
 

 

 

 

 

 

 

 
 

 

 

HC32M140  

 

 
 

 

 

 

 

 

  

HC32M140 

HC32M140F8TA 

HC32M140J8UA 

HC32M140J8TA 

HC32M140KATA 



 

HC32M140 Rev1.0  Page 2 of 52 

      
1.  ................................................................................................................................................ 4 

1.1  ...................................................................................................................................................... 4 

2.  ........................................................................................................................................ 4 

2.1  .............................................................................................................................................. 4 

2.2  .............................................................................................................................................. 4 

3.  ........................................................................................................................................ 5 

3.1  .............................................................................................................................................. 5 

3.2  .............................................................................................................................................. 5 

3.3  .............................................................................................................................................. 6 

3.3.1  ..................................................................................................................................................... 6 

3.3.2  ..................................................................................................................................................... 6 

3.3.3 UART /PWM  .............................................................................................................................. 6 

3.3.4  ......................................................................................................................................... 6 

3.3.5 ADC  ................................................................................................................................................... 6 

3.3.6  ................................................................................................................................................. 6 

3.3.7  ..................................................................................................................................................... 6 

4.  ........................................................................................................................................ 7 

4.1  .............................................................................................................................................. 7 

4.2  .............................................................................................................................................. 8 

4.3  ............................................................................................................................................ 10 

4.4  ............................................................................................................................................ 12 

5.  ...................................................................................................................................... 13 

5.1  ............................................................................................................................................ 13 

5.2  ................................................................................................................................ 14 

6.  .............................................................................................................................. 15 

6.1  ................................................................................................................................................ 15 

6.2  ............................................................................................................................................ 17 

7.  ...................................................................................................................................... 25 

7.1  ............................................................................................................................................ 25 

7.2  ............................................................................................................................................ 26 

7.2.1  ........................................................................................................................................... 27 

7.2.2  ........................................................................................................................................... 29 

8.  .............................................................................................................................. 32 

8.1  ............................................................................................................................................ 32 

8.1.1  ....................................................................................................................................... 32 

8.1.2  ....................................................................................................................................... 32 

8.2 Q  .................................................................................................................................... 33 

8.2.1 Q  ........................................................................................................................................... 33 

8.2.2 Q  ................................................................................................................................... 33 

9.  .......................................................................................................... 34 

9.1  ............................................................................................................................................ 34 

9.2  ............................................................................................................................................ 36 

9.3  ............................................................................................................................................ 37 

9.3.1  ........................................................................................................................................... 37 

9.3.2  ........................................................................................................................................... 37 

9.3.3  ....................................................................................................................... 38 

9.4  ............................................................................................................................................ 41 



 

HC32M140 Rev1.0  Page 3 of 52 

9.5  ............................................................................................................................................ 42 

9.6  ............................................................................................................................................ 42 

9.7  ................................................................................................ 43 

9.8  ............................................................................................................................................ 44 

10.  ...................................................................................................................................... 45 

10.1  ............................................................................................................................................ 45 

10.2  ............................................................................................................................................ 47 

10.3 PI  ....................................................................................................................................... 48 

10.4 PI  .............................................................................................................................. 50 

11.  .............................................................................................................................................. 51 

11.1  ................................................................................................................................................ 51 

12.  &  ............................................................................................................... 52 

 



 

HC32M140 Rev1.0  Page 4 of 52 

1.  

HDSC HC32M140  

1.1  

 

 

2.  

2.1  

1  

  

MCU HC32M140 

 EV-MD050-HV-02-V10 

 JLINK V9  

 PMSM/BLDC 

 

2.2  

2  

  

 Windows 7 64-bit 

 IAR EWARM V7.7 

 C 
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3.  

