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ABSTRACT

The aim of this thesis is to make the Brushless DC Motor driver that have the
same feature as using in industrial but have lower price. Brushless DC Maotors have a
better performance than the other type. The only one problem of using it is the driver
price. For this reason, the author decided te make it by ourselves. This thesis first
examines the way to drive motor with six-step commutation and use Hall-sensors to
detect the rotor position. Second, The Back EMF signals are used to detect rotor
position instead Hall-sensors by the method called “Zero-crossing”. Motor can be
operated without Hall-sensor known as “sensorless control” The back EMF signals are
detected by Back EMF detection circuit. Starting the motor is also described in this
thesis. Finally, controlling speed of motor, Pulse Width Modulation (PWM) is necessary

for varying the voltage input of motor.
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A13199 3.1 wanspnauUAreweawmeslivusu

Model 57BLFO1 57BLF0O2 57BLF03
Number of Poles 8
Number of Phases 3
Nominal Voltage VDC (Volt) 24
Rated speed (RPM) 3000
Continuous Torque  (N-m) 0.2 0.4 0.6
Output Power (Watts) 63 125 188
Peak (Stall) Torquel (N-m) 0.6 . 1.8
Peak Current (Amps) 9.6 18.6 27.8
Line to line Resistance (Ohms) 0.6 03 0.2
Line to line Inductance (mH) 0.75 0.42 0.31
Torque constant - (N-m/Amps) 0.065 0.066 0.066
Back EMF (V/KRPM) 6.23 6.3 6.3
Rotor inertia (g-cm?) 120 170 220
Body Length (L) ~ (mm) a8 69 90
Mass (ke) 0.65 1 1.4
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ATMARNUIN N.

Tdsunsumasntlunisieulvlulasaaulnataas ey

Taelaluswnsy Atmel Studio 6.2

#include<avr/io.h>
#include<avr/interrupt.h>
#include<util/delay.h>

#tdefine
#tdefine
#define
#tdefine

inl 4
in2 5
in3 6
in4 30

int state,timecount=8,timecountpre=509;

int sp=50,flag=08,m=0,de=506;

int speedmotor;

volatile unsigned int change_flag = © ,next_flag = 8,changeflag = @ ;
unsigned long current_time,hz_count=0;

unsigned long next time = @;

unsigned long currentMillis;

const long interval = 1080;

char tmp[1@];

unsigned char a;
unsigned char b;
unsigned char c;

int d=0,

int ana=

speedva=0,e=0;

50,anaj=9;

unsigned char prerun;
int step=9;

void hi_

1(unsigned char speed);

void hi_2(unsigned char speed);
void hi_3(unsigned char speed);
void low_1(unsigned char speed);
void low_2(unsigned char speed);
void low_3(unsigned char speed);

uint8_t
{

adc_read(uint8_t ch)

ADMUX=ch | (©x68 & Oxff);

// Start the AD conversion

ADCSRA | =0x40;

// Wait for the AD conversion to complete
while ((ADCSRA & ©x10)==0);

ADCSRA|=0x10;

return ADCH;

}

void ADC_inti(){



// Analog Comparator initialization
// Analog Comparator: Off

// Analog Comparator Input Capture by
ACSR=08x80;

// ADC initislization

// ADC Clock freguency: 1886.888 kiHz
// ADC Voltage Reference: AREF pin
ADMUX=8x60 & OxfTf;

ADCSRA=0x83;

¥

int main(){

ADC_inti();

pinMode(inl, INPUT_PULLUP);
pinMode(in2, INPUT_PULLUP);
pinMode (in3,INPUT_PULLUP);
pinMode (in4, INPUT_PULLUP);

pinMode (10, INPUT_PULLUP);  //BEMFU
pinMode(9, INPUT_PULLUP);  //BEMEV
pinMode (13, INPUT PULLUP); //BEMEW

//pinMode(8,0UTRPUT); Hi_ini
//pinMode(11,0UTPUT); Hi_in2
//pinMode(12,0UTPUT); Hi_in3
//pinMode(2,0UTPUT); Low ind
//pinMode(3,0UTPUT); Low_in2
//pinMode(7,0UTRPUT); Low_in3

