sample_type ADC HUBEHISSA5 8 (BLDC AL A% )
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4 HENUEREEH A

FH P AR 48 e AL 4% 1) =AT i B 45 FH S 25 U7 % FE ML (me_bldc_kernal.lib) 85 2 2% & 4 il H AL E
(mc_foc_kernal.lib), PHANFATLEE B 60 2 AL IBRas 104 1] bR 20 DA R e AR I3 B 4 1 bR B,y i fE A
L2 B 5200 )8 FH W00 8 7 A 2 R B LA T 3 A WD AR 05, DA A R R 5 bR B N 25 DA R AR 7 =8

FAITEL LR -

4.1 EFHEVERE
HIE B e A 2R B B (f FH e BB 2 0 SR I AT 26 BB )
® NERHEIATERE get_fw_ id

£ 10. E¥ get_fw_id

B | E1:57)
R get_fw_id
PRI firmware_id_type get_fw_id(void);
ThRestiid FREUPEHIBL 1D, Pl 1D sl 7 2N 40 2R GE6])
WmANZH 7
it 24 7
IR [FH il 1D {8
SR okt 7
B R FH R 4 7
il

| firmware_id = get_fw_id();

JHB6). 1E#) 250 Fy 2 FOC 7257 AL IEH] Tfe/qs. HALL 12/8675 . Encoder /%575

® [RIIAT EE mc_param_init

1. B¥ mc_param_init

| R
PRI 4 mc_param_init
PR 3 flag_status mc_param_init(uint8_t fw_id);
ThRedthiR HIALEE B B BT 46 40 E
MASH fw_id: =l 1D
it 24 7
R [EME VIgh R B R G EARE, SET HREBEEM, RESET NERIK
Sk AF AT get_fw_id AU 3RS fw_id
R FH e 4 7
Nl

‘ param_initial_rdy = mc_param_init(firmware_id);

2024.02.27 E29W
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PID %l 3 AH < B #
® [ERIA T k4L pid_controller
# 12. BR¥ pid_controller

B | E1:57)

PRI 4 pid_controller

PR int16_t pid_controller(pid_ctrl_type *pid_handler, int32_t var_err);
ThRestiid PID #&il3% CHal-FUor-for #0138, mEBilHo6 (Proportional) FIFH 4 G

(Integral) Ff45 556 (Derivative) #1%

WmASH 1 pid_handler: f& 45844 pid_ctrl_type #5554k

MANSH 2 var_err: HiNRZEM

i 24 7

iR el PID F il &4y th £ f

et kAT 7

B R FH R 4 x
Bl

‘ speed_ramp.cmd_final = pid_controller(&pid_pos, pos_err_temp);

®  [ERHFHIA T AL current_auto_tuning

* 13. B# current_auto_tuning

W H iR
R current_auto_tuning
PR A void current_auto_tuning(i_auto_tune_type *i_tune_handler);
ThRedthiR FLI Pl 3% 280 82 AL
LPNE 2 i_tune_handler: f8[Z5H4K i_auto_tune_type HHIS %L
Ll e i_tune_handler: fgH 451K i_auto_tune_type HHXS%L
& [BE 7
SRkt 7
e I o 4 7
il

‘ current_auto_tuning(&I_auto_tune);

BB HAMREE

® NEFHIA T K%L atan2_fixed

# 14. B atan2_fixed

W H iR

R atan2_fixed

PR 3 A int16_t atan2_fixed(int32_ty, int32_t x);
ThRedtik SE IR TE D) R A

WMANSH L y: yHifES

LN ) x: X {55

i 25 7

% 30|
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5 H i

el i RIEVIEITES
Stk x

Y I

Pl

‘ local_degree = atan2_fixed(local_l.beta, local_l.alpha);

® ERHIA T REL sqrt_fixed

* 15. B¥ sqrt_fixed

B H iR
PR EA sqrt_fixed
PR 2 A void sqrt_fixed(int32_t input, int16_t *out_ptr);
ThRestiik TE RBCT T IR R B
LI input: HIAZH
LTl 2 out_ptr: Hiti &4
IR [EME 7
S okt 7
B FH o 4 7
il

