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s 2021/05/10

AT32 MCU ##i, LIRS AT32F413RCT7 N

USB type B # RS-232 #:1, 4 USB ##EZ# A\ PC. H TR EALESHl H
LR N 4% 1 CN1 £ 24 fRH &

IXFh A5 HA%E T CNS UVW 23 N L= ARSI T 2%, T4

AT_Link 8% Jlink 4% F FH T80 F 2

R AL AR 1 320 K ML RS 28 2R K B AR /R B N (T [1])

A5 AT32F413RCT7. AT32F415RCT7 Bk e

M_METHOD B2k % 5: JP2 CLOSED. JP4. JP5. JP6 OPEN.

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

Q@O®OOE

5 AT32F403ARCT7. AT32F421C8T7. AT32F423RCT7 BkLki%kE
M_METHOD Bkt % 5&: JP2 CLOSED. JP4. JP5. JP6 CLOSED.
MT_METHOD BkZk i A SCRFGE3])
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1) LL AT32F413 Afl, JF)a Tl Eas] T/ AT32F413_MC_Library_Projectimotor_evb_2v0
\at32f413\pmsm_foc_incremental_encoder(7£[2])

2) HALNMH PC #fF ArteryMotorMonitor.exe (A#AAFAT %45, RTEEBEITTHITER) .

3) AT32IDE IFCE TR &4 AT32 MCU HINAFA- g K /IME S 1d ST, 1412 1SR 2, fl:
AT32F413RCT7 INFAENE K/ R 256 K 7715, TH IROML [t 4h47 & v 08000000, K/
5 Ox3F800, H IROM2 [rIC ks B 9 0x803F800, K/ 0x320, IROM3 [t iahr B A
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0x803FB20, K/)NK Ox4EO0, AT32F413RCT7 & Xuf tn&E 4 frx.

R 2. NMNFF#EERZ ROM LER

JH2]: H7E G T FEA R 1% & keil complier version 5 L& O0 LR HTTHF, 1#F1E/H keil complier
version 6 Z(1L LK OL {74 iF. Z1E/H keil v5.33 JKA, K AT32 BSP JiiG % ##V6.15 4iiFd#, gt/

Flash size 1024K 512K 256K
IROM1(adress) 0x8000000 0x8000000 0x8000000
IROM1(size) O0xFF800 0x7F800 0x3F800
IROM2(adress) 0x80FF800 0x807F800 0x803F800
IROM2(size) 0x320 0x320 0x320
IROM3(adress) 0x80FFB20 0x807FB20 0x803FB20
IROM3(size) Ox4EO0 Ox4EO0 Ox4EO

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

keil complier version 5 /KA LIKE O1 (L 1L 5 H 175 1F-
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& 4. AT32F413RCT7 2 ROM 2 & (AT32IDE)

2) AT32F413xC_FLASHId X

31 /* Specify the memory areas */

32 MEMORY

34 FLASH (rx) : ORIGIN = @x08000000, 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

38}

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 :

71 {

72 . = ALIGN(4);

73 *(.text) /* .text sections (code) */

74 *(.text*) /* .text* sections (code) */

75 *(.glue_7) /* glue arm to thumb code */

76 *(.glue_7t) /* glue thumb to arm code */

77 *(.eh_frame)
D I D S G S S— IS S G — L]} N —
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PMSM HATEE S 1 A

Bl 5 HHHLECHEGWEHE, BN EXCHPTSE MM RR, HAH
motor_control_drive_param.h Sk 3O HEH - BATHR N BALEEGIEA BLSEL BHRSE. =
#wSHEE, UL me_hwio.h SKICEFRTARYE MCU #h ik 5 45 AR 3% 25 3 B B SC R, e MCU 4hik
ML 2 % . Mkt E 2 T mc_foc_globals.h (mc_bldc_globals.h) # & J5 , T
mc_foc_globals.c(mc_bldc_globals.c) = ] & £ 15 & A2 EAIME, AL LZE REE A . 1fi7E MCU 4%
FRIESy, W me_hwio.c SCHEHAT A AN BERIAEAL B 52

B 5. EALEESHHAR

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 K - POLE_PAIRS . DEADTIME NS

mc_foc_globals.h { mec_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

JE TRERISCRY TREGE MW 6 FTos . user UM B FE S ERF . INCREIREF . SHGFEAN
flash F2£7 LL S S H e LS. firmware SCHIE08 BSP R 7 S, FEHLERE P UE £ melib SCHF5,
BLEERS BRI EIRRE. &R ER TS EALUEREEE . AL R E0 B AT 225 AN0064 Hi L
A FE P

B 6. HpLER TREH

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 BN L SRS ISR, AR R AR SRS 23 5l AT 1 W

