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TOM TAT

AVR la ho vi diéu khién CMOS 8 bit cong sudt thdp dua trén kién tric RISC
clia hang Atmel véi dac diém ndi bat 1a thuc hién cac Iénh chi trong mt chu ky
xung clock. ATmega128 trong ho AVR la dién hinh, 6 ddy du tinh ndng, c6 6
kénh PWM ddc lap phu hop cho phat xung diéu khién 6 van IGBT trong b nghich
luu DC-AC 3 pha. B9 nghich luu ba pha thugng st dung trong cac hé thong nguon
du phong, nang lugng tai tao, trong cac bd bién tan cho dong co 3 pha, mdy diéu
hoa, quat gi6.... Bai bao nay tap trung nghién cfu (ing dung Atmega128 thiét ke,
ché tao b diéu khién nghich luu 3 pha két hop diéu ché d rong xung PWM dé
diéu chinh dién dp, tan s va cai thién chat lugng dién ap 3 pha dau ra clia bo
nghich luu.

Tir khéa: Vi diéu khién AVR, nghich luu ba pha, bién tdn, diéu ché PWM.

ABSTRACT

AVR is a low-power 8-bit CMOS microcontroller family based on Atmel's
RISC architecture, highlights are the execution of commands in just one clock
cycle. The ATmega128 in the AVR family is typically full featured, featuring six
independent PWM channels suitable for pulsating control of six IGBT valves in a
three-phase DC-AC inverter. Three-phase inverters are used in backup power
systems, renewable energy, in frequency converters for three-phase motors, air
conditioners, blowers.... This paper focuses on research applications Atmega128
designs and manufactures a 3-phase inverter with PWM pulse width modulation
for adjusting voltage and frequency and improving the quality of the three-
phase output voltage of the inverter.

Keywords: AVR micracontroller, three-phase inverter, inverter, PWM modulation.
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1.1. Vi diéu khién va AVR Atmega128

Vi diéu khién AVR do hang Atmel (USA) san xuat, AVR c6
nhiéu dong khac nhau nhu: Tiny AVR (AT tiny 13, ATtiny
22...) c6 kich thudc bo nhé nhé, it bd phan ngoai vi; dong
AVR (chdng han AT90S8535, AT90S8515,...) c6 kich thudc
boé nhé trung binh va manh hon la dong Mega (nhu
ATmega32, ATmegal28,...) véi bé nhé c6 kich thudc vai
Kbyte dén vai tram Kb cung véi cac bd ngoai vi da dang
dugc tich hgp trén chip. Téc d6 ctia dong Mega cao hon so
véi cdc dong khac, su khac nhau co ban gilta cac dong
chinh la cau trdc ngoai vi, con nhan thi van nhu nhau.
Trong nghién cdiu nay, nhém tac gid s dung Atmega128
vGi cac tinh nang phu hgp cho viéc thiét ké, ché tao bd
nghich luu 3 pha. Cac thong s6 co ban ctia Atmega128 nhu
bang 1.
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Bang 1. Cac thdng s6 cda vi diéu khién Atmega128

Pac diém Théng so
Dung lugng bd nhé Rom 128Kbytes
B6 nh6 Sram 4Kbytes
B0 nh6 Eeprom 4Kbytes
56 lugng thanh ghi 1/0 64
56 thanh ghivao ram@ rong 160
56 thanh ghi da muc dich 32
Bo dinh thoi 8 bit (0,2) 2
B4 dinh thi 16 bit (1,3) 2
B0 dao dong ndi RC 1MHz, 2MHz, 4MHz, 8MHz
Kénh ADCvéi @6 phan giai 10 bit 8
S0 kénh PWM 8 bit 2
S0 kénh PWM 16 bit 6
Khdi USART lap trinh dugc 2
Ddng g6i chan kiéu TQFP 64
Tan s0 t6i da 16MHz

Dién dp nguon nudi 4,5-5,5VDC
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Hinh 1. Vi diéu khién Atmega128 va chiic ndng cta cac chan 1/0

