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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 #:#ti, HAxA5 )y AT32F413RCT7

USB type B # RS-232 #%11, £ USB %4 A\ PC. HI TRl sEp L S 2 fs H
L YA NS 1 CN 42 24 (R

IXZNFH 3% T CNE UVW 87l N I HL = ARSI N3 . 2% 154k

AT_Link B¢ Jlink #%1

Bk ke : JP2 CLOSED. JP3. JP4. JP5. JP6 OPEN

Bl ¥eoE: JP8. JP10. JP12 CLOSED

22  BENSEAEE

1) JFJ3 bldc_1shunt_sensorless_ COMP jufy| T2

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

3) AT32IDE [ffc & 75 i35 5%~ AT32 MCU [WINFE AR MER Id SCHE, g2 iiEg 2, 1
AT32F413RCT7 INAEAEif /IR 256 K 7715, T3 IROM1 (14647 B 5 0x8000000, A/
5 0x3F800, H: IROM2 [JiEaaf7 B N 0x803F800, K/ 0x800, AT32F413RCT7 (HIEHIE

Q@O®OOE

Bl 3 Fros.
® 2. MMNFFHETERZ ROM EEE
Flash size 256K 128K 64K 32K 16K
IROM1(adress) 0x8000000 | 0x8000000 | 0x8000000 | 0x8000000 | 0x8000000
IROM(1(size) 0x3F800 0x1FCO00 0xOFCO00 0x07C00 0x03C00
IROM2(adress) 0x803F800 | Ox801FCO0 | Ox800FCO0 | 0x8007C00 | 0x8003C00
IROM2(size) 0x800 0x400 0x400 0x400 0x400
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E 3. AT32F413RCT7 Z ROM [ E (AT32IDE)

|Z] 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
33 {

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
20

39

40 /* Define output sections */

41 SECTIONS

42{

43 /¥ The startup code goes first [into FLASH */
44  .fisr_vector :

45

46 . = ALIGN(4);

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

49 } >FLASH

50

51

52| .mc_data :

53

54 . = ALIGN(4);

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

57| } >MC_DATA

58

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

60 .text :

61

62 . = ALIGN(4);

63 *(.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)

638

JE[1]: 18/ keil v5.33 jk 4, K AT32 BSP Jifg X #F V6.15 4jiF 7y, 15 1L/ keil complier version 5
SR I
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BLDC HEALEESCE i B

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, T BATIES ROISHIRE P WAL T AL R E0CS Ul e 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
NHSERL UL Fofh TRAER, AL Rsemt i rpL b RS sl m e i 24 5 fr 2o

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 Sk i 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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F¥J& bldc_1shunt_sensorless_ COMP juifs] T2, SCAY THESEHIWE 6 Frax. user XHFIEH H BEFE)T
WE TR ANHRIFE T AR S HUE k0. firmware U3y BSP 25 SC4F, LR 7 i E
£ melib SCHEJE, 05 e B B ER A AR AR BT S AL R VEAH PR B EON I T 2

ANOO064 FEALPE {5 HI4E M «

B 6. RALEH TREEH

Praject 3 EJ Project Ll x |
=43 Project: bldc_1shunt_sensorless COMP =% Project: bldc_1shunt_sensorless_COMP
-5 demo %5 demo
E-iS user [ user
] at32f413 _clock.c L3 firmware
] at32f413 int.c [d emsis
_1 main.c =% mclib
] me_hwio.c ] mc_delay.c
_1 mec_hwio.h J me_curr_fdbk.c
_] mc_lib.h ] me_bldec
_1 Mme_Isr.c J me_comm_uart.c
] motor_contrel_drive_param.h 1 mc_hall.c
[ firmware J mc_pid_controller.c
[ 1 cmsis ] mc_math.c
[ d meclib ] mc_bldc_sensorless.c
J user_interface_blde.c
J motor_control_blde.c
J me_blde_globals.c
J mc_flash_data_table_bldc.c
1 mec_bldc_kernal.lib
5 7 1 | I S S ] -

2101
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# 3 BN L SR I3, BUR R AR SRS 23 5l AT 1 B
& 3. HNEEER

e =F:% R
mc_lib.h Skt g—E 1
motor_control_drive_param.h F P E LIRS ZE MR (R R L A5 A