& 3. HHEEER

SCRBFR

D)

mc_lib.h

I G —E

motor_control_drive_param.h

R 58 SCRIMLIRBI 2R 2 (R S A A ) 12
AR SE. WIS, RS H

mc_hwio.c

A AM B B

mc_hwio_v1.h

T 10 2 1 22 52 SOE & (L KW AT-MOTOR-EVB V1.X)

mc_hwio_v2.h

fiE 10 2 1 7 52 SUE & (L KR AT-MOTOR-EVB V2.X)

mc_isr.c AH 2 FEATL A i1l H 1T o 44
mc_flash_data_table_foc.c B flash ¥
mc_flash_data_table_foc.h B flash ZHER A CHL &
mc_type.h R ERBE X MEsE X
mc_delay.c FF [B] X 35 FH 5% R 4
mc_delay.h FF A1) 2 18 H 56 R 455 B
mc_comm_uart.c JE TR TE AR DG A B

mc_comm_uart.h

T vart AR B . LB

mc_pid_control.c

PID Ffill 25 AH 5% R 2L

mc_pid_control.h

PID il 45 AH 5% 2R 4505 B

mc_curr_fdbk.c R ARSI A 0% bR 2L
mc_curr_fdbk.h R AT I A O B 20 B
mc_math.c TEVE AR AH DS PR AL
mc_math.h T8V AR A O PR U B
mc_hall.c R AR AR B
mc_hall.h FE IR A% IS AH O R U B

mc_foc_kernal.lib

LR A% L bR B (Keil & H)(EH T8 7 H FPU)

mc_foc_kernal_noFPU.lib

LR A% L bR B (Keil & F)(GEHTE 7T FPU)

Libmc_foc_kernal.a

ML % 0 B B (AT 32IDE £ ) (& T8 A FPU)

Libmc_foc_kernal_noFPU.a

ML % 0 B B (AT 32IDE 5 ) (& T8 45 FPU)

mc_foc_kernal.h ML A% O BRI A
motor_control_foc.c R TLA%S 1) A D% BR 4L
motor_control_foc.h B AL 1) A DG B 40 1
mc_foc.c PRt PR
mc_foc.h IR AR A DG MR O
mc_encoder.c E Ry IR
mc_encoder.h o b 245 A 5% bR B 7 B
mc_field_weakening.c S5 R AH < e B
T CREY S T T k203
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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

1)

motor_control_drive_param.h 3C#%

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

F A NP E N, TR S B E, 7 E SGE SRR, e s A BAE BEE A
HLIE B ay, AB 5 SR IESE i RIESLPrME AR ECE, 7RriERH MT_METHOD X
M_METHOD #Hf78 BRI (7R [3]). FEIKRAE AR s B R AT RO E, —HfH. WSR-S

R — 2 o S9REIEHI AL F R IEF AT 5 15 .

R4 BAREX

% e LR #ik

FOC_CONTROL REEHIR

THREE_SHUNT = HLBH FLIRUCRFE

TWO_SHUNT U HL B, L VAR A

ONE_SHUNT B L BH FL AR

U_V_SHUNT HLEAEH U LLA V shunt HLEH(TWO_SHUNT % f)
V_W_SHUNT HLEAE V DL W shunt HLEH(TWO_SHUNT % f)
U_W_SHUNT HLEAE U DL W shunt HEBE(TWO_SHUNT % H)

AT_MOTOR_EVB_V1

T HALR VL AR

AT_MOTOR_EVB V2 & AT HAUR V2.x ik
GATE_DRIVER_LOW_SIDE_INVERT | JF2 T8 MOS Jx [
INCREM_ENCODER Ot HL I T A

REVERSE_ENCODER_COUNT

G fith 2 B [ TH R O FL i B g 4%

ABZ AB 155 & B IE G I S i 2%)

AB AB 15 5 A BN IE QL LY R 4m il 7%)
M_METHOD M 3 FE Al 7 2 (O L M B AL 2Y) (T[3])
MT_METHOD MIT 33 B il 77 92 (O FRL B S 2w D 2%) (VE[3])

FIELD_WEAKENING

55T A2 1l

CURRENT_LP_FILTER

ARAT diq il P AR S P (115 5 (R RAE )

INTERNAL_CLOCK_SOURCE

i MCU P38 R

MOTOR_PARAM_IDENTIFY

HULEL R 2 50 A BN

2147
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7H3]: M_METHOD/MT_METHOD Z %5 #% /2 J & #7772, — A aT (€ M_METHOD #&Z £z, K it

RGN IR . 25 75 RECHF RIS R I A 8/ MT_METHOD, S# 7 iR i tG 28 IR 2 S, 7%

— T #HTIR G G w5 e T 1] . 7 AT-MOTOR-EVB #2150l (/4 IP4, IP5 CLOSED Bk2E % 77 — 2 &t

A MT_METHOD %4, #77 AT-MOTOR-EVB V1.x # /4 #HE5R %), MT_METHOD A %47 AT32F413 4

AT32F415 LFZEH. ilf AT-MOTOR-EVB V2.x #1Fl)sE7] 7 AT32F413, AT32F415, AT32F403A, AT32F423
LFEEH.

