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AR A T H RS PMSM(BLDC)HLAL. AT-Link 3625 = J5 18 428 PA A — B B AL R i)
B AT-MOTOR-EVB, #HCAEAFECLE 7 225 UMO011 {1 E FEATLEE il I & b A FH F-At o
®m  PMSM(BLDC)HiHL: JK42BLS01-X056ED

E 1. Bl JK42BLS01-X056ED

R 1. BISHR
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] FLRE 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 NS RIR: AT-MOTOR-EVB (i # UL FME—## AT32F413RCT7.

AT32F403ARGT7. AT32F415RCT7. AT32F423RCT7)
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K 2. EHLFF R AT-MOTOR-EVB

AT32 MCU #£4, AR5 AT32F413RCT7 Jyfi

USB type B # RS-232 411, £ USB %4 A\ PC. FI TRl sEp L S i fs H
L YA NS 1 CN 42 24 (R

IXZNFH % T CNS UVW 07l N FIHL = AR N3 . 2% 154k

AT_Link B¢ Jlink #%1

R RRERAE T I U IR AR R R AR K IR AR R N

Bk£k % E: JP2 CLOSED. JP3. JP4. JP5. JP6 OPEN

SECNGRONCRCKC,

22  BENSEAEE

1) DL AT32F413 Afl, JFja 5l aus] .72 AT32F413_MC_Library_Project\motor_evb_2v0

\at32f413\pmsm_foc_hall_sensor_E-Bike-Scooter(£[1])

2)  HHLR PC #f4 ArteryMotorMonitor.exe (AHMAT 24, REEHEBET A HITEE).

JE]: TP TR 3 AT %2 keil complier version 5 LIK OO0 (L1447 451%, i&(E/Y keil complier
version 6 Z({L1EEER O1 Hir4iF. Z1EH keil v5.33 A, [K] AT32 BSP JilG1 31 V6.15 45iF 4%, g 1EH]

keil complier version 5 JkRALIK O1 (L1 F 1T -
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3  PMSM HEHLESCRY 1A

K 3 AL SCRE SR U B ], BB FEATLZE SO Hh 5 SO 2 TR 2k &, Hedt motor_control_drive.h =k
SCHFRSEH P BAT MBS B BRI S ERESEEE, DL me_hwio.h Sk
AR MCU Fh ik 53 hil i 25 I R ¢ &, WoE MCU FMERIZ . MR E ST
mc_foc_globals.h (mc_bldc_globals.h)¥ % J5, T mc_foc_globals.c(mc_bldc_globals.c) 1] ef i 15
EARBWIME, FEAFNLERBUTH . T7E MCU SRR 7, W me_hwio.c ST AT AH A1)

LR E
& 3. BHLESCE S T B
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.c mc_isr.c

JEB TRERISCRY TREGE M WP 4 o user UM BB FE S ERF . NIRRT . SHGFEAN
flash F2£/7 LL & S HE LS. firmware SCHIE08 BSPF2 7 SO, FEHLERE P UE £ melib SCHF5,
BLEIERS BRI AL EIRREL. 2R E R TS EALUEREEE . AL R E0 B AT 225 AN0064 Hi L

PEAE IR .
& 4. sl TRESEH
Project 2 B project -
= “% Project: pmsm_foc_incremental_encoder 5 “%% Project: pmsm_foc_incremental_encoder
= %= demo - %7 demo
# L user = user
+ L firmware A at32f413_clock.c
#-Ld cmsis L] at32f413_int.c
#-Ld cmsis_dsp _] mainc
=¥ mclib _] mec_hwio.c
j mc_delay.c me_isr.c
_] mc_foc.c s] mc_flash_data_table.c
) mc_curr_fdbk.c _] mc_hwio.h
_] mec_encoder.c _] mclibh
_] mec_pid_controller.c _] motor_control_drive_param.h
] mc_foc_globals.c -
B mc_math.c
] mc_field_weakening.c
j mc_hall.c
j mc_foc_sensorless.c
j mc_comm_uart.c
) user_interface_foc.c
_) moter_control_foc.c
j mc_foc_kernal.lib

R 2 AL SR U R, U AN R SO 0 G EAT B
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R 2. HPLEXREER

PE =B Eii:pa
mc_lib.h K trg—E R
motor_control_drive_param.h PP SCRLIREN ZE R (FRIRCRAF AR, AR AR ) £

