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1 Bk A4
1.1 BEHMR

APM32F035 2 Hif - SR ET X A LE et K 2 A, AN et 2T APM32F035 it 1 X
BERAEA OB 5 BRSO AR I R 3R PR

TAg 1 B

il 77 20 B IR AL R g 3 < R #2511 (FOC)
PWM i il 75 5% SVPWM

S A B IR M SR

PWM #i % 8KHz

HLBLI: 400~3000RPM(2 %} #%)

TRy Iife W, K&, PR, R

IMEPNAN 11Kbytes

TR AT Keil C (V5.23 Jiii A J LL 1)

1.2 APM32F035 it; i &R

APM32F035 & —3k3E T Arm Cortex-MO+W %, &% FOC Hik i 3218 Hnidk 2%
(Cordic, Svpwm, fEfFERIESRSE), HHER VIS, HERERSEEIAME, BLA CAN £ 25 1)
e PERE AL I & F MCU.

kg 2 APM32F035 R 51 v Dife A

7= APM32F035
BS c8T7 K8T7
ESE S LQFP48 LQFP32
W BB TR Arm® 32-bit Cortex®-M0O+@72MHz
MOCP PpibsE 58 1
N7 (KB) 64
SRAM(KB) 10
32 fii/16 fim f 1/2
16 Bk 1
JE I 4% 16 {7 HEA 2
24 friHHces 1
&I (WDT) 2 (IAMSZE T+ AN HE D
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72 B APM32F035
e Cc8T7 K8T7
SN I 1
USART 2
SPI/I12S 11
EEHN
12C 1
CAN 1
BTG 1
12 fi. ADC AN TE 16 12
P i 3
B 2
ST O 4 2
GPIOs 42 27
R -40°CH 105C
TR LR -40°C% 125°C
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22 EBEOHEBREEE

2.2.1 HJRHRE
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= D
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B 4 LR L

—_e I " .

==Cs2
101

o= SUM

VREF=1.65V

WE FrR, U =UI*5+1.65
KM 12 £ ADC, KFEifE 0-3.3V XM 0-4096
WK pR, SREERFHIER] 0.02R,

U 3.3V 1) B K I FELIE A (3.3-1.65) /5/0.02=16.5A
B JRASL I R

5 /A I HL

PAS SPIl SCK
PA6 SPIl MISO
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433V 45V
. Ri
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224 EHRY EBE

K 6 iR H i

+3.3V

71
IK 1%

PA3 COMI1 _INP

PBS_OP4P SUM ==

PALl TIMI BKIN

PAO COMPL O

PAL COMI INM

C62 COMPL
C64

4700F 100
10K 1% | 102
GND

c6l
— 101

pag_opsn _ R73

“I'GN'D

WK, RN EBISH OPA4 X BEZL AT RAE, R 12 A2 ADC, SRFEVEH 0-3.3V X
0-4096, 4i&rKl 2-3 fivr, ATEIRAEHBHIEA 0.02R,

¥ OPA4 [yfr v /E >y COMPA 1) S [l N g, 177 1E [0 A\ >R FH FELREL 20 IR 0 7 5K, a7 et
HOl RN 3V,

W) 3V %R e K HLR Y (3-1.65) /5/0.02 = 13.5A

225 BPRGHEH
&l 7 Joo/h AR G e

t=3

Bo coum 0 -
TAT COMI I

PAOCOMP]_OUT/COMPI_INM4/COMP2_INM4 PBOOPAS OUT agd—pPpofi0
PALCOMPI_INMS/COMP3_INMS. PBVADC DV (s
AYOPAL GUTICOMP2_OCT/COMPI_INMS T
PAVCOMP]_IN} PBVOPIN 5
P

PAS/ADC INVSPI1_SCK PBS/IOPIN
A - PAGADC_ING&/SP1I_MISO PBS/OPIP 35 PB«E‘OE’EK
: PAT/ADC_INV/SPLI MOSI PBI/OPIN ~

[} x‘ziv'nr
i
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R3S — PAIOTIMI_CH3 FRIOOR OUT (BTt Tivrrrr—
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- 781 33y
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PAISOPIP PBISTIMICHIN
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5 2 PCOHAIL A