o SNSRI ZHUE LR 5 Wl RAEAFERECE. R RS M, 7T e GRS M
ZH. JRATEAT IS, e R dL g Bl PLEERIES . L PLEHIESE, 7R It TR

B RS HUE Lo
#® 5. BHISHEE X
F5e XA Had
PWM_FREQ PWM #ith 4% (unit: Hz)
MOTOR_CONTROL_MODE R R ) R 45 - TR L type.h HLI)
motor_control_mode)
CTRL_SOURCE 74 RV B (SR R AT4% 1)
UI_UART_BAUDRATE UL F R AR LR
TUNE_TARGET_CURRENT W P ZE00 ) B A5 B IR K /N unit: ampere)

TUNE_CURRENT_TOTAL_PERIOD W P ZH0 58 B (unit: ms)

TUNE_CURRENT_STEP_PERIOD W PIZE P B HH (unit: ms)

SPEED_LOOP_FREQ HEE AR (unit: Hz)

MAX_SPEED_RPM FML IR 785 (unit: rpm)

MIN_CONTROL_SPEED FEL LA T3 42 1) B T 42 [ 3 A1 3 (unit: rpm)
MIN_POSCTL_SPD fr BIEH A A4 (unit: rpm)
ACC_SPD_SLOPE TRE AR (unit: rpm/ms, 24 systick $i% =1kHz)
DEC_SPD_SLOPE TR FEREE (unit: rpm/ms, 24 systick #ii#%=1kHz)
SP_MAX_VOLT A A A SRR R 5K B (unit: voltage)
SP_THRESHOLD AN A A SR R B /N AR & (unit: voltage)
SP_RUN_VALUE AR 2 RIERE S, TFARIRBN I SRAIC B B (unit: voltage)
SP_STOP_VALUE AR A A ERE T, 45 1R IKS) 1) B K LR AR (unit: voltage)
PID_SPD_KP_DIV ey LI 25 R % (Q16 mode)

PID_SPD_KI_DIV el A R FR A (Q16 mode)
PID_SPD_KP_DEFUALT Pl A (Q15 mode)
PID_SPD_KI_DEFUALT R AR (QL5 mode)
POSITION_LOOP_FREQ AL BIREEHIAZE (unit: Hz)

MAX_POSITION_ANGLE LR KA E (unit: Degree)

MIN_POSITION_ANGLE HLER/MEIE (unit: Degree)

CMD_TO_VAL_GAP ML EZE A B2/ D E AR, R

2024.02.27 EIGR hRA< 2.0.3
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TR AR

Hik

PID_POS_KI_DEFUALT_STABLE /3123

SMALL_POS_CMD_GAP

%3 a2 (MIN_POSCTL_SPD)
PID_POS_KP_DEFUALT A E I (Q15 mode)
PID_POS_KI_DEFUALT A BRI (QL5 mode)
PID_POS_KI_DEFUALT_STABLE A AR (Q15 mode) (7 1A B B FrfL E)
PID_POS_KD_DEFUALT A BRI (QL5 mode)
PID_POS_KP_GAIN_DIV e B LI 25 bR 3L (Q16 mode)

PID_POS_KI_GAIN_DIV

i B AR AL (Q16 mode)

PID_POS_KD_GAIN_DIV

B B R (Q16 mode)

PID_ID_KP_DEFUALT d R LB S (Q15 mode)
PID_ID_KI_DEFUALT d R3S (Q15 mode)
PID_ID_KP_GAIN_DIV d il L LU A 3 25 B 2L (Q16 mode)
PID_ID_KI_GAIN_DIV d MR R R A (QL6 mode)
PID_IQ_KP_DEFUALT q R LB S (Q15 mode)
PID_1Q_KI_DEFUALT q R EE (Q15 mode)
PID_IQ_KP_GAIN_DIV q il LG A 3 25 FR 2L (Q16 mode)
PID_IQ_KI_GAIN_DIV q MR R R AL (QL6 mode)

CURRENT_BANDWIDTH

R P2 58 (IR P 2808 %2 L HT)

CURR_LP_BANDWIDTH

dl/oy il L AR IEE i e 7 9 (uinit: Hz)

OLC_ANGLE_INC

TEIR PR iy B2 RGN (B PWM i HH )

OLC_VOLT

TEE | B ERH (unit: voltage)

ALIGN_VOLT

ALEEXTFFHE (unit: voltage)

FW_MAX_ID_CURR

FHmEE SR d BV (unit: ampere)

FW_KP_GAIN 9t s I 25 (Q15 mode)
FW_KI_GAIN LI RIS (Q15 mode)
FW_KP_GAIN_DIV S5 ] L 88 25 B 2L (Q16 mode)
FW_KI_GAIN_DIV SRR 25 FR AL (Q16 mode)

RTUWENAS MRS HCE X IBEIX I Ia] . r A I B AT BOR B -+ -S54

UL TREVEGIAR RS HOE N 6 P, A F LRSI, 752 SO X R 24

K6 WSS HEEX

e AR iR
VDC_RATED JER/ RSS2 NN
V_SENSE_GAIN B, e B 432 F L 431
ADC_REFERENCE_VOLT ADC £ HiJ% (unit: voltage)