AR SH B RS H RS

mc_hwio.c EAF M ACE B
mc_hwio.h T 10 2 1 % L B
mc_isr.c HH I FLL A2 1] v 1 e
mc_flash_data_table.c B\ flash %%
mc_flash_data_table.h BN flash ZHEE KL E
mc_type.h R ERTE L BEEE X
mc_delay.c Pk 8] X 15 FH G R 4
mc_delay.h IS} 8] S 158 AH 5 R £
mc_comm_uart.c TE TR RIAH G /M RCE B
mc_comm_uart.h B vart AHCREE R, BLE
mc_pid_control.c PID il 85 AH S BR £
mc_pid_control.h PID 425 il #5 AH 5% bR 25 5 1
mc_curr_fdbk.c F g A O R
mc_curr_fdbk.h FLJAE AU A O R 0 B
mc_math.c VBB AR A OCRR B
mc_math.h VEE A AR IS BR A
mc_hall.c B IRAL KA A DG BR B
mc_hall.h B IRAL IR AR A DS R B T
mc_foc_kernal.lib HHLEEAZ O R B
mc_foc_kernal.h PO AZ O bR B 7 B
motor_control_foc.c FEL L A28 1l AH O BR 2
motor_control_foc.h FEL L A28 HhllAH 5% Bk 2575
mc_foc.c RS AR O R AL
mc_foc.h R B A ) A O R 7
mc_encoder.c ST S5 AH IS BR £
mc_encoder.h i s 85 AH O BR 25 T
mc_field_weakening.c SSMEAR OSBRI HL
mc_field_weakening.h MEAR ISR A
mc_foc_sensorless.c ToAL A AR R 2
mc_foc_sensorless.h oAk AR AH S R A
mc_foc_globals.c SR EE L SBME. S RREEY
mc_foc_globals.h LR E. SRR, FEE X
user_interface_foc.c T8 TR HIAH O BR 4
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user_interface_foc.h

VRS R 5% R 5 B

1)

motor_control_drive_param.h A4

e

BESTRS A U ANy, SR AL BATIN AL HI R, LS. IS ks

SHEIT R R -

R 3 OMLIEE S BT R A SRR E, TE SGE MR, EEI A BARRES N
BORGLEAR RS, UK FE IRYE AR W EOREEATRCE, =W XU FHS B —5E o

SIMLIEH IR RE RN 55

® 3. HmAEEX

F e AT ik
FOC_CONTROL KR
THREE_SHUNT = HLBH FL IR R A
TWO_SHUNT L HL B LI R A
ONE_SHUNT B L BH FL IR R A
HALL_SENSORS B IR R
FIELD_WEAKENING 555 B A2 1

CURRENT_LP_FILTER

RIS diq il PSR E B 15 5 (R EAZ )

E_BIKE_SCOOTER

LB HLZE/ IS 22 T AR 2 T

DC_CURRENT_LIMIT

B2 B iR BR 41 (E_BIKE_SCOOTER % ) (F[2])

RDS_AUTO_CALIBRATION

MOS il [ 5 iF(E_BIKE_SCOOTER % fil) (F:[2])

JE2]: fE/H AT-MOTOR-EVB #HIHF A #, & X DC_CURRENT _LIMIT 2t RDS_AUTO_CALIBRATION Zjgéi] 7

Al M one-shunt i R FEH 774 UL G F B o R148=10kQ . C91=0.1uF . It 4b,
RDS_AUTO_CALIBRATION ZjgELh 75 4 H i RAE S 1520 g = H] MOS P71 IR -

2023.10.03

i E X

HAR LI 2 H0E XN 4 Uil RIEAFRIBECE . BHLF SR SRR, R SO R
28 JRATBETIEEL e R L g Bl PLPEHIES . U PLESHIERSE, R TR

B RS HUE Lo
4. BHRHISEEE N
7 58 X AR #iR
PWM_FREQ PWM %t A% (unit: Hz)

MOTOR_CONTROL_MODE

LI R A (P i) . e e

motor_control_mode)

PE W type.h B[

CTRL_SOURCE

iy A SRR BE B (S AU il AR A% 1)

UI_UART_BAUDRATE

UL R A s

TUNE_TARGET_CURRENT

W PISE 1 B AR K/ (unit: ampere)

TUNE_CURRENT_TOTAL_PERIOD

W P S E0R A H(unit: ms)

TUNE_CURRENT_STEP_PERIOD

WA PLSH0N 2/ JE A (unit: ms)

