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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
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K 2. EHLFF R AT-MOTOR-EVB
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AT32 MCU %, LLAHS AT32F413RCT7 A

USB type B #4 RS-232 #:11, 4 USB ##Z#: N\ PC. H TR EALE S 2l H
LY N2 1 CN 42 24 fRHEE

IK) e % CNS UVW 4l NHIAL = ARB N BT 2. 54
AT_Link 8% Jlink #%1

22 BFMSEAEE

1) UL AT32F413 A6, JF)a 5 #4auf) TR AT32F413_MC_Library_Projectimotor_evb_2v0
\at32f413\pmsm_foc_sensorless(7:[1])

@® OO

2)  HHLNH PC % ArteryMotorMonitor.exe (AT 223, HFEEHERT A HATFEF).
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3 PMSM HATEE S 1 A

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

JaB TRERISCRY TREGE MW 4 Fio . user UM BB FE S ERF . NIRRT . SHAGFEAN
flash F2£/7 LL & S HE LS. firmware SCHIE08 BSPF2 7 SO, FEHLERE P UE £ melib SCHF5,

BLESER KB IR )RR R BUE 5 ENLER

(EEEETR

B 4. BpLER TREH

FEANHLATLZE pR UL B AT 225 ANO064 HI L

Project
= “% Project: pmsm_foc_incremental_encoder
- %4 demo

#-Ld user

# L firmware

L cmsis

#-Ld cmsis_dsp

= mclib
j mc_delay.c
j mc_foc.c
B mc_curr_fdbk.c
_] mec_encoder.c
B mc_pid_controller.c
j 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

2 B projec o
5 ‘% Project: pmsm_foc_incremental_encoder
- %34 demo
- J user
] at326413_clock.c
U] at32f413_int.c
_1 main.c
_1 me_hwio.c
mc_isr.c
#] mc_flash_data_table.c
_1 mc_hwio.h
] mclibh

_] moto r_control_drive_param.h
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mc_hwio.c A SR I B
mc_hwio.h {10 2 e U E
mc_isr.c AF 2 FEATL A i1l H DT o 44
mc_flash_data_table.c B\ flash 3%
mc_flash_data_table.h B flash ZHER AR CHL &
mc_type.h AR R E S M E L
mc_delay.c FRF 8] S 35 AH 5% R £
mc_delay.h FF A1) 2 18 H 56 R 4575 B
mc_comm_uart.c TR AR DG A B
mc_comm_uart.h TR vart AHOCRREE IR, L E
mc_pid_control.c PID #2825 #H 2 R 54
mc_pid_control.h PID #2585 #H 2 b8 20 B
mc_curr_fdbk.c R ARSI A 0% bR 2L
mc_curr_fdbk.h FEL AT I A O B 20 B
mc_math.c TRV AR A DS PR AL
mc_math.h BV A A O R U IR
mc_hall.c B IR AL AR A DG BR 4
mc_hall.h FE IR A% IS AH DG R U B
mc_foc_kernal.lib FLHLEEAZ O bR B
mc_foc_kernal.h LWL PEA% o bR P B
motor_control_foc.c R LA 1) A D% BR 4L
motor_control_foc.h RS 1) A O bR 200 1
mc_foc.c R AR A DG B EL
mc_foc.h IR AR A DG MR U
mc_encoder.c Yt A5 AH G R E
mc_encoder.h o b 245 A O 2R B 7 B
mc_field_weakening.c S5 HEAH 5 R B
mc_field_weakening.h SEREAH O R H
mc_foc_sensorless.c ToAR IR AR HH O R L
mc_foc_sensorless.h To AR IR AH DG R 4 B
mc_foc_globals.c LR EE L SBIE. 2R RE0E
mc_foc_globals.h LR, ERREFER. EE X
user_interface_foc.c JE TR TH A O R EL
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user_interface_foc.h B TR TH AR DG R 20 B

1) motor_control_drive_param.h (A%

® ST I EGY, SREUE S BAT RO AL R, SR RIS SR
SHEIT R R -

o RIMHAZENL, HETH/E S RECE, "E SGE M. EG AL B AR N
TeAL G AT = MR BT AT RS X FF RS LRGN R 5. Tork s
SR ) PP S A\ R T SRR A P P A 5 7, o P P A I 7 AT R IR (FE2]) . HRA
RAFFARYEAL A B EORBEATRCE, =B XU PHS B 3o S9RATE I R 75 SR e ¢