Demo  

 

3.1  

交流输入

𝑉𝑈 

𝑉𝑉 
𝑉𝑊 

𝑆1 𝑆3 𝑆5 

𝑆4 𝑆6 𝑆2 

UART

PWM/PWC/ADC

整流

电压采样

通信

外部调速

电流采样过流保护

逆变器

MCU

𝑉𝑑𝑐  

 

𝐼𝑈  

𝐼𝑉  

𝐼𝑊  

𝑉
𝐶

 

∼ 

∼ 

∼ 

∼ 

𝑆1 
𝑆2 

𝑆3 

𝑆4 
𝑆5 
𝑆6 

 

 

1  

 

3.2  

1) 220VAC ±10% 

2) 50W 

3) MCU BOM   

4) UART PWM/PWC  

5) PWM UART  

6) / / / /  

7)  

8) Sensorless FOC  

9) / /  
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3.3  

3.3.1  

Demo HC32M140

Cortex-M0+ 48MHz  

 

3.3.2  

 

 

3.3.3 UART /PWM  

 

 

3.3.4  

ADC  

 

3.3.5 ADC  

ADC

 

 

3.3.6  

 

 

3.3.7  
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4.  

 

4.1  

2  

 

 

2  
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4.2  

3  

3 FOC  

NO    

1  

Clarke   

Clarke   

Park   

Park   

2  

  

  

  

3 SVPWM 
SVPWM   

SVPWM   

4  
  

  

5 PID  
PID   

PID   

6 FOC  FOC   

7  ADC   

8 ADC  
  

  

9    

10    

11    

12  

  

  

A/D   
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NO    

13    

14    

15    

16  1ms 5ms 50ms   

17    

18    

19    

20    

21    

22  UART   



 

HC32M140 Rev1.0  Page 10 of 52 

4.3  

3  

 
3  

PID 

SVPWM 

FOC  

Cortex-M0+  
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4  

4  

Layer    

device 
h01_device MCU Clk Swwdt Hwwdt GPIO Timer4

 

 

s01_device  

module 
h02_module FOC Filter

PID SVPWM  

 

s02_module  

application 
h03_application ADC

 

 

s03_application  

user h04_user 

PID

 
 

 

IAR  

 
4 IAR  

 

 .a S .h h  
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4.4  

IAR  

5  

   

h02_module 

coordinate_transform.h Park Clarke InvPark InvClarke  

base_types.h  

filter.h  

module_math.h  

pid.h PID PID PID  

svpwm.h SVPWM  

brake.h  

dead_time_comp.h IGBT  

observer_bemf.h  

module_include.h h02_module  

h03_application 

adc_sample.h ADC  

motor_timer.h  

motor_control.h  

protection.h 
 

speed_set.h  

startup_control.h  

stop_control.h  

h04_user 

init_mcu.h MCU ADC Timer4  

hardware_config.h  

isr.h  

main.h  

startup_hc32f_m14x.s MCU  

user_interface.h  
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5.  

 

5.1  

 

6  

  

void NMI_Handler void   

void SWDT_IRQHandler(void)  

void TIM4CNT_IRQ(void) Timer4  

void TIM4RT_EMI_IRQHandler(void) Timer4  

void ADC_IRQHandler(void) ADC  

void MSC5RX_IRQHandler(void)  

void MSC5TX_IRQHandler(void)  

s04_user\isr.c 5  

 
5  
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h01_device\ddl.h

6  

 
6  

 

5.2  

s04_user\init_mcu.c 7  

 
7  

NMI > SWWDT = TIM4RT_EMI > ADC > TIM4CNT > CTIM  

h01_device\ddl.h

8  

 
8  
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6.  

