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R YRR H 3 B ALRS PMSM(BLDC)HLHL. AT-Link 5855 = J5 R T 8% bA K — B AL T & 2 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 BRI AR : AT-MOTOR-EVB V1.x 8t V2.x Wit (i L FAFE—# 4 AT32F413RCT7.
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2.2

@ AT_Link 2 10 FHFIR FELLIGER: U1 RS FpLE 2 £ i
@ HLIEHIAFEC CN1 % 24 fREE
@ IRBEhEEHHEI O CNA UVW 23 B N R = AHH N 4%, T4k
® Jlink 2O T T

KO RAER
1) LL AT32F413 K5, a3 T FIeg4eya T8# AT32F413_MC_Library_Project\motor_evb_2v0
\at32f413\pmsm_foc_sensorless(7F[1])
2) AN PC #4+ ArteryMotorMonitor.exe (ANHMEATE %3, R HZET A HITREF) .
3) AT32IDE HIHCE FRIESA AT32 MCU HIINAEAAiER/IMEDL 1d SCHF, IS RE 2,
AT32F413RCT7 HIINAAAEiE R /N 256 K 41, I IROM1 HIdtasfz B v 0x8000000, K/
N 0x3F800, H IROM2 Hyiinfy & A 0x803F800, K/MAN 0x320, IROM3 HIdLaf BN
0x803FB20, X/)NA Ox4EO0, AT32F413RCT7 Hiaeiuflunid 4 prox.
x 2. XINNFFEZRZ ROM ERER
Flash size 1024K 512K 256K
IROM1(adress) 0x8000000 0x8000000 0x8000000
IROM1 (size) OxFF800 0x7F800 0x3F800
IROM2(adress) 0Ox80FF800 0x807F800 0x803F800
IROM2(size) 0x320 0x320 0x320
IROM3(adress) 0x80FFB20 0x807FB20 0x803FB20
IROM3(size) 0x4EOQ 0x4EOQ 0x4EO0
Flash size 128K 64K 32K 16K
IROM1(adress) 0x8000000 0x8000000 0x8000000 0x8000000
IROM1 (size) 0x1FCO00 0x0FCO00 0x07C00 0x03C00
IROM2(adress) 0x801FCO00 0x800FCO00 0x8007C00 0x8003C00
IROM2(size) 0x320 0x320 0x320 0x320
IROM3(adress) 0x801FF20 0x800FF20 0x8007F20 0x8003F20
IROM3(size) OxEO OxEO OxEO OxEO

JE1]: 750 T F2A 3 4/ % & keil complier version 5 LIK OO0 (EHF2E 77 471%, 1#1E/Y keil complier
version 6 ZLILE 2L O1 #1745 iF. Z 18/ keil v5.33 jik7, [Z]1 AT32 BSP JitG /% #F V6.15 4iF#,
keil complier version 5 JRALIK O1 L1 F 1T -
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& 4. AT32F413RCT7 2 ROM Kt & (AT32IDE)

|Z] AT32F413xC_FLASH.Id X
31 /* Specify the memory areas */
32 MEMORY
34 FLASH (rx) : ORIGIN = @x@8000000, | LENGTH = @x3F800 |
35[MC_DATA1l (r) : ORIGIN = @x0803F80@, LENGTH = ©x320
36(MC_DATA2 (r) : ORIGIN = @x@8@3FB2@, LENGTH = Ox4E@
37 RAM (xrw) : ORIGIN = ©x20000000, LENGTH = 32K
20
39
4@ /* 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 :
s2[ {
53 = ALIGN(4);
54 . = ORIGIN(MC_DATA1);
55 _MC_VectStoreAddrl = .;
56 *(.MC_VectStoreAddrl);
57 . = ALIGN(4);
58| } >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 :
7 I |
72 . = ALIGN(4);
73 *(.text) /* .text sections (code) */
74 *(atext") /* .text* sections (code) */
75 *(.glue_7) /* glue arm to thumb code */
76 *(.glue_7t) /* glue thumb to arm code */
77 *(.eh_frame)
I IS D S G S— IS S SN S— L]} N ———
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PMSM HATEE S 1 A

Kl 5 AL SCRE SR W B I, BT FEATLZE SOR 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 .

