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ABSTRACT

This thesis presents the design and simulation of speed control of 3-phase induction
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Induction Machine Simulation
in Stationary Reference Frame
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Tisunsuaneg Tu MATLAB SIMULINK 43 1a89a3#340 5.2

M-FILE P1HP (Parameters of machine )
Sb = 750; % rating in VA
Prated = 750; % output power in W
Vrated = 200; % rated line to line voltage in V
pf=0.8;
Irated = Sb/(sqrt(3)* Vrated*pf) % rated rms current
P =4, % number of poles
frated = 60; % rated frequency in Hz
wb = 2*pi*frated; % base electrical frequency
we = wb
wbm = 2*wb/P; % base mechanical frequency
Tb = Sb/wbm
Zb = Vrated*Vrated/Sb; %base impedance in ohms

Vm = Vrated*sqrt(2/3); % magnitude of phase voltage



Vb = Vm; % base voltage
Tfactor = (3*P)/(4*wb); % factor for torque expression
rs = 3.35; % stator wdg resistance in ohms

xls = 6.94e-3*wb;% stator leakage reactance in ohms

xplr = xls; % rotor leakage reactance
xm = 163.73e-3*wb; Yostator magnetizing reactance
pr = 1.99; % referred rotor wdg resistance in ohms

xM = 1/(1/xm + 1/xls + 1/xplr);

J=0.1; % rotor inertia in kg m2

M-FILE M33 ( MATLARB sets up the machine parameters, simulated disturbances,
and also plots the results.)
clear all % clear workspace
% Parameters of 1 hp machine
P1HP
% Calculation of torque speed curves
vas = Vrated/sqrt(3); % specify rms phasor voltage
we = wb; % specify excitation frequency
xls = (we/wb)*xls; % reactances at exctiation frequency
xplr = (we/wb)*xplr; % reactances at exctiation frequency
xm = (we/wb)*xm; % reactances at exctiation frequency
xM = 1/(1/xm + 1/xIs + 1/xplr);
xs = xls + xm; % stator self reactance
xr = xplr + xm; % rotor self reactance
xsprime = xs - xm*xm/xr; % stator transient reactance
% Thevenin's equivalent
vth ="abs((j*xm/(rs + j*(xls + xm)))*vas);
zth = (j*xm*(rs + j*xIs)/(rs + j*(xIs + xm )));
rth = real(zth);
xth = imag(zth);
% Compute rotor resistances

% rotor resistance for max torque at s=1
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rprl = sqrt(rth”2 + (xth + xplr)*2);
%rprm = 0.4*sqrt(rth”2 + (xth + xplr)"2);
%set up vector of rotor resistances
%rprv = [rpr rprm rprl]

rprv = [rpr];

Nrr=length(rprv);
s=(1:-0.01:0.02);

N=length(s);

for n=1:N

sn = s(n);

wr(n)=2*we*(1-sn)/P;

for nrr = 1:Nrr

rrn = rprv(nrr);

zin=(rs +j*xIs) + j*xm*(rrm/sn + j*xplr)/(rrn/sn + j*(xm + xplr));
ias = vas/zin;

Sin =3*vas*conj(ias);

pin = real(Sin);
pfin(nrr,n)=cos(-angle(ias));
iin(nrr,n)=abs(ias);
te(nrr,n)=(3*P/(2* we))*(vth"2*rrn/sn)/((rth + rrm/sn)*2 + (xth + xplr)*2);
pe(nrr,n)=te(nrr,n)*wr(n);
eff(nrr,n)=100*pe(nrr,n)/pin;

end % nrr for loop

end % n for loop

% add in synchronous speed values
size(te);

z=[0];

inl=vas/(rs +j*(xls+xm));

inlm = abs(inl);

inla = cos(-angle(inl));

iin=[iin [inlm]'];

pfin=[pfin [inla]'];
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eff=[eff z'];

te=[te z'];

pe=[pe z'];

s=[s 0];

wr=[wr 2*we/P];