= Gl PovTDD CHI PO HALL NRST
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B2 1moom 4| oy o Wi —— o)
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a3V PCISI05C32_OUT it
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. 2 APAGIFO35_TTIOR
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BiFn4A
BARTEF IR

PRI H AR S £ Ry 4 2, TR SMRERENZ . LR IS 2 DL AL
=, BARDIgEf IR

PR (USER &)

main.c: LB, ASRIRLENSE. RZIME. PRILES. while FEH RAREARENL
B D)

apm32f035_int.c: BT A MBI EE R AL, = AERE TMRT bR 4. ADC A 7 Ab 21 R £
user_function.c: EfERNSHINYIGWACE . S E AT KL
parameter.h: 4 | BT EECE S HE R

board.c: ELIHEHR K KRS EAIIE G RC B BR £

SMEESHE (HARDWARE 2)

AR Z 32 41 5T APM32F035 it 1y (AN Bk B e B L C B, E EP SRS GPIO. PWM,
ADC. OPA. COMP. MOCP fhhib2idsss, HARW T EFx.

K 10 shish)=

Drv_Adc_Init ADCHIFEL } (Emwaioamﬁ. EEEFJDMA&E'C)

Drv_Pwm_|nit PWMiT Rt

(R o TFETRLcEEH PWME )
., TIM1_PWMOutput FEPwWMED

10_Init FREICHIRLES
 hareware h FEoRER0ES

}CEFEPWM\ OPA. ADC. COMP. LED%IO%’]}EWEEE)

OPA_Init ASEEaaiED

HardwarefM23EzN 2

COMP_|nit mER s ED

MOCP_Firmware_| nit it ERR A HED
: mlcp.h BEATE MR BT &

MC_SystemClockinit EREHIEeE0

drv_system.c
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3.1.3 HNZEHIKSHE (MOTOR_CONTROL )

FEALA ) 930 S 2 A BT ALK i AT 2 4 S D AR BERE T A, Bkt~ B o
B 11 R HISREh R

Motorldle

Ve

MotorBrake

Motor_Model /-
N MotorRun

MotorError
\_

| TMR2_IRQHandler HALLI T4
| 7~
_ )/ Get ADC Result ADCE{kIhE
~( MC_Drive.c X
N rlverc/, \ Motor Model RS

| |
‘ | |/ HALLModuleCalc HALLAME

clarke

I~
\_ ADC_COMP_IRQHandler )/ park

\\_ anti_pi_g15
-
MOTOR_CONTROLEEHU=FIEENE inv_park

\\_ PWM_GEN_calc
\_ Update PWM
NN LoopCmp_Cal R
*~( FoC Math.c ) pEMP o
| N
| o Diagnose VBUS ADC R G
{ Diagnose.c )< Diagnose_IBUS_ADC BEEER

3.1.4 HEBENEEE (Geehy MCLIB 2)
LR AR AR A e, SRS bR, BOSEPE, A A B S R
3.2 REVNH

AZEHIF R T EREVURE TIREILEEH, T FR:
PUASFHRES: INIT. STOP. FAULT. RUN;

A BT FEIRA RUN BI7SNFIR#A: run-calib. run-ready. run-align. run-startup. run-spin.
run-freewheel.

Xt ARSI U0 -

Fault: 4 RGAHRKAEN —BATIRE, BERERIREABIEIR,
i 5 23 3 — B ], 285 A Fault ARZASBEH: 5] STOP RS i &
Init: RS HATREYIIRL

Stop: HRUTEMAIANERFE L Ao AR T IEH PWM it

Run: R4 T 7RE, B Stop & F 1L RS MIE1T
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TR E

PWM #itHACE

void Drv_Pwm_lInit(uint16_t u16_Period,uint16_t u16_DeadTime)
(L PWMEMEE W FIR:
B H PWM clock 704504 1 090, 1 AOxs 77t 2, E ERIHE Y 1; N EPR.
12 PWM i@ H L &

