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THREE - PHASE INVERTER USING 16 BIT MICROCONTROLLER

Nattawat  Kamolpatana
Nattaphon Maneenetr

Bancha Dangutai

Dr.Vijit  Kinnares Advisor
1998

The purpose of this project is to present the design and construction of a three
phase IGBT inverter and study the application of a 16 bit microcontroller in the modulation of the
speed control of a three phase induction motor in the constant torque region and the constant

power region. The results should be in wider range of motor speed and firther developments.
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I NCEML | 2 “Lzit shift il msd = 1D «— smit count | igRN—-i - - 7
 TRAP 'y - % — -0 -1 -1 -8R -1-: 9
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with ccce siaring at



IMMANUIN .

llsunsa simulation wazgalilsunsa



$PROGRAM CALCULATE VOLTAGE SPACE VECTOR

Ts=0.0005 ;%switching frequency
F=input ('enter desired frequency'):;
V=4 4%F ;3constant v/f ratio
u=380 ;2vdclink

b=input ('enter angle in degree
a=(b)*pi/180 ;

X=v*cos {a);

y=v*sin(a) ;

fprintf ('switching frequency 2 kHz\x')

if y>0
if x>0

if abs(y)>sqrt(3) *abs(x)

$##SECTOR 2##
vS=x+y/sqrt(3);
vi=-x+y/sgrt (3);
Ty=v5*Ts/ (sqrt (2/3) *u) ;
Tx=v1*Ts/(sqgrt(2/3)*u);
T0=Ts-Tx-Ty;

% phase a

tb=T0/4+Tx/2;
m=0:0.000001:0.0005;
for k=1:length (m)
if m(k)<tb
n(k)=0;
else
if m(k)<Ts-tb
n(k)=1;
else
ni{k)=0;
end

end
end

% phase b

oo

ta=TO0/4+Tx/2+Ty/2:
0=0:0.000001:0.0005;
for k=1l:length (o)

iE Yo ki <ad

end
phase c
thb=T0/4;
g=0:0.000001:0.0005;
for k=1l:length (o)
if g(k)<tb
r(k)=0;
else
if g(k)<Ts-tb
r{k)=1;
else
r(k)=0;
end
end
end
fprintf('degree of this figure
fprintf ('degree\r"')
fprintf{('t0/4 =%£\t', T0/4)
fprintf ('sec\r'")

Yo\

=3\t

b)



fprintf ('tx/2 =%£\t’,
fprintf ('sec\r')
fprintf('ty/2 =%£\t’',
fprintf ('sec\r')
1=0:0.000001:0.0005;
f=n-p;
g=p—r;
h=r-n;
subplot(611),plot(l, £)
title (b)
axis([0,0.00051,-1.1,1.1])
grid
subplot(612),plot(l,qg)
axis([0,0.00051,-1.1,1.11)
grid !
subplot (613),plot(l,h)
ylabel (*5 V/DIV'")
axis([0,0.00051,-1.1,1.11)
grid
subplot (614),plct(l,n)
ylabel (*voltage')
axis([0,0.00051,-1.1,1.11)
grid _
subplot (615),plot(l,p)
axis([0,0.00051,-1.1,1.11)
" grid
subplct (616),plot(l,r)
xlabel('time(sec)"')
axis([0,0.00051,-1.1,1.1})
grid
else
SH#H#SECTOR 1##
vi=x-y/sqrt(3):
v5=2*y/sqrt (3);
Tx=v4*Ts/( sqrt(2/3)*u);
Ty=v5*Ts/( sqgrt(2/3)*u);
T0=Ts-Tx-Ty;
% phase a
tb=T0/4;
m=0:0.000001:0.0005;
for k=1l:length (m)
if m(k)<tb
ni{k)=0;
else
if m(k)<Ts-tb
n{k)=1;
else
n{k)=0;
end
end
end
% phase b
ta=TO0/4+Tx/2+Ty/2:
0=0:0.000001:0.0005;
for k=1l:length (o)
if o(k)<ta
p(k)=0;
else
if o(k)<Ts-ta
plk)=1;
else
p(k)=0;
end

end
end
% phase ¢

Tx/2)