% determine the rotor flux at no-load

eprime = vas - (rs +j*xsprime)*inl; % voltage behind

% stator transient reactance

lambdadr = real(eprime)*(xr/xm)/we;

% set up speed and flux vectors in lookup table of simulation
speed = [-2: 0.1: 2];

mask = abs(speed)>1.1;

notmask=~mask;

i=find(speed==0); %find index of zero speed element
speed(i) = realmin; % and replace it with smallest usable positve number
invspeed = abs(1./speed); % before dividing to avoid divide by zero
% scale flux and speed axis

lambdadre = lambdadr. *(invspeed.*mask + notmask);

speed = wbm*speed;

N=size(te);

M=size(te);

subplot(2,2,1)

plot(wr,te(1,:),-")

xlabel('Rotor speed in rad/sec')

ylabel('Torque in Nm')

subplot(2,2,2)

plot(wr,pe(1,:),-")

xlabel('Rotor speed in rad/sec')

ylabel('Developed power in Watts')

subplot(2,2,3)

plot(wr,iin(1,:),"-")

xlabel('Rotor speed in rad/sec')

il



ylabel('Stator current in Amps')
subplot(2,2,4)
plot(wr,eff(1,:),-")
xlabel('Rotor speed in rad/sec')

ylabel('Efficiency in percent’)

M-FILE SMC (Sliding mode control parameters of speed control )
M33;
ISV=rs;
IPrVV=rpr;
xlsv=xls;
xplrv=xplr;
XMv=xm;
xMv = 1/(1/xmv + 1/xlsv + 1/xplrv);
Im=xm/we;
Is=xs/we;
Ir=xr/we;
Isd=(Is-(Im*1m/Ir));
ks=1-(xm*xm)/(xs*xr);
Is=xs/wb:;
tstop=5;
tl=2;
time xr10=[0 2.2 2.20001 3.9 3.90001 tstop];
xr10_xr10=[100 100 100 100 100 100] ;
time_tmech=[0 0.1 0.5 2.5 2.500001 2.6 tstop];
tmech_tmech=[00 00 0 0 0];
time J=[0 0.1 0.5 1 1.5 26 tstopl;
tmech J=[0.10.1 0.10.1 0.1 0.1 0.1];
kt=lambdadr*xm*3*P/(xr)/4
c=4,;
aunfarl1=0.5;

batal=-0.5;
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gramal=(c*J/kt)+0.5;
cel=(c*J/kt)-0.5;

Tnsaadamsnivgunlddinesmuiiate 5.3

9 o 9 d’J 3 A = @ o o 9
Tassaiamsauguluvidei Tassmudalidnyasmiioudsuiuananluiade 5.2

¥
UANANUUANAIURNIZ TIUVBIITAIVAY NABI SMC Aagilae 1T

———————————J»| (aunfard)*u[1]
Ly ful2]+x2max)u[1 ]_’EI_’@ § % L
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Tusunsuieq T MATLAB SIMULINK #l$$1aeamusiade 5.3
Tsunsumsnrugulunade 5.3 ilausmudidnumzmioufuinanantuinde

5.2 uAlinamuans e dauvesTilsunsy sMc fusiolui
M-FILE SMC (Sliding mode control parameters of speed control )

M33;

ISV=Ts;

IpIvV=rIpr;

xlsv=xls;

xplrv=xplr;

Xmv=xm;

xMv = 1/(1/xmv + 1/xlsv + 1/xplrv);

Im=xm/we;

Is=xs/we;

Ir=xr/we;

