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2 HIEHER
2.1  TEHFBEEE

T A E T H 2 EALHS PMSM(BLDC) AL, AT-Link 5155 = 75 IR T 48058 LK —He i ML % 42
# AT-MOTOR-EVB, #HCHE AL & 7] 2% UMO011 {1 He HE LA il A AR A FH At -
B PMSM(BLDC)HH1: JK42BLS01-X056ED

& 1. Bl JK42BLS01-X056ED

F1. BHSHER
B JK42BLS01-X056ED
SEL 8
BIE L DC 24V
BIE ek 4000 RPM
BIE e 0.0716 N.m.
THA 0.3 Amps
i Th % 30w
2 I7] L L 1.8Q
TR 6800 RPM
S HL B A 4.36 V/Krpm
LR L 0.042 N.m/A
G ds R 1000 P/R
AL 1] Class B
SRPE R 7 3 =H

B R
B HHEEHITT R AT-MOTOR-EVB (¥ AT32F413RCT7 #:1R)
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K 2. EHLFF R AT-MOTOR-EVB

@ AT32 MCU #tk, HARAYS Ny AT32F413RCT7
@ USB type B #; RS-232 #:[1, 4 USB ##EZ# N\ PC. HT IR EALESHUl H
@ HIEASEL CN1 #2224 Rk
@ IRBhERH IO CNS UVW 23l N L= AHH NS 2. T4k
® AT_Link 3§ Jlink #£11
® MkLkiiE: JP2 CLOSED. JP3. JP4. JP5. JP6 OPEN
@ BRI D I B B UE KA A AR IR RdR R (H1. H2, H3. 5V. GND)#EA
LIS Rt
1)  JFJ3 bldc_1shunt_hall_sensor yuf] L%
2) HAHLNH PC #4F ArteryMotorMonitor.exe (AHMFA T %3, R HEET AT HATFEF) .
3) AT32IDE (WL E 75 RHE %~ AT32 MCU [N R MBS Id SCPF, g2k 2,
AT32F413RCT7 HIINAEAEGiE R /NA 256 K 7711, U IROM1 g 4ffr & 9 08000000, K/h
Jy 0x3F800, H: IROM2 ittt B Jy 0x803F800, k/NJy 0x800, AT32F413RCT7 MIMEHTE
Bl 3 fiors.
® 2. RN FEMETHZ ROM BLER
Flash size 256K 128K 64K 32K 16K
IROM1(adress) | 0x8000000 | 0x8000000 | 0x8000000 | 0x8000000 | 0x8000000
IROM1 (size) 0x3F800 0x1FC00 0xOFCO00 0x07C00 0x03C00
IROM2(adress) | 0x803F800 | Ox801FC0O0 | Ox800FCO0 | 0x8007C00 | 0x8003C00
IROM2(size) 0x800 0x400 0x400 0x400 0x400

JE[1]: 18/ keil v5.33 jk 4, K AT32 BSP Jifg 1% #F V6.15 4jiF 7y, 15 1E/H keil complier version 5

V&S
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& 3. AT32F413RCT7 Z ROM [t & (AT32IDE)

|£] AT32F413xC_FLASH.Id X
25 _estack = ©x20008000; /* end of RAM */

26
27 /* Generate a link error if heap and stack don't fit into RAM */
28 _Min_Heap_Size = 0x200; /* required amount of heap */

29 Min_Stack_Size = @x400; /* required amount of stack */
30
31 /* Specify the memory areas */

32 MEMORY
34FLASH (rx) : ORIGIN = ©x08000000, LENGTH = @x3F800
35MC_DATA(r) : ORIGIN = @x0803F80@, LENGTH = @x300
36 RAM (Xrw) T ORIGIN = Ox2 ®, LENGIH = 32K

37 SPIM (rx) : ORIGIN = @x08400000, LENGTH = 16384K
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 */
43 . = ALIGN(4);

49 } >FLASH

50

51

52| .mc_data :

54 . = ALIGN(4);

55 *mc_flash_data_table.o(.rodata .rodata*)
56 . = ALIGN(4);

57| } >MC_DATA

59 /* The program code and other data goes into FLASH */

60 .text :
61
62 . = ALIGN(4);
3 *(.text) /* .text sections (code) */
64 *(.text*) /* .text* sections (code) */
65 *(.glue_7) /* glue arm to thumb code */
66 *(.glue_7t) /* glue thumb to arm code */
67 *(.eh_frame)
68
D D S N I S S L]} L
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K 4 Jy—> s bLPs ] TR L ) B 8 S He MCU J0li s #(BSP). Ul BRI LKA (1 9% 2R
K. KRR B RGE bsp sEEzh], M AEALERES Ul REIYER T BSP 5 Low
level B b, A" BATIES RIS HIRE P WAL T AL R B80S Ul e . BRI ml DURDT
58 b P R 1 o i ) MCU AR AR, SEBLRBHLEE RIRE o JF AT RN 22 iy Ul S R 205 4 B
NHSEBL UL Fofh TRAER, AL Rsemt i rpL i RS sl m e iz 24 5 a2

B 4. mHLEREREFREAE

Motor Control Program

$ ? $

Motor Control Func. Kernel Func. Comm. Func.