 

6.1  

 

7  

    

stc_adc_sample_t Adc_stcSample ADC   

stc_uvw_t Motor_stcIuvw 

 

 

stc_ab_t Motor_stcIab  

stc_dq_t 
Motor_stcIdq  

Motor_stcIdqRef  

stc_ab_t 

Motor_stcVab 

 

 

Motor_stcVabZ  

Motor_stcVabRef  

stc_dq_t 

Motor_stcVdq  

Motor_stcVdqRef  

Motor_stcVdqReal  

stc_inc_pid_t 

Motor_stcWrPid PI   

Motor_stcIdPid PI   

Motor_stcIqPid PI   

stc_cmd_speed_set_t Motor_stcCmdSpdSet 
 

 

stc_speed_traj_t Motor_stcSpdTraj  

stc_prot_vbus_t Motor_stcProtVbus   

stc_prot_oc_t Motor_stcOverCurrent   

stc_prot_lock_rotor_t Motor_stcLockRotor   

stc_motor_timer_t Motor_stcTimer   

stc_bemf_observer_t Motor_stcBemfObs   

stc_dt_comp_t Motor_stcDtComp   

stc_svpwm_calc_t Motor_stcSvpwm SVPWM  
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stc_pwm_gen_t Motor_stcPwmGen  

stc_motor_run_para_t Motor_stcRunPara   

stc_startup_t Motor_stcStartup   

stc_stop_ctrl_t Motor_stcStopCtrl   

stc_auto_run_t Motor_stcAutoRun   

stc_periodic_avg_t 
Motor_stcVbusAvgF   

Motor_stcSpdAvgF   

stc_1stLpf_t 
Motor_stcVdLpf 𝑑   

Motor_stcVqLpf 𝑞   

stc_motor_cv_limit_t Motor_stcLimit   

stc_brake_ctrl_t Motor_stcBrake   
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6.2  

 

brake.h 

 void Brake_Init(stc_brake_cfg_t stcCfg, stc_brake_ctrl_t* pstc) 

  

  

 none 

 

 
void Brake_Ctrl(int32_t i32Q12_Wr, int32_t i32Q12_Vbus, stc_brake_ctrl_t* 

pstc) 

  

 𝑉dc  

 none 

 

coordinate_transform.h 

 void Transf_Clarke(stc_uvw_t stcuvw, stc_ab_t* pstcab) 

 Clarke  

 abc alpha-beta  

 none 

 

 void Transf_InvClarke(stc_ab_t stcab, stc_uvw_t* pstcuvw) 

 Clarke  

 alpha-beta abc  

 none 

 

 void Transf_Park(stc_ab_t stcab, stc_dq_t* pstcdq) 

 Park  

 alpha-beta dq  

 none 

 

 void Transf_InvPark(stc_dq_t stcdq, stc_ab_t* pstcab) 

 Park  

 dq alpha-beta  

 none 

 

filter.h 

 void Filter_InitFirstLpf(stc_1stLpf_cfg_t stcCfg, stc_1stLpf_t* pstc) 

  

  

 none 

 

 int32_t Filter_1stLpf(int32_t i32Q12_Input, stc_1stLpf_t* pstc) 
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 void Filter_InitPeriodAvg(stc_period_avg_cfg_t stcCfg, stc_period_avg_t* pstc) 

  

  

 none 

 

 int32_t Filter_PeriodicAvg(int32_t i32Q12_Input, stc_periodic_avg_t* pstc) 

  

  

  

 

module_math.h 

 int32_t Math_Sin(int32_t i32Q24_angle) 

  

  

  

 

 int32_t Math_Cos(int32_t i32Q24_angle) 

  

  

  

 

 int32_t Math_Atan2(int32_t i32_x, int32_t i32_y) 

  

 x y  

  

 

 int32_t Math_Sqrt(int32_t i32_x) 

  

  

  

 

observer_bemf.h 

 void Bemf_Init(stc_bemf_obs_cfg_t stcCfg, stc_bemf_observer_t* pstc) 

  

  

 none 

 

 
void Bemf_OnlineInit(int32_t i32Q12_Wr, int32_t i32Q24_Theta, 

stc_bemf_observer_t* pstc) 

  

  

 none 

 

 void Bemf_UpdateBemfLpf(int32_t i32Q12_Wr, stc_bemf_observer_t* pstc) 
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 none 

 

 
void Bemf_Observer(stc_ab_t stcVab, stc_ab_t stcIab, stc_bemf_observer_t* 

pstc) 