SPEED_LOOP_FREQ

Ol AR (unit: Hz)

2101
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TR AR

Hik

MAX_SPEED_RPM

HLW LA B B (unit: rpm)

MIN_CONTROL_SPEED

PR A 3 2 A1) A T 42 1 Bl P (unit: rpm)

STABLE_SPEED_RPM

F LR E S (unit: rpm) (B /RGOS L )

SLICK_SPEED_RPM

FE LG S (unit: rpm) (BB /RGOS L )

ACC_SPD_SLOPE

IR FERLEE (unit: rpm/ms, 24380 R 4% 375 =1kHz)

DEC_SPD_SLOPE

YRS FERIEE (unit: rpm/ms, 24380 R 4% 13T =1kHz)

SP_MAX_VOLT

M i 4 SRR I B K HLE (unit: voltage)

SP_THRESHOLD

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

SP_RUN_VALUE

B A RURAE S, THARIREN ) 5 I HE S E (unit: voltage)

SP_STOP_VALUE

AR 2 RIEAELE, 4 1R IR BN B K LR B (unit: voltage)

PID_SPD_KP_DIV

P E LRI 25 R 2L (Q16 mode)

PID_SPD_KI_DIV

e TRBERAMY AR M (Q16 mode)

PID_SPD_KP_DEFUALT

BT HEELLLAIEE (Q15 mode)

PID_SPD_KI_DEFUALT

YR (Q15 mode)

PID_ID_KP_DEFUALT

d Fhrim g a5 (Q15 mode)

PID_ID_KI_DEFUALT

d fliHERAA G (Q15 mode)

PID_ID_KP_GAIN_DIV

d HHUR L BN 5B HL (Q16 mode)

PID_ID_KI_GAIN_DIV

d Fl AR S 38 5 FR %L (Q16 mode)

PID_IQ_KP_DEFUALT

q FlHE GG S (Q15 mode)

PID_IQ_KI_DEFUALT

q HE R EE (Q15 mode)

PID_IQ_KP_GAIN_DIV q b LI L9 1 25 B4 % (Q16 mode)
PID_IQ_KI_GAIN_DIV q H AR 25 BR %L (Q16 mode)

CURR_BANDWIDTH

FEL LB I8 30 2% 7 98 (unit: Hz)

OLC_ANGLE_INC

TEIRFE ] fiy BEAE R PWM i HE A0 1) 18 o i

OLC_VOLT

FFEREEHI R (Q15 mode)

FW_MAX_ID_CURR

LI R A d #E IR (unit: ampere)

FW_VOLTAGE_REF

R SHERT M B = 25 R (unit: 0.1%)

FW_KP_GAIN SRS (Q15 mode)
FW_KI_GAIN SRR S (Q15 mode)

FW_KP_GAIN_DIV

otz I L3 23 B %L (Q16 mode)

FW_KI_GAIN_DIV

St R > 19 23 B %L (Q16 mode)

REVERSE_MAX_SPEED_RPM

B KR e FE (unit: rppm) (E_BIKE_SCOOTER * H])

REVERSE_CURRENT

S L 4 (unit: ampere) (E_BIKE_SCOOTER % )

BRAKING_CURRENT

R ZF 37 /4 (unit: ampere) (E_BIKE_SCOOTER % H)(7E[3])

TH3]: 2 I 7 BRI T2 FER) T i S 0, BRI S AR IE A R L) e o
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® KT IRENERMIM RS HUE L, WAL A AT R FRSORIE al - A . AELRI S HY
UL TREVEGIAR RS HOE (N3 5 s, A F LRSI, 752 SO R 24

K5 WSS EEX

F e XA i3
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 P BfZ B (unit: Hz)
DEADTIME_CLK_SFT_BITS TE X A28 PR AN 7% 4
DEADTIME_NS FEX A E] (unit: ns)
MIN_INTERVAL_TIME PWM i b} B AHAS 5 Be /NIRRT (] (unit: ns)
MAX_CURRENT ML E T (unit: ampere)
MIN_CURRENT FHLE/NERE (unit: ampere)
DC_MAX_CURRENT RELR K HIR (unit: ampere) (DC_CURRENT_LIMIT %)
CURRENT_SPAN_SHIFT LR A A BT TR AL R 2L
R_SHUNT Shunt HFH (unit: Q)
OP_GAIN LR BOR 1 26
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 %)
OVER_CURRENT_VREF IS S (unit: voltage)
OVER_VOLT THRESHOLD RIS S AL (unit: voltage)
UNDER_VOLT_THRESHOLD R BRI S AL (unit: voltage)
VO_V NTC ) v e 58 B 58 R I Bl th 2 < 240 VO(HE[4])
T0_C NTC ) H e 58 B ¢ R I Bt 2 2 24 TOEE:[4])
dv_dT NTC ¥ Hi e 5 iR B 50 R I Bt 2 2 240 dVId T (13:[4])
OVER_TEMP_THRESHOLD RIS A (unit: Celsius degrees)
MC_ERROR_MASK R 00 3 e