o) BHIFARS L WAL H. RS

mc_hwio.c TR A T
mc_hwio.h T 10 8210 %% 2 B
mc_isr.c A2 FEATLA i) w7 R £
mc_type.h 2R RIS E S M E L
mc_delay.c R 8] S 3R AH 5 R L
mc_delay.h FRF 8] S 35 A 5% R K0P B
mc_comm_uart.c JE TR TH A DG A A D
mc_comm_uart.h IR vart FHOCHREE I AL
mc_pid_control.c PID #2 il #5 #H ¢ iR £4
mc_pid_control.h PID #2 i) 38 #H ¢ M 0% B
mc_curr_fdbk.c FHL AL R0 A % R 4
mc_curr_fdbk.h FHL AL R0 A % BR 4007 B
mc_math.c TE I AR AE S RR AL
mc_math.h T I A A 5% R S
mc_bldc_sensorless.c Totk AR A R R 2L
mc_bldc_sensorless.h ToAE B A 2% B 40 I
motor_control_bldc.c PR 1) A D% PR 2
motor_control_bldc.h PR 1) A 5% BR 4007 I
mc_bldc.c VAV, ik i TR
mc_bldc.h 750 7 A I AE O bR B B
mc_bldc_globals.c 2R EE X SBIME. &R REUE X
mc_bldc_globals.h AR, ARREFER. Ee X
user_interface_bldc.c JE VR TH] AF O bR 2L
user_interface_bldc.h JE VR THD AF O bR B B
mc_flash_data_table bldc.c B\ flash Z#%
mc_flash_data_table_bldc.h B flash ZHEE PRI E

1) motor_control_drive_param.h 344
® IR E YN, PR P BATR BRI, LS RS S
SRS MR

® RANKUEES, FETHRIEI S HEIECE, W GE SR, TR E N
TrpeEiat. B B AR PWM it A, PWN NS S m) . Tofe s, B+

(|
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AR RATIN XIS E B [T RS SRR
x4 BEAEEN
F R AR ik

SIX_STEP_CONTROL VAY, DRt kiill S
ONE_SHUNT B PH FR R
COMPLEMENT A TB MOS k5 LB PWM Exh
GATE_DRIVER_LOW_SIDE_INVERT R T B MOS X[
EMF_COMPENSATE J LA L R M
SENSORLESS Tt iR KR GER)

BLDC_SENSORLESS_ADC

I T TR A I LA ADC il S HL B AR

BLDC_SENSORLESS_COMP

N5 ToAk s 1 DA BB AR A Bl R K

WITHOUT_CURRENT_CTRL

2l FL s A ), R (BRI AT IR, 3558 SO BT RETT /)

PHASE_ADVANCE

MRS RT(BRINAATT IR, 355 BT RETT )

CONST_CURRENT_START

I# 5 HLIALAE 3 (7825 7 i e Ak I A4 )

CONST_VOLTAGE_START

FE] 5 R SR B (7N 25 07 B AR IS 2% )

INIT_ANGLE_STARTUP

T K& 2 A1 A A N /A 20 (3 A )

ALIGN_AND_GO_STARTUP

TeARRRER 2 X575 3 (I8 )

OPENLOOP_STARTUP

Tk 2 IV R s ()

EMF_CONTINOUS_SAMPLE

R F ROTRE SRR (BRI AT, F R TR
piv=)

® MSCHNLEERIZSENF 5 Ui . WRAEAF WAL BT R SR, 7] SCHEXT N )2
o JRAHEATIE, W 1s LR PLIEHIES . AL Pl ISHIERSE, EMN ) H I TREHAH S S5
& 5. BHSEEEN
F e XA Ei::3%)
PWM_FREQ PWM #i A2 (unit: Hz)

MOTOR_CONTROL_MODE

ULz R o (e i el S P L type.h B

motor_control_mode)

CTRL_SOURCE

i A B B (BT il A i)

UlI_UART_BAUDRATE

P FH R 1 P 6 (T8 1.5M R

Ul_SAMPLE_CYCLE

LML F R S BB 3R (unit: PWM i 280 5

TUNE_TARGET_CURRENT

W PISE 1 B AR IR/ unit: ampere)

TUNE_CURRENT_TOTAL_PERIOD

W% PL 500 1) 6 B (unit: ms)

TUNE_CURRENT_STEP_PERIOD

W% PI 5002 B & #H (unit: ms)

|_SAMPLE_CHANGE_DUTY

AR B EURE A5 PWM DUTY {H (unit: PWM i 38 Jk)

|_SAMPLE_MIN_DUTY

ATPAT I EURE R PWM #5070 DUTY {8 (unit: PWM i 88 3E)

2023.10.05
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TR AR

Hik

SENSE_HALL_TIMES

BEE TN EI A 1l 3 AR B (unit: 1K)

REBOOT_PERIOD_MS

W SE Ja BN A O ) E S I (8] (unit: ms)

INIT_SPD_COUNT

H e vl

START_CURRENT

SE HLIJE B IR (unit: ampere)

START_VOLTAGE_DUTY

SE HUE A ) PWM 5723 i (unit: PWM - T 3 3 )

START_PERIOD

SE LI/ L A BhARF RN E] (unit: usec)

OLC_INIT_SPD

TFIAE 914632 (unit: rpm)

OLC_FINAL_SPD

FFER#E ] B 244 B (unit: rppm)

OLC_TIMES

IG5 T 58 336 304 1) e 243k E 1A 336 184 VB (umit: 1)

OLC_INIT_VOLT

TEIAEE 46 LU (unit: V {R%F)

OLC_VOLT_INC

B — YR 3% B I (unit: VX))

OLC_STARTUP_PERIOD

TEER A S UINFEAE A 42 1] 15 (8] (unit: ms) (BLDC Tt @28 % H)

LOCK_VOLT

RENATE T HE (Q15 mode)