4 $ 4

Low Level Func. +~

BSP

t

Hardware

5 N HMLEE SRS EE i ul B B, 308 AL SCRS & SCR 2 A 9% &, R motor_control_drive.h 3k
SCHFRAE A P B AT BRI LS EhR S ES S EEE, DU me_hwio.h 3k
AT MCU b S4B 45 4RI RO &R, W MCU AR IRIZ 8. MG E S 5T
mc_foc_globals.h (mc_bldc_globals.h)¥ % J5, T mc_foc_globals.c(mc_bldc_globals.c) 1] ef %k 15
SERBYME, FRALFEHLERBATH . TEE MCU ZMRIER 73, U me_hwio.c ST AT AH RS &)
5 5E o

5. HHLEE TR S 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 / mc_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_bldc.c mc_isr.c
5 | 5 7 1 | I B N S ] ]
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)& blde_1shunt_hall_sensor Jufi T52, XA TREGMWIE 6 Frn. user I B IR P& &
TR AN RIFE R DL R 8 LA . firmware SOy BSP R 5 304 AL RE 5 B AE mclib
SO, LA ERT PR IR R R AR R S LR R VEAN ML R U 1] 52 ANO064

HLALPE A FHFE 7S -
& 6. HplEMH TREEH
Project o B Project i I |
=% Project: bldc_1shunt_hall_senscor =1 Project: blde_1shunt_hall_sensor
=55 demo - demo

[ 1 wuser B-E5 user

Ld firmware ] at32f413_clock.c

il cmeis 1 at32f413_int.c

=5 mlib 1 main.c
J me_delay.c _’I me_hwio.c
J me_curr_fdbk.c _’I me_hwio.h
J mec_blde.c J me lib.h
J me_comm_uart.c J r‘r'lc:isr.c
] me_hallc B motor_control_drive_param.
J mc_pid_controller.c Bl firmware
J mec_bldec_globals.c B cmsis
] memath.c 23 mclib
J user_interface_blde.c
J motor_control_blde.c
J mc_flash_data_table_bldc.c

1 mc_bldc_kernal.lib
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AR TR SR 5 BT U
3. AHEREE

OB FR

[P

mc_lib.h

Kcfbg—E R

motor_control_drive_param.h

R € SCEBLIR B R (FIAUR AR 2%
B ) PRI RS KB E R S . LR

ZH
mc_hwio.c fEE A T
mc_hwio.h T 10 810 %% 2 B
mc_isr.c HH 2R FEATLAZE 1) v BT o 2
mc_type.h 2RI E L M E L
mc_delay.c FRF 8] S 3R AH 55 R L
mc_delay.h FRF 8] S 35 AH 5% R 40P B
mc_comm_uart.c B TR TH A DG A D
mc_comm_uart.h IR vart FHOCHREE I AL
mc_pid_control.c PID #2 il #5 #H ¢ B £4
mc_pid_control.h PID #2 ) #8 #H ¢ M 0% B
mc_curr_fdbk.c FHL AL R0 A % pR 2
mc_curr_fdbk.h FHL AL RS0 A % B 4007 IR
mc_math.c & 2 EP T
mc_math.h B A A 5% R 0
mc_hall.c B IRAL AR AR DG R B
mc_hall.h IR AR TR A 5 B K
motor_control_bldc.c FEL L 42 1 AH O BR £
motor_control_bldc.h PR 1) A 5% R 4007 I
mc_bldc.c IS T ARG BR E
mc_bldc.h TN T3 A5G bR K

mc_bldc_globals.c

SRR E L BOME AR e X

mc_bldc_globals.h

LR, ERREEY . EE X

user_interface_bldc.c SRy (s
user_interface_bldc.h 168 TR T AF DG R 457 B
mc_flash_data_table_bldc.c B\ flash %%

mc_flash_data_table bldc.h

B flash ZHER A KL E

2 1MA

WA 2.1.0
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1) motor_control_drive_param.h SCA%4
® IR, SR P BATR BRI, LS. Bk SEL EhEE
ZHE U T

® RANHAZENL, BETH/ESRIECE, e GE SN TR E b
Ti AR, R AR A . RS

x4 HAEEX
F e LB ik
SIX_STEP_CONTROL VAY: b Sl S:u
ONE_SHUNT P L L SR A
HALL_SENSORS BRI
COMPLEMENT FFE FE MOS HH x5 & PWM H4h
GATE_DRIVER_LOW_SIDE_INVERT FE T & MOS R H#iH
LOW_SPEED_CONTROL fiE A R IR (BN TR, HERR LTI AN TTR)