<+ /% . Time -Base  -configuration-,init timel freg*/
-+ TIM TimeBaseInitStructure.period- - - - - - . -=-ul& Period;
- -TIH:TimeEaseInitStructure.div- e T ClDCkﬁJ\iﬁ\lﬁj\ﬁzﬁ\ Tl
-+ -TIM TimeBaseInitStructure.counterMode - - - - - - {TMR COUNTER MODE CENTERALIGNEDZ;
-+ -TIM TimeBaseInitStructure.clockDivision- - - -=-TMR CED DIV1;
- -TIM TimeBaseInitStructure.fepetitionCounter = 1; |
-+ THMR_ConfigTimeBase (TMR1, -&TIM TimeBaseInitStructure):

Bl 13 it e aie
i b gaxt 7545 (Center Aligned Mode Select),
SR 0 Wl S o vl 11 L 28 ol A 1 N o
AN Ry g T, S o HE A L E I ) S b A R bR AL B 1 R
Bl; TETHER$AE LS (CNTEN=0) B, & dext .
00: X FFAE s
01: HLxfFFAEa 1 (FEm R ook, A s i %t ELB b ks S 47 8

1)
10: HoCxdFFEa 2 (FE ) b vHEont, At I o m Hi b e b ks 507 B
1)

1M AOXFFAR 3 (FE A /5,y i 4 HH BB b Wb S Ao
"D

(L PWM RS E
BE PWM ERERHVIRES, JHERECE LTS PWM i A2,
Fo B REN 4=, BCE M A A, SR A H SR
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Kl 14 PWM % HURZS BC &

/* -Automatic-Output -enable, -Break, -dead-time-and-lock -configuration*/
TIM BDTRInitStructure.RMOS State =|TMR_RMOS_STATE_ENABLE:
TIM BDTRInitStructure.IMOS State =|TMR_IMOS_STATE_ENABLE;
TIM BDTRInitStructure.lockLevel =-TMR LOCK LEVEL OFF;
deadTime = ulé_DeadTime;//FEXET[E]

TIM BDTRInitStructure.

-enable -con -MOE -bit -hardware -control

TIM BDTIRInitStructure.

breakState =-TMR BREAK STATE ENABLE;
TIM BDTRInitStructure.breakPolarity =-TMR_BREAK POLARITY LOW;
TIM BDTRInitStructure.automaticOutput = TMR_AUTOMATIC_ OUTPUT_DISABLE:

TMR ConfigBDT (TMR1, '&TIM BDTRInitStructure):

channel-1,2,3,4set -pwm-mode*/

TIM OCInitStructure.OC Mode TMR_OC _MODE_PWM2;

TIM OCInitStructure.OC OutputState TMR_OUTPUT_STATE ENABLE;
TIM OCInitStructure.OC OutputNState TMR OUTPUT NSTATE ENABLE;
TIM OCInitStructure.Pulse 1H

/*pwm-driver - set,

//TMR_OUTPUT_STATE DISABLE;
//TMR_OUTPUT_NSTATE DISABLE;

TIM OCInitStructure.OC_Polarity
TIM OCInitStructure.OC NPolarity
TIM OCInitStructure.OC Idlestate
TIM OCInitStructure.OC NIdlestat

e

[THR_OC_POLARITY HIGH; |
TMR_OC_NPOLARITY HIGH;
TMR_OCIDLESTATE RESET;:
TMR_OCNIDLESTATE RESET;

JE ANy 1A
// -TMR_OCID STATE
// -TMR_OCNIDLESTAT

15 PWM2 H g 5 455 2 1) B 3 1]

| | I I I
AUTORLD - — — - —

|
-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
[
|

OCxREF

TEREIE O, 24 TMR1_CNT<TMR1_CCR1 iHfi# 1 AT T, 504 3T
EIGYR T E, 24 TMR1_CNT>TMR1_CCR1 liE 1 AEET, BT

3.32 ADCEE

void Drv_Adc_Init(void)
ADC JE/ZiC &

K H DMA #i3(, ADC &1k )5 s B 452 2] ADC_ConvertedValue %20 #1774, ADC filtk
2% FH TMR1 1] CC4A V£ ufi 25, FTi5 ADC {§ifE Kt E ADC rh bl 2e 4% J HAdife . FAktn
TEFTR.

