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@ #DefineE X W H =, & KRE

7 #define VIN_VORK_MIN_UP ( 13*10) /R . SRS RE, o. 1r$ 18, BTLAFE10
8 tidefine VIN_WORK_NIN ( 12#10) /! Jigz:hEJIEl’]&ll_TE R
9 ﬁmm VIN WORK_MAX (1600%10) /f Emiﬂzﬁl_ 1638, 3V AATHER S
AN
® constiHE, B MRS RE ): WANRE AR, Hla) e b
41 int32_t const PULL_Ommega_Min_f16 =((RPM_ACTIVATE_MIN*65536/PWM_Frequency)<<16)/60; // #RTIREREEE
42 int32_t const PULL_Ommega_Max_f16 = PULL_Ommega_Min_f16 #4 : /f T&EMF-}Eiﬁ& L
43 int32_t const PULL_Ommega_Inc_f16 = PULL_Ommega_Min_f16/ (2#PWM_CYCLE_10th_sec): [ BENRE, BREE
/\ e
% B R, BEs + éj( ShEXA
INT_EXT uintl6_t Stop_Runing ; 3E"?H_ ¥
48 #define Stop_l5V_LOW 0% lnm 15V M0s 3Ezh B E TR
49 | #define Stop_SHORT / FBEET, ®RAET Brake
50 | #define Stop_PHASE_OPEN 0z lnnm /BT
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© ZPWMO24% H = IMOS Sid, 13847V BT BL T

137 | PWMO-D>POLCTL = 0x0024 ; // PWM135 fRAH, W0 MOSTiRA

138 | // PWM024_out_0_MOS_on() ;

139 | PWM135_0Out_1_MOS_On(Q) ;

140 | PWMO->MSK ShutDown_Al1MOS ; ) o

141 | PWMO->MSKEN = 0x003F ; // {£8E MASK ThEe, ZoxBifiA%dL

142 PWMO->P OEN 0x003F ; /7 Eebitia iR, B85 E = ShutDown_Al1MOS
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23 void ADC_Init(void)

24 B { ,

25 | EADC->CTL = EADC_CTL_ADRST_Msk // ADC ELERE {7 (B EhET)
26 Oxz00070000 Iy T#?Hﬂm @lEJ[frTh

27 EADC_CTL_ADCIENO_Msk | EADC_CTL_ADCIEN1_Msk // {#R¢di#fo #0 i1

28 EADC_CTL_ADCEN_Msk ; // BEnable EADC

29

30 | EADC->SCTL[0] = EADC_PWMOTGO_TRIGGER | ADC_CHANNEL_PWMOL ; // ADC_PWMO1 ¥R, FTHME, 1K
31 | EADC->SCTL[1] = EADC_PWMOTGO_TRIGGER | ADC_CHANNEL_PWM23 ; // ADC_PWM23 E3jR
32 | EADC-»>SCTL[2] = EADC_PWMOTGO_TRIGGER | ADC_CHANNEL_PWM45 ; // ADC_PWM45 YR
33

34 | EADC->SCTL[Z]

35 EADC->SCTL[4]
36 EADC->SCTLLE]
37

EADC_PWMOTGO_TRIGGER | ADC_CHANNEL_VBUS ;

EADC_PWMOTGO_TRIGGER ‘ ADC_CHANNEL_SPEED '/ Speed, EEREH
EADC_PWMOTGO_TRIGGER | ADC_CHANNEL_TEMPERATURE : *

38 SYS->VREFCTL =0 ; [/ VrefikiE:

39 BFf%EEEﬁlil#m T :
40 EADC->STATUSZ = 1 ; [/ T BETS

41 EADC->INTSRC[0] = 1ul << 2 ; // BERO, 1,2 fﬂllm #H%ﬁ?,.,n#rmiﬁ% itE
42

43 NVIC_SetPriority(ADCO0_IRQn, 1) /fALESR=1, mailiBoRE2R

44 NVIC_EnableIRQ(ADCOO_IRQn) ; // {FBEADC o Hf
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@ N PH A RE, ZREFR2J5E interrupt. ¢ FIR{EMOTOR RESISTER