® HKRHNLIIEHIZH IR 5 WM. RIEAFMELE. BHLFR R SEHRRE, w2 SRR 2
Ho JRATBEAT LS, 0. 1s B PHEZMHIES . R PlIZHI 855, LU Ik TREVE B RS 4

2023.10.05

5E Mo
x 5. BHISEEEX
7 58 XA Ei::3%)
PWM_FREQ PWM %A% (unit: Hz)

MOTOR_CONTROL_MODE

UL R A (e i) . s 4L PR L type.h HLAY

motor_control_mode)

CTRL_SOURCE

i AR B B (B il A i)

Ul_UART_BAUDRATE

P FH R 1 P 6 (TR 1.5M R

Ul_SAMPLE_CYCLE

HHLA L B S HEUEEA R (unit: PWM i 88 e 3)

TUNE_TARGET_CURRENT

W Pl S50 1) B A% B AR/ unit: ampere)

TUNE_CURRENT_TOTAL_PERIOD

P PLZ 0 (158 B (unit: ms)

TUNE_CURRENT_STEP_PERIOD

W PL S0 5B 8 # (unit: ms)

I|_SAMPLE_CHANGE_DUTY

U LI EORE 2T PWM DUTY fE (unit: PWM - T 25 5E)

|_SAMPLE_MIN_DUTY

A AT EILEURE A PWM 2/ DUTY 8 (unit: PWM 1 82
t)

SPEED_FILTER_TIMES

P TS BT U (unit: IR)

MIN_SPEED_RPM

ML GIEEE (unit: rpm)

MAX_SPEED_RPM

FLER B (unit: rpm)

MIN_CONTROL_SPEED

FELATL A 38 2 A1) P T 42 19 B I P (unit: rpm)

ACC_SPD_SLOPE

HEEEAIE (unit: rppm/ms, 2438 B FR s H45 % =1kHz)

DEC_SPD_SLOPE

JREERER (unit: rpm/ms, 438 E IR IE=1kHz)

SP_MAX_VOLT

A 2 SRR I B K HLUE (unit: voltage)

£ 1271 k7 2.1.0
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Py B E

Hik

SP_THRESHOLD

8 A 2 RIF I /AT 2L s (uinit: voltage)

SP_RUN_VALUE

e A RURAE S, THARIREN ) 5 I H S E (unnit: voltage)

SP_STOP_VALUE

AR 2 RUEAELE, 4 1R IR BN B K HL R B (unit: voltage)

PID_SPD_KP_DIV

T LI 25 BR 2L (Q16 mode)

PID_SPD_KI_DIV

Bl E R A R (Q16 mode)

PID_SPD_KP_DEFUALT

HTHEELLLHIHE (Q15 mode)

PID_SPD_KI_DEFUALT

P HER I (Q15 mode)

PID_IS_KP_DIV_LOG

BRZR R I LU A S5 B2 (Q16 mode)

PID_IS_KI_DIV_LOG

BRZR R HI A 0 25 FR 2L (Q16 mode)

PID_IS_KP_DEFUALT

\

BEA HLR PRI LI 25 (Q15 mode)

PID_IS_KI_DEFUALT

BEZE I HIF 1635 (Q15 mode)

MAX_VOLT_CMD

R PR s A2 ) B K FEL S i - BRI (Q15 mode)

MAX_V_CONTROL_SPD

R B 1) A B R, v T R T A ) 48 e LR B 1 (Uit
rpm)

MIN_|_CONTROL_SPD

FELIR 1) A B NI, AR T B T A ) 48 ol FL R B 1 (Uit
rpm)

® K TIKENERIAHKSHOE AN 6 iz, GnFEDCIiE) . A Al f b rIRBOR IS 75 . A5 AE
PRSI e TRV BIAR R S HE S 2 AN R A LRSI, I 75 1 5RO L (R 24

® 6. BHBRSHRENX

2023.10.05

B AR

iR

VDC_RATED

R/ E2 i NE N

V_SENSE_GAIN

P [R5 ) LA (e T 1) 2 AR T 25 L UMOO 11 IR I FELLAZ il T

KA A2 5.5 2 04)

MAX_CURRENT

LI ) 28 4T HE A ORI (unit: ampere)

MIN_CURRENT

LI ) 28 40 H A /NI (unit: ampere)

CURRENT_SPAN_SHIFT

FLUAR A M T 5 7% 4

ADC_REFERENCE_VOLT

ADC %% HiE (unit: voltage)

ADC_DIGITAL_SCALE_12BITS

ADC 7 ¥

SYSTEM_CORE_CLOCK

RGN EE (unit: Hz)

TMR_CLK

B4R E (unit: Hz)

DEADTIME_CLK_SFT_BITS

HEDCIAR B 72 5

DEADTIME_NS BEX A (unit: ns)
R_SHUNT Shunt HFH (unit: Q)
OP_GAIN FELA ORI 25 (BLYE 5 2 RS T2 W UMO011 Ik s FRMLIE il FF R

B FHf 2 5.3.2 7)

£ 1371 R 2.