LOCK_PERIOD

JE BRI TR (unit: ms)

SPEED_FILTER_TIMES

P ALk I I T (unit: 7K)

MIN_SPEED_RPM

HM BRI (unit: rpm)

MAX_SPEED_RPM

H LA B (unit: rpm)

MIN_CONTROL_SPEED

FEL AL 8 2 A1) A8 T 42 1 Bl P (unit: rpm)

ACC_SPD_SLOPE

IEFERLE (unit: rpm/ms, 2458 R 4% #1195 =1kHz)

DEC_SPD_SLOPE

T ERIZE (unit: rom/ms, 438 R B A ZE =1kHzZ)

SP_MAX_VOLT

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

SP_THRESHOLD

4

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

|

SP_RUN_VALUE

4

B E A KU, THAR IR SN ) 5 IS FE I AE (unit: voltage)

|

SP_STOP_VALUE

Ah 2 RUEALE, 45 1R IR BN B K HLU R B (unit: voltage)

PID_SPD_KP_DIV

T LI 25 FR 2L (Q16 mode)

PID_SPD Kl _DIV T HERN RS (Q16 mode)
PID_SPD_KP_DEFUALT Pl E AN (Q15 mode)
PID_SPD_KI_DEFUALT AR (Q15 mode)

PID_IS_KP_DIV_LOG

B2 L L% 1) L5 1 23 B % (Q16 mode)

PID_IS_KI_DIV_LOG

BEZE R A2 IR 70 1 23 B2 (Q16 mode)

PID_IS_KP_DEFUALT

REZE A% I L 25 (Q15 mode)

PID_IS_KI_DEFUALT

RELR B R B> 25 (Q15 mode)

EMF_CHANGE_PERCENT_H

S5 FEL 3 T A AR U P ATL P AR 47 485 8 e e X[ F) ) 8 il DUTY fH
(unit: PWM 1] 28 E %)

EMF_CHANGE_PERCENT L

S5 FEL 3 TR A AR U P ATL P v ) 48 8 {1 e X[ F) D7) 48 il DUTY fH
(unit: PWM 1B 28 H %)

EMF_LOW_SPD_SAMPLE_POINT

S HL A FE A PRI X (A A RS 2 DUTY B (unit: PWM - 1

B/ 13 W

WA 2.1.0
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TR AR

Hik

S IE)

EMF_HIGH_SPD_SAMPLE_DELAY

B A FE A S L i X [ ) O A B DUTY B (unit: PWM 1
BRI IE)

EMF_SAMPLE_INTERVAL

T4 8 HURE A A EURE AT B (unit; PWM - i 2315 3% ) (BLDC oAk
_EH)

EMF_LOW_SPD_CONT_SAMPLE_END

FE S BURERRE S (G BURE 28 55 (unit: PWM IR 830 3%) (BLDC &
fE kA5 )

EMF_HIGH_SPD_CONT_SAMPLE_DELAY

FE S BURERRE 3 1) T BURE 28 55 (unit: PWM - IR 830 3%) (BLDC &
fERAE )

EMF_PHASE_ADV_SPD

FHALHR BT (¥ 55 AT JE (unit: rpm)

EMF_MIN_DELAY

AL 5 14 B5¢ /N LE IR B 8] (unit: usec)

EMF_AVOID_NOISE_INIT_PERIOD

FITUE S F AT 5z P 545 2 S0 A ZE SR I [8] (uinit: ms)

EMF_AVOID_NOISE_TIMES

AT 52 Fe, 75 2 2 ot 2 P 488 A M 7 PR ZE R BN [B] (unit: PWM T 288
A 2E)

EMF_LOW_SPD_OFFSET_RISING

AR X 8] W7 DAy e P 34 IR 5 R A0 R v (uinit: P B 4%
#ufi) (BLDC Jof& & ADC il iz 3454 H)

EMF_LOW_SPD_OFFSET_FALLING

AR X 8] 1 W7 DAy fe P 34 A7 5 RSB R B (uinit: P B 4%
#ufi) (BLDC Jofk &4 ADC il [z 3454 H)

EMF_HIGH_SPD_OFFSET_RISING

A e X 8] W7 DA S P 4 IR 5 A A v (uinit: A B A
#ufi) (BLDC Jofk & ADC il e 34154 H)

EMF_HIGH_SPD_OFFSET_FALLING

e X 8] W7 DAy fe P 4 A G RSB R v (uinit: A B A
#ufi) (BLDC Jof& &4 ADC il [z 4% H)

RE BN IR S HOE LR 6 Fron, QIsEDXm e, Ryl b, B as. . 5555 .
PRSI e TREVEBIAR R S HE S F AN R P LR AR, I 75 1 SR L (1 25

& 6. WahRSHREX

B AR

iR

VDC_RATED

R/ S22 WA

V_SENSE_GAIN

e, 146 1 ) QR )2 P 7T 23 00 UMOO 1 A L L 7T
KA A2 5.5 04)

MAX_CURRENT

ML K HA (unit: ampere)