TEA]: B JE 1508 K .2 U 26 77 B VIVI=VO+dV/ITIV/ Celsius]*(T-TO)[Celsius]

® HHXHNSHAIIEE S, WHNHL MiasSH. B RS S S, I TR
MRSH, Wk 6 Fror.

Au]

2023.10.03 121 &2 2.0.0
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* 6. HNSHEE X
F B XA #id

POLE_PAIRS Ok

NOMINAL_CURRENT HUPLATE H3 (unit: ampere)
HALL_STATE_ONE_NEXT HALL RS 1 0 F —/MIRES(IEFE) (HE[5])
HALL_STATE_TWO_NEXT HALL RZS 2 [ F —/MIRES(IEFE) (HE[5])
HALL_STATE_THREE_NEXT HALL RZS 3 [ F —/MIRAS(IEFE) (HE[5])
HALL_STATE_FOUR_NEXT HALL RZS 4 [ F —/MIRES(IEFE) (HE[5])
HALL_STATE_FIVE_NEXT HALL R3S 5 1 F — MRS (ER) (E[5])
HALL_STATE_SIX_NEXT HALL HRZS 6 [ F —/MIRAS(IEFE) (HE[5])
HALL_STATE_ONE_ANGLE HALL R 1 09 s (FE5))
HALL_STATE_TWO_ANGLE HALL R 2 (1 f S A (FE5))
HALL_STATE_THREE_ANGLE HALL R 3 (1 S A (FE5))
HALL_STATE_FOUR_ANGLE HALL R 4 (14 S (FE5))
HALL_STATE_FIVE_ANGLE HALL R 5 (1 S A (FE5))
HALL_STATE_SIX_ANGLE HALL R 6 (1 F S A (FE[5))

2023.10.03

VE[5]. BRHF HEHLIR HE 35 7 2R KBS HIXT L T 8% B AN R W5 X0 A HE T o

5 4 JK42BLS01-X056ED HiblL H#A . E/RREEHAAMKRE . FNL =1 ZRIR] S 370
SO, B O FEXT L VW 2R [R] S A 1 KA, LA 60 BN B UV 2R 18] s L34 i e /M. .. DA
IR HE, ARYEA R KRS E A RN R A, Flan: 8 RRAS 5 X EI A A 60 BIE N T%
5E X HALL_STATE_FIVE_ANGLE H...UIUb2EHE. SbAMB T & CHNLEE R FE RS, Flan:
FEIRIRE 1 BIR—/NREE 5 M5 N TF% € L HALL_STATE_ONE_NEXT H... DAt

£ 1371 k7 2.0.0
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B 5. PMSM i E/RREERARXRE

Hall State 1 5 14 6 2 3
H1 Lo | 1
H2 0 0
H3 I

EVW

0 60 120° 180° 240° 300°

2) mc_hwio.h R4

® MR EURIEHI T R 10 #E0 I EET R E X E . RN A me_hwio.c SCAF TR
. M CARVEHIAR OGN B A 5 /M ADC. TMR. USART. EXINT %500 & 5 ek % LA
L. DMA GHIE X ROR R UIR 7 iR o

7. HESEEE (BL AT32F413RCT7 Af)

SME TR TR DMA j&Ei& ik
ADCH1 N/A DMA1_CH1 | ADC1 @il i& # #:(BUS HiJE .
MOS L% A s 4
SR BB A HE)
ADC1 ADC1_2_IRQn N/A ADC1 #5188 T8 % e (FH FL R B B
AR
TMR1 TMR1_OVF_TMR10_IRQn N/A FaHL FOC il o iy
TMR1 TMR1_BRK_TMR9_IRQn N/A PWM #itH k58
TMR1_CH4 N/A DMA1_CH4 | 5 e BHAR =R A T 0 B R A e ]
TMR3 TMR3_GLOBAL_IRQn N/A TR KA AR S
— — - — — - —— —— — o