B 5. RALESESHHAE

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 6 o user UM BB FE S ERF . NIRRT . SHAFEAN
flash F2£/7 LL & S HE LS. firmware SCHIE08 BSPF2 7 SO, FEHLERE P UE £ melib SCHF5,
A& IERT BRI EIRREL. &R ER RS EUERE. FEYIEENLE R E B ] 22 AN0064 FLALZE
R =T 2

B 6. HALIER TREEH

Project Project
= 1% Project: pmsm_foc_hall_sensor = %% Project: pmsm_foc_hall_sensor
-] %5 demo -l %4 demo
+ L user =) 3 user
# [ firmware _) at32f413_clock.c
% [ cmsis _] at32f413_int.c
# (d cmsis_dsp _] main.c
= £ mclib _] mc_hwio.c
_] mc_delay.c _] mc_isr.c
] mc_foc.c 0 mc_hwio_v1.h
] mc_curr_fdbk.c _] mc_hwio_v2.h
_] mc_encoder.c _] mc_lib.h
j mc_pid_controller.c _] motor_control_drive_param.h
_] mc_foc_globals.c
_] mc_math.c
_] mc_field_weakening.c
_] mc_hall.c

_] mc_foc_sensorless.c

_] mc_comm_uart.c

_] user_interface_foc.c

_] motor_control_foc.c

] mc_foc_kernal.c

_] mc_flash_data_table_foc.c
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# 3 RO SR 3R

AR TR SR 5 BT U

& 3. HNEEER

SCRBFR

D)

mc_lib.h

kg

motor_control_drive_param.h

AR S WKL AR S

R 58 SCRINUIRBI 2R (FAURAERE N, AR A ) 12

mc_hwio.c

A i B

mc_hwio_v1.h

T4 10 #2125 8 LB (AL R it AT-MOTOR-EVB V1.x)

mc_hwio_v2.h

T4 10 42 1 % 8 B (AL R it AT-MOTOR-EVB V2.x)

mc_isr.c HH I FLL A2 1] v B e
mc_flash_data_table.c B\ flash 3%
mc_flash_data_table.h BN flash ZHER KA KCELE
mc_type.h 2RI E L MEE X
mc_delay.c Pt 8] X 15 FH G R 4
mc_delay.h IS} 8] 3 158 AH 55 R £
mc_comm_uart.c TE TR RIAH G /M RCC B
mc_comm_uart.h IR vart AHXREAEY . BE
mc_pid_control.c PID $z il 85 A0 < bR £
mc_pid_control.h PID 425 il #5 AH 5% bR 25 5 1
mc_curr_fdbk.c F gt A O R 4
mc_curr_fdbk.h FLJAE A A O R 0 B
mc_math.c VB AR AHOCRR AL

mc_math.h VB A AR IS R A
mc_hall.c B IRAL KA A DG BR B
mc_hall.h B IRAL RS A S R B

mc_foc_kernal.lib

HHLZERZ O BB (Keil & H)GER T8 F 4 FPU)

]
mc_foc_kernal_noFPU.lib AL IZE A% O o B (Keil & A (&S A6 FPU)
Libmc_foc_kernal.a FLMLE A% 0> R L (AT32IDE & ) (& I 385 44 FPU)
Libmc_foc_kernal_noFPU.a UL EEAZ 0 5 B (AT32IDE & FH)(3& A 35 1 6 FPU)
mc_foc_kernal.h PO AZ O bR B 7 B
motor_control_foc.c FEL L A28 i) AH O BR 2
motor_control_foc.h P42 1l AH O Bk 45075
mc_foc.c IR AR G R AL
mc_foc.h IR R AR 5% R S B
mc_encoder.c ST 345 AH IS BR £
mc_encoder.h i T 45 AH O bR 45 5
mc_field_weakening.c SSMEAR S R EL

®ILR

A 2.0.3
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mc_field_weakening.h SSTAR 5% R 5 B
mc_foc_sensorless.c Totk A FH R R 3L
mc_foc_sensorless.h Totk A G R 2 1

mc_foc_globals.c

G R AR E CEEOME . 2R RS Y]

mc_foc_globals.h

SRR ERREEY]. EEX

user_interface_foc.c

VRS R 5% R £

user_interface_foc.h

VRS R 5% R R B

motor_control_drive_param.h A4

BESTRS o U AN 4y, SR AL BATIN LS HI R, LS. IS, hld

1)
°

SHEIT R R -
°

R A4 B E S BT R A SR E, TE SGE MR, EEI A B AR A N
TG IEES X =M R a3, 2RI RSN X5 R S BLRAIR M R R I R 3. oAk
SREE P 0 R A A\ T TR A P A A I 5 1, o Y P A DU 5 AT R AR I (T [2]) . AL
KA FARYEAL A B ERBEATRCE, =B XU PHS B S SaMATE i ML 5 SR e ¢