D
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Kl 16 ADC K=l &

void Drv_Adc_Init (void)

bK
ADC Config T ADC_InitStructure;
DMA Config T DMA InitStructure;
DMA InitStructure.peripherallAddress
DMA InitStructure.memoryAddress
DMA InitStructure.direction
DMA InitStructure.bufferSize
DMA InitStructure.peripherallnc
DMA InitStructure.memorylnc
DMA InitStructure.peripheralDataSize
DMA InitStructure.memoryDataSize
DMA InitStructure.circular
DMA InitStructure.priority
DMA InitStructure.memoryTomemory

(uint32_t) & (ADC->DATA) ; //ADCHEHE
(uint32_t)&ADC_ConvertedValue[0]; //RTFHAE
DMA_DIR_PERIPHERAL; -//77 6] (MSMEEIAFF)
4;//TOTAL_CHANNEL; -//fEHI A ERI R/ -—-EHRE
DMA_PERIPHERAL_INC_DISABLE; -//#MZHittE =
DMA_MEMORY_ INC_ENABLE;//DMA_MEMORY INC ENABLE; -//WFHiHLEE| -
DMA_PERIPHERAL DATASIZE_HALFWORD ; - //SFiEEIBE(r
DMA_MEMORY_DATASIZE_ HALFWORD ; /I ATFEHR RN
DMA_CIRCULAR ENABLE. -; -//DMAIER: EEF{EH
DMA_PRIORITY LEVEL VERYHIGH ; //fi%&k: =

DMA M2M DISABLE; - - //ZFIEAFIIAFIER

DMA Config (DMA CHANNEL 1, &DMA InitStructure); -//ECEnmafiiidiE

DMA Enable (DMA CHANNEL 1);

ADC_ClockMode (ADC_CLOCK_MODE_ASYNCLK) ;

ADC_ConfigStructInit (&ADC_InitStructure);

ADC_InitStructure.convMode = ADC_CONVERSION_SINGLE;

ADC_InitStructure.scanDir ADC SCAN DIR UPWARD;

ADC_InitStructure.extTrigConvl =|ADC EXT TRIG CONV _TRGl; - // -timerl CC4 |

ADC_InitStructure.extTrigEdgel = ADC_EXT_TRIG_EDGE_RISING:;

ADC InitStructure.datahlign ADC_DATA ALIGN_RIGHT:

ADC InitStructure.resolution ADC RESOLUTION 12B;

ADC Config(£ADC InitStructure): = =

ADC_ConfigChannel (ADC_CHANNEL 2 | ‘ADC CHANNEL 8 | ADC CHANNEL 7| ADC_CHANNEL 9 ,ADC_SAMPLE TIME 1 5);

ADC->CFG1_B.OVRMAG = 1;

ADC_EnablelInterrupt (ADC_INT CS);
7 AnceHiE (5 5
NVIC_EnableIRQ(ADC_COMP_IRQn);
NVIC SetPriority(ADC_COMP IRQn,0);
ADC_DMARequestMode (ADC_DMA MODE_CIRCULAR) ;
ADC_EnableDMA() ;
ADC_Enable():
ADC_StartConversion():; IIDLEBERBZ—T

3.3.3 OPA 5 COMP EEEE

(1) OPAJRZEELE

BiL & OPA KRB 55eil B OPA &1, 4t DISABLE iZ &80k %s OPA, FiRE Jyfdi FHAN I
FEHIN %, 175 ENABLE. 0T E AR,

Kl 17 OPA X ZH &

void OPA Init(void)

{
OPA Disable (OPAlL);
OPA Disable (OPA2);
OPA Disable (OPA3);
OPA Disable (OPA4);
OPA_SelectGainFactor (OPAl,CPA GAIN FACTOR 0):
OPA_SelectGainFactor (OPA2,C0PA GAIN FACTOR 0):
OPA_SelectGainFactor (OPA3,CPA GAIN FACTOR 0):
OPA_SelectGainFactor (OPA4,CPA GAIN FACTOR 0):
OPA_Enable (OPAlL);
OPA_Enable (OPA2) ;
OPA_Enable (OPA3) ;
OPA_Enable (OPA4) ;