8 | #define MOTOR_RESISTER (1000L) // Tk HE, 2ERE
9 | #define MOTOR_LQ (690L) [/ LB, T E
10 | #define MOTOR_LD (665L) [/ #hZ0 Lg >= Ld
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@ Interrupt Fun. ¢, IAHVRAJADCIE, FH5-3€ 1000 I EUE, E 25
CURRENT Adc1000

O DEMOTEﬁ%%@lOaaEA Z G ST B 1, Vref=5000mV, BT CA1AfRADCIE 2 10%2
Kix5f% *4096,/5000mV, FE3€1000, HunF

20

#define RESISTER_AMP (10%5L) /10 ZECRAFHME * B 5 18
2% int32_t const CURRENT Adcl000 = RESISTER_AMP#4096%1000/ADC_VREF MV I*E&ﬂn*{n EES 1IHHIBT”"“. nﬂf{n SEBEE
27 int32_t const CURRENT OAl Value f12 = ((CURRENT Adcl000<(8)+62)7625: 124/ ETRY0. 1ABRADCE (FR40065% 10000)

& K2R R Vbus Ov1F20. 1V B R HUE

56§ f B 57 EE[_ lr] [+ H, (Q1+10) /10) #ADC VREF MV#ADC fﬁ 1000/4096 Tlll 0. 13 Tfﬁ VREF_MV* (Q1+10) /104 al‘DF‘-IE.-‘r]_|'_'||"'\.-'r-_'y—l[fh‘:,
604 temp32 = (ADC_VREF MV (31+10) /10% (EADC->DAT[4]&0: FFFF);’I'H'*' 048) >>1q+
605 | Vbus_Ovl = (Vbus_Ovl + temp32) >>1 ; // FRERDRA (AEREE), Rt aEIEFE
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48 // Kp = BT TAL = (243, 14154F /W) *L, F EPWMAZE, N MME107100, AETITEEE N = 10+3. 1415 § Kp = FxL/5,

49 // Ki <= REFF#R, Bl Ki <= Kp#R/L, AMEALRE BRFH 7 £EL, 1§ Ki <= Kpwr/ (L4F)

50

51 // B{uiRk§g. . _ -

52 r ﬂ LARRAVADC {E2 M = (A+r+4096) /5v, R =1 Bf ADC {AF M+I, BUER PI BFIRS{L/MET, agr NET 32M]

53 // tb Whgﬁ% V=Kp#1, B1760 Y0, IV FER, ATEINT (1042 1748 (10+2717)#V = (10%2"17) % M % (32M1) _,
54 // E*Eﬁ P IBT B AR S2M« 1 B B9 : Y Kp_Curr v—nt =10%2" 17#Kp/32M= (10/M) #Kp# (2" 12) S AME=Ky f(wm\ BACAKp=F+L/5%%
95 . . e

56 // Kp_Current = 10#F#L / (A#r) _ F =PWMMIZE, L =BHBEE A« =EHEEH «+ BREFLEMA = RESISTER_AMP
57 // Ki_Current (= Kp*R / (L#F) = 10R/(A%r) R = BALEPA = MOTOR_RESISTER

58

59 1int32_t volatile Kp_Current = 10#PWM_Frequency+MOTOR_LD/1000/RESISTER_AMP; Eﬁj —’E\ é‘ Ll

60 int32_t volatile Ki_Current = 10+MOTOR_RESISTER/RESISTER_AMP; Fﬂ 5
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72 int32_t static volatile Kp_Speed =200, Ki_Speed =2; // FRPLEEH K 1240 T E, S TR 126
33 int32_t static Is_Spd_Integration : /[ BRANER, 1s BiNE
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35 int32_t const CURRENT_Active_f12
36 int32_t const CURRENT_Begain_f12
37 int32_t const CURRENT_Increase_f12

40%CURRENT_0Al Value_f12 :
10%CURRENT_0OAl _Value_f12 ;
CURRENT_C0Al Value_f12 ;

38

39 int32_t const CURRENT MotorLock fl12 = 5#CURRENT_OAl_Value_f12 ;

40 . _

41 int32_t const PULL_Ommega_Min_f16 =((RPM_ACTIVATE_MIN#65536/PWM_Frequency)<<16)/60; // %HETREREEZE, ¥ >=(1<17)