1.0
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TR AR

Eiiipy

CURR_OFFSET_VOLT

AP F M2 5.3.2 #7T) (unit: voltage)

OVER_CURRENT_VREF

WP F M2 5.4.2 F7T) (unit: voltage)

OVER_VOLT_THRESHOLD

HHEIRS S (unit: voltage)

UNDER_VOLT_THRESHOLD

REJEIEF A (unit: voltage)

VO_V NTC A K 530 52 R IR AL #i 28 2 30 VO(iE[2])
TO C NTC f o R 50 2 R RIE LI 2k 2 %0 TO(E[2])
dv_dT NTC [ HL R 535 R R £k 2 220 dVIdT(E[2])

OVER_TEMP_THRESHOLD

R IE S  (unit: Celsius degrees)

MC_ERROR_MASK

PRYPASI E e

2] 1 JE 508 K 7 2 W26 77 FEAC VIVI=VO0+dV/ITIV/Celsius]*(T-TO)[Celsius]

RPN ZE LNR 7 Frs, iR, wibis8. B ERESH5E . R

I TREVE B R S5

K71 HHSEEEX

758 AR #ih
RS_LL FHLML 2R B) FL BEAE (unit: Q)
LS_LL AL 2k 18] %A (unit: mH)
POLE_PAIRS s #
KE HINL KE 18

OUTPUT_AH_BL_HALL_STATE

fi AAE B PWM 5 B AT ON X R ELE RAIRZS (FE[3])

OUTPUT_AH_CL_HALL_STATE

fi AAE B PWM 5 CAHTE ON XM 1 HEALE RIRFS (HE[3])

OUTPUT_BH_CL_HALL_STATE

fit B AH L PWM 5 CAHTE ON XJ R 1 HEALE RIRFS (E[3])

OUTPUT_BH_AL_HALL_STATE

fit B AH L PWM 5 A F T ON X R LE RAIRES (FE[3])

OUTPUT_CH_AL_HALL_STATE

fi C AL PWM 5 A AT ON XJ R 1 HEALE RIIRFS (HE[3])

OUTPUT_CH_BL_HALL_STATE

fi C AL PWM 5 B AHTE ON X 1 HEALE RIRFS (E[3])

HALL_STATE_ONE_NEXT_CW

HALL JIRZS 1 BT —MIRE(IEFS)

HALL_STATE_TWO_NEXT_CW

HALL RS 2 B — N IRE (IEFS)

HALL_STATE_THREE_NEXT_CW

HALL RS 3 B —/MIR&(IEFS)

HALL_STATE_FOUR_NEXT_CW

HALL RE 4 BT —AMIRE(ER)

HALL_STATE_FIVE_NEXT_CW

HALL RZ& 5 BT —AMIRE(IER)

HALL_STATE_SIX_NEXT_CW

HALL RZ& 6 BT —AMIRE(IER)

HALL_STATE_ONE_NEXT_CCW

HALL IR 1 B — N RE (05 5%)

HALL_STATE_TWO_NEXT_CCW

HALL RE 2 BT —AVIRE (¥ 4)

HALL_STATE_THREE_NEXT_CCW

HALL RE 3 BT —AVIRE(H4%)

2147

FHEA R RIS 2 BEE TS N UM0011 ik & B HLIE ST &

I RN T (MY 2 S TS L UMOO01 Ik i BB MLIE HIl T &

WA 2.1.0
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FE LB iR
HALL_STATE_FOUR_NEXT_CCW HALL RZ 4 1T —ANRES (0 5)

HALL_STATE_FIVE_NEXT_CCW HALL RZE 5 1 T — AR (0 5%)

HALL_STATE_SIX_NEXT_CCW HALL RZ 6 1 N —ANRES (0 5%)

Kl 7  BLDC Jx 1%, E/RIREE MOS FIEREHI XK RE. DILECAE], AMKHBEHRAH B X
HL A B /NG R B E W DIRG9 4, BRIt T OUTPUT_AH_BL_HALL_STATE ¥ N 4, [F3E,

A FR FH K B C AR B3 B/ N BB RS N 6, kT
OUTPUT_AH_BL_HALL_STATE Z¥5E LN 6, DL RN 6 N IR T X Bl i
A AN E LA IE AR ) PWM B .