2 16 |

Encoder Demo

N A EE A B2 A B DI, SR B R

FEBEAX A H

hRA< 2.0.3
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5 R R
ADC_DIGITAL_SCALE_12BITS ADC 43 ## %
SYSTEM_CORE_CLOCK RGMERHESE (unit: Hz)
TMR_CLK R THRE (unit: Hz)
DEADTIME_CLK_SFT_BITS TE X A28 PR AN 7% 4
DEADTIME_NS BEIX S [E (unit: ns)
MIN_INTERVAL_TIME PWM A% b} B AHAS 5 S /NIRRT (] (unit: ns)
MAX_CURRENT HHLER K HLIR (unit: ampere)
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 LR BOR 1 26
CURR_OFFSET_VOLT FHMEE (unit: voltage)
OVER_CURRENT_VREF RIS (unit: voltage)
OVER_VOLT_THRESHOLD o HEIG S S (unit: voltage)
UNDER_VOLT_THRESHOLD REJEIRSE A (unit: voltage)
VO_V NTC 1 H e 5 i B 58 R I Bt 2« 24 VO(HE[4])
T0_C NTC [ Hi B 5 i 5 58 R I U 2 2 24 TO(E[4])
dv_dT NTC B HUE 58 B 0 R B Ul 262 240 dvid T (3 [4])
OVER_TEMP_THRESHOLD iRIG S A (unit: Celsius degrees)
MC_ERROR_MASK PRS00 38 e

JHA): 508 K 7 2 VT 26 77 FE2C VIV]=V0+dV/dT[V/Celsius]*(T-TO)[Celsius]

® KNS EIIZE S, WHHEL MiSaSH. BRSNS, AL I TRE
MRZH, WL T For.

R7. BHBSEEEN

F e X AHR i
POLE_PAIRS S ES R
NOMINAL_CURRENT FHLAE B (unit: ampere)
ENCODER_PPR St A B kP %L (unit: pulse per revolution)
ENC_IDX_COUNT MDA EAE S5 (uint: count) (FE[5])
ENC_STALL_TIME D ERIE LA (Unit: ms)

VHS). LLF7 0t 15 4 GG s A AT ABZ 155 & F S IE R Fad

Kl 7 24 JK42BLS01-X056ED #ifid#s ABZ 55 IR A . Z 15500 LT3R AT I %6 X 55T AB
55N 11/ count %, JsE X ENC_IDX_COUNT A 11. (—fOtHmi%EsiE A 1 5% 2 /> count)

2024.02.27 BITH hRA< 2.0.3
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B 7. JriLsE ABZ 55X RE

!

Ji-h...f—'_‘—x__J—_‘—-t..a—-

A

2) mc_hwio.h A%

o O EERIE A P R 10 B0 FIAEH T N E . RS me_hwio.c SO BR £
PR, b T REVEEIAE e AN L B AL S 4% ADC. TMR. USART. EXINT Z51i0 & 5 b by g 25 LA
Jx DMA JBIB %] N R R UK 8 Fios .

X 8. HRIMREE (L AT32F413RCT7 AH)

e TR DMA J&iE Ei:1p%)

ADC1 N/A DMA1_CH1 | ADC1 ¥ili@iE 4% #(BUS HJE
MOS I\ Ah e s A 4
SR AN H R S BUS HIR)

ADC1 ADC1_2_IRQn N/A ADCL #5 (1 30 18 5% e (AH A I Bl BF
2R A

TMR1 TMR1_OVF_TMR10_IRQn N/A HLHL FOC 42l iy

TMR1 TMR1_BRK_TMR9_IRQn N/A PWM % i 25 g

TMR1_CH4 | N/A DMA1_CH4 | fa e PEASE 2 T B R ) ]

TMR5 N/A N/A MR AR TR

TMR3 TMR3_GLOBAL_IRQHandler N/A Yl A4 A

TMR11 TMR1_TRG_HALL_TMR11_IRQHandler | N/A TH P A7 ) R v

USARTL_TX | N/A DMA1_CH2 | USART1 TX f£ %

USART1_RX | N/A DMAL_CH3 | USART1 RX ¥ #E

EXINT EXINT4_IRQn N/A il 28 T AR

EXINT EXINT15_10_IRQn N/A START/STOP 41 (Ja s 1k H
L)

-
2024.02.27 18R hRA< 2.0.3
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3) mc_hwio.c 3CH%4

® TR EARE A P AR AT ECE . W TMR. ADC. DMA. GPIO.. 5%, AIR#EAIH
FIRE SR AT RO E . AR A S 44. LED AT, $84R T 5% s, 1A A H b TR 45 A 5%