42 int32_t const PULL_Ommega Max_f16 = PULL_Ommega Min f16 *4 ; ?mx.ﬂ%%ﬁﬂﬁb

43 int32_t const PULL_Ommega_Inc_f16 = PULL_Ommega_Min_f16/ (2#PWM_CYCLE_10th_sec) ; /] BEMRE, BRIgE

44 - i

45 int32_t const VOLTAGE UpLimit_while_Active_f17 = 20<<17; i /f BRFRE Fﬁ,@;h H¥5 IR b, [FE A R

46 1int32_t const TIME First = 90%1000; =i [ﬁmﬂa RN MTERTRIS0E M), BeF 0 EL AT BiiEE M ERAE
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& DN FE EIR, RIS HURNIRAY 2741
o —[E 360 F 65536 o
® X HEGHEE —PWM I TR R A FE, BUEAR /S, FrBAID 1 1642/

35 int32_t const CURRENT_ Active_f12
36 int32_t const CURRENT Begain_f12
37 int32_t const CURRENT_Increase_f12

40%CURRENT_0Al_Value_f12 :
10%CURRENT_0Al Value f12 ;
CURRENT_0Al Value_f12 :

38 B T

39 int32_t const CURRENT MotorLock_f12 = G5S*CURRENT_0Al Value f12 : //ORESE fiERNE

40 . . N

41 int32_t const PULL_Ommega_Min_f16 =((RPM_ACTIVATE_MIN*65536/PWM_Frequency) <<16)/60; FRNREREEE, WA >=(1<17)
42 int32_t const PULL_Ommega_Max_fl16 = PULL_Ommega Min_fl6 x4 - T{Ex@%ﬁiﬁﬁa B

43 int32_t const PULL_Ommega_Inc_f16 = PULL_Ommega_Min_f16/ (2#PWM_CYCLE_10th_sec) ; // BEINEE BRIgE

44 _ _

45 int32_t const VOLTAGE UpLimit_while_Active f17 = 20<<17;  // BH¥RME, FiSs)etiR b, RES s
46 int32_t const TIME_First = 90%1000; /f BEhETEEEEN IR BRT1S0E ), BEE0E A R R i EH U B /818
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uint32_t Get SquareRoot (uint32 t Data) T /TRl USRS KN, AIXtsES 42, 4, 6, 8)5
ﬁﬂﬁﬁ HiEgE R A1, 2, 3, 40+

® intl6 t Get Arctan(int64 t Xx, int64 t Yy)RxIEV], #R[A[-32768732767 [-1807180/%)
€® int64 t Updata Theta Value(int32 t V g, int32 t V d,int32 t I g, int32 t I d)

A — R 25 1B ARIB B, X 45 AR AW . SE BT T ZE Theta e FIHLER A FE AL

Estimate Q Position, R[AME & EHFRUnit Magnify /g ME, R IEME /N S K SIS —F,
@ Set PWM Frequency LPF(uint32 t PWM F,uint32 t LPF) g B ikAis 5B FCiE A .
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_ Voo +x,0 nuvoTon
f+w NuMicro®
: M451

Vn

-
-
-
-
-
-
e
S
S
S
e —
-
o
-
-
—

20




NUVOTON
Thank You !

B Z AR I EICIE www.nuvoton-mcu.com

f= NnuvoTon 2=
#= NuMicro” =i




	Slide 1: 新唐 M451 无感 FOC 方案代码说明
	Slide 2: 概要
	Slide 3: 代码架构：main,ADC中断，SysTcik中断
	Slide 4: ADC 中断代码流程
	Slide 5: ADC 中断代码流程
	Slide 6: ADC中断里的状态机 Motor_Status
	Slide 7: 总体框图
	Slide 8: I/F 启转过程简介
	Slide 9: 符号定义
	Slide 10: PWM 输出极性配置
	Slide 11: ADC 配置
	Slide 12: 电机参数配置
	Slide 13: 电流、电压测量电路参数的配置
	Slide 14: 电流PI参数的调整方法
	Slide 15: 转速PI参数的调整方法
	Slide 16: 起转电流配置
	Slide 17: 起转加速度配置
	Slide 18: 代码中的计算公式
	Slide 19: M451适于电机控制的特性
	Slide 20: 数学函数简介
	Slide 21