5.
#3. BERAEEX
P ik
FOC_CONTROL KPR
THREE_SHUNT = HLBH FLIR R A
TWO_SHUNT L HL B LI R A
ONE_SHUNT B L BE FL IR R A
FIELD_WEAKENING A
SENSORLESS Tt R 1 AR 3
OPENLOOP_STARTUP REFEHI T AL KA TR R 3)
ALIGN_AND_GO_STARTUP TeAt a2 05
INIT_ANGLE_STARTUP ToR 2% 2 146 ff BEAS I S 3
VOLT_SENSE To Ak Ik s % P g H A (732 [2])
CURRENT_LP_FILTER AT diq B RARE IR (S 5 (R 2T H)

7#12]: YL AT-MOTOR-EVB # X # %1, C67,C71,C74,C66,C70,C72 i 1k /e [ 72 K r 1T L 1.

® SN S HUE LR 4 W] RAEAFERRECE . LR RS, 7T E U M
24 AT, 0. MR d. g il PLPERIES . SlEE PLSHIRSE, 7R TR

B RS HE e
R 4. ZHISHEE XL
FE LA Eiip% )
PWM_FREQ PWM #irth 4% (unit: Hz)
MOTOR_CONTROL_MODE FLAR A RS S (P i R A 26+ PR DL type.h BLITY
motor_control_mode)
CTRL_SOURCE 74 RV B (SRR B AT 4 1)
Ul_UART_BAUDRATE FBL R R R 2R
TUNE_TARGET_CURRENT VR P ZE08 1 B AR B K /M unit: ampere)
TUNE_CURRENT_TOTAL_PERIOD | % PI %0 ()& & ¥ (unit: ms)
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TR AR

Hik

TUNE_CURRENT_STEP_PERIOD

W PL S0 2B A (unit: ms)

SPEED_LOOP_FREQ

HHAESIAE (unit: Hz)

MAX_SPEED_RPM

F LA 3 (unit: rpm)

MIN_CONTROL_SPEED

FELATL A 3 2 A1) A8 T 42 1 Bl P (unit: rpm)

ACC_SPD_SLOPE

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

DEC_SPD_SLOPE

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

SP_MAX_VOLT

M 4 SRR IR B K HL R (unit: voltage)

SP_THRESHOLD

A 2 SRR IR B /N B R (unit: voltage)

SP_RUN_VALUE

AR 2 RIEAEL S, TFAR IR BN BRI HL R 4B (unit: voltage)

SP_STOP_VALUE

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

PID_SPD_KP_DIV

P E LRI 25 R 2L (Q16 mode)

PID_SPD_KI_DIV

P E R R 2L (Q16 mode)

PID_SPD_KP_DEFUALT

YA (Q15 mode)

PID_SPD_KI_DEFUALT

YR (Q15 mode)

PID_ID_KP_DEFUALT

d FliHE LG S (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 Fl IR L] 16 25 BR 2L (Q16 mode)

PID_IQ_KI_GAIN_DIV

q HHEFRAR I 2R (Q16 mode)

OLC_ANGLE_INC

TEIRFE ] fy BEAE R PWM i HE A3 1) 18 o i

OLC_VOLT

FFEREEHI R (Q15 mode)

FW_MAX_ID_CURR

SRR d #H IR (unit: ampere)

FW_VOLTAGE_REF

R ST B = 225 R (unit: 0.1%)

FW_KP_GAIN

SRR BN (Q15 mode)

FW_KI_GAIN

SEREPEHIBL 25 (Q15 mode)

FW_KP_GAIN_DIV

SmEAE R I 25 B4 (Q16 mode)

FW_KI_GAIN_DIV

SRR R 25 (Q16 mode)

CURR_BANDWIDTH

d/q il L AR I P& B #5115 98 (unit: Hz)

OBS_SPD_BANDWIDTH

5 22 T PTG % 25 7 9 (uinit: Hz)

OBS_GAIN1 MM EE 1 26 240 1 (Q15 mode)
OBS_GAIN2 MM EE 1 25 2240 2 (Q15 mode)
PLL_KP_GAIN PLL ##I L1125 (Q15 mode)
PLL_KI_GAIN PLL 45125 (Q15 mode)