Atmega128 c6 ddy da cac tinh nang cuda vi diéu khién
ho AVR, trong nghién ctu &ng dung nay, nhém téc gia tap
trung nghién ctu vé cac bd dinh thoi va kha nang phat
xung phuc vu thiét ké diéu khién bo nghich luu.
Atmegal28 c6 4 bd dinh thdi, boé dinh thoi 1 va 3 la bo
dinh thaoi 16 bit, bé dinh thoi 0 va 2 1a bd dinh thai 8 bit.
Dudi day la mé ta chi tiét ctia 4 bo dinh thoi.
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*B6 dinh thoi 1: B6 dinh thai 1 va 3 la bé dinh thaoi 16 bit,
bo dinh thai 1 s& dung 13 thanh ghi lién quan, con b dinh
th&i 3 sir dung 11 thanh ghi lién quan véi nhiéu ché d6
thuc thi khac nhau. Vi bo dinh thai 1 va 3 hoat déng giéng
nhau nén & day chi trinh bay b dinh thai 1.

- Thanh Ghi Timer/Counter1 - TCNTTH and TCNT1L:
Thanh ghi bé dinh thai TCNT1 la thanh ghi 16 bit dugc két
hop tu hai thanh ghi TCNT1H va thanh ghi TCNT1L. Thanh
ghi TCNT1 ¢6 thé doc hay ghi. D€ ca 2 byte clia TCNT 1
dugc doc hay ghi déng thoi ngudi ta dung moét thanh ghi
tam 8 bit byte cao 8-bit Temporary High Byte Register
(TEMP). Thanh ghi TEMP dugc chia sé cho tat ca cac thanh
ghi 16 bit khac.

- Thanh ghi Output Compare Register 1 A- OCRT1AH and
OCR1AL

- Thanh ghi Output Compare Register 1 B- OCR1BH and
OCR1BL

- Thanh ghi Output Compare Register 1 C- OCR1CH and
OCR1CL

* B6 dinh thai 3: BO dinh thai 3 giong bo dinh thai 1 nén
G day chi trinh bay cac thanh ghi lién quan t&i bo dinh thoi
3, chiic ndng clia ting thanh ghi giéng céc thanh ghi tuang
ung & bo dinh thai 1.

- Thanh ghi TCCR3A (Timer/Counter3 Control Register A)

- Thanh ghi TCCR3B (Timer/Counter3 Control Register B)

- Thanh ghi TCCR3C (Timer/Counter3 Control Register C)

- Thanh Ghi Timer/Counter1 - TCNT3H and TCNT3L

- Thanh Ghi Output Compare Register 3 A- OCR3AH and
OCR3AL

- Thanh Ghi Output Compare Register 3 B- OCR3BH and
OCR3BL

- Thanh Ghi Output Compare Register 3C- OCR3CH and
OCR3CL

* B6 dinh thoi 0: B6 dinh thoi 0 la bo dinh thai 8 bit, bo
dinh thai 0 lién quan t6i 7 thanh ghi véi nhiéu ché dé thuc
thi khac nhau. Cac dinh nghia sau sé dugc st dung cho bo
dinh thai 0 va 2:

BOTTOM B6 dém dat tGi gia tri BOTTOM khi né c¢6 gia
tri 00h.

MAX B6 dém dat tGi gia tri MAX khi né bang FFh.

TOP Bo dém dat gia tri TOP khi n6 bdng véi gia tri cao
nhat trong chudi dém.

B6 dinh thdi 0 c6 ddc diém chinh: B& dém don kénh, xéa
b dinh thdi khi c6 su kién so sdnh khép (compare match)
va tu nap lai, c6 thé dém ti bo dao ddng 32kHz bén ngoai,
ché& @6 PWM hiéu chinh pha,...