R e LnER 9 Fios .
£ 9. MRECEM KR
REE IR Eiiibu
nvic_config W T S i

tmr_pwm_init

PWM % A 3 80 (tmr) . crm clock. GPIO. DMA Bt &

encoder_time_init

WA GRS 28I f (tmr) . orm clock. GPIO. EXINT Bt &

encoder_capture_timer_init

YR S 28 SR I B (tmr) . crm clock. GPIO (FOC % )

adc_ordinary_config

ADC ¥iBiEiE 5% 2 ADC. DMA. GPIO it &

adc_preempt_config

ADC 6 5iEiE 5% ADC. DMA. GPIO i2 &

speed_timer_init T I B (tmr) . crm clock Bt &
UART #H3% crm clock. GPIO. UART fil &

A P W EXINT & &

uart_init

button_exint_init

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

led_off LED Tk

led_toggle LED Fl#E (KT 5248 4T KT KARKT 78)
led_init LED ¥l IR E

led_blink LED [Nk

mode_switch_init FRIIF AN LB

HLZE B 25 E shPFRAHS% tmr. ADC it &

motor_parameter_ID_config

4)  mc_isr.c A4

o MBS, 4 ADC. TMR. SYSTICK &5y, AN 31 B b TR Y641 AH oG By

R BN 10 iR
= 10. HHLIEEHIMECH W R E(BA AT32F413RCT7 Af)
R iR

ADVTMR_PWM_CYCLE_IRQ TIMERL SEgrehibre £ SRR RESEH] I,

(TMR1_OVF_TMR10_IRQHandler) JEIFREE ) H IR

ADVTMR_PWM_BRK_IRQ
TMRL J G4 N\ 187 R 25 PWM % 24 g
(TMR1_BRK_TMR9_IRQHandler)

ADC_SHUNT_SAMP_READY_IRQ B
ADC1 ibrek . 72 i IR FE
(ADC1_2_IRQHandler)

ENCODER_CAPTURE_IRQ ST 47 3 BT B L

2024.02.27
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(TMR3_GLOBAL_IRQHandler)

EXINT_ENCODER_IDX_IRQ
(EXINT4_IRQHandler)

SR 1O kTR B gwht et AL IE

SPEED_LOOP_TIMER_IRQ

(TMR1_TRG_HALL_TMR11_IRQHandler)

AR A TR PRI R

SysTick_Handler

ARG £ (Ims): ARSI HCR ST AR

BUTTON_EXINT_IRQHandler
(EXINT15_10_IRQHandler)

HER 10 TR #: START/ISTOP #2240 (8 845 1k FaHL)

2024.02.27

R
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4 E LIS RS HL
41  CREBVIHEER

SR L ARG RS AR QA 8 AR, S IS LRI 4R ¥ Bt A 7 (Main) AN (g A e 2,
RSB MBLE ARSI BOE . AL, IRESHLIIZATHE Systick Handler HhleR #UE, &F—1
MIEAT— U LARA PRSI AS IR S o AR MRS REATIBAS I, — BRI RSHLEEN Error IR7S
152 13X DL G A LR L IR AR, EL SRS R LA BE F UGS AT .

B 8. REHLIRER

If control mode is not

Press Identify Winding
parametenjin Ul

D MARK AL TUNE e ,f’/ Press|start motor
IQ_MANWAL_TUNE Fault cleared _ -

Press startmotorin

N
~

Re-check for failure .

Press stop motor

N

______ Failure detected

EHPLNIRA AL Idle. Safety ready. Running. Free run. |_tune. Enc_align PL % Error. %4
RS HIAR T

Idle
BEOAPIRENLIIAIIEIRAS , SRS T Dl N R AS, I ZRRBURRR 5 2 B 2 IR A

Safety ready
THIEIRZES (dle) W FA T A S CHRE . OISR offset IME, HRINHENLAT LL22 485 B HPIR
4

BN o

Running
IR, RS Bk g FRas . P AT UL S sy AR S8 (i B AR e . B AR IR AR
5T 2 A% 1k ik

2024.02.27 E2R hRA< 2.0.3
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Encoder Demo

2024.02.27

Freerun

M FAE I, B R ORsh a1 ki, Dok th JFUE BB PN 0, 7R A sE 15 Ik AT
SIEIXAVIRES, ik se 45 1L 458 5] Safety ready K7 .

|_tune

UEoM IR AL PID fE 2 S8R, fERR G 8L U1 F i R H AR R Z KPP K
B, BB, AT mige B T RS HEEE S S

Enc_align

SEop eI R i B 0 T AR, PRl UL iR sh FA R TfE, 8% fEAKEh 4% 5 101
DN, WA IRENAR L. HEREIE, NE S RLET = B 3T 8 TR L.

Winding param Id

UL B B S EIRES, P AT UL S R 3h B sh S H00HR DI RE, 8% 7R IR @B LN =
HoER, BHRUE 28 S 500 F T Jo Ak s R A DL PRI S 8 8 €

Error

AR R E PR 2 B A IR

PE L TREV ] 2 RS B A IRES . S5 ACIRZS LR VD26 A O VR B I Ak 11 s .