2023.10.03
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F 8 LB Hiik
PLL_KP_GAIN_DIV PLL 21 Eb 3 25 B 2% (Q16 mode)
PLL_KI_GAIN_DIV PLL #2#IF 16 25 Fk %L (Q16 mode)
STARTUP_MAX_SPD VINHARRFT IR S 8 (unit: RPM)
STARTUP_CURRENT Ja B Ja R ] ) AT 4 (unit: ampere)
STARTUP_OL_VOLT TR BB HE (Q15 mode)
STARTUP_OL_SLOPE FERRJESINGEEE (unit: rom/s)
STARTUP_ALIGN_VOLT JA B AT T FFHUE (Q15 mode)
STARTUP_ALIGN_TIME JBSET T X550 1A (unit: ms)
STARTUP_START_TIME X E I AIREE] (unit: ms)
DETECT_PULSE_WIDTH B I0E AR K SRR (unit: us)

® K TIKENERAHKSHOE L, GFEIXIS A, AR ARBORIE a8 - 554 . FE RN H
UL TR BIA RS HOE AR 6 s, A AR LRGN, 75 2 o X B 2 5.

x5 BHBRSHEEREX

T e AR iR
VDC_RATED HR&BEE
V_SENSE_GAIN FH, e [B1 42 1 LG 431
ADC_REFERENCE_VOLT ADC Z7% Hi [ (unit: voltage)
ADC_DIGITAL_SCALE_12BITS ADC 43 #i %
SYSTEM_CORE_CLOCK RGINZEHSE (unit: Hz)
TMR_CLK BB SR E (unit: Hz)
DEADTIME_CLK_SFT_BITS BRI AR B ATAL % 2
DEADTIME_NS BEIX BT [E (unit: ns)
MIN_INTERVAL_TIME PWM i b} B AHAS 5 B /NIRRT (] (unit: ns)
MAX_CURRENT KL E T (unit: ampere)
MIN_CURRENT FHLE/NET (unit: ampere)
CURRENT_SPAN_SHIFT FLLAR A AL BT 7 B e B
R_SHUNT Shunt HFH (unit: Q)
OP_GAIN LB Y 2
CURR_OFFSET_VOLT FHFMAZ R (unit: voltage)
EMF_SENSE_GAIN S LA (EMF) 8] 4% ) 431
OVER_CURRENT_VREF LG S A (unit: voltage)
OVER_VOLT_THRESHOLD T EEIG S A (unit: voltage)
UNDER_VOLT_THRESHOLD R BRI FE A (unit: voltage)
VO_V NTC K H 5 Rk R ALl 2 2 240 VO(E[3])
T0_C NTC KL 5 Rk R ALl th 2 2 24 TO(E[3])
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5 XA Hik
dv_dT NTC ¥ B 5305 56 R 1Ak it 2k 2 2450 dVId T ([3])
OVER_TEMP_THRESHOLD RIS (unit: Celsius degrees)
MC_ERROR_MASK PRA RS DN

FET3]: [ L5 JE K 5 2 T 26 77 B VIVI=V0+dV/I TIV/ Celsius]*(T-TO)[Celsius]

o KNS EIIEE S, WHHHL MiSaSH. ERIEESE
MRZH, W3R 6 Fir.

S . AR B T A T 451

W

R 6. HHLSHCEREN

b &Y #i
RS_LL HULZE 7] H BELAE (unit: Q)
LS_LL FLALE ] R4 (unit: mH)
POLE_PAIRS S ETEA
NOMINAL_CURRENT HLYLAUE LR (unit: ampere)

2) mc_hwio.h 34

® MR ERIE A R 10 #E0 . I EHT R E X E . RN A me_hwio.c SCAF R %L
. MEARIEHIAR OGN B A 5 7k ADC. TMR. USART. EXINT %500 & 5 ek % LA
J DMA JEIE xR R R U 7 Ffis

F 7. HWRAEECE (L AT32F413RCT7 H#)

SME TR TR DMA j&Ei& #id

ADC1 N/A DMA1_CH1 | ADC1 il i&# #:(BUS HiJE
MOS i, S/ fr 4
=M BB HE)

ADC1 ADC1_2 IRQn N/A ADC1 ¥ (5 Ji 38 4 (FH F AL BB
2 HLIAL LA B8R ARSI FLIAD)