2023.10.03 £ 141 &2 2.0.0
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3)

4)

2023.10.03

TMR11 TMR1_TRG_HALL_TMR11_IRQHandle | N/A THURE FR o) A

USART1_TX | N/A

DMA1_CH2 | USART1 TX {&#i%kdE

USART1_RX | N/A

DMA1_CH3 | USART1 RX it ##

EXINT EXINT15_10_IRQn N/A START/STOP %41 (B( /5 115

1)

mc_hwio.c A4

LSO B P P O TR E . 40 TMR. ADC. DMA. GPIO...25%, TR iE A
HORELEAHEATIDE . [N S LED AT, PWM TR S6 PSSR, 7Lt Ut TR
R X B8 M SR 8 TR

&K 8. SMRFECEMKERE

RH AR

iR

nvic_config

Hh i e 2 e B

tmr_pwm_init

PWM % tH A CI 48 (tmr). crm clock. GPIO. DMA fi &

hall_timer_init

FE IR AE AR B (tmr). crm clock. GPIO Bt &

adc_ordinary_config

ADC ¥iBiEiE M %2 ADC. DMA. GPIO it &

adc_preempt_config

ADC # 5i@i&EM %2 ADC. DMA. GPIO it &

speed_timer_init

T8 FEE 4541 I B (tr) . erm clock A B

uart_init

UART #3% crm clock. GPIO. UART fic &

button_exint_init

AL P TSt EXINT % &

led_config LED #J4f GPIO. crm clock it &
led_on LED /%

led_off LED Tk

led_toggle LED #4%(JT 5248k K BT IS AR LT 2K)
led_init LED WIUsIRAS W B

led_blink LED N4

mode_switch_init R RAM R B

mc_isr.c (Y

MRS = EE TR EL, 14 ADC ~ TMR ~ SYSTICK . A F H 1 T A2 S0 451 AH 56 o b

PR UNER 9 i

£ 9. HYLEEHIAE WALl AT32F413RCT7 A1)

RE AR

iR

ADVTMR_PWM_CYCLE_IRQ TIMER1 SR lbrendic SREUA A, REEH. FIRER. B
(TMR1_OVF_TMR10_IRQHandler) JEFR RS BRI

ADVTMR_PWM_BRK_IRQ
(TMR1_BRK_TMR9_IRQHandler)

TMRA R =581 N 187 bR £ PWM % 24 fg

F 1571 k7 2.0.0
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ADC_SHUNT_SAMP_READY_IRQ

ADC1 itk #: 56 B HL AR A
(ADC1_2_IRQHandler)

HALL_CAPTURE_IRQ \
SRR R SRR SRH
(TMR3_GLOBAL_IRQHandler)

SPEED_LOOP_TIMER_IRQ )
TH AR A o T R B
(TMR1_TRG_HALL_TMR11_IRQHandler)
SysTick_Handler RGP WRE(1Tms): RSHLDIHIR SRR

BUTTON_EXINT_IRQHandler

G110 w7 e 4 START/STOP 24 (Rl 11 T )
(EXINT15_10_IRQHandler)
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SRR AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

4 E LIS RS HL
41  CREBVIHEER

BARE LRI GE B B h E AR (Main) BT EI IR A, RS D528 I8 T ¥ B3R S R0 UG g 1tk
48, IRZSHLUIZATE Systick Handler thi s ¥t B, R — PRV AT — R LA R SEI A ERIR S WL FE
IRASHEAT ORI, — L A S BER ZS WLUHE N Error BRASE 1 IKE) LA & 4 B HLER E M LOR EhAR 515%,
B R LA B YGEST . BT E-Bike-Scooter T il R ZS AR 4 ARG A AR 2 5 AR S 4
B, HORS IR, RIS K SEE A SRR, IS A RS AR, K 6 Jydkismisiat
HPRZSHURFLE, TSRS AR AR B VI S 2k 10 Fiss

B 6. REVIEE ([FFREER)

If control mode is not Satpusiniatars

ID_MANUA NEor

1Q_MANU £ TUNE . Fux tdeared’,f"’ Press start motor

ERROR

Re-check for failure
If motor stops

Press stop motor

—————— Failure detected

EHULTIRAL N Idle. Safety ready. Running. Braking. Reverse run. Free run. |_tune P\ X
Error. AR RIFER LT