  

 alpha-beta alpha-beta  

 none 

 

pid.h 

 
int32_t PID_IncPid(int32_t i32Q12_Ref, int32_t i32Q12_Fb, stc_inc_pid_t* 

pstc) 

 PID 

 PID  

 PID  

 

 void PID_InitIncPid(stc_pid_cfg_t stcCfg, stc_inc_pid_t* pstc) 

 PID  

 PID PID  

 none 

 

svpwm.h 

 
boolean_t Svpwm_InitCalc(int32_t i32PeakCnt, int32_t i32Q15_MaxDuty, 

stc_svpwm_calc_t* pstc) 

 svpwm  

 SVPWM SVPWM  

  

 

 
void Svpwm_CalcDuration(int32_t  i32Q12_Va, int32_t i32Q12_Vb, 

int32_t  i32Q12_Vbus, stc_svpwm_calc_t* pstc) 

 SVPWM  

 alpha beta VDC svpwm  

 none 

 

 
void Svpwm_7SegSymmPwm(uint8_t u8Sector, uint16_t u16T0, uint16_t 

u16T1, uint16_t u16T2, stc_pwm_gen_t* pstc) 

 SVPWM  

 T1,T2 svpwm  

 none 

 

adc_sample.h 

 void Adc_InitSample(void) 

 adc  

 none 

 none 

 

 void Adc_Sample(stc_adc_sample_t* pstc) 

 adc  

 ADC  
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 none 

 

dead_time_comp.h 

 void DtComp_Init(stc_dt_comp_t* pstc) 

  

  

 none 

 

 
void DtComp_Calc(int32_t i32Q12_Vbus, stc_uvw_t stcIuvwF, stc_dt_comp_t* 

pstc) 

  

 VDC abc  

 none 

 

motor_control.h 

 void Motor_HwInit(void) 

  

 none 

 none 

 

 void Motor_SwInit(void) 

  

 none 

 none 

 

 void Motor_InitStartup(void) 

  

 none 

 none 

 

 void Motor_InitStop(void) 

  

 none 

 none 

 

 void Motor_FastStop(void) 

  

 none 

 none 

 

 void Motor_ClrRunPara(void) 

  

 none 

 none 

 

 void Motor_CVLimit(void) 
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 none 

 none 

 

 void Motor_Process(void) 

 FOC  

 none 

 none 

 

motor_timer.h 

 void Timer_Init(int32_t i32Fs, stc_motor_timer_t* pstc) 

  

  

 none 

 

 void Timer_Counter(stc_motor_timer_t* pstc) 

  

  

 none 

 

protection.h 

 void Prot_InitMonitorVbus(stc_prot_vbus_cfg_t stcCfg, stc_prot_vbus_t* pstc) 

  

  

 none 

 

 void Prot_MonitorVbus(int32_t i32Q12_Vbus, stc_prot_vbus_t* pstc) 

  

  

 none 

 

 void Prot_InitOverCurrent(stc_prot_oc_cfg_t stcCfg, stc_prot_oc_t* pstc) 

  

  

 none 

 

 void Prot_MotorOverCurrent(stc_uvw_t stcIuvw, stc_prot_current_t* pstc) 

  

 abc  

 none 

 

 
void Prot_InitLockRotor(stc_prot_lock_rotor_cfg_t stcCfg, 

stc_prot_lock_rotor_t* pstc) 

  

  

 none 

 

 void Prot_LockRotor(int32_t i32Q12_WrF, int32_t i32Q12_EdF, int32_t 
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i32Q12_EqF, stc_prot_lock_rotor_t* pstc) 

  

 d Q  

 none 

 

speed_set.h 

 void Speed_InitCmdSpdSet(stc_cmd_speed_set_t* pstc) 

  

  

 none 

 

 void Speed_InitSpdTraj(stc_speed_traj_t* pstc) 

  

  

 none 

 

 void Speed_CmdSpdSet(stc_cmd_speed_set_t* pstc) 