TMR1 TMR1_OVF_TMR10_IRQn N/A HLHL FOC 42 1l Hh lbp

TMR1 TMR1_BRK_TMR9_IRQn N/A PWM % tH 22 R

TMR1_CH4 N/A DMA1_CH4 | 5 ra BEAR QR FH T e B R A 1]

TMR11 TMR1_TRG_HALL_TMR11_IRQHandle | N/A THURE o) TR B

USART1_TX | N/A DMA1_CH2 | USART1 TX f&4 ¥t

USART1_RX | N/A DMA1_CH3 | USART1 RX #:t¥idfi

EXINT EXINT15_10_IRQn N/A START/STOP 4% 4 (i) /4% 11 &
1)

3) mc_hwio.c 3Ck
® OO RS T B L ATRCE . W TMR. ADC. DMA. GPIO... 5845, wIARYEA

2023.10.03 £ 131 fRZs 2.0.2
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HORELE AT E . [N S8 LED AT+ PWM JF R /S6FIAS R, 7EREAL1 Ut TR
KR X B HE L% 8 TR

&K 8. SMRFECEMKERE

RE AR

D)

nvic_config

T iE o 4 e

tmr_pwm_init

PWM % tH AH <8 (tmr). orm clock. GPIO. DMA fit &

adc_ordinary_config

ADC ¥ iBiEiE M%< ADC. DMA. GPIO Bt &

adc_preempt_config

ADC # 5i@iEM %2 ADC. DMA. GPIO i &

speed_timer_init

T8 EF 4541 I B (tmr) . erm clock Bt B

uart_init

UART #i3% crm clock. GPIO. UART ft &

button_exint_init

AL P IT A F EXINT B2 E

led_config LED #J4f GPIO. crm clock Fit &
led_on LED 4%

led_off LED Tk

led_toggle LED #1%% (JT 528K K BT BE A2 °K)
led_init LED #l4aRE B

led_blink LED A%k

mode_switch_init eI AN B

foc_angle_init_config

K MATAE fa A5 tmr. ADC LB

4) mc_isr.c k4

o MR EE NS, 4 ADC ~ TMR ~ SYSTICK Zrhip. AN F H 1 T A2 Ju 450 AH 5% o
R BN 9 FIR .

R 9. HHLIEHIAER AR RS

RE AT

D)

ADVTMR_PWM_CYCLE_IRQ
(TMR1_OVF_TMR10_IRQHandler)

TIMER1 SE#H Wik RS AE. RERH, THE
Hil LRI

ADVTMR_PWM_BRK_IRQ
(TMR1_BRK_TMR9_IRQHandler)

TMRA ) 2250 N A 1B bR £ PWM i 24 fg

ADC_SHUNT_SAMP_READY_IRQ

ADC1 F1Ir R % 56 3 B R AE

(ADC1_2_IRQHandler)

SPEED_LOOP_TIMER_IRQ o
THURSE o) T o D o 2
(TMR1_TRG_HALL_TMR11_IRQHandler)

SysTick_Handler RGP R (1ms): IRESHLIHCIRSTRE

BUTTON_EXINT_IRQHandler
HRER 1O TR % START/STOP 40 (8 345 1k Fa kL)

(EXINT15_10_IRQHandler)

2023.10.03
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4 E LIS RS HL
41  CREBVIHEER

UL AL TREGI PR STRAZ A 5 th RIS HURIE R, BASIREHUIATMG R E h 12 (Main) A
WA, RSSO B EHOIRESHIAIGBUE . BAh, RIS 1T AE Systick Handler w1l
PR, B WIEAT — IR A RS EOREHL . R SIRSIAT SRR I, — B AESRRZSL
WEEN Error AR5 1EBKEN DL ke 2E LB R HLAKEN AR B3 5%, B B B i B A LA BEFE B AT

B 5. REHLIRER

s Press start motorin
— OPEN_LOOP_CTRL

Enter the closed
loop control

~
~
~
~
S
N ~
N
\
N
~
~
.
N
N
~
~

Press stop motor

If motor/stops

Press stop motor

------ Failure detected

EHU IR Idle. Safety ready. Angle init. Starting. Running. Free run. |_tune PLJ%
Error. ZAMIRESFER T

2023.10.03
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Idle

HEPREVUIAIIARRE, RS T SO IR, @ ERGUAR R 5 2 ] B RS .