R 11. BREEBRSKYIBRFM

EIRES ZRRE VIES Jis
M HSRIE N _EAALE B 4H S 0% € 58 1
IDLE SAFETY REDAY 2 P SRR A ML IS H. POTENTIOMETER #5448 52/ T2k

B AR W3R S BB E 7E 1

SAFETY REDAY

LA AN ID_MANUAL_TUNE B 1Q_MANUAL_TUNE

ENC ALIGN I, % N _EAZHLA START MOTOR = HLHLIZE I START/STOP
g
L300 ID_MANUAL_TUNE & 1IQ_MANUAL_TUNE K,
| TUNE #% N _EAZHLE START MOTOR BBzl START/STOP #%
i
RUNNING MRy OPEN_LOOP_CTRL i, f% F Lfu#lif) START

MOTOR B FHEHLIZEHIHR START/STOP 4

WINDING_PARAM_ID

¥ F _EAZHLAY Identify Winding parameter 1241

ENC ALIGN RUNNING L5 HIH AR OPEN_LOOP_CTRL i H 4% A #8452 IE 58 A%
ENC ALIGN L5 HIHE AR OPEN_LOOP_CTRL I H 4% At #8182 1E K 58 B
RUNNING % F_EAIHLKY STOP MOTOR & HLHLEEHIIL START/STOP #%
FREE_RUN
e
SAFETY REDAY YT B
FREE_RUN
FREE_RUN ESLiybezging
LA R A ID_MANUAL_TUNE B 1IQ_MANUAL_TUNE
SAFETY REDAY "
| TUNE
1% N _EAIHL STOP MOTOR s AL HIH START/STOP %
FREE_RUN
e
WINDING_PARAM_ID FREE_RUN FEATLER B S B0 R DI RE AT 5E AR

2R
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ERROR IDLE [ ARRELSS
D B B S .1 1 |
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5 LEMERHHA

5.1

5.2

2024.02.27

BT ERE

TERF PR 5E RO AE A 1HE 28 RN AR AR A IR 45 J, FRATTAT DAREAT DA N8BS Ul Sml R 0ERz. PN L
Ul B B2 6 AN0063 3044,

STEP-1
IERE L. AT _Link/Jlink. FFRAR IR 2 N &AM, # USART #1015 USB k82 N\ PC.

STEP-2
i/l MDK' %3 demo TAEAUHY, fiH Jlink B AT_Link T &SI A MRS Fr o

STEP-3
PATHEF ArteryMotorMonitor_V2.1.14.exe(V2.1.14 N3k A 5), {E File -> Open Porject &1
1%E# ArteryMotorMonitor_V2.1.14.atmex->H )5

STEP-4
iz Serial Port FUHTEIbR(L.) FFIE IO R H45(2.), 3852 m73E Open(3.) B Al ) # 1 SEf il AE
BAE DR 9.

B 9. EEEEAEN

B Artery Motor Monitor v2.1.14 - [m) X

File Setting Help

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

1 Ar3zrat3 mMLvz10 2

STEP-5
A TR (4. )RR S ST U1 B BB DA 5 R e LS, R B
BUERIG 4 SEIF IR, IR IR PID SR 5 2 M R 4%

FrER R

B U P T3 R R, AR AL BAL AR RN AT 36 sh s, FOREN L B AT IE e 5ia
AT IEM . o] FORA A G s B % m 2 75 IE A . PR s 5 A R 2 (0 1k 7 2Qn] AL s AL
I HE T 5 LA RN O IR 4 .
STEP-1. R4zl N hiE #1 y Open Loop control

B 10. #HIERIEETT IR ]

PHMEM - encoder

Cpen Loop comntmal -

STEP-2. ¥ JF¥F HiJE(Open Loop Voltage) 5 ff & 1#-£:(Open Loop Angle Increments) 81834 fin 31 £¢
R RS, BRFENLIEREEH . TR S i ok DL A i il L i BR)

®UR WA 2.0.3
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B 11. FFARERHIFERSE

(Open loop control

Open Loop Voltage 1 W
Open Loop Angle Increments 10

STEP-3. HINLIEH IS #E Ja A AL ) & 75 1M, 5 A B I TUDRE rEL = A B0 AR 22 e RIT

STEP-4. Hii\ gt a5 B 4% m) 22 75 1A
STEP-4-1. 1824 mc_isr.c X1 ui_wave_param.user_define_a = (int16_t)encoder.count; 3 & i 4 1%

e AR .
B 12. &% mc_isr.c 3XfF ui_wave_param.user_define_a
_] mc_isr.c
172
173 /* UI sample */
174 if (++ui_count >= ui_wave_param.sample_cycle)
175 [ {
176 ui_wave_param.user_define a = (intlé_:iencoder .count;
177 ui_wave_param.user_define b = (intlé_t)rotor_speed val filc;
178 ui_save_monitor_data():
179 ui_count = 0;
180 }
181