‘ local_degree = sqrt_fixed(cal_temp, &cal_temp1);

HALLR B S5 H B FHRAR SR SK
® TRIEMT EKE param_identify

Z 16. ¥ param_identify

| Ei:1p%)
PRI 4 param_identify
PR3 void param_identify(motor_param_id_type *mot_param_id_handler);
ThRedtik HILZL Pl 2 B ek B
LN 2 mot_param_id_handler: 5 45#{& motor_param_id_type #5<Z%
it 24 mot_param_id_handler: 5454 motor_param_id_type #5<Z%
IR [EI AR 7
Je skt 7
1 FH R A 1 tmr_channel_enable
5 18 FH R £ 2 tmr_channel_value_set
Bl

‘ param_identify(&motor_param_ident);

® RERIEMTRE param_id_process

F 17. ¥ param_id_process

iR

param_id_process

B/ 31|

A 2.1.1
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TH iR
PR T void param_id_process(motor_param_id_type *mot_param_id_handler);
ThRestik HIALZR B S B AR
WMASH mot_param_id_handler: #&[n£544{& motor_param_id_type #5524
iS4 mot_param_id_handler: #&[n£544{& motor_param_id_type #5524
IR A p
Skt p
R 1 FH R £ tmr_channel_value_set
~Hl

l param_id_process(&motor_param_ident);

KEF | LR

HLLRAFAE R R

N AR T K% current_read_foc_1shunt

% 18. ¥ current_read_foc_1shunt

mHE R
A€ current_read_foc_1shunt
PRI void current_read_foc_1shunt(current_type *curr_handler, voltage_type
*volt_handler);
ThRestiid T R 42 1 s 15 B 2 P VA A T B 5 L = A PR
BMANSH 1 curr_handler: F8 R Z5/4E current_type it BEZE HEL WAL 2 5UE
MASH 2 volt_handler: #5[A45#)1% voltage_type ) 53 28 ) X
S5 curr_handler: f&[a45#4k current_type 1= IR EUHE
IR [FIE &
SR kAT ¥
5 18 FH R B adc_preempt_conversion_data_get
B

‘ current_read_foc_1shunt(&current, &volt_cmd);

® NERIIA T % rds_auto_calibration
# 19. ¥ rds_auto_calibration
TiH #R
PR 42 rds_auto_calibration
R ER T void rds_auto_calibration(rds_cali_type *rds_cali_handler, current_type
*curr_handler, voltage_type *volt_handler);
e ik £ E_BIKE_SCOOTER #:{i H 22 #E MOS Py B
BMIANSH L rds_cali_handler: f&[A1%5#J4E rds_cali_type (¥ dfq il B i € i S0l
MINSH 2 curr_handler: &[54k current_type AEELR FLR I I B
WA 3 volt_handler: [ £5#)1k voltage_type 1) d/q 4l i $ {8
it S rds_cali_handler: F§RIZ5 1K rds_cali_type 1) MOS W FH H 251 1
IR [EME 7
So oAt 7

B/ 32H
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mH iR
5 18 FH R B lowpass_filtering
il

‘ rds_auto_calibration(&Rds_Cali, &current, &volt_cmd);

SRS AR R

® NEHHIATHE enc_speed_get MTmethod

* 20. H# enc_speed_get_ MTmethod

BiH iR
PR EA enc_speed_get_MTmethod
PR 2 A int32_t enc_speed_get_MTmethod(encoder_type *enc_handler, speed_type
*spd_handler);
Thread 't PR L) 5 e 8 B AL 12 (MIV'T Method))
MASH 1 enc_handler: F&[H45#1k encoder_type tHC5 5L
WSS 2 spd_handler: #&F 4514k speed_type tHRZ
ot 28 x
I ) UL 7
Sk ok AF x
B R o
Nl