Safety ready

TAHARRE(dle) Hl A S H O E . ISR offset A, BN ML AT L2224 5 3 R

Ao

Angle init

R AG A IIDIRES ,  EMOIRES T 2R 0% 1 AR B RAS I FRATL )T 46 £ B2 A6 FBHLAE S5 Bl I A — L
RIS % . TofklEas & L INIT_ANGLE_STARTUP B&ER, #5072 e OBk oA 3k
Starting K%

Starting

TALEEGAE RN W B IS HA S A AR B ARIRAS, (RN W] LR ORS¢ B V)45 31 PR 28 1) (1 2% 1 A
BN R GRS E L

Running

BERE, 7N B NEFIRES . FH Al Ul FHSER S E (W H bR . B AR )
1 R BN

Free run

T IR, U RS a1k, SRk i JFUR g8 %0 0, 78 ik 58 i h ATk
SAEIXAVRES, Tk s 45 1L ) £5[5] 31 Safty ready JRZS .

|_tune

Iy R PID # ) ds S 80, AR Ul Ul SR s H AR . iRz KP. K
B, HE— DR, T iSRRI N T RS R R dE S 25

Error

LA R AN 2k 2 AR .

PE L TRE V] 2 RS B A IRES . S5 ACIRZS LR VD25 A RO VEH U I Ak 10 o .

& 10. BRSEBPRESRIBRFAM

2 SRIE N B HATME S 508 € 5 )
IDLE SAFETY REDAY st SRR N LR B B POTENTIOMETER i 444 72 /N T- BRI BA
KNGS B TE 5E R
LA ID_MANUAL_TUNE B( IQ_MANUAL_TUNE i, %
T _EA7HLE START MOTOR =i START/STOP ##42
RUNNING
B H R N OPEN_LOOP_CTRL i, # F EAZHLA START
SAFETY REDAY i
MOTOR & START/STOP ##4
| TUNE L8 ID_MANUAL_TUNE 5% IQ_MANUAL_TUNE i, %
AL START MOTOR = START/STOP 4
ANGLE INIT STARTING 56 R AT LRI 46 A Al
STARTING RUNNING FEER R )3 3 78 B 3k R R i)
RUNNING FREE_RUN ¥ T _EALHLE) STOP MOTOR BY, START/STOP ##4#
SAFETY REDAY M ENLE RS
FREE_RUN
FREE_RUN M ALIEFE I
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SAFETY REDAY LPEHE A Y 1D MANUAL_TUNE =8 IQ_MANUAL_TUNE i
| TUNE
FREE_RUN #% T ALY STOP MOTOR B START/STOP #4
ERROR IDLE AR 2L
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? AT32 PMSM FOC Sensorless Demo

5 THREMEHHH

5.1

5.2

2023.10.03

BT ERE

FERf R 52 A VE 6 AR PE A S HE SR IR, BA Tl DAEAT DA MRS Ul Sis AR S, 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
i/l MDK %3 demo TA2AUHY, MM Jlink B AT_Link TSI AL

STEP-3
PATFEF ArteryMotorMonitor_V2.1.14.exe(V2.1.14 N AFRA ), fE File -> Open Porject %5+
1%+ ArteryMotorMonitor _V2.1.14.atmex->7 )5

STEP-4
1% Serial Port BEFTEIAR(1.) 1L HOM N H: 1°5(2.), 1£5€ 5.k Open(3.)BI RT3 H3 LTSRN IE A,
BAE DRI 6.

B 6. EEEEAE

Bl Artery Motor Monitor V2.1.14 _ A x

File Setting Help

E COMA4 : USB-Enhanced-SERIAL CH343 v” Open |D +
G| Il )R- %

1 Ar3zrat3 mMLvz10 2

STEP-5
He T R4 R AT JE UM SR U1 B (B LR 5 BRI o I SEREIB (S, 0 A0 e /e 1k
BUERIG 4 SEIF ISR, IR I PID SR 5 2 Ml B 4%

FrER R

B U B T34 s R, AR A BAL AR RN T 36 s s, FOREN BN B AT IE e 5ia
J7 W& B, AEJoAR B T U a] e A 20 A I 28 () 240, T3R5 A B2 &2 (1)
YR T7 2T F LS e R 5 LA FE /N el O R AR 184 .
STEP-1. R4zl N hiE #.1 y Open Loop control