DDRB  |= @bB1100666;
DDRD  |= @boeEOReeo;
DDRE  |= @boe110600;
DDRH  |= @boe110@66;

TCCROA |= @booeeRA11;
I

TCCRBB |= 0boeREEe16;
TCCR1A |= @boRREEO1G;
TCCR1B |= ©b0ee11016;
TCCR3A |= ©boREEEO16;
TCCR3B |= B8been11010;
TCCR4A |= @boopeeele;
TCCR4B |= @beeelleis;
TCCRSA |= ©boOREEO16;
TCCRSB |= @boeel1e1e;

TCCR2A |= ©b0OREOO11;
TCCR2B |= 0bROAEO010;

ICR1 = OxFF;
ICR3 = OxFF;
ICR4 = OxFF;
ICRS = OxFF;
7/

TCNTO = @;
TCNT1 = @;
TCNT2 = @;

Timer/Counter 1: Off
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TCNT3 = @;
TCNT4 = @;
TCNTS5 = ©;
int n=8;
while(1)
{
a = digitalRead(inl);
b = digitalRead(in2);
c = digitalRead(in3);
d = analogRead(A8);
/7 if(ana<49) n=108;
b if(anar41l && anac<45) n=g;
/
£
if(e==80)
i
if(timecount-timecountpre==28)
{
timecountpre=timecount;
if(ana<d/4) ana++;
if(ana==d/4) e++;
¥
}
if(e>=1)
{
ana=d/4;
if(ana<3@) ana=38;
}

prerun = 48;

int BEMFl=digitalRead(18);
int BEMF2=digitalRead(9);
int BEMF3=digitalRead(13);

float delaytime = 85*30000.8/(speedmotor*4.8+%6.0) ;
if(flag == 1)

change_flag++;
flag = @;
}

if(change_flag == next_flag)
{
hz_count++;
next_flag = change_flag + 1 ;
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if(next_flag >= 7) next_flag = 1;

current_time = millis();

if(current_time - next_time >= interval) // if it's complete 1 second
{

L
speedmotor = hz_count*60/24;
next_time = current_time;
hz_count = 8;

if(n<1)

if( changeflag = @ ) // sensor=801
{

hi_1(@);

hi_2(e);

hi_3(prerun);

low_1(8),;

low_2(255);

low_3(8);

changeflag = 1;

_delay ms(18);

b

if( changeflag =1 ) // sensor=161

\
hi_1(prerun);
hi_2(@);
hi_3(e);
low 1(8@);
low_2(255);
low_3(8);
changeflag = 2;
_delay ms(18);

¥

if( changeflag = 2 ) // sensor=108
{

hi_1(prerun);

hi_2(@);

hi_3(8);

low_1(8);

low_2(8);

low_3(255);

changeflag = 3;

_delay _ms(18);

if( changeflag = 3 ) // sensor=110
{

hi_1(8);

hi_2(prerun);

hi_3(8);

low_1(8);

low_2(8);

low_3(255);

changeflag = 4;



_delay ms(10);

if( changeflag = 4 ) // sensor=818

{
hi_1(@);
hi_2(prerun);
hi_3(8);
low_1(255);
low_2(0);
low_3(@);
changeflag = 5;
_delay ms(18);

}

if( changeflag =5 ) // senscr=811

{
hi_1(8);
hi_2(8);
hi_3(prerun);
low_1(255);
low 2(8);
low_3(@);
changeflag = @;
_delay ms(1@);

//if(speedmotor>=sp &8 speedmotord=sp+568)

n++;

7/

14
}

if(n>=1 && n<=20)

if(BEMF1==1 && BEMF2==8 && BEMF3==1)
if(BEMF1==1 && BEMF2==0 && BEMF3==0)
if (BEMF1==1 && BEMF2==1 && BEMF3==0)
if(BEMF1==0 && BEMF2==1 && BEMF3==0)
if(BEMF1==0 && BEMF2==1 && BEMF3==1)
if(BEMF1==0 &% BEMF2==8 && BEMF3==1)