‘ rotor_speed_encoder.val_temp = enc_speed_get_MTmethod(&encoder, &rotor_speed_encoder);

®  [ERHMIA T MR%L position_cmd_ramp

#* 21. B# position_cmd_ramp

| R

ERAE position_cmd_ramp

PR 3 void position_cmd_ramp(position_type *pos_handler, ramp_cmd_type
*cmd_ramp_handler, pid_ctrl_type *pid_handler);

Digefliid LB AR i 2 F el S ithZdn &

WNSH 1 pos_handler: &M 454k position_type S %

WMASHL 2 cmd_ramp_handler: f&[A45H414 ramp_cmd_type 555

MANSH3 pid_handler: f&[a1£5#4 4 pid_ctrl_type #5341

i 24 &

IR [FIME ¥

SR kAT ¥

R FH R 7

Bl

‘ position_cmd_ramp(&pos, &speed_ramp, &pid_pos);

RN B AR RS

® [ T BREL hall_rotor_angle_get

& 33H R 2.1.1
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F 22. ¥ hall_rotor_angle_get

T H Eitpa
PRI 4 hall_rotor_angle_get
PR int16_t hall_rotor_angle_get(hall_sensor_type *hall_handler, rotor_angle_type
*rotor_angle_handler);
DyRe ik IR R B AR R 0 T AR R LA T AR U
MANSE 1 hall_handler: #& [ 45#944 hall_sensor_type H#: T B ARk &
WSS 2 rotor_angle_handler: #&m45#14& rotor_angle_type %%+ &
2% I
IR RUNLEE T 2
So oAt I
Wi F e 2 x
il

‘ rotor_angle_hall.elec_angle_val = hall_rotor_angle_get(&hall, &rotor_angle_hall);

® IR T EH hall_delta_theta_calculation

* 23. ¥ hall_delta_theta_calculation

TiH iR
R hall_delta_theta_calculation
PR T int16_t hall_delta_theta_calculation(speed_type *rotor_speed_handler,
rotor_angle_type *rotor_angle_handler, hall_sensor_type *hall_handler);
DhRedtiik REUE RO B AL A T A b &
WAL hall_handler: #&%5#944& hall_sensor_type I8 /RIE R ERASE
WANSH 2 rotor_angle_handler: #&n 45114 rotor_angle_type 4%+ B
WAZH3 rotor_speed_handler: i [F 544k speed_type %
a2 8 x
IR [E{H R T M S AL E
Sk ok AF x
B R 7
~Hl

‘ hall.theta_inc = hall_delta_theta_calculation(&rotor_speed_hall, &rotor_angle_hall, &hall);

Jok o 95 B VR 1 (PWM)AE S B 3
® RIIAT EE svpwm_3shunt

% 24. B¥ svpwm_3shunt

W H iR

ZERAEA svpwm_3shunt

R T pwm_duty_type svpwm_3shunt(voltage_type *volt_handler, pwm_duty_type
*pwm_duty _handler);

Digeftik 7% ) SR B ) 2R #(3-shunt i H])

MINSH 1 volt_handler: f§IA1%5 11K voltage_type HHKES 5L

WA 2 pwm_duty_handler: f5 £k pwm_duty_type HS3L

i 24 e

B 3MR R 2.1.1
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TH iR
IR [EE pwm_duty type: = PWM /] duty 14
Skt p
B R FH o 4 7
~Hl

‘ pwm_duty = svpwm_3shunt(&volt_cmd, &pwm_duty);

® [EHIA T KA svpwm_2shunt

*® 25. BH svpwm_2shunt

B H iR
PR EA svpwm_2shunt
PR 2 A pwm_duty_type svpwm_2shunt(voltage_type *volt_handler, pwm_duty_type
*pwm_duty handler);
ThRestiik 2 1) 2% 22 1 ) R 5 (2-shunt {3 )
BMIANSH L volt_handler: #&m 45444 voltage_type tHXS 4
MASH 2 pwm_duty_handler: #& R 454914 pwm_duty_type #5523
it 24 7
YL ED pwm_duty type: =HH PWM f{] duty 1&
SR okt 7
B R FH R 4 7
il