STEP-4-2. {H# 2 KX 12554 User defined A DL & Measured electrical angle 5%~ Save ##
& 13. HEEERESHORERERE )

Diagram parameter setting

User defined A w

Measured electrical angle ~

Sawve

STEP-4-3. I BNz 5, il User defined A 275 N K 14 EMA MR, 2N RNER
fifitaet AL A 5, € X motor_control_drive_param.h 3] REVERSE_ENCODER_COUNT
RV AT 50 g R 2 A U )

2024.02.27 E2BH hRA< 2.0.3
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F 14. gD A

Monit: - O >
400 -
//( .
g
300
f= e
< - -
bl -
2 e
3° :
P
) -
o 10 ,/'/ , g
~ yd - Py
/‘ e
e /
I I I I I
890000 900000 910000 920000 930000
30000

25000

20000

15000

sured electrical angle()

10000 -

Mea

5000 -

I I I I I
890000 900000 910000 920000 930000

Q[=FA% O = - B8 OB ww
53 JLEMEHDFKIE

U LB IR E R LS, eI R RN TS IE . B et A R R N
PMSM-encoder . #E#EEHI#0 Voltage Control 47 Hill 5 3 38 24 (1) % B g i 28 AR IE LR . 4%
N E Ay 44240 Encoder Align BT #E47 M EERHE. #5008 U~ AB(AB {5 5 AN S EMARIE), 1
i FEALE AL T D il 58 i 2812 1E CEAL IE W AE) . £ 5E N ABZ(AB 155 & B IE), HEET HAL
15 3808 B H BRI 2 27 A 245 1 B 52 s i 2352 1 (FE[6]),  MLEEAS IE W2 {E (Encoder offset), ik
R IERE AT, HERRRATEYHERIERE, EHETRIE.

JH6). 27 HiH encoder error 4RI, Bk LT a5 262 B IR PR IR A #5410 HBY iR
1G] % Fault Ack 2 H 1T H# R AFER .

2024.02.27 2R hRA< 2.0.3
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F 15. JmiDER IERAE YL

Status Basic  Tuning Parameters
’ESC_STATE_SAFTV_READV ‘ Encoder align

] | Encoder Align Voltage 0.816 A
Encoder Offset -34

no efror

Comman d
Start Motor Stop Motor
Voltage control
Encoder Align T
I 9 Vq reference 0.000 A
Fault Ack Vd reference  0.000 v
Write Flash
log 1 11:42:55 Load ok A
IPMSM - encoder | T 2 11:42:55 Set REG 8 = 10k
3 11:42:13 Load ok
| Voltage Control Vl Clear 4 11:42:12 Set REG 8 = Dok .

5.4  HEEH]

WA 3 07 B AT s N o P e s P A A mT i AL D il 5 Q Al [ .

STEP-1. ¥4zl MR ik~ Voltage Control
B 16. IR IEBTT IR ]

PREM - encoder

Voltage Control -

STEP-2. il Q R B MLz, 1M D 4 o K vk FEATLRER & AL 7E D 4
17. HEEHMERXSE

Voltage control

Vqreference 1 WV
Vd reference 0 W

55 D HEFEIAR
RN AP R s, WlEl 18, W LLREL I R AR S E, AR s H 2
T EEREE D RN PID HER S HUS (1 B B

2024.02.27 E2TH hRA< 2.0.3




’I?F ? AT32 PMSM FOC Incremental Encoder Demo

& 18. S RA

I(A)

Step period

-+ »
Target current—

Time(ms)

Total period

7 BRICIHE D FE IR Q JHE I, 1 G IR BT 7EHF D 15 Q S RHTKP S KI B0, #4%
AVEBEHTER A A2 D Z 4 e
PRI L IR T .

STEP-1. ##xHil#i=0 F R % ID tune
B 19. #HEAGEE ID REIH R

PIISK - encoder

ID Tune e

STEP-2. W E PID 2L R SE, WK 20

& 20. PID %A P B iS5

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 Flux KI 3000
Current Tune step period 2 ms Flux KP DIV 2048

FluxKIDIV 4096

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

STEP-4. %KX 2545y Flux reference(ld) L )2 Flux measured(ld) 4% T Save %

B 21. ARIEELESHD BRAFAER)

Diagram parameter setting

Flux reference (Id) v
Flux measured (Id) w
Save

I L
2024.02.27 28 W hRA< 2.0.3
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STEP-5. siif BRIV RT P HY 35 T2 7 1
STEP-6. & HURMARZ BN, Wk 22, FAWMBINL T Lyl JFES STEP-2~STEP-
6

B 22. FLIR R AT A

M Monitor ? x

1_ T ”
|

05+ | | \ —405

Towgue reference (Tq)fA)
—
(B pamazesr snhro]