MIN_CURRENT

HLHLE/N IR (unit: ampere)

CURRENT_SPAN_SHIFT

FELURR A AT 5 A2 A% 5

ADC_REFERENCE_VOLT

ADC £ H JE (unit: voltage)

ADC_DIGITAL_SCALE_12BITS

ADC 433

SYSTEM_CORE_CLOCK

RGINFEHE (unit: Hz)

TMR_CLK

B4R E (unit: Hz)

CHANGE_PHASE_TMR_DIV

SR BRI 2 75 T )

2147

WA 2.1.0
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F e LB Eiiipuy

DEADTIME_CLK_SFT_BITS HEDX AT B Aar 7% £

DEADTIME_NS FEIXEFE] (unit: ns)

R_SHUNT Shunt HFH (unit: Q)

OP_GAIN FHLIALTBOR I 25 (9] 2 B E% PT 2 L UMOO1 ik i FEATLAZ il
WP FMz 5.3.2 %)

CURR_OFFSET_VOLT T AL B (IER] 2 i T 2 W UMOO011 i FEBLIE T A
AP F M2 5.3.2 #TT) (unit: voltage)

EMF_SENSE_GAIN J= L F(EMF) B4 1 B A7 (M 4 2 B % AT 2 L UMO011 R
WLEEHIFF RAR T2 5.6 F1)

OVER_CURRENT_VREF L FEA IR S (E ] 2 B T 2 L UMOO01 I FEBLZ T A
AP F M2 5.4.2 F77) (unit: voltage)

OVER_VOLT_THRESHOLD i HRIR A (unit: voltage)

UNDER_VOLT_THRESHOLD RELEIR S5 (unit: voltage)

VO_V NTC I HU S5 iR 50 R I Bl th e 2 24 VO(E[2])

TO_C NTC I 5 iR 50 R I Bl th 2 2 241 TO(E[2])

dv_dT NTC I HL S5 iR 50 R I Bl th 2 2 24 dVIAT(1E([2])

OVER_TEMP_THRESHOLD R IE S S (unit: Celsius degrees)

MC_ERROR_MASK LRI 3 e

FEI2]: 1 JE 508 K .2 WU 26 77 FEAC VIVI=VO0+dV/ITIV/Celsius]*(T-TO)[Celsius]

® KNS HIIEE XWR T P, Wtext . gthai 4. /RGBS S £

I TRV BIAE RS
R7. BNSHERX
B LR 3
RS_LL HLZE 7] HL BEL{EL (unit: Q)
LS_LL FELALZ ] F R4 (unit: mH)
POLE_PAIRS BT 5
KE HIML KE 14
OUTPUT_AH_BL_HALL_STATE frds AL PWM 5 B AR TR ON X R L 2R A (F2[3])
OUTPUT_AH_CL_HALL_STATE s AL PWM 5 C A B ON o Rz BUFLEE ZRIR A (FE(3])
OUTPUT_BH_CL_HALL_STATE s B A LB PWM 5 C A B ON X Rz BUFLEE 7R IR (FE[3])
OUTPUT_BH_AL_HALL_STATE frth B A L PWM 5 A B R ON X 2 L 2R 2R (FE[3])
OUTPUT_CH_AL_HALL_STATE Bt CAH LB PWM 5 A AR ON X B2 iy BALEE ZRRES (FEL3])
OUTPUT_CH_BL_HALL_STATE Bt C M LB PWM 15 B A B ON Xt LI HUHLEE ZRIRZS (HE[3])

3] AR TAE MR

2023.10.05 £ 151 hRZ 2.1.0
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2) mc_hwio.h 34
o MCRYEEARYEH RO 10 0. JRIL ik

THEENRE . RS me_hwio.c SR %L

2023.10.05

A TAEVEA A AN B AL 5 4% ADC. TMR. USART. EXINT Z5:80 & 5 Ik ek 2 A
S DMA GEIE IR O R UNEE 8. K 9 fin.