Idle

PR VUAIIEIRES, RS T Bk wFRE, I@ERROUERR G 2B B RS
Safety ready
THIEIRZS (dle)W HA T A SO E . SIS HIR offset B, HRINHENLAT LL22 44 5 B IR

2023.10.03 EBATH
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AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

P

Running

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

Braking

AR, BN SINRA RS AR SR IEREHRIRET, S TiiiamS 0 I
AN, A T 22 5 X BRAKING_CURRENT  # & A1l 45 H1L R fiy & (35 AS AT 21 248 20 m] K
BRAKING_CURRENT ¥y 0, HALZEHIRZA Ny B 2/ EGHE), 4% i# (KT STABLE_SPEED_RPM !
i Free run Bx0{5 1 EOKE) 3 4 Hh BRI E 3 %5H 0.

Reverse run

IR, RN Bk R iahe . PR AR 30 H. ik i L1 R 31 4 A5 (reverse_flag)
B, HIRTgENIRIRES, T 7% 2 X REVERSE_MAX_SPEED_RPM 5 REVERSE_CURRENT % &
I e B 2R T DL K AR R i a4

Free run

T IR, U IS a ks b, SRk i JFUR g8 %0 0, 78 ik 58 i LAk
SAEIXAVRES, Bk sE 45 bR £ (313 Satety ready JIRZ .

|_tune

Iy R PID # ) ds S 80, AR U Al Ul S 8 H AR, iRz KP. K

B, HE— DR, T iSRRI N T RS R 2 E S 25

Error

I R A R 2 IR

Uk L T AR S R A B SOIRAS A RIR TS . G5 AOIRTS LR VI AR A VELR S BA 0 3R 10 o

R 10. BRESERBRS KUIBFAEAERIERR)

MEE SRR A E AU BTG S s e 56 &
IDLE SAFETY REDAY | 4|k 5 A LN B POTENTIOMETER i 445 5 /N T 2R AE LK%
IR SHOE T 58 AR
RUNNING LA A A ID_MANUAL_TUNE B IQ_MANUAL_TUNE i, #%TF
AL START MOTOR 8 START/STOP %4
SAFETY REDAY
| TUNE 2z ID_MANUAL_TUNE 5% IQ_MANUAL_TUNE ff, #% L
ML START MOTOR B{ START/STOP #4t#:
RUNNING FREE_RUN ¥ T _ALHLK STOP MOTOR B, START/STOP #4#
SAFETY REDAY | e l{5 1k}
FREE_RUN
FREE_RUN ESLiy b e zgin)
SAFETY REDAY | 4% ##:0A Ny ID_MANUAL_TUNE &% IQ_MANUAL_TUNE i
| TUNE
FREE_RUN T _EAIHLK STOP MOTOR Bt START/STOP ##4
ERROR IDLE W B R

K 8 AR PIRENLRAZ L, TS RESRAIRDS ~ GACIRZES VIR AF IR 11 Fros.
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AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

B 7. REVLIAEE (FERK)