ST

K4 BAREX

P R

FOC_CONTROL REEHRE

THREE_SHUNT = HLBH FL IR R A

TWO_SHUNT L HL B LI R A

ONE_SHUNT F HLE FL IR R A

U_V_SHUNT FLEAE T U BLA V shunt HLFH(TWO_SHUNT % )
V_W_SHUNT HEER V LA W shunt HLFH(TWO_SHUNT % )
U_W_SHUNT HLEE A U LA W shunt HEFE(TWO_SHUNT £ )

AT_MOTOR_EVB_V1

T AR VX A

AT_MOTOR_EVB_V2 IE T LR V2.x kA
GATE_DRIVER_LOW_SIDE_INVERT | JF/& & MOS % i i i
FIELD_WEAKENING Sk

SENSORLESS

oAt ki 2 Ml AR A 5

OPENLOOP_STARTUP

KBRS Z I A 2

ALIGN_AND_GO_STARTUP

T IS 075 Ja 3

INIT_ANGLE_STARTUP

oAt K& 140 A AN /5 2

VOLT_SENSE

T A o O 4% 1 4 P HhL s A 0 (A [2])

CURRENT_LP_FILTER

ARAT diq il F AR 8P (15 5 (R R AZ )

INTERNAL_CLOCK_SOURCE

i/ MCU N7 i i

MOTOR_PARAM_IDENTIFY

HUHLEL [l 250 E h#FR

2] LL AT-MOTOR-EVB V1.x 7748 %1, C67,C71,C74,C66,C70,C72 71/ IRFEE L 11T 1. IR

2024.02.27
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K AT-MOTOR-EVB V2.x, JIkH [ 2 7% L1 C57,C58,C60 srft.

2024.02.27

FHR BRI ZHOE (3R 5 Bill. MRAEAFEMBEE . BT R SIEm R, A SURXT R

2% JRAT AT I, W

HL dy g filt P1AZ IR

M PIZEHIERSE, EH I TR

B RS HUE Lo
xR 5. BB EREX
% LR iR
PWM_FREQ PWM #itE A28 (unit: Hz)

MOTOR_CONTROL_MODE

FRLLA i A o (P e

motor_control_mode)

L2 R i TN PEIL type.h B[

CTRL_SOURCE

i MR B B (F1 B A il A s )

UI_UART_BAUDRATE

AL TR A s

TUNE_TARGET_CURRENT

P Pl S50 1) B A% B K/ unit: ampere)

TUNE_CURRENT_TOTAL_PERIOD

W PL S50 (158 # (unit: ms)

TUNE_CURRENT_STEP_PERIOD

W PL S0 2B A (unit: ms)

SPEED_LOOP_FREQ

I HIAEE (unit: Hz)

MAX_SPEED_RPM

FLE 3R (unit: rpm)

MIN_CONTROL_SPEED

R AL T4 A1) A ] 428 P B R B2 (it rpmn)

ACC_SPD_SLOPE

AR (unit: rpm/ms, 24 systick 4% =1kHz)

DEC_SPD_SLOPE

TR ERER (unit: rpm/ms, 24 systick 4liZ=1kHz)

SP_MAX_VOLT

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

SP_THRESHOLD

A 2 SRR I B /N AR (unit: voltage)

SP_RUN_VALUE

4

B e A KU, THR IR SN ) 5 I FE I AE (unit: voltage)

|

SP_STOP_VALUE

Hhr 2 RIEALE, 45 1R IR BN B K HLU R B (unit: voltage)

PID_SPD_KP_DIV

T LI 25 FR 2L (Q16 mode)

PID_SPD_KI_DIV Pl R 5 BR AL (Q16 mode)
PID_SPD_KP_DEFUALT Pl AN (Q15 mode)
PID_SPD_KI_DEFUALT T EER 2 (Q15 mode)
PID_ID_KP_DEFUALT d HH I L EI RS (Q15 mode)
PID_ID_KI_DEFUALT d BRI E (Q15 mode)
PID_ID_KP_GAIN_DIV d il L L3 25 B4 50 (Q16 mode)
PID_ID_KI_GAIN_DIV d fil AL M1 25 FR 2L (Q16 mode)
PID_IQ_KP_DEFUALT q HrHIELLEI RS (Q15 mode)
PID_IQ_KI_DEFUALT q HH AR (Q15 mode)

PID_IQ_KP_GAIN_DIV

q il L ELATI 3 25 BR 4L (Q16 mode)

