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Detailed Description

Atmel Corporation

· File : sensor_three_phase_BLDC.c
· Compiler : IAR EWAAVR 2.28a/3.10c

· Support mail : avr@atmel.com
· Supported devices : All devices with 3 PWM channels and Pin Change Interrupts can be used. The example is written for ATmega48.

· AppNote : AVR443 - Sensor based control of three phase brushless DC motor

· Description : Example of how to use an ATmega48 to control a brushless DC motor using Hall sensor for rotor position feedback.
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#include <ioavr.h>
#include <inavr.h>
#include "sensor_three_phase_BLDC.h"
Functions

· void Init_ADC (void)

Initialize ADC module. 

· void Init_MC_pin_change_interrupt (void)

Initialize pin change interrupts for PORTB pin 1, 2 and 3. 

· void Init_MC_timers (void)

Initialize motor control timers. 

· void main (void)

Application starts here. 

· __interrupt void PCINT0_ISR (void)

Pin Change Interrupt Service Routine. 

· void Set_Direction (unsigned char direction)

Set motor direction, CW og CCW. 

· void Set_Speed (unsigned char speed)

Set motor speed, in PWM duty cycle. 

Variables

· __regvar __no_init unsigned char count
Optimized variable decremented every pin change int. 

· unsigned char drvPatternsCCW []

CCW rotation patterns. 

· unsigned char drvPatternsCW []

CW rotation patterns. 

· __regvar __no_init union _fastTemp fastTemp
Used for optimized temporary varables. 

· __regvar __no_init unsigned char hallMask
Workaround for internal compiler error. 

· __regvar __no_init unsigned char * pDrvPattern
Stores the current motor driver pattern. 

Variable Documentation

xe "drvPatternsCCW:sensor_three_phase_BLDC.c"

xe "sensor_three_phase_BLDC.c:drvPatternsCCW"unsigned char drvPatternsCCW[]

Initial value: {

  0,    

  PDP2_CCW, 

  PDP4_CCW, 

  PDP3_CCW, 

  PDP6_CCW, 

  PDP1_CCW, 

  PDP5_CCW, 

  COM0P2_CCW, 

  COM0P4_CCW, 

  COM0P3_CCW, 

  COM0P6_CCW, 

  COM0P1_CCW, 

  COM0P5_CCW, 

  COM2P2_CCW, 

  COM2P4_CCW, 

  COM2P3_CCW, 

  COM2P6_CCW, 

  COM2P1_CCW, 

  COM2P5_CCW  

}

Configuration of pin drive levels and timer COM bits in different phases for CounterClockWise rotation.

xe "drvPatternsCW:sensor_three_phase_BLDC.c"

xe "sensor_three_phase_BLDC.c:drvPatternsCW"unsigned char drvPatternsCW[]

Initial value: {

  0,    

  PDP2_CW, 

  PDP6_CW, 

  PDP1_CW, 

  PDP4_CW, 

  PDP3_CW, 

  PDP5_CW,  

  COM0P2_CW, 

  COM0P6_CW, 

  COM0P1_CW, 

  COM0P4_CW, 

  COM0P3_CW, 

  COM0P5_CW,  

  COM2P2_CW, 

  COM2P6_CW, 

  COM2P1_CW, 

  COM2P4_CW, 

  COM2P3_CW, 

  COM2P5_CW  

}

Configuration of pin drive levels and timer COM bits in different phases for ClockWise rotation.
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ADC multiplexing

· #define ADC_MUX_SHUNT_H  ((0 << REFS1) | (0 << REFS0) | (1 << ADLAR) | (1 << MUX2))

· #define ADC_MUX_SHUNT_L  ((0 << REFS1) | (0 << REFS0) | (1 << ADLAR) | (1 << MUX2) | (1 << MUX0))

· #define ADC_MUX_SPEED_REF  ((0 << REFS1) | (0 << REFS0) | (1 << ADLAR))

PWM output configuration (for both TC0 and TC2)