‘ pwm_duty = svpwm_2shunt(&volt_cmd, &pwm_duty);

® RIIAT HE svpwm_1shunt

R 26. R svpwm_1shunt

T H Ei: 5
PRI 4 svpwm_1shunt
R Y pwm_duty_type svpwm_1shunt(voltage_type *volt_handler, pwm_duty_type
*pwm_duty _handler);
Difetid 25 ) % R 1) pR B (L-shunt i)
MASH 1 volt_handler: &R &5#1k voltage_type tHE55
MAZH 2 pwm_duty_handler: #& 458914 pwm_duty_type #5553
25 W
IR [AMEH pwm_duty type: =1 PWM [ duty &
So okt W
5 18 R pwm_shift
Nl

‘ pwm_duty = svpwm_1shunt(&volt_cmd, &pwm_duty);

® [EIIA T REL pwm_shift

2024.02.27
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F 27. ¥ pwm_shift

B | E1:57)
PRI 4 pwm_shift
PR E R Y adc_trigger_type pwm_shift(int16_t *dTa, int16_t *dTb, int16_t *dTc, int16_t Ta,
intl6_t Tb, intl6_t Tc, pwm_duty_type *pwm_duty_handler);
ThRedtiid s il ik vk 5 S5 VR 62 % o8 L (1-shunt f$ )
WMASH1 Ta: ZMEKLHTH
MANZH 2 Tb: =AHF KRG
WMANZSH3 Te: =AM EAE
MASH 4 pwm_duty_handler: f&M£5#914 pwm_duty_type #5554
W41 dTa: =R AR E
i =4 2 dTh: =M R G HABE
i 2403 dTc: =AHE/N G A E
IR [ {E adc_trigger_type: LI SKAERT H] A
SR okt o
B R o
~pl

‘ adc_trig = pwm_shift(&dTa, &dTb, &dTc, Ta, Tb, Tc, &local_pwm_duty);

KEFZHIMHREE

® [ ERIIAT K%L foc_circle_limitation

% 28. ¥ foc_circle_limitation

mHE R
A€ foc_circle_limitation
PR 3 void foc_circle_limitation(voltage_type *volt_handler);
Digefliid WL 1) O 2 L - R R L
WA volt_handler: #&n 45141k voltage_type #HES 4
L e volt_handler: #5 A 254k voltage_type [ Q i &
IR [E{H 7
SR kAT 7
L arm_sqrt_q15
A~

‘ foc_circle_limitation(&volt_cmd);

® NEHIAT K foc_vg_limitation

* 29. ¥ foc_vg_limitation

i H R

R34 foc_vq_limitation

PR 3 A void foc_vq_limitation(voltage_type *volt_handler, pid_ctrl_type *pid_handler);
ThRestik PR o5 B U v B R H

MANSH volt_handler: &R £5H1k voltage_type #HE5 5

i 24 pid_handler: f&[a1Z5#4 4 pid_ctrl_type #1541

3R R 2.1.1
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TH iR

12 [EME ¥

Skt p

R 1 FH R £ arm_sqrt_g15
~Hl

‘ foc_vq_limitation(&volt_cmd, &pid_iq);

RERERI T REHERERE
® AR T K%L startup_openloop

% 30. ¥ startup_openloop

B H iR
A EA startup_openloop
PR 2 A flag_status startup_openloop(sensorless_startup_type *startup_handler,
voltage_type *volt_handler);
ThRedtik HIFLIT 31 5 5 e B
WMASH L volt_handler: f&[AZ5#41k voltage_type HHKZ
WANSH 2 startup_handler: 351 45#)1% sensorless_startup_type #H55&:%
it 24 7
IR [E{E flag_status: FFHJEBIREEMARE, SET A, RESET NATEM
SR okt 7
B o 4 7
il