B 7. EH IR BT R

PHMEM - encoder

Cpen Loop comntmal -

STEP-2. ¥ JF¥ HiJE(Open Loop Voltage) 5 £ £ 1 & (Open Loop Angle Increments )8 1814 i 3 1 ¢

% 181 k7 2.0.2




LR AT32 PMSM FOC Sensorless Demo
IR AN, ERIRALERIZF . (FFPA R 8 it K DL G i i FE L #4353 5%)

& 8. JFIEHIMRSH

COpen loop contral

Open Loop Voltage 1 W
Open Loop Angle Increments 10

5.3 D HERER

PR 7 AP R, wnlEl 9, FTBUREOE I IR RIS S, A IR H 2 A
TAEE I D B A PID HIRESSHUS (1 B B

B 9. BHHirERE

I(A)

Step period

-+ »
Target current—

Time(ms)

Total period

7 BRGCIHE D HE I AR Q JHE R, G IR BT 7EHF D 15 Q S RHT KP 5 Kl 5B 0, #%
AVEHHTER A A 721 1 i 2 R

PRI L IR T

STEP-1. ¥#xfil#i=F Hi 2 HiE N ID tune
A 10. EHIBEER 1Q B R

PIISK - encoder

ID Tune

S
STEP-2. & & PID 28 LB i S8, ik 11
El 11. PID 2 U R PH R SE
Basic Tuning Parameters
Unit step config ID Current contral
Current Tune target current  0.999 A Flux KP 25000
Current Tune total period 100 ms Flus KI 3000
Current Tune step period 2 ms Flux KP DIV 2048
FluxKIDIV 4096
I I S N . I S S I -
2023.10.03
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STEP-3. 1% T a5l Hif/L(Start Motor)#% 41

STEP-4. %34 E X [t) 24 Wi % 4 Flux reference(ld)LA & Flux measured(ld)J1% T Save ##
B 12, HEIEERESH(D BRI ER)

Diagram parameter setting

Flux reference (Id)

Flux measured (Id)

Save

STEP-5. riife&: &I EI Ay i ny HHE e &

STEP-6. & & HIFMIN S ANF, ik 13, A AWMBURNE T =B, JFEE STEP-2~STEP-

6
A 13. HRFEREEL
A Monitor 7 *
1k 11
| ~" N
L ﬂv
e "
3 L o y
E 05 f | \ ~H05 E
: [ \ 5
. | %
: L o :
: / o :
L \
| 0\
0 A\ | / \ / \ i
7o \/
05k -4-05
94?IE|2EI 94?IE|6EI 947IEIEEI 947|1EID
D B B S .1 1 | ]
2023.10.03 £ 2001 fRZs 2.0.2
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54 QHHERAIR

PR 7 AP R, wnlEl 9, FTBUREOE I IR RIS S, A IR H 2 A
TEEE QRN PID B S EUR RN, HEAERAE PR IT

STEP-1. RZ il N H 3 #iE Ny 1Q tune

STEP-2. & & PID ZH LRV i 24k
B 14. Q B #Ii PID S UL R PH S8

Current control Uit step config

Flux KP 25000 Current Tune target current  0.999 A
Flu K1 3000 Current Tune total period 100 ms
Flux KP DIV 2048 Current Tune step period 2 ms

FluxKI DIV 4096

STEP-3. #% T Rz bl#Z4l

STEP-4. %2 E X ¥ i 5~ Torque reference(lq)LA &% Torque measured(lq) #3% K Save ##
B 15. AREE RZESH(1Q A ER)

Diagram parameter setting

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

STEP-5. siids2 K41 R a] wpny i 1 & 1

STEP-6. A MMM ZE WA, w13, FHAmMmAN % FEiLEyL, HEE STEP-2~STEP-
6

5.5  HIRIHES

SRR T % H AR ORIE SIS ], TR B B N, VEARERIE DR AR

STEP-1. H4zil#is0 FHik ik A Torque Control

2023.10.03 B 2MH fRZs 2.0.2




I AT32 PMSM FOC Sensorless Demo

STEP-2. # ' Control source A software control J H 45 i 2% {ti (Torque reference)
B 16. HirHAERE

Torque reference (Ig)  0.100 A
Flux reference (1d) 0.000 A

STEP-4. 1% T 5 3l HaHL(Start Motor) %41l

STEP-5. R KX KIS H iz la L Ib J4% T Save #44H.
B 17. RAEEERESH(RRFTARK)