* B6 dinh thoi 2: B6 dinh thoi 2 [a bo dinh thoi 8 bit, bo
dinh thai 2 lién quan t6i 5 thanh ghi véi nhiéu ché dé thuc
thi khac nhau. Cac thudc tinh chinh cta bé dinh gém: Bo
dém don kénh, xéa bd dinh thai khi c6 su kién so sanh
khép va tu dong nap lai, PWM hiéu chinh pha, dé€m su kién
bén ngoai...
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1.2. Nghich luu 3 pha

Nghich luu ap 1a bd bién d6i nguén ap mot chiéu thanh
nguodn ap xoay chiéu vdi tan s6 tuy y. Nguodn ap la nguén
dugc st dung phé bién trong thuc té. Pién 4p ra cla
nghich luu 4p c6 thé diéu ché theo phuang phap khac
nhau dé€ c6 thé gidm dugc séng diéu hoa bac cao. Ngay nay
cdng suat clia cac van déng luc IGBT, GTO, MOSFET I6n va
¢6 kich thudc gon nhe, do dé nghich luu ap tré thanh bé
bién déi thong dung va dugc chudn hoa trong cac bd bién
tan cong nghiép. So d6 nghich luu st dung van diéu khién
hoan toan IGBT nhu trong hinh 2.
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Hinh 2. Mach cong sudt duing van IGBT ctia nghich luu 3 pha

Pé dadm bdo tao ra dién ap ba pha ddi xing luat dan
dién clia cac van phai dam bao: T1, T4 dan dién léch nhau
180° va tao ra pha A. T3, T6 dan dién léch nhau 180° dé tao
ra pha B. T5, T2 dan dién léch nhau 180° d€ tao ra pha C, va
cac pha léch nhau 120°.

*Pjéu khién nghich luu 3 pha co bdn

Gia thiét: Cac van dan la li tudng, dan dién theo hai chiéu.

+51..56 lam viéc v6i d6 dan dién A = 180°

+CacténgtrdZ,=7,=7,

+ Cac diode D1 - D6 lam chuc nang tra nang lugng vé
nguoén

+ Tu C tao ngudn ap, ti€p nhan nang lugng khéang tur tai.

* D€ ddm bdo tao ra dién dp ba pha déi ximg, luat dén
dién cua cdc van phdi dam bdo:

+T1 va T4 phai dan léch nhau 180° dé tao ra pha A,

+ T3 va T6 phai dan léch nhau 180° dé tao ra pha B,

+T5 va T2 phai dan léch nhau 180° dé tao ra pha C,

+ Cac pha léch nhau 120°

bién 4p hiéu dung pha:

U, = /%EJ‘Uf,(t)dt =§E (1

bién ap tuc thoi:

u, (t) =§E.sinm.t (2)

ug(t) = %E.sin(m.t -120°%) 3)

u-(t) = %E.sin(m.t —240°) (4)

bién dung tu C dugc tinh theo cong thuc:
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Hinh 3. D4 thi dién ap 3 pha khi diéu khién co ban khong c6 PWM

Phuang phap diéu ché d6 rong xung dugc st dung phé
bién trong cdng nghiép. Trong nhiing nam gan day su phat
trién céng nghé ban dan da tao ra nhiéu thiét bi dién ta
cdng suat vdi hiéu sudt rat cao. Do d6 ¢ nhiéu cdu hinh
nghich luu da bac khac nhau dugc nghién cdu. Dién ap, tan
sO tlt bd nghich luu ba pha cung cap cho tai dua trén giai
thuat diéu ché d6 rong xung (PWM). Giai thuat PWM dugc
st dung rat phd bién dé la diéu ché do rong bam theo ham
s8 sin tao ra tin hiéu diéu khién séu van IGBT. Trong nghién
cltu nay, nhém téac gid sit dung Atmega128 dé phat trién
PWM bam theo dit liéu ham Sin dé gidm dé gon séng diéu
khién gitp cho ngd ra gidm thiéu séng hai, két qué thu
dugc dién ap ra dang modified Sin, bién d6 dién ap da bac
phan chia thanh tiing khoang gia tri bam theo ham s6 Sin.
2. THIET KE BO DIEU KHIEN NGHICH LUU 3 PHA DUNG
ATMEGA128