PID_IQ_KI_GAIN_DIV

q IR A S 1 25 BR 2L (Q16 mode)

OLC_ANGLE_INC

TP P f LRGN (B PWM i %)

£ 13H
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TR AR

Hik

OLC_VOLT

TEE 4z B Ef ) (unit: voltage)

FW_MAX_ID_CURR

SO d BV (unit: ampere)

FW_KP_GAIN LRI LIS (Q15 mode)
FW_KI_GAIN FHFEHF S (Q15 mode)

FW_KP_GAIN_DIV

S LIS 25 BR %L (Q16 mode)

FW_KI_GAIN_DIV

S9RLPE IR 7 1R 25 BR %L (Q16 mode)

CURRENT_BANDWIDTH

HIVR P18 58 CRIR PI 2808 5 E T H)

CURR_LP_BANDWIDTH

d/q Fl LA IE JE IR AR AT 5K (unit: Hz)

OBS_SPD_BANDWIDTH

LI s 2 3 PEE AL 368 B 45t 96 (uinit: Hz)

OBS_GAIN1 ML #5 3 25 240 1 (Q15 mode)
OBS_GAIN2 WL #5358 25 7 40 2 (Q15 mode)
PLL_KP_GAIN PLL #HI LB 25 (Q15 mode)
PLL_KI_GAIN PLL #&#IFr 15 (Q15 mode)

PLL_KP_GAIN_DIV

PLL #&1 He 3 25 B 2k (Q16 mode)

PLL_KI_GAIN_DIV

PLL #&HIF 71 25 Fx 2L (Q16 mode)

STARTUP_MAX_SPD

VI PRI dR E0d - (unit: RPM)

STARTUP_CURRENT

FIRBN S A s L (unit: ampere)

STARTUP_OL_SLOPE

TR SINEE  (unit: rpm/s)

STARTUP_ALIGN_TIME

JE BRI X FERT TR (unit: ms)

STARTUP_START_TIME

XI55 B VINAEARTE] (unit: ms)

DETECT_PULSE_WIDTH

ey Haa s DBk 52 FE . (unit: us)

REWENAS MRS HOE S WBEIXI Al At P PRI ORI B -+ 5555 . ARSI M
UL TR BIA RS HOE XK 6 Piow, A EHA R ALIKEIIR, 75 B o X B 2 4.

6. WahRSHREX

Py 3 &4 R
VDC_RATED JEME S YA
V_SENSE_GAIN FH, e B 42 1) LG 431

ADC_REFERENCE_VOLT

ADC Z:7% Hi J% (unit: voltage)

ADC_DIGITAL_SCALE_12BITS

ADC 4>

SYSTEM_CORE_CLOCK

RGPFEEE (unit: Hz)

TMR_CLK

IR (unit: Hz)

DEADTIME_CLK_SFT_BITS

U DR B 72 4

DEADTIME_NS

BEIX BT E (unit: ns)

MIN_INTERVAL_TIME

PWM A% I AR 5 B /Mal BRI E] (unit: ns)

MAX_CURRENT

ALK HIR (unit: ampere)

B4l

A 2.0.3
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F e LB Hik
MIN_CURRENT HL LR /N (unit: ampere)
CURRENT_SPAN_SHIFT LI A A BT 75 AL R 2
R_SHUNT Shunt FLFH (unit: Q)

OP_GAIN LB 2
CURR_OFFSET_VOLT FHF MR (unit: voltage)
EMF_SENSE_GAIN & EL A (EMF) [R14% 4 L 43

OVER_CURRENT_VREF

i I S A (unit: voltage)

OVER_VOLT_THRESHOLD

i IR S A (unit: voltage)

UNDER_VOLT_THRESHOLD

REEIG S A (unit: voltage)

VO_V

NTC M HL s 5 1% 5% AR I UL £k 2 24 VO(E[3])

To_C

NTC L s 5 IR 5% AR I LU £k 2 240 TO(E[3])

dv_dT

NTC L5 5L 5% AR AL 48 2 240 dVIAT(E[3])

OVER_TEMP_THRESHOLD

IL I S5 (unit: Celsius degrees)

MC_ERROR_MASK

PRAP RSN 2 e

H3]: L S EH R 2 T 26 7 R VIVI=VO0+dV/dT[V/Celsius]*(T-T0)[Celsius]

o KNS HIIEE S, WA HL s SH.

MRZH, MR 7 FioR.