Ty/2)



th=T0/4+Tx/2;
g=0:0.000001:0.0005;
for k=1:length{o)
if g(k)<tb
r(k)=0;
else
if g(k)<Ts-tb
r{k)=1;
else

end
end
1=0:0.000001:0.0005;
f=n-p;
g=p-I;
h=r-n;
fprintf ('degree of this figure =%f\t', b)
fprintf ('degree\r')
fprintf ('t0/4 =%f\t', T0/4)
fprintf ('sec\r'

)
fprintf('tx/2 =%f\t', Tx/2)
fprintf ('sec\r")
fprintf('ty/2 =%£\t', Ty/2)
fprintf ('sec\zr?')

subplot (611),plot(1l,£)
title (b)
axis([0,0.00051,-1.1,1.1))
grid

subplot (612),plot(1,q)
axis{[0,0 JO005T i1 gwl. L5
grid
subplot (613),plot {1,h)
ylabel ('S5 V/DIV')
axis({0,0.00051,-1.1,1.1])
grid
subplot (614),plot(1l,n)
ylabel ('voltage")
axis([0,0.00051,-1.1,1.1])
grid
subplot (615),plot(1,p)
axis([0,0.00051,-1.1,1.1])
grid
subplot (616),plot{l, r)
Xlabel ("time(sec) ")
axis([0,0.00051,=1:1p1.11)
grid
end
else
if abs(y)>sqrt(3)*abs (x)
$##SECTOR 2##
v5=x+y/sqrt (3);
vi=-x+y/sart (3);
Ty=v5*Ts/( sgrt(2/3)*u);
Tx=v1*Ts/{ sqrt(2/3)*u);
T0=Ts-Tx-Ty;
% phase a
tb=T0/4+Tx/2;
m=0:0.000001:0.0005;
for k=1:length (m)
if m({k)<tb
n(k)=0;
else
if m(k)<Ts-tb
n{x)=1;
else
ni{k)=0;



end
end
end
32 phase b
ta=TO0/4+Tx/2+Ty/2;
0=0:0.000001:0.0005;
for k=1:1length (o)
if o(k)<ta
p(k)=0;
else
if o(k)<Ts-
plk)=1;
else
p k)
end
end
end
% phase c
tb=T0/4;
g=0:0.000001:0.0005;
for k=1l:length{o)
if g(k)<tb
r(k)=0;
else
if g(k)<Ts-tb
ri{k)=1;
else
r{k)=0;

0;

end

end
1=0:0.000001:0.0005;
f=n-p;
g=p-r;
h=r-n;
fprintf ('degree of this figure =2f\t', Db)
fprintf ('degreelr
fprlntf('f0/4 =3 NC M, & TO/ 4}
fprintf ('sec\zr')
fprintf ('tx/2 =
fprintf ('sec\r')
fprintf ('ty/2 =
fprintf ('sec\z')
subplot (611),ploti{l,
citle(b)
axis([0,0.00051,-1.1,1.1])
grid
subplot (612),plot (1, qg)
axis{[0,0.00051,-1.1,1.11)
grid
subplot (613) ,plot(1l,h)
ylabel ('S5 V/DIV')
axis ([{0,0.00051,-1.1,1.11)
grid
subplot {614),plot(l,n)
ylabel ('voltage')
axis([06,0.00051,-1.1,1.11)
grid
subplot (615),plot{1,p)
axis ([0,0.00051,-1.1,1.1])
grid
subplot (€16) ,plot (1, )
xlabel('time (sec) ')
ax1s([0 0 00051 p~3.3,%11)
else
SH#SECTOR 3##