Isd=(Is-(Im*Inv/Ir));

ks=1-(xm*xm)/(xs*xr);

ls=xs/wb;

tstop=35;

tl=3;

time_xr10=[0 2.2 2.20001 3.9 3.90001 tstop];

xrl10_xr10=[100 100 100 100 100 100] ;

time_tmech=[0 0.1 0.5 2.0 2.000001 3.6 tstop];

tmech_tmech=[00 0 0 tl tltl];

time J=[0 0.1 0.5 1 1.5 2.6 tstopl;

tmech _J=[0.10.1 0.10.1 0.1 0.1 0.1];

kt=lambdadr*xm*3*P/(xr)/4

x2max_m =(7-2)/(J);

X2max =x2max_m

c=10;

%o paramiter of smc

x11=x2max/c;

x22=-x11;



aunfarl=3;
batal=-3;
aunfar2=0.5;
bata2=-0.5;
grama2=0.5;
ce2=-0.5;
aunfar3=0.5;
bata3d=-0.5;
grama3= 1;

ce3=-0.5;

gramal=(c*J/kt)+ 12;

cel=(c*J/kt)- 12;

Tnssadramsnauguinlidiaesmuiade 5.4
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TW5un3usaq T MATLAB SIMULINK #l$31a0smnstadie 5.4
Tdsunsunmisaruaulurade 5.3 Flausmudafidnuazmiousufiuaaanluiade

5.3 uAinauand1ammz druvesTusunsu sMC uag p1 fade’llil
M-FILE SMC (Sliding mode control parameters of speed control )

M33;

rsv=rs*2;

rprvv=rpr*2;

xlsv=xls*2;

xplrv=xplr*2;

xmv=xm¥*2;

xMv = 1/(1/xmv + 1/xlsv + 1/xplrv);

Im=xm/we;

ls=xs/we;

Ir=xr/we;

Isd=(Is-(Im*Im/Ir));

ks=1-(xm*xm)/(xs*xr);

Is=xs/wb;

tstop=35;

tl=3;

time_xr10=[0 2.2 2.20001 3.9 3.90001 tstop];

xrl0_xr10=[100 100 100 100 100 100] ;

time_tmech=[0 0.1 0.5 3.0 3.000001 3.6 tstop];

tmech_tmech=[00 0 0 tl tltl];

time J=[0 0.1 0.5 1 1.5 2.6 tstop];

tmech J=[0.50.5 0.50.5 0.5 0.5 0.5];

kt=lambdadr*xm*3*P/(xr)/4

x2max_m =(7-2)/(J);

x2max =x2max_m

c=10;

% paramiter of smc

x11=x2max/c;

x22=-x11;



aunfarl=3;
batal=-3;
aunfar2=0.5;
bata2=-0.5;
grama2=0.5;
ce2=-0.5;
aunfar3=0.5;
bata3= -0.5;
gramal3= 1;
ce3=-0.5;
gramal=(c*J/kt)+ 12;

cel=(c*J/kt)- 12;

M-FILE PI (PI control parameters of speed control )
M33;
rsv=rs*2;
rprvv=rpr¥2;
xlsv=xls*2:
xplrv=xplr*2;
xmv=xm¥*2;
xMv = 1/(1/xmv + 1/xlsv + 1/xplrv);
Im=xm/we;
Is=xs/we;
Ir=xr/we;
Isd=(Is-(Im*1m/Ir));
tstop=3;
tl=3
time xr10=[0 1.52.22.20001 3.9 3.90001 tstop];
xr10 xr10=[0 100 100 100 100 100  100];
time_tmech=[0 0.1 0.5 3.0 3.000001 3.6 tstop];

tmech tmech=[00 0 0 tl il tl];
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time J=[0 1 1.5 2.0 2.5 2.6 tstop];
tmech J=[0.50.5 0.5 0.50.5 0.5 0.5];

kt=lambdadr*xm*3*P/(xr)/4
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Abstract

This pap=r presents the design and simulation of the sliding mods
-spccd control of induction motor using MATLAB/ SIMULINK
program. The effects of suddzn load change on the motor speed are
simulated for vwoe different values of the rotec’s moment of inertia (J). It

is shown that the designed controiler is able to maintain the mator speed
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