‘ startup.closeloop_rdy = startup_openloop(&startup, &volt_cmd);

® [RIIAT HEL startup_alpha_axis

% 31. R# startup_alpha_axis

T H Ei: 5
ERAE startup_alpha_axis
R Y flag_status startup_alpha_axis(sensorless_startup_type *startup_handler,
voltage_type *volt_handler);
Digefliid HLHLE A5 Bl ek 8
MASH 1 volt_handler: &R &5#1k voltage_type tHE55
MASH 2 startup_handler: F5[745#17k sensorless_startup_type A2 %
25 W
A EIL N flag_status: ENJHETEMARE, SET AR, RESET MK
So okt W
W e 2 7%
Nl

‘ startup.closeloop_rdy = startup_alpha_axis(&startup, &volt_cmd);

® [EIMIAT K flag_status startup_angle_init

2024.02.27 EITH RRAS 2.1.1
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* 32. W¥ flag_status startup_angle_init

i H Eitpa

PRI 4 flag_status startup_angle_init

Pk gt flag_status startup_angle_init(sensorless_startup_type *startup_handler,
voltage_type *volt_handler);

DyRe ik FELLAI AR 1 FEE ARSI 5 o273 50 R 2K

WMASH L volt_handler: &[n 5441k voltage_type K25

WSS 2 startup_handler: #5m 4514 sensorless_startup_type <54

2% x

R [EME flag_status: HI4H A FEASINE AR 22 e bR &, SET N5EM, RESET AR
F

So oAt x

Wi e 2 x

i

‘ startup.closeloop_rdy = startup_angle_init(&startup, &volt_cmd);

® [NEHMIA T KA flag_status startup_angle_init2

* 33. F# flag_status startup_angle_init2

W H iR

R4 flag_status startup_angle_init2

PR # 5 A flag_status startup_angle_init2(sensorless_startup_type *startup_handler,
voltage_type *volt_handler);

DhRedtiik HLLHI A6 F FEAS DU 26 )5 3R 4

MASH 1 volt_handler: &R &5H1k voltage_type 654

WASH 2 startup_handler: #§R45#1& sensorless_startup_type & $

i 24 7

iR [B{H flag_status: WG ERNIFE G 2B E bR, SET A5, RESET MK
i

SR okt o

B R 7

N

‘ startup.closeloop_rdy = startup_angle_init2(&startup, &volt_cmd);

® NEFHIAT % foc_sensorless_angle_init

#* 34. B# foc_sensorless_angle_init

i H Ei:23a)

R4 foc_sensorless_angle_init

R T void foc_sensorless_angle_init(foc_angle_init_type *angle_detect_handler,
current_type *curr_handler);

Difeftiik LRI 46 Fi FE A DU R £

WMAZH 1 angle_detect_handler: 1§[A45#1k foc_angle_init_type %2 %

WANSH 2 curr_handler: f&[R45 #4114 current_type MK 24

2024.02.27
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TH iR
i 24 angle_detect_handler: 11454444 foc_angle_init_type FIHMLYILA
IR A p
S okt p
B A R A 1 tmr_output_enable
1 FH R £ 2 tmr_channel_value_set
B 1 R 3 tmr_counter_enable
N

l foc_sensorless_angle_init(&angle_detector, &current);

® REIIA T EE current_angle_init_3shunt

#* 35. ¥ current_angle_init_3shunt

mHE Eiiipo
PRI 44 current_angle_init_3shunt
PR void current_angle_init_3shunt(foc_angle_init_type *angle_detect_handler,
current_type *curr_handler);
ThRestiid 3-shunt HLJLRAE B&H(F T~ FB LRI Fi1 BE AL
WAZH 1 angle_detect_handler: f&[145 414 foc_angle_init_type fHX S
WMNSH 2 curr_handler: f&[a251& current_type fHE 53
it 24 angle_detect_handler: #5454k foc_angle_init_type 1 iR {E
R EME 7
Seth kAT 7
5 18 FH R B adc_preempt_conversion_data_get
il