# 8. MESMEECE (BL AT32F413RCT7 Af)

SRR o T R 4 DMA @& ik
ADCH1 N/A DMA1_CH1 | ADC1 @il s #:(BUS HiE . MOS i
JE . SMEGR I A
ADC1 ADC1_2_IRQn N/A ADC1 #f 7B e 4 (BRI . L)
TMR1 TMR1_OVF_TMR10_IRQn | N/A LML BLDC il 17
TMR1_CH4 N/A DMA1_CH4 | LIRS« S FL 34 HIURE IS 1A) 2 fi R VRS (fih
& ADC1 #f (i)
TMR1 TMR1_BRK_TMR9_IRQn N/A PWM % th &5 68
TMR2 TMR2_GLOBAL_IRQn N/A SR A BURE BT[] 5 ik o TS (2 SR R A
)
TMR4 TMR4_GLOBAL_IRQn N/A fish J 45 o DB
USART1_TX N/A DMA1_CH2 | USART1 TX f&Hi%di
USART1_RX N/A DMA1_CH3 | USART1 RX #ZU¥4
EXINT EXINT15_10_IRQn N/A START/STOP #2411 (J& 8h/45 11 HibL)
£ 9. HRIMEECE (DL AT32F421C8T7 AH)
S B2 HR o B R DMA j&Ei& Eiip%)
ADCH1 N/A DMA1_CH1 | ADC1 ¥ ifilii 4 #:(BUS HiJE .
MOS IfJE . AR/ A dr 4)
ADC1 ADC1_CMP_IRQn N/A ADC1 #i i 108 % 45 (BEZE HLUAL)
TMR1 TMR1_BRK_OVF_TRG_HALL_IRQn | N/A HLHL BLDC il P17 . PWM %t 4%
HE
TMR1_CH4 | N/A DMA1_CH4 | FHJREURE | S5 B 34 TURE AR [7] 25 A % R
S(fsh & ADC1 #f iHIH)
TMR3 TMR3_GLOBAL_IRQn N/A Sz FL A SO IR ] e ik A TR 5 (GRS IR
FERE)
TMR15 TMR15_GLOBAL_IRQn N/A fis J% 45 4 BT
USART1_TX | N/A DMA1_CH2 | USART1 TX f&4i%i
USART1_RX | USART1_IRQn DMA1_CH3 | USART1 RX Ui ¥4
EXINT EXINT15_4_IRQn N/A START/STOP ##1(J& 3h/4% 1 Fa L)

3) mc_hwio.c SCk4

® LAY BRI A P R R i TRCE . W TMR. ADC. DMA. GPIO..

GELE, T*ETETW

AR AT ICE . RN A S8, LED T PWM JT)E/0 IS5 R 3. 7ELA S Yt T RRVE

2 16 1

WA 2.1.0
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AT32 BLDC Sensorless COMP 1-Shunt Demo

BIAR S BR A IR 10 Fiior.

R 10. SMEECE MR

PR AR iR
nvic_config kTR S C B
tmr_pwm_init PWM % thAH G 88 (tmr). crm clock. GPIO. DMA
K&
gpio_hall_init FERfL S GPIO IR E

adc_ordinary_config

ADC ¥iEiEE A2 ADC. DMA. GPIO IiZ&

adc_preempt_config

ADC #f 5iEiE > ADC. DMA. GPIO iZ &

uart_init

UART #H3% crm clock. GPIO. UART fit &

button_exint_init

AL P ITEAF EXINT B2

led_config LED #7145 GPIO. crm clock Fit &
led_on LED 4T 5%

led_off LED Tk

led_toggle LED #i¥E(5eAzs . HA25T)
led_blink LED N4

led_init LED #laiR& I E

current_offset_tmr_setting

K HL 3 offset AH2% tmr L B

bldc_angle_init_config

FEMHIUG FAE S trr fic &

tmr_sensorless_change_phase_init

ToAE AR ) trr AHSCHC B

bldc_sensorless_detectEMF_config

ToAL AT 2 5 ) tmr. ADC. DMA AHCHLE

tmr_read_emf init

To AL AT ZF AT RS U B tonr AHSCHC B

mc_isr.c (Y

SO B I R AL, A ADC. TMR. SYSTICK S5 . AN A1) H stk RS 51 AH 56 o 7

BEINER 11 frs.

R 1. RHLEFIAER A TR

RE IR

D)

ADVTMR_PWM_CYCLE_IRQ

TIMERA 557 A 1B pR 25 B8 R 3 . BRI ] . &R
HSAEURER ML 8. UL BERME

ADVTMR_PWM_BRK_IRQ

TMRA R Z25 X\ 7 5% 2 PWM %t 2% 6

ADC_SHUNT_SAMP_READY_IRQ

ADC1 IR BRKRRE. LhRe s h RRE . B 5

CHANGE_PHASE_IRQ

TR AR HA T W R 2 Bl PWM Al

SysTick_Handler

ARG KTk £ (1ms): RSHUTIHCRESTIL . A2 6

BUTTON_EXINT_IRQHandler

AR 10 HhikT R % START/STOP 2415 3h/1% 1 Fa kL)

READ_EMF_IRQ

To A KA AVTIN 3o e 3 5 R A6 2 ) o B R £

FATR k7 2.1.0
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AT32 BLDC Sensorless COMP 1-Shunt Demo

5) mc_type.h CHY4
o RIS RS E

o FEAIR 12 Fios.