1 A5 1) PWM i HECTR S D — i 8 0 S v i s 16 T A BX 31 2% (Gaate: diriver) B PWM D148 i
A EAREE, ATLLEEZ 0L motor_control_drive_param.h SCEY P [ SUAE SO AR i
R, ST BRI I = AN AR A R B N m et B S B R

A 7. BLDC R HH. EB/RIRESE MOS FBREHKRARE

Hall state 5 4 6 2 3 1 5

Hall H1 1 1

Hall H2 0 0

Hall H3 1 | o

EMFU oS

EMFV | i T~

EMEW I SRR St N —

UH PWM TMRx CM1
OFF. PWMA [OFF __LOW | oFf (PIt0-7)

UL

V H PWM TMRx CM1

LOW  OFF. PWMA  OFF Low (bit8-15)

V L

W_H PWM TMRx CM2
PWMA OFF._ LOW __ OFF PWMA (bit0-7)

W L

V3] AR5 HE PR HE 355 7R AR &S X 1 7] i BT AN AT MOS L BTN

F 1571 k7 2.1.0
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2)

3)

2023.10.05

mc_hwio.h SC#Y

SRS AR R B S R 10 B2, SR
A TAEVEA A AN B AL 5 4% ADC. TMR. USART. EXINT Z5:80 & 5 Ik ek 2 A

S DMA HIE 0 ROC R UK 8

KPR

THEENE . RS me_hwio.c SR %L

% 8. MESMEECE (DL AT32F413RCT7 H4l)

PN E TR 3 DMA i&EiE ik

ADCH1 N/A DMA1_CH1 | ADC1 % jifliff i# 4% 4 (BUS HiJE
MOS RJE. SRR/ 4)

ADC1 ADC1_2_IRQn N/A ADC1 #i (it 1 B 4 (BEZE L IAL)

TMR1 TMR1_OVF_TMR10_IRQn N/A HLHL BLDC 42 il o Wy

TMR1 TMR1_BRK_TMR9_IRQn N/A PWM #i i 4% it

TMR3 TMR3_GLOBAL_IRQn N/A TR KA AR T

USART1_TX | N/A DMA1_CH2 | USART1 TX f&4i%4

USART1_RX | USART1_IRQn DMA1_CH3 | USART1 RX #:Uic$i#

EXINT EXINT15_10_IRQn N/A START/STOP 41 (J& 3h/15 1 Ha L)

£ 9. HRSMRECE (DL AT32F421C8T7 )
S B2 HR o B R DMA j&Ei& ik

ADCH1 N/A DMA1_CH1 | ADC1 % jifi it & 4% 4 (BUS HiJE |
MOS ¥ £ A1 3/ R i )

ADC1 ADC1_CMP_IRQn N/A ADC1 # (il 18 ¥ 4 (BEZE FLIRL)

TMR1 TMR1_BRK_OVF_TRG_HALL_IRQn | N/A HiHL BLDC $2: il 7 - PWM i i 4%
fit

TMR3 TMR3_GLOBAL_IRQn N/A TR KA AT

USART1_TX | N/A DMA1_CH2 | USART1 TX f&4i%i

USART1_RX | USART1_IRQn DMA1_CH3 | USART1 RX #:Uic$i#f

EXINT EXINT15_4_IRQn N/A START/STOP #41(J 3/ 1k HabL)

mc_hwio.c (Y

DRSO = AR A P AR fE i TRCE . W TMR. ADC. DMA. GPIO..

GRS, ATRIEANF

AR RIEATICE . RN B 54, LED AT, PWM JFR /SR IS B, FEILI I H TR
B R HUE (R 10 P

£ 10. SMEECEM R

R TR R
nvic_config HHT R S R E
tmr_pwm_init PWM % 4 A 3 80 (tmr). crm clock. GPIO. DMA Ft &
gpio_hall_init B RS GPIO fit B
tmr_hall_init B IR AL KBS R B0 (tror). erm clock it B

2 16 1
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adc_ordinary_config

ADC ¥iEiEE 5%z ADC. DMA. GPIO it &

adc_preempt_config

ADC #f 5@ 5%z ADC. DMA. GPIO iZ &

uart_init

UART #f3% crm clock. GPIO. UART Bc &

button_switch_init

switch %41l GPIO. crm clock fi & (BLDC hall 148284 )

button_exint_init

A TP WA EXINT & &

led_config LED #7144 GPIO. crm clock Fic &
led_on LED 4T5%

led_off LED Tk

led_toggle LED F#: (ARG . BT R)
led_blink LED [N %k

led_init LED #I6IR&S W E

current_offset_tmr_setting

K HELIR offset AH5% tmr iR B

mc_isr.c 3 Y4
HWSCRE By R, f14 ADC. TMR. SYSTICK Z5rulbr, JHAW 1) H stk TR 56 481 4 5% o bhip

BRI 11 PR

R 1. LIRS ek 5

RH AR

i7p%)

ADVTMR_PWM_CYCLE_IRQ

TIMER1 SR INTeRE0: RIS A BIRERER AL
AL UL BRMER

ADVTMR_PWM_BRK_IRQ

TMRA R 245\ BT 5% 25 PWM %t 2% 6

ADC_SHUNT_SAMP_READY_IRQ

ADC1 IR B R

HALL_CAPTURE_IRQ

TMR3 figR TR 3 RS SRR PRI

SysTick_Handler

ARG KTk F(1ms): RSHITIHCRSTRL A% ]