‘ current_angle_init_3shunt(&angle_detector, &current);

® REMIA T EE current_angle_init_2_1shunt

% 36. ¥ current_angle_init_2_1shunt

W H i 3o

R current_angle_init_2_1shunt

Eap g it void current_angle_init_2_1shunt(foc_angle_init_type *angle_detect_handler,
current_type *curr_handler);

ThRedthiR BREER I SRAE BR B (FH T s L0 46 A B AT

WASH L angle_detect_handler: & [m 2544k foc_angle_init_type XS4

WMANSH 2 curr_handler: 18HZ5#44 current_type AHCS4

LTl 2 angle_detect_handler: & [H 4581k foc_angle_init_type ) HRAH

12 [EE o

Stk kAT o

5 18 R adc_preempt_conversion_data_get

N

‘ current_angle_init_2_1shunt(&angle_detector, &current);

2024.02.27
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® NEHHIA T K%L obs_pll_execute

% 37. ¥ obs_pll_execute

B | E1:57)

PR 44 obs_pll_execute

PR int16_t obs_pll_execute(state_observer_type *state_obs_handler, int16_t
hBemf_alfa_est, int16_t hBemf_beta_est);

ThRedtiid TEASAH A [0 5 A7 0 25 R

WMASH L state_obs_handler: #&[mZ514{4 state_observer_type K24

MINSH 2 hBemf _alfa_est: fitill )z H5h% a flHE

MINSHL 3 hBemf_beta_est: il F.3h# B 4

i 24 7

IR [EME HIAL G T T

Se kAT x

1 A R A 1 arm_sin_q15

5 1 A R A 2 arm_cos_q15

5 1) FH R £ 3 pi_controller

~pl
hRotor_Speed = obs_pll_execute(state_obs_handler, state_obs_handler->hBemf_alpha_est,
state_obs_handler->hBemf_beta_est);

® [EIA T EH rotor_angle_sensorless

% 38. ¥ rotor_angle_sensorless

T H Ei: 5
R rotor_angle_sensorless
R int16_t rotor_angle_sensorless(state_observer_type *state_obs_handler,
motor_volt_type *motor_volt_handler);
Thegsmiik UL T LAt 23
WMASH L state_obs_handler: f&[H #5141k state_observer_type HHX S
WASH 2 motor_volt_handler: #5[A1£5#{& motor_volt_type %S4
a2 8 x
IR [EME RN LR T 2
VS Yo 47 motor_volt_calc 3¢ motor_volt_read B %05 RS H a. B #i Lk
LR obs_pll_execute
Nl

‘ state_observer.elec_angle = rotor_angle_sensorless(&state_observer, &motor_voltage);

AR R 2.1.1
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7535 T A R L PR BR

7N 7 PR R B A

® [ERIHIA T K calc_adc_sample_point

% 39. E# calc_adc_sample_point

T H Eitpa
PRI 44 calc_adc_sample_point
R void calc_adc_sample_point (adc_sample_type *adc_sample,intl6_t pwm_duty);
ThRestiik ADC BURERTAL A5 0H B Bk B (B B R EURE A DA B s L3 (PR [7]) I BURE /50)
WMASH L adc_sample: fgH£5H{k adc_sample_type #5551
MASH 2 pwm_duty: 4RT%H PWM i) 545 kb
LT 2 adc_sample: J5[A4%5#{k adc_sample_type HIEUEE i adc_sample_point
R EME 7
So oAt x
W e 2 x
il

‘ adc_sample_point_set(&adc_sample, pwm_comp_value);