® 12, BHLERETIR

MRIRBLZFR

D)

firmware_id_type

DX AN AL A A 2 F G

motor_control_mode

AL AR A T AR ) A
A Rzl BeaEf], Ar Bl

Id R 1 PR
I T SR MERR U5

ctrl_source_type

FERORITCR AR S5 2l

FEIRE R EZ*JJ%%H:)

encoder_align_type DA AT
esc_state_type HLIZE H R FRAR S AL
err_code_type RSN R, RE . J5. w5,

shunt_nbr_type

HH A IR QR FEBE . XUFERE . = FFH)

curr_offs_type

ADC H i BUFEIm S (E

current_type R AR A &
pid_ctrl_type PID #2 i) 2R AH AR &
pid_ctrl_dc_type PID #2 i) 2R AH AR &
speed_type A A
value_type AR
hall_sensor_type FE IR AR IR AR A AL
ramp_cmd_type R AR
usart_data_index UART {251 FH 45 &
moving_average_type B TR &
usart_config_type UART #MAHC B A DG i
ui_wave_param_type LR SIATIAN i s A
i_bus_type REZE AR AR
olc_type T A KA &

emf_sample_type

S S HUREAR 5G4 B (BLDC ot &t % H)

adc_sample_type

ADC HUFEH 2635 B (BLDC ALK 8 £ )

2023.10.05
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AT32 BLDC Sensorless COMP 1-Shunt Demo

4 EHLIEHPRE
4.1 RESHUHER
SEH L TARVE G PRSI 7 RS HUIRER, & HIREPLWIE R E b B35 (Main) A
WA AL, RSO B BRI BEE . Best, IREHLIIZITLE Systick Handler H I
B, AT — IR RSN R AR S HL . AEREASIRSHEAT S I, — EUR A RS AL
WZEN Error AR5 1EIXE) Lo A A ML BB HLAKEN R A5 585, B B #Rsaiid B LA RE AR OE AT
B 7. RSHLIEE
» IDLE |
I- Set parameters
Press start motn;'}n |énl|: ETY
10_MANUAL_TUN LEAW
; I Press start motor
/NGD
\”'/
If control mode is not
10_MANUAL_TUNE Fault‘cleared
/ GAR\ :
R Fail to start
\ _+ ERROR * ING
ITUNE | b e e doed
\ Failure detected ~ @NN\
Press stop motor \ING/
I Press stop motor
l//FREE
'\R UN
If motor stops
______ Failure detected
BHUTIRESD: Idle. Safety ready. Running. Free run. |_tune DL Error. SAMIRZS A a0
I
Idle
RS NUIAIEAIRES, BOIRE T SO RS, BRI AR R J5 B ik 45 1t 4 1] B RS
Safety ready
TAHRRE(dle) Tl ZE O E . CHUFHIR offset IIME, BN FEHLAT D22 5 sh R

2023.10.05

£ 1971 k7 2.1.0
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? AT32 BLDC Sensorless COMP 1-Shunt Demo

2023.10.05

Angle init

TeAE AR ) P ATLS ShATAS DRI 46 P2 RS EX?E}%)JZIA%F; Jaex LRI Bk % Starting RE, 1bA

TEAGIEES L LA, AT A I S kA 46 4 B U mT g it

Starting

T AR G B 46 A1y P e BB AR A S AMRIE E S IR

B PP A LU I R GE R E L

Running

XRE .

s[RI AT AE RS 1 B D) 4

BRI, FEMUBCT Bk NiE R . F AT Ul S st B S8 Bl . H bR BRAE)

i | BV

Free run

FH AT RS, R N IR ST b, IR el 5
ik 58 44 1R ] 22 8] 1) Safety ready IR .

|_tune

JEMg %0y 0, fE5iAsE 4T LR

UEON B B PID 425 382 8Os, AUt T s Ul FE iR 3 H s . itz KP. KI

8, Ker-d—

Error

AR R E DR 2k IR

VR AL TR IR B AR

SRR, AT R R N T RS TR R E S S

LEACIRZS AR VIR AF I VE U A Uik 13 P

R 13. BRSEBRSRYIBRFM

RIERE HRRE IS 348
P SRIE Ny AL HATEE S B85 E 56 %
IDLE SAFETY REDAY PRI 95 S L% H POTENTIOMETER 74/ T-BRA
18 AR T46 2 505 58 5E IR
RUNNING L HBR A IQ_MANUAL_TUNE I}, #% T EAZHLE
START MOTOR & START/STOP ##4#
SAFETY REDAY
| TUNE B HIB RN IQ_MANUAL_TUNE i, #% T ALK
START MOTOR & START/STOP ##4#
ANGLE_INIT STARTING WG Ff1 B A 56 B B X 55 £ FE AT
RUNNING ST 21 45 A R B I — e R
STARTING
SAFETY REDAY P[] PR G Ao N0 8] 460 AR B
RUNNING FREE_RUN $%F _FALHLA STOP MOTOR & START/STOP #i4:
SAFETY REDAY 2 HHLS LR
FREE_RUN
FREE_RUN ELEY Resaing
IDLE M HIRE A IQ_MANUAL_TUNE HEf
| TUNE
FREE_RUN #% T EAHLY STOP MOTOR B START/STOP ##4#
ERROR IDLE W I R
- - % 20 0 - = Ak 210
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5 LEMERVHA

5.1

5.2

2023.10.05

BT ERE

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 ¥R AR RSB EHLT R R E, 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->J1J5 .

STEP-4
#iik Serial Port 538 EIFR(1.) IR BON NI R H5(2.), 58 £k Open(3.) BN A JF J5 & S id s, #
EL R 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
{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 % .