v3=-x-y/sqgrt (3);
v1=2*y/sqgrt(3);
TY=v3*Ts/( sqrt(2/3)*u);
TX=v1*Ts/( sqrt(2/3)*u);
TO=Ts-Tx-Ty’
% phase a
tb=T0/4+Tx/2+Ty/2;
m=0:0.000001:0.0005;
for kx=1l:length(m)
if m{k)<tb
ni{k)=0;
else .
if m(k)<Ts-tb
n(k)=1;
else
n(k)=0;
end
end
end
% phase b
a=TO0/4+Tx/2;
0=0:0.000001:0.0005;
for k=1:length(o)
if o(k)<ta
p(k)=0;
else
WE S0 () LTs-ta
pik)=1;
else
p (k)=0;
- end
end
end
% phase c¢
tb=T0/4;
g=0:0.000001:0.0005;
for k=1l:length{o)
if g{x)<tb

r(k)=0;
else
if g(k)<Ts-tb
r{k)=1;
else
r{k)=07;
end
end
end
1=0:0.000001:0.0005;
f=n-p;
g=p-Ir;
h=r-n;
fprintf ('degree of this figure =3f\t', b)

fprintf ('degree\r')
fprintf ('t0/4 =%£f\t', TO0/4)
fprintf ('sec\r')
fprintf('tx/2 =%£\t', Tx/2)
fprintf (*sec\r")
fprintf('ty/2 =3f\t', Ty/2)
fprintf('sec\r')
subplot (611),plot(l, £)
title (b)
axis([0,0.00051,-1.1,1.1}])
grid )
subplot(612),plot(l,
axis([0,0.00051,-1.1
= grid
subplot (613),plot(l,h)

g
’

)
.11)



ylabel('5 V/DIV')
axis([0,0.00051,-1.1,1.1])
grid

subplot (614),plot{1l,n)
vlabel ('voltage')
axis([0,0.00051,-1.1,1.11)
grid

subplot {615),plot (1, p)
axis([0,0.00051,-1.1,1.1])
grid

subplot (616),plot (1, r)
xlabel{'time (sec) ')
axis([0,0.00051;-1.1,1.1])

grid
end
end
else
if x>0

if abs(y)>sqgrt{(3) *abs (x)
3HH#SECTOR S##
ve=x-y/sqrt(3);
v2=-x-y/sqrt(3);
TY=v6*Ts/ (sqrt (2/3)*u) ;
TX=v2*Ts/{ sqrt(2/3)*u);
T0=Ts-Tx~-Ty;

%phase a
tb=T0/4+Tx/2;
m=0:0.000001:0.0005;
for k=1:1length (m)

if m{k)<tb
n(k)=0;
else
if m(k)<Te=th
else
n(k)=0;
end
end
end
% phase b
ta=T0/4;

0=0:0.000001:0.0005;
for k=l:length{o)
if o(k)<ta

p(k)=0;
else
if o(k)<Ts-ta
p(k)=1;
else
p(k)=0;
end
end
and
% phase c

Th=T0/4+Tx/2+Ty/2;
g=0:0.000001:0.0005;
for k=1:length (o)

if g(k)<tb
r{k)=0;
else
if g{k)<Ts-tb
r(k)=1;
else
r(k)=0;
end
end



fprintf ('degree of this figure
fprintf ('degree\r"')
fprintf('t0/4 =%f\t', TO0/4)

(
fprintf ('sec\r’
fporintf ('tx/2 gf\t", Tx/2)
fprintf ("sec\r’

)
)
fprintf ('ty/2 =
fprintf ('sec\r'")
subplot(611),plot (1l
title (b)
axis([0,0.00051,-1.1,1.1}
grid
subplot (612),plot(l,qg)
axis([0,0.00051,-1.1,1.11)
grid
subplet (613),plot(1,h)
ylabel('5 V/DIV')
axis({0,0.00051,-1.1,1.
grid
subplot{614),plot{l,n)
ylabel('voltage')
axis([0,0.00051,-1.1,1.17})
grid
subpleot (615),plot (1, p)
axis([040£00051—K.T, 321D
grid
subplot (616),plot(l, )
xlabel ("time (sec) ')
axis ([0, 04500051,-2:1,11))
grid

SE\t', Ty/2)