BIREREE S

k. RIS TR

R 7. BHSHEE XL
% e LR #ik
RS_LL HLZE 7] FEL BEL{E (unit: Q)
LS_LL FLBLZR ) L JRAE (unit: H)
POLE_PAIRS At #
NOMINAL_CURRENT HUHLAE FL (unit: ampere)

2) mc_hwio.h R4

® ULICRIEERYE M S BB 10 0 AT

FENNE. R4 me_hwio.c SCHEF) %L

Y I TRRE A A B B L 4t ADC. TMR. USART. EXINT Z5ic & 55 v 7 & £ LA
L. DMA GHIE [R50 RNOG R WK 8 Fizr

# 8. HRAMEFRE (BL AT32F413RCT7 Af)

ViR & B TR 3 DMA &i& g
ADC1 N/A DMA1_CH1 | ADC1 BB iEH#(BUS HLE
MOS R/ SMHE A A 4
AR BB HER)
ADC1 ADC1_2 IRQn N/A ADC1 # 5 I8 18 45 (A s BB
2R WA DRI A6 F A HL )
2024.02.27 - - % 157 - = Ak 203
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TMR1 TMR1_OVF_TMR10_IRQn N/A HLHL FOC il b

TMR1 TMR1_BRK_TMR9_IRQn N/A PWM #i HH 2R

TMR1_CH4 N/A DMA1_CH4 | 5 re BHAR R A T 0 B R A )

TMR11 TMR1_TRG_HALL_TMR11_IRQHandle | N/A THRE R ) A

USART1_TX | N/A DMA1_CH2 | USART1 TX f&ém¥da

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

EXINT EXINT15_10_IRQn N/A START/STOP #&4H (RuEh/ = 1L 78
1)

3) mc_hwio.c (k4

® ORI EKIE A R R B TICE . W TMR. ADC. DMA. GPIO... 5555, AIRYE A
AOREATRIBEATICE . RN A S LED AT $RIRITRSE R, RS e TR Y5 AH 2%

BRHE LW 9 .
R 9. SHRECEA R R
g €2 iR
nvic_config TR Se e B
tmr_pwm_init PWM % H AR S<BS 4F (tmr). crm clock. GPIO. DMA B &
adc_ordinary_config ADC @il M52 ADC. DMA. GPIO it &
adc_preempt_config ADC ¥ 5% ADC. DMA. GPIO fit &
speed_timer_init T FE I B (tmr) . crm clock Bt &
uart_init UART #H3% crm clock. GPIO. UART [t &
button_exint_init A P TR EXINT &
led_config LED #7145 GPIO+ crm clock Fit &
led_on LED /%
led_off LED Tk
led_toggle LED & (ST 5248 KT KEUAT B AR AT °K)
led_init LED #ligRAES &
led_blink LED [Nk
mode_switch_init FRIIF AN LB
foc_angle_init_config FrFI46 FFH S tmre ADC TR &
motor_parameter_ID_config | FALZEE S 4 H 20#FIRAEC tmr. ADC BC

4) mc_isr.c kY4
o MR EE NS, 14 ADC ~ TMR ~ SYSTICK Zrhip. AN F H 1 T A2 Ju 451 AH 56 o b

BN 10 Fos.
2 10. EALFEHIAESR H T BR 3
R F AR i

2024.02.27 £ 161 fRZs 2.0.3
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ADVTMR_PWM_CYCLE_IRQ TIMERT HE¥rrhibree i fEEES fE. RESH. TR
(TMR1_OVF_TMR10_IRQHandler) il R

ADVTMR_PWM_BRK_IRQ
TMRA R 2581 N A 187 bR £ PWM % 24 fg
(TMR1_BRK_TMR9_IRQHandler)

ADC_SHUNT_SAMP_READY_IRQ B
ADCA HWTRRE 5 3 L RATE
(ADC1_2_IRQHandler)

SPEED_LOOP_TIMER_IRQ o
THURSE 2 o) A o K o
(TMR1_TRG_HALL_TMR11_IRQHandler)

SysTick_Handler RGP BIRE(1ms): RS BOIR SRR
BUTTON_EXINT_IRQHandler

G110 T e 4 START/STOP #4H(J ah/ 45 1l Hibl)
(EXINT15_10_IRQHandler)

2024.02.27 g 1ITH fRZs 2.0.3
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4.1
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LI FPIRZSHL
REYLHR

UL AL TREGI PR STRAZ A 7 PR EPIRESHURIE R, B ASIRESHUIATG R E th 152 (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 7. REHIRER