VAY: Vb Syl

B U B T3 R R, AT BAL AR RN T 36 sh s, FOREN LR B AT IEH e 5ia
J7 A& 13 IEFR B SR % BLDC ToR B B 3 S 4. F 30 i e 5 3 R i 1 = 1 17 =X mT A AL
183 FE 5 F A HL IR R/ N TR %
STEP-1. R4zl N hiE #1 y Open Loop control

B 9 HIER LI I i

BLDC - sensorless (ADC)

Open Loop control ~

STEP-2. #4145 H K (OpenLoop initial voltage). #J45i# ¥ (OpenLoop initial speed). 2 &

B 2R WA 2.1.0




I AT32 BLDC Sensorless COMP 1-Shunt Demo

(OpenLoop final speed)V % i#1 B [+ (OpenLoop increase volt). %34 k% (OpenLoop times), U]
10.

& 10.FF ¥ H<S4%(BLDC)

Basic Tuning Parameters

Open Loop Control

CpenLoop initial voltage 0.776 W
CpenLoop initial speed 215 rpm
CpenLoop increase volt  0.048 v
OpenlLoop final speed 350 rpm
Openloop times 5

STEP-3. #% F it itLbl(Start Motor) el WGEHi Ao/ DLR HUBLIZFEHE R, B0 IMUBLIE B IE %6, (TF
BB G KL S P LA )
53 QHEAER

AN 77— AP R R, W 11, ATRAERSD I IR A S H, PR A B B H 12
NTEFWEE QIR PID IR SHUS I I B .

B 1. ZHhaissE

I(A)
Step period
Target current— :
Time(ms)
Total period
2RI Y b FIR B A 4 B E, e AT
SR = e i)
TEAERE PR T
STEP-1. # i FhiR %N 1Q tune
B 12, EHERGER 1Q BIRF R
BLDC - hall
I} Tune -
STEP-2. ¥ PID Z¥(L b dimZ4, Kkl 13

2023.10.05 g 21 hRZ 2.1.0




I AT32 BLDC Sensorless COMP 1-Shunt

Demo

2023.10.05

& 13. PID 23 UL KB B iS5

Basic  Tuning Parameters

Unit step config

IQ Current contral

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

Torque KIDIV 4086

STEP-3. % F Ja 5 Al (Start Motor) %41

STEP-4. %4 KX {1251 i 4% 4 Torque reference(lq)LA X Torque measured(lq)3f%  Save
B 14. AREERZESH(Q RAEFRARK)

Tormyne reference (Ig)
Tormgne measred g

Have

Diagram parameter sething

STEP-5. k4 IRl Y RV AT I 4 6 7 i 1

STEP-6. & A HIFMIN ST, ik 156, A AWML T =1 dl, JFEE STEP-2~STEP-

6

#2371

WA 2.1.0



ll?l_ ? AT32 BLDC Sensorless COMP 1-Shunt Demo

B 15. BRI E R E

M Manitor ? s

3 g
F 05| | Jos g
g H
. | 2
& £
z =
: | :
& =

05 - +-0.5

L L L L L
947020 947040 947060 947080 947100
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5.4 AT A1

ANEA) TRE SR IR PRI, A& A0 i e ) A S P il A o I ) DA e/ il ) P s
B P BN, RS AL HIT A BN 2 B 16 AL i s fras kBl dr S AR, B
A1) D) g B N B i BRI, AV B AR AT AR B BRIV APl X

Bl 16. SR R I RIR 2 s fr e s B

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, & 17. i&id PC Bk iissos &
TEWE 18, B 19, 120, HARHEFH a3 A [m] 042 s = 2o ROA [8] (0 4 i 28, A5 Dokt B 4 i A
U 2> B H bR B s R Ar, s 18, kBRI 2 B Ar e i s s, o
K19,

17. P SRIFRE SUE (B AF 2 1 RIR (L) S8 B R #24 (T))

J maotor_control_drive_param.h

r_control_drive_param.h

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
FEL P ) O R R AR KD A T R B AR A A A A 2 s B o) R T T T B 4 ek
BRI

2023.10.05 g 251 hRZ 2.1.0
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TERE: SPERIRFER R PR LA AT IEL
B 18. B AR S (S8 H R FE AR IR)
|

BLDC - sensorless (ADC)

Speed Control v
Target speed
Control source
Speedreference 0 rpm
v

external voltage control

B 19 Fedb FE R (S B 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

20, FEUEAESN BB U5 IR R Ve R R B r LA ) PR B2/ RN, s A Aoz BT T
EREE, BOE e A B T AR AL RS B B R 15 B
Bl 20 BAFEHIRITRE B vk R

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

Time Motor

1164932 Set REG 10 = 500:0K

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

202: - - % 26 W - B 2.1.0
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55 TAERREIHRSE

BT A AR FEH],  ToAL By 195 i 75 BLIE i S ARG Fe IO . B S SR IE AN
A T LR OE S 1 S IR LA AR s R A, R D N R PRt oIS B vt e, Wik 21 fr
7N, 8% Start Current. Start Period A 5% .