Diagram parameter setting

Save

STEP-6. siideze 41 Ra] wfny i i 1 & 1

STEP-7. &AM AT W, Wk 18
A 18. I IERIE R

MW Monitor

0z -0z2

(a1

Ta(d)

02k -4-0z2

I L L
894750 885000 885250

L L L
254000 804250 894500

2023.10.03
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? AT32 PMSM FOC Sensorless Demo

5.6

2023.10.03

T B B

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 LA N & . yaiis &
K 19. PID 28 AR INGEE . BMEERE

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 4 software control } H #7i% % 2% {t (Speed reference), 411 3000 rpm
& 20. HinEEERE

Target speed,

Speed reference (0 rpm

STEP-4. %~ 3 3 HiHL(Start Motor){% 41
STEP-5. 4 KX 2 $ i1 N Speed reference(PU)LA i Speed measured(PU) J51%  Save #%
o

& 21. AEGERESH(EELRR)

Diagram parameter sething

Speed reference (P17 o
apeed measured (P17 w

Have

STEP-6. s EIL I Ay Ry H 5 5 1

STEP-7. &AEMEEMIN ST, ik 22, EAMBUPNE T =1 By, JFEE STEP-2~STEP-
7
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B 22. IR

A Monitor ? X

- 3000

3000 -

2500 - 2500

2000 - - 2000

1500 - - 1500

Bpeed reference (PITrpm)

(unde) () g parnses pead s

1000 - 1000

500 - - 500

L L L L L
825000 850000 875000 Q00000 925000

5.7 REFEFITAABFEMRSH

T AT A 2 ) i BRI A I S A B BORHEA A T AL E, AR B AE A R AR RS A5 U 2% (Luenberger
observer)ll & Q-PLL J5iAREAT I I3 IS8 23 o, Al F TR 32 ) e sl Lk
B0 A I % 2 K

K 23 LA EARBANMEISH
Zensor-less obmrverd PLL
Observer C1 13000
Observer C2  -20000
PLL KP S000
PLL Kl ]
PLL KP DIV 32768
PLL Kl DIV 32768

AN LSRR L T = MR B3 77 BETFRRE S X5 R 35 W16 M R E shii . &2
o plinE 24 5K 25 fifiizs, f14 Startup Max. Speed. Startup Open Loop Voltage. Startup
Open Loop Slope. Startup Align Time. Startup Align Voltage. Startup Start Time. Startup Start
Current H %, 43 B BLRAUITF -

2023.10.03 g 241 fRZs 2.0.2




AR

AT32 PMSM

FOC Sensorless Demo

2023.10.03

1.

Startup Max. Speed
FULIE B I BE N A RT BT 30 b g, B2 rpm.

Startup Open Loop Voltage
HLHLIE B N PR (R T B %, B4 voltage.

Startup Open Loop Slope
HLHLJE B E N PR AT I B, A rpm/s.

Startup Align Time
RS I e 0 S5 E], B2 ms.

Startup Align Voltage
HL LIS BN 3% PR SRR 3L %, B2y voltage

Startup Start Time
RIS B 55 58 e BE N PRI S B[R], B47 04 ms.
Startup Start Current

HUHLS B0 )5 2E IR R ] B dfi <, #0709 ampere.

B 24 BT E RSV AR E SRR

Btart up

Startup Max. Speed 400
Startup Open Loop Voltage  1.021
Startup Open Loop Slope 800
Startup Start Current 0.150

rpm
v
rpm,’s
A

25 XI5FE iR

Start up
Startup Max. Speed 400 rpm
Startup Align Time 1000 s
Startup Align Voltage  1.156 W
Satrtup Start Time 10 ms
Startup Start Current 0,150 A
e - 2?__ I k7 2.0.2
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6 XHERRAPI

R 1. XA E

H# FA R
2023.01.13 2.0.0 |EHIRA
2023.04.20 2.0.1 | EHHFREAHEH B
2023.10.03 2.0.2 | EHTENUESCRIU . BN SRR S AR
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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 TR 77 i B0 AN TR AR SRS PR S PR R R AR R PRI, g S B IO 3 B0 ASC TR R 07 il BUIR 95 5 (KA T FRAIE
KA I HASRE MR 20 sy KRS ) IR 54T
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