/ Press start motor
Press Identify Winding

parameter'in Ul

Press start motorin
ID_MAKIUAL_TUNE or / =
1_MANUAL TUNE / FAult cleared .-~ Acquire initial angle

Press startjmotorin
OPEN_LOQP_CTRL

Enter the closed
loop control

Re-check for failure \\\

afameter

Press stop motor
oh is complete

------ Failure detected

If motor runs

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

Idle

PR VUAIIEIRES, RS T Bk wFRE, I@E ROV R G 2 B B RS .
Safety ready

TGRS (dle) i AT A S B C i B . CHUSHIA offset I, BIARNLAT L2 a8 shrR

- - % 18 W Ik 2.0.3
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P

Angle init

RN AG AR IIDIRES ,  E MOIRES T 2R 0% 1 AR B RAS I FRATL )T 46 £ 52 A6 FHLZE S5 Bl I A — L %
VIS % . TofklEas & L INIT_ANGLE_STARTUP B&ER, #5072 e OBk oA 3k
Starting K%

Starting

TALBEGAE RN W B IS A S A AR EARIRAS, (RIS W] AR ORS¢ B V)4 31 PR 28 1) (1 2% 1 A
BN R GRS E L

Running

BERE, 7RI B NIEFIRES . FH Al Ul FHSER S E (0 H bRd . B AR RS
BN AT A 1k ik

Free run

AR, AR R X a5 bt Sl il U LR R % 0, £ ik 58 e 1R Ay
SAEIXAIRES, DGR 45 1L £ (a1 ) Safty ready IRZ .

|_tune

IR R PID $2 0 88 S B R, 7R R Aris s Ul F s H AR . IR 2 KPL K
B, B E—Dhrai, madg BB RS HE R E G S5

Winding param Id

N HNLZ IS B URES, HI AT Ul S S ) B 3h 2 8000RThRE, I8 W 7L T LN vl 2
HHeR, FHRE R S H0T T o % Bas REFEHI LU IR PHEHIZ B e .

Error

A R AR B X AR

PE AL TRE V] 2 RS B Aa RS S5 ACIRZES ALY 256 AF RO VE AR I AR 11 Fra

& 1. BRERERES KK

M RIE N AN H AT S50 2 5E K
IDLE SAFETY REDAY Pk E A LR B POTENTIOMETER 445 5 /- Bk

WE LA 146 S50 8 56 AR
Lid R AN ID_MANUAL_TUNE = IQ_MANUAL_TUNE
W, 4% _EAIHLE START MOTOR B( START/STOP #i4#

RUNNING
LEHIH Ry OPEN_LOOP_CTRL I}, #% T EAz#L START
SAFETY REDAY MOTOR & START/STOP ###
| TUNE A ID_MANUAL_TUNE 5 1IQ_MANUAL_TUNE K,

1% F FAHL START MOTOR 8 START/STOP %4

WINDING_PARAM_ID | #% T A7 HLE) Identify Winding parameter %41

ANGLE INIT STARTING 56 % HLH LA 46 A A I
STARTING RUNNING ¥ il J5 3 76 BT I3E N PR i)
RUNNING FREE_RUN # T _EAIHLK STOP MOTOR Bt START/STOP ###42
SAFETY REDAY YT B
FREE_RUN
FREE_RUN ESfitylbezging

£ 19R A 2.0.3
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SAFETY REDAY

2 PHRE Ry ID_MANUAL_TUNE 2% IQ_MANUAL_TUNE i}

2024.02.27

| TUNE
FREE_RUN ¥ B4 STOP MOTOR B START/STOP ##4
WINDING_PARAM_ID FREE_RUN HEHLLL B S B R DI RE BT 52 1K
ERROR IDLE (AN E] 43
I I N I D ] ]
R hRZs 2.0.3
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5 THREMEHHH

5.1

5.2

2024.02.27

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 8.