B 21. NP5 BRI E RS B (LB SO 75 )

Sensor-less contral(six-step)

Start Current  0.799 A
Start Voltage 0.087 W
Start Period 4000 us

1. Start Current/Start Voltage(#% 1% &)
)W I B, O B BB S B W AE e, SR N 22 5E (ampere).
b)YWIUG R B, NTCAR ARG 5 2 I aa AR, SR iR ERE(voltage).
AR K FH 5 HLIAL A BB E F R A B —

2. Start Period
YIG R IHRE, Ng e PIaE e p et 8] GRS, B4R us.

2023.10.05 g 2TH hRZ 2.1.0
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5.6

2023.10.05

ToAe AR R BT A

H1 T BLDC Jotk/&es 120 FEOREN T 32 IRHE S it 34 (X Sl A T e 107 B S AN AL, 7 e bLigh
IR S i, R AU R L E I D5 VA e e TR s A, 7 e LA I Al ) FL O [ B ] AL e
o AJEHIFLHEPIF AL AR R0 T7 30, 2 m R IR H 1A BTN R 3 LU 558 5 ER 3l

1. VIR BT S 3)
5 X: INIT_ANGLE_STARTUP
PLri: Ay
B AN G G RN LR BRI FEI /N ) B TE R FE L
EA R 25 R BA B L

2. WFETALE R
5 X: ALIGN_AND_GO_STARTUP
PLri: M. LBAUAERZSH. ERH R HEAL
fhi: MRS
EA A 3EHKE S HAL

3. FHJEE
5& X: OPENLOOP_STARTUP
PRt A
B FIRES IR RS A
WA PR & RS S L

A DLEHAZ SO 7 € SOEFRX = Fhefe ik B 8077, € B AT motor_control_drive_param.h
W, ETE R SR I S AL E R B T, i 22

B 22. AT TIRRR BT RE X

Fhh, R WA PR T SRR, R e R B DL GE B R B, IR ] BLigE I
motor_control_drive_param.h {2t 7 e Sk #EE S R 77 .  anE 23.

1. EHEED
& X: CONST_VOLTAGE_START
A SR ENFHRBR, BERIRIES
B RS H AR E

2. SEHUEL
I S N . I S S I -

¥ 287 k7 2.1.0




I AT32 BLDC Sensorless COMP 1-Shunt Demo

5 : CONST_CURRENT_START

PUri: D IRGE(EEESHFHAMNM, 6. )
(ORI T4 Kl 7 TG Y A I i WA T T E 2 5]

B 23. NPT TAEBIRRS T AE X

49
50
51

B2

5.7 EENEH]

SRR AP R I S HOAE A 1 PID S8 LL R s

B2, VEABRIEDIRUIE

STEP-1. R4zl N hi Hik y Speed Control

STEP-2. ¥ E#H L PID ZH LA LIGESE | s

K 24. PID S LK INEE . BEERE

PRI, R 5E R I AT R 2 ) AR

Apeed control

Speed KP

Speed Kl

Speed KP DIV
Speed KI DIV
Speed acceleration

Speed deceleration

2000
30
4096
32768
5

5

rpm,/ms

rpm/ms

STEP-3. & Control source A software control % H 5% [ 2% {t (Speed reference)
&l 25. HipEEERE

Targzet speed

Speed reference 0

STEP-4. 1% j5 3/ i/l (Start Motor)iZ 4

STEP-5. ifj#2 KX 12 i1z N Speed reference UL /% Speed measured

2023.10.05

2 297

WA 2.1.0
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2023.10.05

& 26. ARGEERESH(EEFHRK)

Diagram parameter sathing
Speed reference -
Speed measured -
Have

STEP-6. rUZL 4L I EI 35 6 1

STEP-7. A SN B W, w27, FHAmMmANZ F 5 kgL, HEE STEP-2~STEP-

3 N
& 27, IR A

M Monitor ? ®

3000 | - 2000

2500 | 2500

2000 | { 2000
= =
= £
=
E g
B :
& 1500 | {50
g =
T 5
& B

100 | - 1000

500 b 500

1
0 L L 1 L L e ——1 i}
TE0000 B00000 850000 900000 950000
al . % 42 ~ NV
Qg X OB - 08 008 8y
B B S I S D L] |
F30W R 2.1.0




A R[ - R AT32 BLDC Sensorless COMP 1-Shunt Demo
6 SCRYRRAS P sE

R 14, SRR

B W2 A
2023.03.02 2.0.0 |RWIA
LI R shThEE 2. AHLA R (baud rate:1.5M)  3.5581 & X 48138 34
2023.04.27 201 |
FMETIBE
2023.10.05 2.1.0 | BECCEER . SECER . AN MR

2023.10.05 £ 3MKE hRZ 2.1.0
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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
FZ 7 RS AN BN B AU P LR B =05 7 R 3%, RV IE R KR AIERL, mE BER K I 7 s AT e
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 077 it RS P AT s 6 AN AT T 7S BRI DRAE,  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, BRSESRI R TR AR 0 A T A5 T, DU ph D S B, LA S SR SR 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

© 2023 FERF AR (IK) HIRAF fRE A B
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