7

if(state==1)

{
delay(delaytime);
hi_1(ana);
hi_2(e);
hi_3(e);
low_1(®©);
low_2(255);
low_3(®©);
change_flag = 1;

f;a*¢g**y1****x:*$*$w****state2k$*xm*?*#$31$$t*$*k*$$

if(state==2)
{

Seriab.print(”

Serial.printin{(n};

state=1;
state=2;
state=3;
state=4;
state=5;
state=6;

fj*$3*kk*$$$¥#**$**$*$$ﬁ*gtatelkﬁﬁﬁ**#***?4***$ik*$**
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delay(delaytime);
hi_1(ana);
hi_2(e);

hi_3(@);
low_1(8);
low_2(8);
low_3(255);
change_flag = 2;

//#z*E#*i*****$¥****&****gtafeg*i*%**%#$$*¥$*$$****$*

if(state==3)

{
delay(delaytime);
hi_1(@);
hi_2(ana);
hi 32(8);
low_1(@);
low_2(0);
low_3(255);
change_flag = 3;

f R Rk R ook R R R ok ek ok g oy b ] SR ok ok s Rk R R ok

if(state==4)

{
delay(delaytime);
hi_1(@);
hi_2(ana);
hi_3(9);
low_1(255);
low_2(0);
low_3(0);
change_flag = 4;

ff/‘&v -;:-.n;«x:.g,»::xu:c‘&**#ﬁ**ir.x&-A»‘e#States*»*:f-**#'*I'--.*-‘#-m"»'*-?-****:{z:«-**i

if(state==5)

{
delay(delaytime);
hi_1(e);
hi_2(e);
hi_3(ana);
low_1(255);
low_2(8);
low_3(0);
change_flag = 5;
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if(state==6)

{
delay(delaytime);
hi_i(e);
hi_2(e);
hi_3(ana);
low_1(@);
low_2(255);
low_3(8©);
change_flag = 6;
if(timecount<10000)
¥
¥
elseq{
hi_1(e);
hi_2(8);
hi_3(8);
low_1(0);
low 2(0);
low_3(0);
}
}
}

void hi_1(unsigned char speed){
if(speed > 8){
PORTH |= (1<<5);
TCCR4A |= 8bP0e0O10808;
OCR4C = speed;

b

else{
PORTH &= ~(1<<5);
TCCR4A &= ~(Bbe6o001000);
OCR4C = ©;

b

}

void hi_2(unsigned char speed){
if(speed » 0){
PORTB |= (1<<5);
TCCR1A |= @b1008eeee;
OCR1A = speed;

}

else{
PORTB &= ~(1<<5);
TCCR1A &= ~(06b100B00G0) ;
OCR2A = 0;

¥

i

void hi_3(unsigned char speed){

timecount++;
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if(speed > 8){
PORTB |= (1<<6);
TCCR1A |= ©bp0100000;
OCR1B = speed;

)

else{
PORTB &= ~(1<<6);
TCCR1A &= ~(8bo0100600) ;
OCR1B = @;

¢

}

void low_1(unsigned char speed){
if(speed > 8){
PORTE |= (1<<4);
TCCR3A |= 8b00100600;
OCR3B = speed;

}

else{
PORTE &= ~(1<<4);
TCCR3A &= ~(0be01pe000);
OCR3B = 8;

¥

}

void low_2(unsigned char speed){
if(speed > 0){
PORTE |= (1¢<5);
TCCR3A |= ©bo0001000;
OCR3C = speed;

b

elseq{
PORTE &= ~(1<<5);
TCCR3A &= ~(8b000A1068) ;
OCR3C = 9;

¥

¥

void low_3(unsigned char speed){
if(speed > 8){
PORTH |= (1<<4);
TCCR4A |= 8b00106600;
OCR4B = speed;

}

else{
PORTH &= ~(1<<4);
TCCR4A &= ~(8b0O100008);
OCR4B = ©;

}
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