BUTTON_EXINT_IRQHandler

A8 10 HlbT ek B START/STOP #2541 (Js 2h/s 1k FaL)

mc_type.h 044
SRS A SRS 2R 8 Lo VEARUNER 12 PR
£ 12, BHLERHTIR

MBI ZFR

D)

firmware_id_type

DX AN [A) FATL PR A A 2 PR G

motor_control_mode

AL AR O A2 AR Id R 1 A9
Ao Femshl, BaERE]. A ESH. D AR R AE)

ctrl_source_type

PERIRIRCRAFAE ] S5 L B 1))

encoder_align_type G SR YRR S
esc_state_type HL LI IR RS AL
TR Wiz 2.1.0
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err_code_type

AL IRIVE A O e R IR I Asas iR

BEIRHR BEIHTR)

shunt_nbr_type

MR A AL QR FE B . XUFERE . = HEFH)

curr_offs_type

ADC HL I HURE i 7% fEL

current_type HLALAE R &
pid_ctrl_type PID il 3R AH A &
pid_ctrl_dc_type PID il 3R AH A &
speed_type AR A
value_type Bt
hall_sensor_type FEIRAR IR AR A AL &
ramp_cmd_type FHE A M A R
usart_data_index UART {21 FH A5 &
moving_average_type Ba M &
usart_config_type UART #MAHC B AH DA i
ui_wave_param_type ST R A
i_bus_type REZR AR AR
olc_type T A A &

% 181 k7 2.1.0
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4 E LIS RS HL
41  CREBVIEER

UL AL TREEGI PR STRAZ A 8 th RIS HURIE R, BASIREHUIAIAG R E th 12 (Main) A
WA, RS SO B EHOIRESHIAIGBOE . BAh, RIS AT AE Systick Handler w1l
PR, B IEAT — IR AR RS EOREHL . R SIRSIAT SRR I, — B SRREL
WEEN Error ARA15 1EBKEN DL ke 2 LB W LAREN AR H3 8%, B BB gl B e LA BEFE B AT

B 8. REHLIRER

If control mode is not
IQ_MANUAL_TUNE

Set parameters

Press start motorin
1Q_MANUAL_TUNE _.~

. - Press start motor
. Fadlt cleared .-

ERROR

va

Failure detected -,

Press stop motor

If motor
stops

______ Failure detected

B HLLUNIRAZ4 % Idle. Safety ready. Running. Free run. |_tune LA Error. &ANIRZS HIHE
I

Idle
HORIRSHLUPILEIRE, HARE T DA NEE RS, B EIRRGURRR 5 B0 1845 1h 2 B B RS

Safety ready
THILERA(Idle) N BT SOk E . IS IR offset (UME, BN AT DL 248 5 SR
2023.10.05 - - = 19 R - T ek 210
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P

Running

e, RN SR NS FRAS . F P AT Ul SR SEn S5 (n B RE R B AR,
BN A 1k Bk

Free run

2T IR, U IS a1kt SRR i JFUR g8 %0 0, 78 ik 58 i E ATk
SERXARES, Dk 524 {5 1B ) £: [0 3 Safety ready K% .

|_tune

Iy R PID FH ds S 80, ARl Ul SR s HAs it . iiih 2 KP. K

B, ¥ E—Phram, rEdgt iR TR HE R E G S5

Error

AR AN 2 ZXARE .

UL AL TREEG] SRS R IR . G ACIRE AL VT TR B I AR 13 s

R 13. BRSEBRSRYIBRFM

RIHRE ERRE IS 348
PRI B AT UGS H0% E 58 )
IDLE SAFETY REDAY Pt g A AR B % H POTENTIOMETER 4 /N B0 H
PL R W UE 2 H005 5 52 %
RUNNING LR AN IQ_MANUAL_TUNE Itf, #% T EAIHLA
START MOTOR & START/STOP ##/#
SAFETY REDAY
| TUNE L5 HIRE N 1IQ_ MANUAL_TUNE It} 3%~ _EAZHLIK START
MOTOR &% START/STOP #/
RUNNING FREE_RUN %~ AL STOP MOTOR B¢ START/STOP ##4#
SAFETY REDAY LS IR
FREE_RUN
FREE_RUN M LB
IDLE LR A A IQ_MANUAL_TUNE i
| TUNE
FREE_RUN ¥ T _ALHL STOP MOTOR B, START/STOP #4#
ERROR IDLE [ EARRELSS

207 k7 2.1.0
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5 LEMERVHA
5.1 B EE

FERf R 52 A VE 6 AR PE A S HE SR IR, BA Tl DAEAT DA N RS Ul Sis RS, TRAHRAL
Ul it FH 1 W15 2 1 ANOOB3 345

STEP-1
IERE L. AT_Link/Jlinks FF R AR EIEE R EHLT R R, B USART #£10[H USB 2k \ PC.

STEP-2
il MDK %3 demo TA2AUHY, fiiH Jlink B AT_Link TSI AR .

STEP-3
PATFERF ArteryMotorMonitor_V2.1.14.exe(V2.1.14 N AR AS), 1E File -> Open Porject &1
% £ ArteryMotorMonitor_V2.1.14.atmex->J1 J5 .