2.1. Thiét ké mach nguyén ly

Tién hanh thiét ké day d0 mach nguyén ly trén phan
mém Orcad véi cac khéi chiic nang sau:

- Khéi vi diéu khién Atmega128 trung tam (hinh 4).
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Hinh 4. Khdi vi diéu khién trung tam véi Atmega128

- Kh&i nguén én ap (hinh 5).
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Hinh 5. Kh&i nguén 6n ap 5V cho Atmega128
- Khéi logic, cach li va khuéch dai (hinh 6).
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Hinh 6. Khdi logic, céch ly, khuéch dai va tao xung
2.2. Thiét k& mach in layout, ché tao board mach diéu
khién

Trén co s& so d6 nguyén ly, nhom tac gia da thiét ké
hoan thién phan mach in Layout bang phan mém Orcad,
két qua thiét ké nhu hinh 7.
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Hinh 7. Mach in ctia board diéu khién véi Atmega128

3. LAP TRINH BO PIEU KHIEN VO GIAI PHAP PIEU CHE
PWM

Chuong trinh viét cho Atmegal28 diéu khién nghich
luu st dung trinh bién dich CodeVisionAVR. Dugi day la
trich doan chuong trinh da dugc nhém tac giad thuc hién va
kiém nghiém:

// INVERTER DC-AC THREE PHASES

#include <mega128.h>

#include <delay.h>

#include <stdio.h>

#define V1 PORTE.3

#define V3 PORTE .4

#define V5 PORTE.5

#define V4 PORTB.5

#define V6 PORTB.6

#define V2 PORTB.7

#define ADC_VREF_TYPE 0x60

// Declare your global variables here

unsigned char LS[16][2],rxbf, i led=0,num[8]={0,1,2,3,4,5,6,7};

unsigned char s=0, est=0, fr=0,spm, T1=0,T2=0,T=10,
Tn1=0, Tn2=0,Tn=0, ADCO, ADC1, Ton=0, Toff=0,H;

void Open(char b1,char b2, char b3, char b4, char b5,
char b6 );

// Timer O overflow interrupt service routine

interrupt [TIMO_OVF] void timerQ_ovf_isr(void) //
Chuong trinh ngat Timer0

{ unsigned char y,x,level;

TCCRO=0x00; T1=Tn; Tn1++;

if(TN1>T) { Tn1=0; Tn++; if(Tn>5) Tn=0; // Tn=0-5;}

T2=Tn;if(spm<30||fr==0]||ss==0)

{TCCR1A=0x00;TCCR1B=0x00;TCCR3A=0x00;
TCCR3B=0x00;

V1=1,V3=1,V5=1;V4=1;V6=1;V2=1;}
else if(fr==1) // Forward
{if(T1==5 && T2==0) //V1,2,3
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{ TCCR3A=0x00; TCCR3B=0x00; V5=1;
TCCR1A=0x0D; // OC1CV2;

TCCR1B=0x0A; // Timer1 1000 kHz

OCR1CL=spm; // OC1C PWM Pulse width

V4=1; V6=1;delay_us(5);V1=0;,V3=0;}

if(T1==0 && T2==1) //V2,3,4

{ TCCR1A=0x00; TCCR1B=0x00; V6=1; delay_us(5);
TCCR3A=0x31; TCCR3B=0x0A; OCR3BL=spm; // OC3B PWM
Pulse width

V1=1; V5=1; delay_us(5); V4=0; V2=0;}

if(Tl==1&&T2==2) //V3,4,5

{ TCCR3A=0x00; TCCR3B=0x00; V1=1; delay_us(5);
TCCR1A=0xC1; TCCR1B=0x0A; OCR1AL=spm; // OC1A
PWM Pulse width

V2=1; V6=1; delay_us(5); V3=0; V5=0; }

if(T1==2 && T2==3) // V4,5,6

{ TCCR1A=0x00; TCCR1B=0x00; V2=1; delay_us(5);