, )

b=
8y

else

SH#H#HSECTOR 6##
vi=x+y/sqrt(3);
ve6=-2%*y/sqrt (3}
Tx=v4*Ts/ (sqrt (2/3) *u);
Ty=v6*Ts/ {sqrt(2/3) *u);
TO0=Ts-=Tx—-TYy;
% phase a
th=T0/4;
m=0:0.000001:0.0005;
for k=1l:length(m)
if m(k)<tb
n(k)=0;
else
if m(k)<Ts-tb
n(k)=1i;
else
n(k)=0;
end
end
end
% phase b
ta=T0/4+Tx/2;
0=0:0.000001:0.0005;
for k=1:length (o)
if o(k)<ta
p(k)=0;
else
if o(k)<Ts-ta
p(k)=1;
else
p{k)=0;
end

=3f\t’,



end
end

% phase c

tb=T0/4+Tx/2+Ty/2;
g=0:0.000001:0.0005;
for k=1:length (o)
if g(k)<tb
r(k)=0;
else
if g(k)<Ts-tb
r{k)=1;
else
r{k)=0;
end
end
end
1=0:0.000001:0.0005;
f=n-p;
g=p-r;
h=r-n;

fprincf('degree of this figure

fprintf (*degree\r')

fprintf('t0/4 =%f\t!',
fprintf ('sec\r')
fprintf ('tx/2 =%f\t’,
fprintf ('sec\r")
fprintf ("ty/2 =%f\t"',
fprintf ('sec\r')
subplot(611),plot (1, f)
title (b)
axis([0,0.00051,-1.1,1.1])
gri
subplot (612),plot(l,qg)
axis([0,0.00051,-1.1,1.1})
grid
subplot (613),plot(1,h)
vliabel ('5 V/DIV*')
axis([0,0.00051,-1.1,1.11)
grid
subplot(614),plct(l,n)
ylabel ('voltage')
axis({0,0.00051,-1.1,1.11)
grid
subplot (615),plot (1, p)
axis({0,0.00051,-1.1,1.1])
grid
subplot (616),plot(l,r)
xlabel {'time (sec) ')
axis([0,0.00051,-1.1,1.1])
grid
end
else
if abs (y)>sqrt(3) *abs (x)
SHHSECTOR 5#%
vé=x-y/sqrt (3);
F2—v =l rvrEd3L e vy wig
TX=v2*Ts/{ sgrt(2/3)*u);

TO0=Ts-Tx-Ty;
%phase a
th=T0/4+Tx/2;
m=0:0.000001:0.0005;
for k=1:length(m)
if m(k)<tb
n(k)=0;
else
if m(k)<Ts-tb

T0/4)
Tx/2)

Ty/2)

=3f\t’,

b)



n(k)=1;
else
n(k)=0;
end
end
end
% phase b
ta=T0/4;
0=0:0.000001:0.0005;
for k=1:length(o)
if o(k)<ta

pi{k)=0;
else
if o(k)<Ts-ta
plk)=1;
else
p(k)=0;
end
end
end
%3 phase c

th=T0/4+Tx/2+Ty/2;
g=0:0.000001:0.0005;
for k=1l:length(o)
1f g(k)<gEh
r{k)=0;
else
if g{k)<Ts-tb
r(k)=1;
else
r{k)=0;
end
end
end
1=0:0.000001:0.0005;
f=n-p;
g=p-§3
h=r-n;
fprintf('degree of this figure =%f\t', b)
fprintf {'degreelr')
fprintf('t0/4 =%f\t', TO0/4)
fprintf('sec\z')
fpripaf £x/2 =L\ 2\ TR/ 24
fprintf ('sec\z')
fprintf('ty/2 =3%f\t’', Tv/2)
fprintf{('sec\r'")
subplot(611),plot (1, f)
title (b) -
axis([0,0.00051,-1.1,1.11)
grid
subplot(612),plot(l,q)
axis([0,0.00051,-1.1,1.1])
grid
subplot{613),plot(1l,h)
ylabel('5 V/DIV")
axis([0,0.00051,-1.1,1.11)
grid
subplot(614),plot(1,n)
ylabel (*voltage') _
axis([0,0.00051,-1.1,1.1])
grid
subplot{615),plot{l,p)
axis(([0,0.00051,-1.1,1.1])
grid
subplot(616),plot(l,r)
xlabel ('time (sec)')
axis([0,0.00051,-1.1,1.11)



grid
else
$H##SECTOR 4%#
v3=—-x+y/sqrt(3);
v2=-2*y/sqrt(3);
Ty=v3*Ts/( sqgrt(2
Tx=v2*Ts/ ( sqrt(2
TO0=Ts-Tx-Ty:
% phase a
tDO=T0/4+Tx/2+Ty/2;