STEP-4
% Serial Port BEHTEbR(1.)FFEIO BT 15(2.), iE5E 1% Open(3.)RI ] I H 85 S (5, #
YL TRINK 9.
B 9. FEEERAEU
Bl Artery Motor Menitor V2.1.14 - O X

File Setting Help

|-Eg| COM4 : USB-Enhanced-SERIAL CH343 v|| Open |D +
3 4 ":ll El_ E

1 Ar3zrat3 mMLvz10 2

STEP-5
{5 TR TICEE (4. ) RIVAT S SR BB U1 43¢ 0 B8 LU 55 F ARBGE S e 1 SEINE S, Wokca R sh s 1k vl
M4 SCE. TR PID 25L& S8 HlE I % .

5.2 QHHERAER

PR 2 AP R s, WilEl 10, W RLREP B R IAE RS H, AR s H 2
NTEEE QRN PID HIRH S HUS (¥ IR R 5 .

& 10. FHrHERTEE

I(A)

Step period

-

Target current—

Time(ms)

Total period

2 BT Y Al ) FL R N R m OB, et A SRR

2023.10.05 B 2MH B2 2.1.0




I AT32 BLDC Hall 1-Shunt Demo

7t

SR B (A) = 33767

* i A I EH(A)
PEYIERE IR

STEP-1. Rzl N H3 #iE N 1Q tune
B 1. FEHIEER 1Q RFE AR

BLDC - hall

I} Tune -

STEP-2. & & PID ZH ISP i 4, Wil 12

& 12. PID A BB B S %

Basic Tuning Parameters

Unit step config | Current contral

Current Tune target current  0.999 A Torque KP 25000
Current Tune total period 100 ms Torque Kl 3000
Current Tune step period 2 ms Torque KP DIV 2048

Torque KIDIV - 4096

STEP-3. %~ 3 sl HiHL(Start Motor)f% 41

STEP-4. %34 F X ({128 i %~ Torque reference(lq)LA & Torque measured(lq)fi% T Save
A 13. AEBEEBELESH1Q HRFER)

Dingram parsmeter setting
Tongue reference (Ig) -
Tomgue measured Jq) -
Have
STEP-5. siiksa Il " B ey pny H s % o 1

STEP-6. & F HIMIN &SN, ik 14, EAMBUN L T =1 By, JFEE STEP-2~STEP-
6

]
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M 14, BRI E R E

MY Monitor ? *

1h 141
3 g
F 05| Jos g
g g
2 Z
= E
s E

i /\\/‘_, i

05k {05
. . . . .
947020 047040 947060 247080 247100
5 | 5 7 1 | I S N S L] |
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5.3

2023.10.05

IR AT a2 12

ANEA) TRESCR IR PRI, AL A0 i e ) A S P il A o I 1 DA e /S ) P s
B P BRI RN, AEAMR S L HIT A 1 4 B 15 KR Rz s R P il dr B ATK
ANy B A ) U D R A N G P R A i A (ERAR ), AV AR AR E B AR A

B 15. SR e IR ORIR 2 s fr e s B

=-

START/STOP

©.

Pl SRR PT LA B BB SRR T 8 B IE I LR PC Bz ek, 2 e AT
motor_control_drive_param.h 3244 ) CTRL_SOURCE, #E 16. i&id PC Bk itissos &
TERE 17, B 18, B 19, HARE - a3 A [m] 1042 s = 2o RIS [8] (0 4 1 28, A5 Dokt B 4 i A
T 2> Bom H bR B s hREAr, il 17, PRGN A B AR B s s, o
K 18,

16. FE I SRIFRE SUE (FAF 42 1 RIR (L) 48 B R 424 ()

_] motor_control_drive_param.h
183
184
185 PWM

186 M OL MODE

187 C

188

189

_] motor_control_drive_param.h
183
184
185 PWM_FRE( (30000)
186 D TROL_MODE (

187 :
188
189

1) A1 H s A2 Al R

FERVFIE PRI T i3k B rp 7 1% 4% external voltage control U TT EAY) 3 2 MR FE ], AT 4151
PR ) R R AR KD B T R B H AR e AR A A A 2 B B o) R T T T B 4 ek
BRI

#2470 k7 2.1.0
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TERE: SPERIRFER R PR LA AT IEL
B 17. g B AR (S8 s R R R IR)
|

BLDC - sensorless (ADC)

Speed Control v
Target speed
Control source
Speedreference 0 rpm
v

external voltage control

Bl 18 Fed FE AR A (S F AR I RIR)

|

BLDC - sensorless (ADC)

v

Torque Control

Control source
external voltage control v

Torque reference (i) 0 A ]

2) BAFEEHERIR
ERUCABAHE IR, SRIEEFE T R H ik £ Software control tA] Y)#e 2 B i, &l

19, LR E BT UL 52 101 ) H FRas P2 /e R R A B8 LA Al PR RE /RN, Xy A Aoz BT T
EREE, W€ e A B R AR AL R s B B RIS B
Bl 19 BAEEHIRITRE B inE B