TCCR3A=0x0D; // OC3C V5;

TCCR3B=0x0A; // Timer1 1000 kHz

OCR3CL=spm; // OC3C PWM Pulse width V5

V1=1; V3=1; delay_us(5); V4=0; V6=0; }

if(T1==3 && T2==4) // V56,1 {
TCCR3B=0x00; V3=1; delay_us(5);

TCCR1A=0x31; TCCR1B=0x0A; OCR1BL=spm; // OC1B
PWM Pulse width V6

V2=1; V4=1; delay_us(5); V1=0; V5=0; }
if(T1==4 && T2==5) // V6,1,2

{ TCCR1A=0x00; TCCR1B=0x00; V4=1;
TCCR3A=0xC1;

TCCR3B=0x0A; OCR3AL=spm; // OC3A PWM Pulse
width

V3=1; V5=1; delay_us(5); V6=0; V2=0; }
else if(fr==2) // Reverd

{TCCR3A=0x00;TCCR3B=0x00;V3=1;delay_us(5);TCCR1A
=0x31;TCCR1B=0x0A; OCR1BL=spm; // OC1B PWM Pulse
width V6

V2=1; V4=1; delay_us(5); V1=0; V5=0; }

if(T1==2 && T2==3) // V4,5,6

{ TCCR1A=0x00; TCCR1B=0x00; V2=1; delay_us(5);
TCCR3A=0x0D; // OC3C V5;

TCCR3B=0x0A; // Timer1 1000 kHz

OCR3CL=spm; // OC3C PWM Pulse width V5

V1=1; V3=1; delay_us(5); V4=0; V6=0; }

if(T1==3 && T2==4) //V3,4,5

{ TCCR3A=0x00; TCCR3B=0x00; V1=1; delay_us(5);

TCCR1A=0xC1; TCCR1B=0x0A; OCR1AL=spm; // OC1A
PWM Pulse width

V2=1; V6=1; delay_us(5); V3=0; V5=0;}
if(T1==4 && T2==5) //V2,3,4

delay_us(5);

TCCR3A=0x00;

delay_us(5);

{ TCCR1A=0x00; TCCR1B=0x00; V6=1; delay_us(5);
TCCR3A=0x31; TCCR3B=0x0A; OCR3BL=spm; // OC3B PWM
Pulse width

V1=1; V5=1; delay_us(5); V4=0; V2=0; }}

void main(void) // CHUONG TRINH CHINH

{

// Port B,E initialization

PORTB=0xFF;

DDRB=0b11100000;

PORTE=0xFF;

DDRE=0b11111111;

while (1)

{

ADCO=read_adc(0);

T=(255-ADCO0)/5;

if(T<15) T=15;

if(T>50) T=50;

spm=ADCO;

if(spm>200) spm=200;

ss=BT3;// Start/Stop

if(ss==0)

{if(BT1==0 && BT2==1 && ADCO < 10) fr=1;

else if(BT1==1 && BT2==0&& ADCO < 10) fr=2;

else fr=0; }

if (BT1==1 && BT2==1) fr=0; }

}
4, KET LUAN

Bai bao da trinh bay nghién cliu vé Atmega128 va Ung
dung vao thiét k&, ché tao thanh cong bo nghich luu 3 pha.
Nhém tac giad da tap trung nghién cdu cac tinh nang cla
Atmega128, cac yéu ciu diéu khién vai nghich luu 3 pha va
Ung dung Atmega128 vao thiét ké, ché tao, lap trinh hoan
chinh bd nghich luu 3 pha. Théng qua két qua dat dugc, tac
gia da khang dinh kha nang lam cha thiét ké, bao gém toan
b6 phan clng va phan mém dé c6 thé trién khai san xuat
b nghich luu 3 pha phuc vu muc dich hoc tap, nghién ctu
va Ung dung céng nghiép. K&t qua nay rat thuan tién cho
nghién ctu ti€p theo la phat trién cac giai phap diéu khién
nham nang cao chat lugng dién ap sau nghich luu.
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