Igemd > 0 &&
Reverse_flag = RESET

gemd =0 &&
Motor speed < Stable speed

~~~~~~ Failure detected

® 1. FREEIERE Rk (FHEREN)

SAFETY REDAY

BIRE ZERRE pIE:2 SG8
L HRIE N BT HAI6 2 80505E 58K
IDLE SAFETY REDAY | 4 thi s Ay HUFLAR i H. POTENTIOMETER fir 445 & /I T 2R IA 1 DA
LAIESHORE TE R
A HORWEY ALz IR0y TORQUE_CTRL i, Hiijidr &
(Torque reference) X+ 0 LLX reverse_flag A 0
RUNNING 2 4% ) ok U D9 B HL AR H % ) B X 08 TORQUE_CTRL i,

POTENTIOMETER #r4 KT BAME DL A e T5 T ¢ SW1 19 1 BN
OFF

REVERSE RUN

s RISy BT H 5820y TORQUE_CTR BLK reverse_flag
B

PRI RN AL H 80y TORQUE_CTRL VAR AR #RIT 5%
SW1 5 1 5 E 5 ON

2023.10.03
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AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

2023.10.03

RUNNING

BRAKING

ARy B AL B HIEE 8 TORQUE_CTRL BL R HLL iy &

(Torque reference)y 0

24 ok YR O B PL AR B #% i B =08 TORQUE_CTRL B,
POTENTIOMETER 4/ T BRiAME

BRAKING

FREE_RUN

P HRIE N _EALHLH I 64 (Torque reference )5 T 0 LU #3807
F STABLE_SPEED_RPM

25 ) YR N L . POTENTIOMETER 4 /N T BRME DL K B
/T STABLE_SPEED_RPM

RUNNING

L HRIRE Sy _EALHLH A2 (Torque reference) KT 0

Wit sk IE N AL H POTENTIOMETER iy 4 K T B0 E

FREE_RUN

SAFETY REDAY

ELnIREaH)

FREE_RUN

LI

RUNNING

M HRIR S _EALHL E A2 (Torque reference) KT 0

it s IE N AL B POTENTIOMETER iy 4 Kk T BRUAE

REVERSE RUN

FREE_RUN

B PEHRIE_EALHL H #1808 TORQUE_CTR LK reverse_flag
N0

245 ORIy LR B4z I 0 TORQUE_CTR B AR kT 2%
SW1 7 1 B &N OFF

ERROR

IDLE

[ EASRE] 5

207 k7 2.0.0




? AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

5 LEMERHHA

51 #iER
TEROR 56 B AE 2 AR AR HE &S S, FRATTPT DAEAT DU AR Ul Sl idsE. vEgnapl
Ul FH 369715 2 1 ANO063 3CH4.
STEP-1
IR EEBL. AT_Link/Jlink JTACAR RIS LT AR B, # USART 21117 USB £k A\ PC.
STEP-2
{H MDK %1% demo T A2XAY, A Jlink 2% AT_Link &2 AR P H
STEP-3
PATFEF ArteryMotorMonitor_V2.1.14.exe(V2.1.14 ¥ AS), £ File -> Open Porject %L1
1%+ ArteryMotorMonitor _V2.1.14.atmex->7 )5
STEP-4
#i% Serial Port S8 EIFR(1.) e RO B () 5 H°5(2.), 12658 /i Open(3.)BI AT I J5 8 H SIS,
BRAE RN 8.
K 8. FEHRIEVLH
Bl Artery Motor Menitor V2.1.14 - O X
l%!mw ;,ML;V:::Q : 2L V” p;n |;| ' :':/] ? |- ?
STEP-5
P T FRIRCEE (4. ) BRI RT AL BE T UL 482 VRO DS S B RS ARG I B SRR IEAE, a0 Rk a8 3/ 1k
HLI A4 SERHREE . IR PID 28U iS5 Hlm e 4.
5.2 JFHEH]
IS TR R a0, ANTEA BAL A R A3 L, FREA L2 & rl IR s 5ia i
J7 & IR, JFE S A R R 0 & X7 2nT W ER LS e T B 5 LA FER K/ el O JFER 1S
el i1
STEP-1. R4zl N hiE #.1 y Open Loop control
& 9. FEIAR I BT 1 42
PMEM - encoder
Cpen Loop comntmal -
STEP-2. ¥ JF¥ HiJE(Open Loop Voltage) 5 £ £ 1 & (Open Loop Angle Increments )8 1814 i 3 1 ¢

2023.10.03
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SRR AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

RN, BREALERZH . OF M0 Rl b id KDL Geid s LIS #5552
B 10. FFHERHIERSH

COpen loop contral

Open Loop Voltage 1 W
Open Loop Angle Increments 10

5.3  HEXEH

WA QT B A SRt T o P s I P B S mT s B L D il 5 QAR S . (o RS I B8 )

STEP-1. #4zil# U N hisk .1’y Voltage Control
B 1. BRI BT PR

PHMEM - encader

Woltage Control -

STEP-2. %] Q fli 5 F] i LIS HE, T2 D il v s Al rE LR B E (S 4E D il
B 12. BEEHIHERISH

Vaoltage contral
Vqreference 1V
Vd reference 0 WV

5.4 D HiHERER
AR N S — A Em, WE 13, A LU BRI eS8, PSRN E 2
NTEEIEE D #dE7a PID B S5 1 BT N
13. FHrERsER

I(A)

Step period

-

Target current—

Time(ms)

Total period

P BRIGIHE D HHE IR E Q B, G IR BT EH D #1'5 Q I RHTKP S KI 82590, #%
AVEBEHTEC A AN I 2 50

2R - WA 2.0.0
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SRR AT32 PMSM FOC Hall Demo (E-Bike-Scooter)