  

  

 none 

 

 int32_t Speed_TgtSpdTraj(int32_t i32Q12_CmdWr, stc_speed_traj_t* pstc) 

  

  

  

 

startup_control.h 

 void Startup_Init(stc_startup_t* pstc) 

  

  

 none 

 

 void Startup_Control(stc_startup_t* pstc) 

  

  

 none 

 

stop_control.h 

 void Stop_Init(stc_stop_ctrl_cfg_t stcCfg, stc_stop_ctrl_t* pstc) 

  

  

 none 

 

 void Stop_Control(stc_stop_ctrl_t* pstc) 

  

  

 none 
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init_mcu.h 

 void SystemInit(void) 

 MCU  

 none 

 none 

 

 void InitMcu_Nvic(void) 

  

 none 

 none 

 

 uint32_t InitMcu_Clock(void) 

  

 none 

 0 

 

 void InitMcu_InitMotorTimer(uint16_t u16_CPSR, uint16_t u16_DeadTimeCnt) 

 timer4  

  

 none 

 

 void InitMcu_Adc(void) 

 ADC  

 none 

 none 

 

 void InitMcu_StartMotorTimer(boolean_t bEnable) 

  

 TRUE/FALSE  

 none 

 

 void InitMcu_SetZeroIsrMaskCnt(uint8_t u8ZIM) 

  

  

 none 

 

 uint8_t InitMcu_ReadZeroIsrMaskCnt(void) 

  

 none 

  

 

 void InitMcu_UpdateMotorPwmCycle(uint16_t u16_Cpsr) 

  

  

 none 

 

 uint16_t InitMcu_ReadMotorPwmCycle(void) 
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 none 

  

 

 
void InitMcu_UpdateMotorPwmDuty(uint16_t u16_Occr0, uint16_t u16_Occr1, uint16_t 

u16_Occr2, uint16_t u16_Occr3, uint16_t u16_Occr4, uint16_t u16_Occr5) 

  

 timer4 6  

 none 

 

 void InitMcu_EnMotorPwm(boolean_t bEnable) 

  

 /  

 none 

 

 void InitMcu_Gpio(void) 

 GPIO  

 none 

 none 

 

 void InitMcu_UART(int32_t i32BautRate, M0P_MSC_UART_TypeDef* pUARTx) 

  

  

 none 
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7.  

 

 

7.1  

h04_user\hardware_config.h Demo ADC

9  

 
9  

 

8  

      

CLK 

CLK_XTAL_FREQ  4 MHz  

CLK_MAIN_MUL    =CLK_XTAL_FREQ* 

CLK_MAIN_MUL 

APB0_CLK_DIV APB0    
APB0 =

>>APB0_CLK_DIV 

APB1_CLK_DIV APB1    
APB1 =

>>APB1_CLK_DIV 

PWM 
PWM_POLARITY_HI

GH 
 

TRUE 

/FALSE 
 TRUE:high FALSE:low 

ADC 

ADC_VOLT_REF ADC  5 V  

ADC_BIT_LENGTH ADC  12   

ADC_CH_VDC  5   

ADC_CH_IU U  4   

ADC_CH_IV V  0   

OPA USE_INTERNAL_OPA  TRUE   

VC USE_INTERNAL_VC 
 

TRUE   

GPIO EN_TEST_IO LED IO  TRUE  TRUE: FALSE:



 

HC32M140 Rev1.0  Page 26 of 52 

      

/FALSE  

DEBUG USE_SIMULATOR DEBUG  
TRUE 

/FALSE 
 

TRUE:simulink

FALSE:J-Link 

 

7.2  

s04_user\user_interface.c

10

 

 
10  
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7.2.1  

 

9  

     