(2) COMP JEZIEE
COMP HIFidifi ¥ i, BCE COMP JiK/ZHE FCHCE COMP &, & COMP fith
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NEN TMR1 (1) BKIN, &% I, KHEFilik TMR1 1 BKIN, 41 EFR;
18 COMP K2 E

void COMP_ Init (void)

{
COMP Config T compConfig;
' -Configure -COMP1 - */
COMP ConfigStructInit (&compConfig):
compConfig.invertingInput = COMP INVERTING INPUT PAl;
compConfig.output =|COHP QUTPUT TIHlBKIN;l
compConfig.outputPol =-COMP_OUTPUTPOCL NONINVERTED;
compConfig.hysterrsis COMP HYSTERRSIS NO;
compConfig.mode COMP MODE HIGHSPEED;
COMP_ Config (COMP_SELECT CCMP1, &compConfig):
‘% .Enable -COMP2 - */

COMP Enable (COMP_SELECT COMP1);

3.4 RESEWE

RS IASHIIER P ER) parameter.h HHETICE, FESARGSH. REUHKSHL
WEHMRSE NSRS EEE . WP

341 R&GS¥
i 3 RHGSH
SRR SRV BEE
SYS_REFV RY L 3.3 (V)
SYSCLK_HSE_72MHz RGN 72000000 (Hz)
PWMFREQ PWM #fi 8000 (Hz)
DEAD_TIME PWM FE[X i ] 1.0 (us)
SLOWLOOP_FREQ P I il AT R 1000 (Hz)
342 JRIREHSH
Ttk 4 RAREE S H
SRR SHUHA HEfE
ADC_REFV ADC Z% HiJk 3.3(V)
R_SHUNT KA B BH FELAEL 0.02 (Q)
CURRENT_OPA_GAIN BIRBCRAEEL 5.0
I_MAX HL AR XA FETEEAE 16.5 (A)

www.geehy.com
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SHEHK SV BEE
UDC_MAX H bR L AL SR 69.0 (V)
U_MAX AL AT 2 S 39.83 (V)
HAAERSE
K 5 HNUHKRSH
SHER SR BEfE
Rs FEHLAH FL B 0.15 (ohm)
Ls BT Ho Ja 0.00037 (H)
POLEPAIRS HLBLAR X £ 2 (unit)
M1_IQ_KP_Q15 Q IR KP 24 Q15 #%5X 25000
M1_1Q_KI_Q15 Q I KI 240 Q15 #535X 8
M1_ID_KP_Q15 D #iH i KP 23 Q15 1 25000
M1_ID_KI_Q15 D AR KI 250 Q15 K5 :( 8
M1_SPEED _KP_Q15 W KP 240 Q15 #%3X 16384
M1_SPEED_KI_Q15 BRI K 280 Q15 kg 163
W7

(1 KEEEE. aEEil. BLRE) a8 ) R S IR, DR
E, WORITAT 4% A A T S, BT AR B

(2> BESH: WIAEEHUMEIE R, REERSNSE, FIurablave . Bz
e, BRI B, LI B SS . W R IT A S U

(3> HTEHMRIEAT: ERZEAP IO N, ATEEN, BEBLZE S IR
R BIMNELS), LARFERE ST AR . A BALE HALL B AT 2 5 1R, 2K
PR RS HALL A5 53 1, FalFea il — BN HALL 1= S8 4T7 (I .

(4)  BATHEMEGEAT: RN EL T, BT BN, R AL TR T
RERIL, Blinkek, HmHE.

(5)  HEATHERE PID ik: (€M PID 5 a5 R4 R ALK i RO o w] DU 2 PID 244
(JE: ZHHMBLHRAE parameter.h FHED) KU R EME BANFR E PR P B 10 %
KIRAR, UMEREES%,

() MATHERENI: fE5eH AR, ATRREAT PRI, IEHLBE
BEL ROCHAERIMGRS. DA SRR SRR, GRS . SRR 20
il
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KFR BT
1 19 SEBRIL L

'I'KEEL%IL(O;(!-ILI DS0-¥ 30147, My52330201, 07.55.2022071328: Thu Mar 09

= 1 1.0040 2 5.000ms!  -170.Bms

T i
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