TEAHERAE PR T

STEP-1. Rz il N H3i ik ID tune

B 14. FEHIBER ID AT R

PWISM - encoder

ID Tune w

STEP-2. & & PID 28I OEI iz, Wik 15

& 15. PID 2 AR H i SH

Basic Tuning Parameters

Unit step config ID Current control

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

FluxKIDIV 4096

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

STEP-4. %2 KX )2 i1 N Flux reference(ld)bA & Flux measured(ld)3f4% F Save ##
& 16. FAEEERZESH(D BRIFFR)

Diagram parameter setting

Flux reference (Id)

Flux measured (Id)

Save

STEP-5. #1342 [ ALED T W1 4 7 7 1

STEP-6. & A HIFMIN &S ANTU, ik 17, EAMBUN L T =i Byl, JFEE STEP-2~STEP-
6

I S D ] ]
2023.10.03 ® 237
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SRR AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

B 17. IR

M Manitor

|I J/\J\ \
y \
\

~405

Tongue reference (Ig)ih)
=]
in
-_-\1“-—\_
—_—
/f——
(Wa(hD) parnzeaur snbao]

05 - +-0.5

L L L L L
947020 947040 947060 947080 947100

55 QHHEFARIAR

PR 2 AP i i, WilEl 13, W RLREL B BRI AR SRS, AR R H R
N T BRI QR PID RS EUS KRN, AP IRINT .

STEP-1. 3zl F R Bk R 1Q tune

STEP-2. W& PID 4L} L it S8
& 18. Q #iH Vi PID ¥ LA RS

Basic Tuning Parameters

Unit step config 1 Current control
Current Tune target current | 0.999 A Tarque 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. #% T R ah b4

STEP-4. %4 B X )25 Wi 4% Torque reference(lq)LA & Torque measured(lq) 3f3% F Save ##
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A R[ - R AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

B 19. AEEERESH(Q BFEFHERK)

Diagram parameter setting

Torque reference (1) ~
Torque measured (1q) ~
Save

STEP-5. iz BRIy iy H i 2 i 1

STEP-6. &AM EE WA, w17, FHAmmAN % ~EibEyL, HEE STEP-2~STEP-
6

5.6  EIRIFIEH]
WA SR AT E AR RS BRG], TR AT TR A B A, PR E PR T
STEP-1. R4zl N hi3¢ #ik iy Torque Control

STEP-2. % & Control source A software control & H #x Hiii 2%t (Torque reference)

& 20. BArHERERE

Torque reference (Ig)  0.100 A
Flux reference (Id) 0.000 A

STEP-4. 1% I Azl HiHL(Start Motor)1% 41

STEP-5. 2K X ZE k4% la LI Ib J54% T Save ##4H.
21, FAREERESH(BRTAR)

Diagram parameter setting

Save

STEP-6. /i B4l BIa] ey sk 2 & 1
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SRR AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

STEP-7. A HMMEE B W, Wk 22
A 22, ERIREHIBE

MW Monitor

0z - 02

(ar

Tafd)

RIS --02

L L L
834750 885000 895250

L L L
834000 094250 834500

5.7 EEWEH]

1t E-Bike-Scooter 15 x NASCREE FEIA ], H T SRR ORPRIE D) ReA 7 R B3 FE PID 2112405
59t PID 54 S5 (5 TT 5 S ). 15K motor_control_param.h & %] pmsm_foc_hall_sensor
TR, RGBS 2 S S A ) S U5 B R S BUE S R b TARED AT o TR I R A ] R
J7iEES I AN0063 SCHY .
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A R[ - R AT32 PMSM FOC Hall Demo (E-Bike-Scooter)
6 SCRYRRAS 78

F12. RS RRATT SR
B W2 A
2023.10.03 2.0.0 |RWIA
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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 WA AR AR, AR LR 7 sCRHEAT R B AT AR W% BB R B A B A o SR AS AR 2338 S 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 IS BRI DRAE, BAR (A IR T4 SE 4
TE AR E F R (SR AR AT R VR 6 X KA XS BEE L), SEARAERT LR OBl A SR = A BROR RAEE o

HERE P AR B B T TR T R & R e (A) W2 VEE RN ZRIOBI, i B ScRf. BRI B0 7 Dh R 2 4 2R
MRS (B) MZERA; (C) IR (D) WURK BRI, H/S(E) mds. BRI A Rl B st ik, ik
Ve T 1 R L T BRI, BRSESRI R TR0 AR 0 A T A5 T, DU ph ) S PR, EL ) 8 S ISR S A P i A2 i v
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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