· #define COM0P1_CCW  ((UL_ON)|(VL_OFF)|(1<<WGM01)|(1<<WGM00))

· #define COM0P1_CW  ((UL_OFF)|(VL_OFF)|(1<<WGM01)|(1<<WGM00))

· #define COM0P2_CCW  ((UL_ON)|(VL_OFF)|(1<<WGM01)|(1<<WGM00))

· #define COM0P2_CW  ((UL_OFF)|(VL_OFF)|(1<<WGM01)|(1<<WGM00))

· #define COM0P3_CCW  ((UL_OFF)|(VL_ON)|(1<<WGM01)|(1<<WGM00))

· #define COM0P3_CW  ((UL_OFF)|(VL_ON)|(1<<WGM01)|(1<<WGM00))

· #define COM0P4_CCW  ((UL_OFF)|(VL_ON)|(1<<WGM01)|(1<<WGM00))

· #define COM0P4_CW  ((UL_OFF)|(VL_ON)|(1<<WGM01)|(1<<WGM00))

· #define COM0P5_CCW  ((UL_OFF)|(VL_OFF)|(1<<WGM01)|(1<<WGM00))

· #define COM0P5_CW  ((UL_ON)|(VL_OFF)|(1<<WGM01)|(1<<WGM00))

· #define COM0P6_CCW  ((UL_OFF)|(VL_OFF)|(1<<WGM01)|(1<<WGM00))

· #define COM0P6_CW  ((UL_ON)|(VL_OFF)|(1<<WGM01)|(1<<WGM00))

· #define COM2P1_CCW  ((WL_OFF)|(1<<WGM21)|(1<<WGM20))

· #define COM2P1_CW  ((WL_ON)|(1<<WGM21)|(1<<WGM20))

· #define COM2P2_CCW  ((WL_OFF)|(1<<WGM21)|(1<<WGM20))

· #define COM2P2_CW  ((WL_ON)|(1<<WGM21)|(1<<WGM20))

· #define COM2P3_CCW  ((WL_OFF)|(1<<WGM21)|(1<<WGM20))

· #define COM2P3_CW  ((WL_OFF)|(1<<WGM21)|(1<<WGM20))

· #define COM2P4_CCW  ((WL_OFF)|(1<<WGM21)|(1<<WGM20))

· #define COM2P4_CW  ((WL_OFF)|(1<<WGM21)|(1<<WGM20))

· #define COM2P5_CCW  ((WL_ON)|(1<<WGM21)|(1<<WGM20))

· #define COM2P5_CW  ((WL_OFF)|(1<<WGM21)|(1<<WGM20))

· #define COM2P6_CCW  ((WL_ON)|(1<<WGM21)|(1<<WGM20))

· #define COM2P6_CW  ((WL_OFF)|(1<<WGM21)|(1<<WGM20))

· #define HP1  ((1<<HALL1)|(0<<HALL2)|(1<<HALL3))

· #define HP2  ((1<<HALL1)|(0<<HALL2)|(0<<HALL3))

· #define HP3  ((1<<HALL1)|(1<<HALL2)|(0<<HALL3))

· #define HP4  ((0<<HALL1)|(1<<HALL2)|(0<<HALL3))

· #define HP5  ((0<<HALL1)|(1<<HALL2)|(1<<HALL3))

· #define HP6  ((0<<HALL1)|(0<<HALL2)|(1<<HALL3))

· #define UL_OFF  ((0<<COM0A1)|(0<<COM0A0))

· #define UL_ON  ((1<<COM0A1)|(0<<COM0A0))

· #define VL_OFF  ((0<<COM0B1)|(0<<COM0B0))

· #define VL_ON  ((1<<COM0B1)|(0<<COM0B0))

· #define WL_OFF  ((0<<COM2B1)|(0<<COM2B0))

· #define WL_ON  ((1<<COM2B1)|(0<<COM2B0))

Port control registers for Hall sensor inputs.

· #define DDR_HALL  DDRB

· #define PIN_HALL  PINB

· #define PORT_HALL  PORTB

Port control registers for drive stages.