B 8. EEEBAE

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 9. #EHEiE BT IR

PHMEM - encoder

Cpen Loop comntmal -

STEP-2. ¥ JF¥ i JE(Open Loop Voltage) 5 £ £ 1 & (Open Loop Angle Increments )8 1834 i - 1 ¢

F2URN A 2.0.3




I AT32 PMSM FOC Sensorless Demo

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

B 10. JFREHIHRSH

COpen loop contral

Open Loop Voltage 1 W
Open Loop Angle Increments 10

53 D HiERAR

RN AP R R, s 1, ATRLR D E IR A S S, P AR R H B2
N T EE D iR PID BRI SHUE 1 H R R o

1. PHhERsEE

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
B 12, FEHERGER 1Q BRI R

PIISK - encoder

ID Tune e

STEP-2. & & PID 28I OP Iz, ik 13

13. PID ¥ A KB RS H

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 S D ] ]
2024.02.27 2R
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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 14. REBEELZESH(D BAKFER)

Diagram parameter setting

Flux reference (Id)

Flux measured (Id)

Save

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

STEP-6. & & HIFMIN S ANT, ik 16, A AWML T =1 B, JFEE STEP-2~STEP-

6
& 15. HRFEREEL
A Monitor 7 *
1k ,k_/\ 11
: N
- j'\/\“
e "
g | rf | 5
=05 | / | \ H05 g
@ | \
N . :
: L o :
: / o :
L \
| 0\
0 A\ | / \ / \ i
7o \ \/
05k -4-05
94?IE|2EI 94?IE|6EI 947IEIEEI 947|1EID
S I I N I D ]
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54 QHHERMAR

RN AP R R, i 1, ATRLR D E IR A S S, AR R H B2
NTEERE QR PID HIRASEUS KRN, VEAHERIEDIRUT

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

STEP-2. & & PID ZH LRV i 24k

B 16. Q B # it PID S LA KK S8

FluxKI DIV 4096

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

STEP-3. #% T Rz bl#Z4l

STEP-4. %2 E X ¥ i 5~ Torque reference(lq)LA &% Torque measured(lq) #3% K Save ##

B 17. AEEERESH(Q HAEFER)

Diagram parameter setting

Torque reference (1)

Torque measured (1q)

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

STEP-6. A MMM B WA, w15, 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

2024.02.27

®UR
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STEP-2. # ' Control source A software control J H 45 i 2% {ti (Torque reference)
B 18. HirHAERE

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

STEP-3. 1% I Al Hif/L(Start Motor)#% 41

STEP-4. HHELE XS HHiZE)y la LLL Ib J4% T Save 144 .
& 19. REEERESH (BRI AK)

Diagram parameter setting

Save

STEP-5. siidze 41 R a] wfny i 1 & 1

STEP-6. A MMM AT W, Wk 20
A 20. BRI IERIEE

MW Monitor

0z -0z2

(a1

Ta(d)

02k -4-0z2

I L L
894750 885000 885250

L L L
254000 804250 894500

2024.02.27
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5.6

2024.02.27

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 21. PID Z2H A RIGEE . 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
& 22. BinEEERE

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

& 23. 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 24, EAMBUPNZ T =1 By, JFEE STEP-2~STEP-
7

#2671 A 2.0.3




I AT32 PMSM FOC Sensorless Demo

B 24. 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 K S8 25 FroR, Al F T30 42 ) e sl Lk
B0 A I % 2 K

K 25. oA B ARBMANARXRSH
Zensor-less obmrverd PLL
Observer C1 13000
Observer C2  -20000
PLL KP S000
PLL Kl ]
PLL KP DIV 32768
PLL Kl DIV 32768

AN ENLESR ML T =R R 7 BRI RS X578 s 50146 M EEAIE shiil. &2
By ik 26 5K 27 s, f4 Startup Max. Speed. Startup Open Loop Slope. Startup
Align Time. Startup Start Time. Startup Start Current rJ % . 43 AI UL R

1. Startup Max. Speed
FELATL R S IYITA] I HE N PHIAHT R TF 3R e id B, 5208 rpm

2024.02.27 ®BAOTH fRZs 2.0.3
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2. Startup Open Loop Slope
WAL 20 AR 32E N PR AT IR IR B, 56 rpmis.

3. Startup Align Time
RS Sh 3R] I e 5% SR a], B8 ms.

4. Startup Start Time
AL S 3 30 8] I 0 55 56 SR 3E N AT HT 8 J3 s (A, A28 ms.

5. Startup Start Current
HLALE SR DT 30 B0 55 R S R, 54709 amperes

Bl 26. AETTHF A SR 54086 A A B Bha X

Startup

Startup Max. Speed 400 rpm

Startup Start Current 0.499 A

Startup Open Loop Slope 800 rpmy's
& 27. XI5FE A

Start up

Startup Max. Speed 400 rpm

Startup Start Current  0.499 A

Startup Align Time 1000 s

Satrtup Start Time 10 ms

5.8 HENEHIAARE

FEMA B HH NS, D E AR S e SR . IR N U 3E4T, B0 BRI 58 A
JaA AT AL IR

STEP-1. A B N S 5T motor_control_drive_param.h SCf4:(l1: POLE_PAIRS. RS_LL(/E
[4]). LS_LL(7¥[4]). NOMINAL_CURRENT. VDC_RATED. MAX_CURRENT. MAX_SPEED_RPM:::
SLBH, BEEMUIIESEE 5. £ 6. £ 7)IFEIRmIEREREA.