 

ui_i32CarrierFreq  Hz  

ui_f32DeadTimeUs IGBT  us  

ui_f32MaxDutyRatio SVPWM    

ADC 

ui_i32AdcCheckDelayMs ADC  ms  

ui_f32IuvwSampleRs  Ohm  

ui_f32IuvwSampleK    

ui_i32IuvwRefOffset    

ui_i32IuvwMaxOffsetBias    

ui_f32VbusSampleK    

 

ui_i32PolePairs    

ui_f32Rs  Ohm  

ui_f32Ld  mH  

ui_f32Lq  mH  

ui_f32Ke  V/kRPM  

ui_f32BaseVoltage  V  

ui_f32BaseCurrent  A  

ui_f32BaseFrequency  Hz  

ui_i32MinSpeedRpm  RPM  

ui_i32MaxSpeedRpm  RPM  

ui_f32MaxIs  A  

DC  

ui_f32AbnormalHighVbus  V  

ui_f32AbnormalLowVbus  V  

ui_i32AbnormalVbusTimeUs /  us  

ui_f32OverVoltageThold  V  

ui_i32OverVoltageTimeUs  us  

ui_f32UnderVoltageThold  V  

ui_i32UnderVoltageTimeUs  us  

 

ui_f32PeakOverCurrThold  A  

ui_i32PeakOverCurrTimeUs  us  

ui_i32ErrClearTimeMs  ms  

 

ui_i32LockRotorTimeMs  ms  

ui_f32LowSpdThold  Hz  

ui_f32StepOutThold    

ui_f32MaxStepOutRatio    

 

ui_f32BrakeRegPeriodMs  ms  

ui_f32SpdRegPeriodMs  ms  

ui_f32FwRegPeriodMs  ms  

ui_f32AccHzPerSec  Hz/sec  

ui_f32DecHzPerSec  Hz/sec  

ui_f32ObsStableTimeMs  ms  

ui_f32LowWrThold  Hz  

ui_i32OrientStartAngle    

ui_i32OrientEndAngle    
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ui_i32AlignRotorTimeMs  ms  

ui_i32HoldRotorTimeMs  ms  

ui_f32MaxForceSpd  Hz  

ui_f32ForceAccRate  Hz/s  

ui_f32SpdKp PI Kp    

ui_f32SpdKi PI Ki    

ui_f32MaxSpdErr PI  Hz  

ui_f32IdKp PI D Kp    

ui_f32IdKi PI D Ki    

ui_f32MaxIdErr PI D  A  

ui_f32IqKp PI Q Kp    

ui_f32IqKi PI Q Ki    

ui_f32MaxIqErr PI D  A  

ui_f32BrakeKp PI Kp    

ui_f32BrakeKi PI Ki    

ui_f32VbusMargin PI    

ui_f32MinBrakeSpd PI    

 

ui_i32VdLpfWc  Hz  

ui_i32VqLpfWc  Hz  

ui_f32MinVdMargin  V  

ui_f32MaxVdMargin  V  
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7.2.2  

ADC

 

 

 

1.  

 

 

2.  

 

 

3.  

LCR

 

 

4.  

:
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ADC  

ADC

 

1.  

 

 

 

11  

 

 

11  

 

2.  

 

3.  

12 13  

 

0  

 

13   
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12  

+

-

V+

V-

5𝑉 

𝑅64 𝑅66 

𝑅69 𝑅73 

𝑅72 𝑅68 

𝑅62 

𝑅59 𝑉𝑜𝑢𝑡  
𝑅79 

采样电阻

𝐼 

 
13  
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8.  

MCU

Q MCU

 

 

8.1  

8.1.1  

 

 

  

 

 

 (V)  

 (A)  

 (rad/s)  

PMSM  

  

  

  

  

  

  

  

 

8.1.2  

8.1.1

10  
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8.2 Q  

8.2.1 Q  

Q 32

QN  

 

Q15

 

 

8.2.2 Q  

8.1

[−2, 2]

QN  

10 QN  

  Q   

 int32_t Q12 -8 ~ 8 

 int32_t Q12 -8 ~ 8 

 int32_t Q12 -8 ~ 8 

 int32_t Q24 -128 ~ 127 
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9.  