JHT): R ZHIHRFE H R A 4 A (Sensorless) I 1EH, Bk I Z50 R 115 1 i B A

N5 J5 B To iR iR AR AR B 4
® [EHiAR T K% bldc_sensorless_angle_init

% 40. ¥ bldc_sensorless_angle_init

W H i 3o
R bldc_sensorless_angle_init
Eap g it void bldc_sensorless_angle_init(angle_init_type *angle_init);
ThRedthiR BEER IR AL BR B (FH T s L0 46 A B2 AT
MASH 1 angle_init: & [A145K7k angle_init_type 1S %
24 angle_init: F&[A145Fk angle_init_type [
IR [FIME &
SR okt o
B 1 A A 1 tmr_channel_value_set
WA g 2 disable_mosfet
5 1 FH R R 3 tmr_output_enable
B % 4 tmr_counter_enable

Bl

‘ bldc_sensorless_angle_init(PWM_ADVANCE_TIMER,&angle_init,angle_init_step);

2024.02.27 AR
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® [ERIR T K% angle_init_estimation

%+ 41. E# angle_init_estimation

B H iR
A EA angle_init_estimation
PR T uint8_t angle_init_estimation(angle_init_type *angle_init);
ThRe sk T LA £ S A 0 R B
MASH 1 angle_init: f& 145 M7k angle_init_type %S %
BINZH 2 ¥
EiTheE o angle_init: 54514 angle_init_type #i5<3 %
IR [EME Tor IR 46 £ B2 BT 3of B2 IR 7N 45 5 AR AR AL (GG L 1-6)
Skt bldc_sensorless_angle_init
U FH R 2 7
~pl

‘ hall.state = angle_init_estimation(&angle_init);

® NEIMR T K%k change phase_period_ramp

Z* 42. B# change_phase_period_ramp

mHE R
A€ change_phase_period_ramp
R E R Y void change_phase_period_ramp(adc_sample_type *adc_sample);
ThRestiik ST 2 A5 AE AR A A P 1 /3 ik
BWNSH 1 adc_sample: B[R4k adc_sample_type 553
MNSHL 2 7
S adc_sample: fgH45H{k adc_sample_type HIitEEEAS <
IR [FIME 7
SR kAT 7
B R FH R 2 7
A~

‘ change_phase_period_ramp(adc_sample);
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5  HEIENATEAETFSN
5.1 RaHL
RLZEVE ] PR IR AR W& 7 s RPRESHLRAR K, Bl UM IRES A : 1dle. Safety ready.
Angle init. Starting. Running. Free run. |_tune. Enc_align LA Error.
5.1.1 REHR
Idle*
ERRESHURIAIIRIRES,  HIRE N BB A IRE, BB RGUERR 5t 2B B IR .
Safety ready*
TAHRRE(dle) S HN T SO E . CHUS IR offset FIME, AN RINLAT L2244 5 IR
Ao
Angle init
ToA A B FB LS SRR DRI AG M LIRS, BUASIAG M 5 J5 2 SR BkH: 2 Starting IRZS, 4
TAL AR TAIRES, & AT EER I S ik )46 A B AT Il X AR
Starting
ToAL AR I R I 22 46 A 2 5 W B IS e A S MR B AF PR, RN IR MRS W E V)
B AP ] B0 2 A LA I R G A e
Running*
AR, MR UT BiE s ¥oRas . F P AT Ul i SER B S8 an B AR AL . H s IR AE).
o A A ik ik
Free run
TR, AR KB a5 b i, Dol iy U LR 8 % 0, 78 ik 58 e 1R Ay
SERXARE, Bk e 25 LN ) 238 3] safety ready £,
|_tune*
PR PID 42 88 S B R, 7R R A iE I Ul S H AR, IR Z KPL K
B, B E—Dhrain, madg B RS HE R E G S5
Enc_align
g AR IERZS, AT UL AR S F AR IE DR, @R a4 R HFOL N, &
JRE IR ENRRIE . F RSN, WE B BALET < B 3hIT R AR IE . F ALY s W) 2 g id X
IR
Winding param Id
N HRALZ IS EBO RS, HI AT Ul S S ) B 3 2 E000RThRE, I8 7L ST LN vl 2
HHER, HHRE R S H0T T ot Bas REFEHI LU IR PILEHIZ B o .
Auto learn
N E S SPIRES, HATHRALUESCREZRRS B2 ThEe, NPT R R B S aTiE ] .
Error*
HE R AR 2B ERXMIRES .
VH8): LR IR S (YIRS ST H PR A F R 7 R 2 KAL)
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5.1.2