JET4]. H B 2 I B9 7] 11 STEP-3-1 i H 26 [/ 25 1 )7 iR 72

2024.02.27 228 fRZs 2.0.3
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STEP-2. ZR & 5.1 &4 Ul A, AT EHIEIA IR S IS (ST 5.2), HWEH
HUAHFLIR la, Ib K/ 5SEPrii—2 I mBE LS EIL 0 LUK la FHALZE45E Ib A6z 120

JZ(Z IR 1E 20).

STEP-3. W EAT IR IR I Pl 24 S5(Z R 5.3, 5.4)8H %€ S 5(STEP-3-1, STEP-3-

2) -

STEP-3-1. i Ul A, TERSHLIPIRZA A safty ready I #% T~ Identify Winding parameter $Z41R[!
AT ML B S % F 3h#8, | Identified process state [A147 /2 75 T (SUCCEED) 33515 RS_LL LA
Je LS_LL ZHOHHEUE N motor_control_drive_param.h SCfF72E X RS_LL BA LS_LL 4.
(A HEMLRS_LL BLK LS_LL #tg Z 5 A b 4T STEP-5-1 D I%)

K 28. WL ESHEZPR

Status

‘ ESC_STATE_SAFTY_READY

Basic  Tuning Parameters  Auto Tune

Winding parameter Identification

Identified process state SUCCEED

no error
overvollage € RS_LL 1.93041 Q
LS_LL 0.00231822 H
Command Identify Winding parameter
Start Motor Stop Motor

STEP-3-2. TEMRASHLHIRA K safty ready 4% T Ul # 44 1f) Auto-tune Current Pl parameter %4 B
PATHIL PI =68 A e, TRESESER QLK D #HEmr PIHERS%, wE 29 Fik.

B/ 29|

fRs 2.0.3



ll?l_ ? AT32 PMSM FOC Sensorless Demo
& 29. i Pl Z#ISHEEE

Auto-tune Pl parameter of Current controller

.Torque KP 7717
.Torque Kl 6110
.Torque KPDIV 512

Torque KIDV 8192

Auto-tune Current Pl parameter

STEP-4. {ERAT PR s i 0T 7 i AR R I 2 8. sl 24. Q-PLL 2% &
TR E S H(S RN 5.7). FEAIFIRAFETE S B WAL .
[EM]Y SARSHESRE > gdt -> N -> PMSM Sensorless Control Tuning BB L% il 4144

STEP-5. S/l ik otk e f2 il S HUm nr g AT e Az il (S &Y 5.5).

STEP-6. &1 5.6 AT M IZHI, (HAE A2 H i iy Ls BB U R R, Iz H 2
Kb ZUEHHE -

2024.02.27 3R fRZs 2.0.3
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6 SCRSRRA D 52

2024.02.27

12, AT

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
HHBAT-MOTOR-EVB V2.03 2k Ui B . 38400 Fe AL 28 BBl S 45 1 Bl LL & B P I il
2024.02.27 2.0.3

A E B E M5 E SCH RSN LU A L 388 s LS e e 5 0 R

F IR A 2.0.3




:'=/| ?I_

? AT32 PMSM FOC Sensorless Demo

2024.02.27

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

ERAEFERERS A I 2 kb A UL, I, R IR R A0 KRN s S AT T R BRI PRIE, BRI T S0E
Ve B AREE S AR T RVEE R X AR RIS LR RS SR At k0 7= UK BRR TR -

HERF I IR AR B BB T TR T R &R dh: (A XT 2 AR SRR, Blin: Earscff. BaA B s I RE 2 4 h 2
RIARG: (B) SR (C) BIRRASEMAHE: (D) R, H/E (B) HALTRESEASOIE . JEr =M E MR H. R
P E R T RTR NI, RIS ) FERE 0t 7 F5 T AT, XU BB SRR LRI r SR 8, HRI R Ak 7 SR S 2 i 3
R TR R AIE K

LRI 7= A AR T A SO PR R I A R/ BRSO, RS B S EUHERR B AR R )07 il BUIR 95 B2 T AT e £
ERA IF HANRL WA 3 sRE K AR 1 AR 14T
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