 

 

9.1  

14  

 
14  

14 4  

JLINK V9 PMSM 

PMSM- - JLINK V9 - -  

15  

 
15  

15 5  

1  

2 PWM/PWC  

3 UART  

4  

5 PMSM  
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16  

 

 
 17  
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9.2  

1 ..\editor\EWARM HC32M14_pmsm_control.eww  

 
18  

 

2 IAR EWARM HC32M14_pmsm_control.eww  

 
19  
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9.3  

 

 
20  

20 MCU

s04_user\isr.c , h04_user\hardware_config.h ,

s04_user\user_interface.c  

 

9.3.1  

 

1  

2  

 

  

 

9.3.2  

h04_user\hardware_config.h !  

1. MHz  

2.  

3. APB0  

4. APB1  

5. PWM  

6. ADC V  

7. ADC  

8. U V  
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9.3.3  

s04_user\user_interface.c

 

(1) 

Timer4 2 3 4 ADC

5 6 7  

 

 

a) Timer4  

Timer4

!  

 
22  

!  

    

ui_i32CarrierFreq Hz 8~16K  

ui_f32DeadTimeUs us >1us  

ui_f32MaxDutyRatio  < 0.95 SVPWM  

 

b)  

s04_user\user_interface.c

ui_f32BaseVoltage

ui_f32BaseCurrent ui_f32BaseFrequency 23  

int32_t ui_i32CarrierFreq   = 10000;  // (Hz) carrier frequency of PWM 

float32_t ui_f32DeadTimeUs  = 2.0f;   // (us) dead time of IPM 

float32_t ui_f32MaxDutyRatio = 0.90f;  // maximum duty ratio of SVPWM 

 

#define  CLK_XTAL_FREQ 4      // crystal frequency (MHz) 

#define  CLK_MAIN_MUL 6      // main clock frequency multiplier 

// main clock = CLK_XTAL_FREQ * CLK_MAIN_MUL 

#define  APB0_CLK_DIV    0 

#define  APB1_CLK_DIV    0 

#define  PWM_POLARITY_HIGH  TRUE  // TRUE - polarity high output 

                                   // FALSE - polarity low output 

// ADC  sampling 

#define  ADC_VOLT_REF    5.0f 

#define  ADC_BIT_LENGTH 12      // 12-bit ADC 

#define  ADC_CH_VDC    5 

#define  ADC_CH_IU    4 

#define  ADC_CH_IV    0 
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23  

 

 

c)  

ui_i32PolePairs ui_f32Rs ui_f32Ld ui_f32Lq ui_f32Ke 24

 

 
24  

s04_user\user_interface.c

 

 

d) ADC  

ADC

ui_f32VbusSampleK ui_f32IuvwSampleRs ui_f32IuvwSampleK 25

 

 
25 ADC  

ADC ADC  

 

e)  

ui_f32AbnormalHighVbus

ui_f32AbnormalLowVbus ui_f32OverVoltageThold

ui_f32UnderVoltageThold 26

 

 

float32_t   ui_f32IuvwSampleRs = 1.00f;     // (Ohm) sample resistance 

float32_t   ui_f32IuvwSampleK = 2.0f;      // current sample gain 

float32_t   ui_f32VbusSampleK = 87.2745f;  // DC bus voltage sample gain 

 

int32_t  ui_i32PolePairs   = 4; 

float32_t  ui_f32Rs    = 26.5f;     // Ohm 

float32_t   ui_f32Ld    = 170.0f;    // mH 

float32_t   ui_f32Lq    = 170.0f;    // mH 

float32_t   ui_f32Ke    = 87.9f;     // V/kRPM 

float32_t   ui_f32BaseVoltage = 100.0f;   // (V) base voltage 

float32_t   ui_f32BaseCurrent = 0.5f;     // (A) base current 

float32_t   ui_f32BaseFrequency = 100.0f;   // (Hz) base frequency 
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26  

 

f)  

27  

 
27  

 

g)  