· #define DDR_MC  DDRD

· #define PIN_MC  PIND

· #define PORT_MC  PORTD

Hall sensor input pins.

· #define HALL1  PB1

· #define HALL2  PB2

· #define HALL3  PB3

· #define HALL_MASK  ((1<<HALL1)|(1<<HALL2)|(1<<HALL3))

Output pins to drive stages.

· #define MC_MASK  ((1<<UL)|(1<<VL)|(1<<WL)|(1<<UH)|(1<<VH)|(1<<WH))

· #define UH  PD7

· #define UL  PD6

· #define VH  PD4

· #define VL  PD5

· #define WH  PD2

· #define WL  PD3

CCW driving configuration

IO driving configuration (driving enabled by setting IO to output)for counter clockwise rotation. 

· #define PDP1_CCW  ((1<<UL)|(0<<VL)|(0<<WL)|(0<<UH)|(1<<VH)|(0<<WH))

· #define PDP2_CCW  ((1<<UL)|(0<<VL)|(0<<WL)|(0<<UH)|(0<<VH)|(1<<WH))

· #define PDP3_CCW  ((0<<UL)|(1<<VL)|(0<<WL)|(0<<UH)|(0<<VH)|(1<<WH))

· #define PDP4_CCW  ((0<<UL)|(1<<VL)|(0<<WL)|(1<<UH)|(0<<VH)|(0<<WH))

· #define PDP5_CCW  ((0<<UL)|(0<<VL)|(1<<WL)|(1<<UH)|(0<<VH)|(0<<WH))

· #define PDP6_CCW  ((1<<UL)|(0<<VL)|(1<<WL)|(0<<UH)|(1<<VH)|(0<<WH))

CW driving configuration

IO driving configuration (driving enabled by setting IO to output)for clockwise rotation. 

· #define PDP1_CW  ((0<<UL)|(0<<VL)|(1<<WL)|(0<<UH)|(1<<VH)|(0<<WH))

· #define PDP2_CW  ((0<<UL)|(0<<VL)|(1<<WL)|(1<<UH)|(0<<VH)|(0<<WH))

· #define PDP3_CW  ((0<<UL)|(1<<VL)|(0<<WL)|(1<<UH)|(0<<VH)|(0<<WH))

· #define PDP4_CW  ((0<<UL)|(1<<VL)|(0<<WL)|(0<<UH)|(0<<VH)|(1<<WH))

· #define PDP5_CW  ((1<<UL)|(0<<VL)|(0<<WL)|(0<<UH)|(0<<VH)|(1<<WH))

· #define PDP6_CW  ((1<<UL)|(0<<VL)|(0<<WL)|(0<<UH)|(1<<VH)|(0<<WH))

Defines

· #define ADC_REF_VOLTAGE  5.0f

· #define CLOCKWISE  1

Used by Set_Direction() for CW rotation. Used by Set_Direction() for CCW rotation. 

· #define COUNTERCLOCKWISE  0

· #define CURRENT_SHUNT_RESISTANCE  0.22f

· #define MAX_CURRENT  1.0f

Max motor current in Amperes. Current shunt resistanse in Ohms. ADC reference voltage in Volts. 

· #define MAX_CURRENT_ADC  (signed int)(MAX_SHUNT_VOLTAGE / VOLTS_PER_ADC_STEP)

· #define MAX_SHUNT_VOLTAGE  (MAX_CURRENT * CURRENT_SHUNT_RESISTANCE)

· #define PATTERN_COM0_OFFSET  6

· #define PATTERN_COM2_OFFSET  12

· #define PATTERN_DRV_OFFSET  0

Offset for drive pattern in table. Offset for Timer 0 Output Compare config pattern in table. Offset for Timer 2 Output Compare config pattern in table. 

· #define VOLTS_PER_ADC_STEP  (ADC_REF_VOLTAGE / 256)

Volts per LSB with 8-bit ADC. Max current shunt voltage. Calc max value for raw ADC reading. 