05 H4-05

L L L L L
947020 947040 947060 947080 947100

56  Q HHERIAR

AR 2 AP R, i 18, AT LR BCEH R AR OCS L, 7oA R H 2
N T BRI Q MR PID LA S HUR KRN, FEARERAED IR T

STEP-1. Wil Fi g g 1Q tune

STEP-2. & H PID Z¥(LL K G B =5
E 23. Q #HJR PID SE A K SH i S 3T

Basic Tuning Parameters

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

Torque KIDIV - 4096

STEP-3. % T Rz L%

2024.02.27 E29W hRA< 2.0.3
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STEP-4. %34 E X 1% 4%~ Torque reference(lq) LA & Torque measured(lq) 714 K Save ##
B 24. HEEERZESH(Q BANER)

Diagram parameter setting

Torque reference (lq) w
Torque measured (Iqg) ~
Save

STEP-5. iz B4l Bl mpny sk 2 i 1

STEP-6. &A HMMN 2B, Wi 22, FAWHIHNZ ~MME1LBENL, HHEE STEP-2~STEP-
6

5.7  EIIIEH]
WA SR AT RS B AR R BRG], ] TSR AR S, TR P IR T
STEP-1. #4zil# N i #.ik y Torque Control

STEP-2. #® Control source A software control 2 H #5 Hifi % {& (Torque reference)

25. HirHRERE

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

STEP-3. %~ 3 3 i ML (Start Motor) % 41

STEP-4. H#E KX MZE N la LU Ib 5% F Save 1441 .
A 26. HEIEIERESH(BRA AR

Diagram parameter setting
la L4
b -
Save
S I S N . IS S S —— I -

2024.02.27 E0R hRA< 2.0.3
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STEP-5. A5 2 B 41 RI AT IRy H g B 5 1

STEP-6. A MBI, WK 27
B 27. EIRIR I A

5.8

2024.02.27

MW Monitor

0z

Tafd)

RIS

- 02

(ar

--02

L L L
834000 094250 834500

L L
834750 885000

L
895250

I

BN TR M S ECEE EI N PID S8R RE « Jid L, I HE5E B R AT R R 2 ) 2

R, VEAERAE D IRU R
STEP-1. Kzl T 3¢ #.iky Speed Control

STEP-2. WE ST PID S LNk e . el &7

El 28. PID ¥ AKX INEE . IREFRE

Speed contral

Speed KP : 1000
Speed Kl 4

Speed KP DIV 1024
Speed KI DIV 1024

Speed acceleration 8

Speed deceleration 8

rpm/ms

rpm/ms

STEP-3. # & Control source A software control /& H #5i# & 2% 1H (Speed reference), 411 3000 rpm

® IR

hRA< 2.0.3




1?[ ? AT32 PMSM FOC Incremental Encoder Demo

B 29. B ERE

Target speed,

Speed reference (0 rpm

STEP-4. %~ J3 3 HiHL(Start Motor) % 4
STEP-5. %4 E X {125 i 4%y Speed reference(PU)LL & Speed measured(PU) J51% & Save %
i

& 30. AEGERESH(EERHRK)

Diagram parameter setting

Speed reference(PU) w
Speed measured(PU) ~
Save

STEP-6. k& ABIml ey Hyk & 0

STEP-7. BEEEMNZF W, Wk 31, FHAWFIHNZ ~MME1EBENL, HHEE STEP-2~STEP-

» NEH R
& 31. B RBEE

M Monitor ? X

3000 - - 3000

2500 - — 2500

2000 + - 2000
T =
£ &
E';’ g
1500 | — 1500 %
E =
& =
% E}
& i

1000 — 1000

500 - - 500

1} 1}
1 1 | 1 1
825000 850000 875000 Q00000 925000
I I S N . I S S L] |

2024.02.27 ®ER2H hRA< 2.0.3
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59 N EHEF

R TR SO AL E A PID 25, WA S BUE IR IR R H W N, PR E P 3R an
0t

STEP-1. J4¥5HI# T hisE ik N Position Control, I T-4wtdie il K IE G, HNLEES) S ) # R
WA NS EA BT, SR B Ay A S0 107 B 38 LR 80 Ja 1 A

B 32. Hinfr B Skie EIH

Target Angle Angle

Position reference 0 degree Position measured 0 degree

STEP-2. K &AL E PID %
& 33. PID ¥ & B

Pozition controller

Position KP 2000
Position Kl 1
Position Kl stable 800
Position KD 100

Paosition KP DIV 4086
Pasition Kl DIV 65536
Position KD DIV 32

STEP-3. & & H#irf7 B 211 ( Position reference), #l 3600 degree
& 34. B BEAERE

Angle

Fosition reference 0 degree

STEP-4. %~ J3 3 Fi/l(Start Motor){% 41

STEP-5. i34 KX 12 $ 15 N Position reference(PU) L /2 Position measured(PU)J5 4% | Save
F5L

2024.02.27 % 3BH hRA< 2.0.3
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& 35. HEEERESHGLEFRR)

Diagram pararmeter setting

Position reference(PLU) w
Pasition measured(PL) o
Save

STEP-6. siiksz FI4IEImy eIyt & 1
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