28  

 
28  

int32_t     ui_i32MinSpeedRpm = 200;     // (RPM) minimum speed 

float32_t   ui_f32MaxIs           = 0.20f;     // (A) maximum operation 

float32_t   ui_f32AbnormalHighVbus   = 380.0f;   // V 

float32_t   ui_f32AbnormalLowVbus    = 180.0f;   // V 

float32_t   ui_f32OverVoltageThold   = 360.0f;   // V 

float32_t   ui_f32UnderVoltageThold  = 200.0f;   // V 
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9.4  

IAR EWARM : HC32M14_pmsm_control-Debug,

29 Clean build 30 29

Rebuild All build 31

build errors  warning 0

 

 
29  

  

30 Clean  

 
31  
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9.5  

32  

 
32  

 

9.6  

Debug 33  

 
33  
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9.7  

1. 0 Debug

View Live Watch 34 Live Watch

35  

 
34 Live Watch 

 
35 Live Watch  

2. Live Watch 35  

3. Motor_stcCmdSpdSet.i32CmdRpm 200

Live Watch

Motor_stcCmdSpdSet.i32RealRpm Vdc Motor_stcRunPara.i32Q12_Vbus

36  
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36 Live Watch  

 

 

36

Motor_stcCmdSpdSet.i32RealRpm

Live Watch

 

 

9.8  

Motor_stcCmdSpdSet.i32CmdRpm 0
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10.  

 

10.1  

1. 9.1  

2. 7.2.2

2  

3. 9.1  

4. 9.2 9.6  

5. 9.7 Live Watch

Motor_stcCmdSpdSet.i32CmdRpm Motor_stcCmdSpdSet.i32RealRpm

37  

 
37  

   

6. Motor_stcCmdSpdSet.i32CmdRpm 200

Motor_stcCmdSpdSet.i32RealRpm 38

 

 
38 200RPM 
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7. Motor_stcCmdSpdSet.i32CmdRpm 300 Live Watch

39

200 300 40  

 
39 300RPM 

 

 
40  

 

8. 9.8 0  
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10.2  

1. 1 5  

2. 200 -200

41

42  

 
41 -200RPM 

 
42  

3. 0  
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10.3 PI  

1. 1 4  

2. Live Watch ui_f32IdKp ui_f32IdKi ui_f32IqKp ui_f32IqKi

Motor_stcIdqRef 43  

 
43 PI  

3. Q PI 0 Live Watch ui_f32IqKp ui_f32IqKi

43  

4. 200 Motor_stcRunPara bEnSpdPid 

0 PI 44  

 
44 PI  

5. Motor_stcIdqRef i32Q12_Q 200 i32Q12_D

800

45 i32Q12_Q

46  
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45 PI  

 
46 PI  

6. 3 5 ui_f32IqKp

ui_f32IqKi s04_user\user_interface.c 47  

 
47 PI  

 

 D PI Q PI  

 

/** d-axis current PI regulator *****************/ 

float32_t   ui_f32IdKp = 300; 

float32_t   ui_f32IdKi       = 30000; 

/** q-axis current PI regulator *****************/ 

float32_t   ui_f32IqKp     = 300; 

float32_t   ui_f32IqKi    = 30000; 
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10.4 PI  

1. PI 1 4 

 

2. Live Watch ui_f32SpdKp ui_f32SpdKi 48  

 
48 PI  

3. 0 Live Watch ui_f32SpdKp ui_f32SpdKi 48

 

4. 200 600

49  

 
49 PI  

5. 2 4 PI  

6. s04_user\user_interface.c ui_f32SpdKp ui_f32SpdKi

50  

 
50 PI  

 

/** speed PI regulator ******/ 

float32_t   ui_f32SpdKp   = 0.012f; 

float32_t   ui_f32SpdKi     = 0.02f; 

 



 

HC32M140 Rev1.0  Page 51 of 52 

11.  

11.1  

 
51  
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12.  &  

   

2019/3/13 Rev1.0  
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