BLDC - hall
Speed Control -
Control source Jormt spoed
Speed reference 500 rpm
software control %
Clear Save

Time Motor

111 16:49:32 Set REG 10 = 500:0K

2 16:49:26 Set REG 10 = 500:0K
3 16:49:22 Set REG 9 = 0:0K

202: - - % 25 W - B 2.1.0
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5.4  EEEF

SRR PR S B A PID Z 8 SR R kL, 988 52 1A I8 mT B 7 422 1 2575 i
B2, VEABRAEDIRUIT

STEP-1. # x0T Hizk ik v Speed Control

STEP-2. WHEIEE PID SE LN & . yaiis &
A 20. PID 28 A RINGERE . REERE

apeed control

Speed KP £ 1000

Speed Kl 4

Speed KP DIV 1024

Speed KI DIV 1024

Speed acceleration 8 rpmy/ms
Speed deceleration 8 rpm/ms

STEP-3. & Control source A software control J H #5i% 5 2% {t (Speed reference)
B 21. BinEEERE

Target speed,

Speed reference (0 rpm

STEP-4. % 32l FEAL(Start Motor)$% 4l

STEP-5. 4 KX 1Z$ i N Speed reference L)L f Speed measured
& 22. HEGEREZESE(FEEFFK)

Diagram parameter sething
apeed reference -
Speed measured -
Have

STEP-6. ik 2 R4 /' IV mJ i i H 8 2 1

STEP-7. &AEMEEMIN ST, ik 23, A AMAUPN L T =1 B, JFEE STEP-2~STEP-
7

2023.10.05 £ 261 B2 2.1.0
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B 23. HEEFR R R

MY Monitor x
000 - — 3000
2500 - — 2500
2000 - — 2000

2 g

£ A

B i

<5 1500 1500 =

4 =

z S

£ =)

& A
1000 - - 1000

500 - ~ 500
. ‘ . . . .
750000 800000 850000 900000 950000
(¢ oy (s 0 +a l ~ NV
f v, v » 4190
Q[ S (S = VY B A
5 7 1 | I S .|

2 2TH
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5.5 R EEHEE

P AR TN () FL AL AR H /N, s PR P I g ], DRI A A1) R B AR P P g 4261 g 3%
FEARFE R A F A e 4, L 81 L AU RN ) 8 ] P 90042 ) PAD [ g4 ), ) LA TE e lib A5 58 (5
SAGEFER IR LEThRE, WATT R MR ETRT, i 24.

B 24. fiRik B AR R X

A TR LT RENI AT LTS me_ctrl_param.h #4558 1 )2 B0 58 T P 5 r iR P A DD e ok
MAX_V_CONTROL_SPD Jy it i £ ] (1 i et el , et 122 5 SCRELIU ey LAt 422 il
MIN_I_CONTROL_SPD JyHiiu A il (1 AR5k, AR i€ SCE NSOy i sz, ik 25,

Rl 25. ik i RIS H0E UE

202: - - % 28 1 - Bk 2.1.0
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6 XHERRAI

R 14, SRR

H# FA R
2023.03.02 200 |EHIRA
2023.04.27 2.01 (1. FWIEEEDIRE 2. ANLA ISR (baud rate:1.5M)
2023.10.05 2.1.0 |BEOcEE . SETER . AN SR
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HEGRA - HFAE
KT EAT SO BTR AR I3 7 SRR 55 (KRR, R JO BEAS AR 0 5 30 56 BB P A S B AR 3 7 B R 35 A G PR A 54 E

Tt 2 HI R AR AR, ASTRA UMEAT 7 AT RIR B AT AT 9173 BB R B SAL B AT o S SR SORS A AT B30 B AT AT
HZ 7 RS s AN BN SR T U 5 =0 7 R %, BRVE T P R A R AL, BB B K DA 7 A AT
P23 =T 7 T B 55 B AR R R 7 U BRAIE

RAEFERERE A I B 2 kb A U, I, R TR R 7% it F) S P AT s 6 AN AT T IR BRI RAE, BAR (A IR T4 S0E 4
TE AR E F R (ST AT R VR DX VR X BB L), BRACAERT L RS s A S iR = A SRR AR

R P IR AR B BB T TR T R &R dh: (A) X EE R SRS, e B SCRe, BB BERG BN 7 DI RE 22 4 F 2R
MRS (B) M RA; (C) IR (D) WURK BRI, H/S(E) mds. BRI A IRl R se ik, ik
Ve T 1 R L T BRI, BRSSRI R TR AR 0 A T A5 T, DU ph ) S PR, LA S SR SRR 5GP il 2 i A i
AEHE R

LR IR 77 i B0 AN TR AR SR PR S PR R R AR R PRI, g S B O B0 A TR R 07 il IR 55 45 (R T DRAE
KA I HASRE MR 20 sy KRS ) IR 54T
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