2024.02.27

RSV VLA

AHALERMREYREWE 7 s, SEONIEFRE N —BRPPRESTITIRARE, 3§ ENRRIE 0L
TR, Horpos FF BRI PID #H S H TV 2 |_TUNE IRZS, & AL S E0H A D e
A7) 2 WINDING_PARAM_ID JIR#, #HAE /RS B ¥ M7 K J1# 2 AUTO_LEARN IR,
A 8 B i G 2 0 75 T S S AT 14 2 ENC_ALIGN RS 4 i 28 R e, 2060 A AR R AR 2 (IR A
P, FEFBATHEA MR RQTEE T eE) W Bk 2R

B 7. REHRER
ANGLE_INIT

BLERERELLT ' (Sensor-less Only)

[

v [ ¥ v Y
~ y < \\\
|_TUNE!/ by STARTING EN_ALIGN
[ > -« ’ o
| WINDING_PARAM_ID/ | IDLE ',\ ERROR ," (Sensor-less Only) (Encoder Only)
AUTO_LEARN & JA :
<= . ‘\\77 -T,‘\"fvf“'f- \ 3 < =
T o W N A . TP o
>~ FREE_RUN < { RUNNING 1§
> A==

— Error condition
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AT 52

R 43, SUERRA I H
H# FA R

2022.11.18 2.0.0 | WIHERRA
2022.11.18 2.0.1 | 1&IE SRS R 4457
2022.11.24 2.0.2 |BIEXCHAHIE SR
2022.12.01 2.03 | HEHFRELE LU AR
2022.12.10 2.04 | HALZEACRETE R
2022.12.23 2.05 | 1EECHENLE R
2022.12.29 206 | XFHIREIE

HEhnkeil V5.33%w A BEIRE . BT SEZ INAFICE . Si— R BdEdig . &
2023.03.02 2.0.7

WA E S Rt ik
2023.04.20 2.0.8 | HhE it S, PR, B ek O DL R R
2023.10.05 2.1.0 | EFTHEALEEHITRT M B B DA R LR SRS

BEIHLZE B S5 E SR AP 2 M B DL RS B A S M
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HEGBA - FFAE

ST EAT S STRE AR 777 S AR 55 (KRN, R O BEAN AR 5 1 5 5 P A S i AR 3 7 BRI 35 AR R KT A 54T

Tt ZHI RS AL AR, A LA T7 ST SRR B AT R B3R BB R B A B Al o QR AT 338 S AT AT
B =I5 BRSNS R AU RS =7 77 IR 5, BV AT P BRI RIR AL, B B AT S LA T 2 AT
W EER =07 7= i B 35 B P AT A R P AL R ARAEE

ERARFERERE A I 2k rh A UL, I, R IR R A0 K SR S AT T R BRI PRIE, AR A IR T J0E
Ye EARE g R FE B X AR RS » BURICAERT &R RS AR AR U BR R DRAE -

R P RSB T TR T R R dh e (A VR R RN, Blin: B scff. BB BN 7= I RE 2 4 F 2
REAG: (B A (O FRFMAEMAAE; (D) ilds, H/ (B) HALARESBSIE . SR R BERIR . ek
VAT B K FE R T AR S, RIBERI R I RS 0 Rt 7 D@, XU R ST ToH i R R SR8, LRI R 77 67 B 7E R S
PR R T A AR AN SR

SRR 7 S A AR T A SR PR P A IR/ SRR A AE R S B S EURERR 0B A SO R 777 it IR S5 B T IRAT e £
ERR IF HAL WA 3 sREr K AR 1 AR 51 AE
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