/3
/3

u),

m=0:0.000001:0.0005;

for k=1:1length (m)
if m(k)<tb
ni{k)=0;
else
if m(k)<Ts-tb
n(k)=1;
else
ni{k)=0;
end
end
end
% phase b
ta=T0/4;

0=0:0.000001:0.0005;
for k=1:1length{o)
if o(k)<ta

v (k)=0;
else
if olk)<Ts—-ta
piki=1;
else
p(k)=0;
end
end
end
phas> ¢

tbh=T0/84+Tx/2;

g=0:0.000001:0.0005;

for k=1l:length(o
if g(k)<tb

r{k;=0;
else
1f gi¥) <Ts-
ridy=l;
else
r{k)=0;
end
end
end

fprintf ('degree of this figure

)

fprintf ('degree\r')

fprintf ('t0/4
fprintf{'sec\r')
forintf{"tx/2
fprintf ('sec\r'")
fprintf{'ty/2
fprintf{'sec\r')

=3f\t'
=sf\t', T0/4)
=2 f\t', Tx/2)
=3f\t', Ty/2)

1=0:0.000001:0.0005;
f=n-p;
g=p-r;
h=r-n;
subplot (611),plot (1, f)
ti

e (b)
{

2),ploti{l,

{6,0.00051,-1.1,1.11)

g)

14

D)



axis ([0,0.00051,-1.1,1.11)
grid
subplot (613) ,plot(l,h)
ylabel ('S5 V/DIV'")
axis ([{0,0.00051,-1.1,1.11)
grid
subplot (614) ,plot(l,n)
vlabel {'voltage')
axis([0,0.00051,-1.1,1.11)
grid
subplot (615),plot(l,p)
axis ([D,0.00051,-1.1,1.11)
grid
subplot (616),plot{l, r)
xlabel ('time (sec) ")
axis {[0,0.00051,-1.1,1.11)
grid

end

end
end



Tdsunsuasduanasdnauiivae 3 ida

$Include(80C196KC Inc)
Rseg At 40H
Rsv: DswW 8
Period Equ O0CH
PWMO_STEqu OH ;SetTime
PWMO CTEqu 6H ;Clear Time
PWMI1 STEqu 4H
PWM1_CTEqu OAH
PWM21 STEqu OH
PWM2 CTEqu 2H
PWM22 STEqu 8H
Cseg At 2080H
CirB Wsr
LdB 10C2,#11000000B
DI
Set 0: LdB HSO_COMMAND,#11100000B
LD HSO_Time#PWMO ST
SKIP RO
SKIP RO
Set_1: LdB HSO_COMMAND,#11100001B
LD HSO_Time#PWMI1 ST
SKIP RO
SKIP RO
Set_21: LdB HSO_COMMAND,#11100010B
LD HSO_Time#PWM21 ST
SKIP RO
SKIP RO
Clear 0: LdB HSO_COMMAND,#11000000B
LD  HSO Time#PWMO CT



Skip RO
Skip RO
Clear 1: LdB HSO_COMMAND #11000001B
LD HSO Time#PWMI1 CT
Skip RO
Skip RO
Clear 2: LdB HSO COMMAND #11000010B
LD HSO_Time#PWM2 CT
Skip RO
Skip RO
Set 22: LdB HSO_COMMAND,#11100010B
LD HSO_Time“PWM22 ST
SKIP RO
SKIP RO
Reset: LdB  HSO_Command#11001110B

LD HSO._Time#Period

Skip RO

Ret

End
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