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% M-file to calculate and plot the secondary voltage
% factors of 0.8 lagging, 1.0, and 0.8 leading.

% These calculations are done using an equivalent
% circuit referred to the primary side.

% Define values for this transformer

VP = 15000; % Primary voltage (V)

amps = 0:166.67:16667; % Current values (A)
Req =0.0135; % Equivalent R (ohms)
Xeq=0.0563; % Equivalent X (ohms)

% Calculate the current values for the three

% power factors. The first row of I contains

% the lagging currents, the second row contains
% the unity currents, and the third row contains
% the leading currents.

I(1,:) = amps .* ( 0.8 - j*0.6); % Lagging

1(2,:) = amps .* ( 1.0 ); % Unity

1(3,:) = amps .* ( 0.8 +j*0.6); % Leading

% Calculate VS referred to the primary side

% for each current and power factor.

aVS = VP - (Req.*I +j.*Xeq.*]);

% Refer the secondary voltages back to the

% secondary side using the turns ratio.

VS =aVs *(200/15);

% Plot the secondary voltage (in kV!) versus load
plot(amps,abs(VS(1,:)/1000),'b-','LineWidth',2.0);
hold on;
plot(amps,abs(VS(2,:)/1000),k--','LineWidth',2.0);
plot(amps,abs(VS(3,:)/1000),'r-.", Line Width',2.0);
title (\bfSecondary Voltage Versus Load');

xlabel ("bfLoad (A)";

ylabel (\bfSecondary Voltage (kV)";

legend('0.8 PF lagging','1.0 PF','0.8 PF leading’);
grid on;

hold off;

gl ey AT S5 sl logas asliy sl L



W y93lo p gl 3 - r:’.)daaé
Secondary Voitege Versus Load
206 T T T T T T T T
I NPT R TS JEN S DU B : |
202 T — 0.8 PF lagging R
b === 1.0 PF

1 A L I A i
2000 4000 8000 8000 10000 12000
Load (&)

14000 168000 18000

Ciliso OIS b 13 Jb can> o gl sl )5 49l U9 J15g0s A=Y S

T

S 55l phuacslyf s 51 bt o s JLail e 13800/480 7 ,55La spiesl 5 S (Ho=P)
Sless el 5Wg b g 5 et 5l Loiiase 9 Canl ons LS257967/ 480V 5 100kV A ajlie

o=l 3l S (698 HLad G 3 0 il palie ol Jlasl sl o WS o 8l o

Ve =560V

P =3300W

Iy =12.64

S ORISR WK

adgl Wy wams oo 51 0.85 plos cupd 5 (oU 55 po 1 393 (ol L asgazes cnl ST (I

O

fowl i b, gilo,gansl 5 oz
oz lalpl ol o 5l i (o

B 0.85 5 1B 0.85 slaglys copo lp 'ty JI cplawsS ) Jol5 LG )b b

Sl L Gl S oy Jol5 LG s)bie (b 5 (il S jgea | g3l giil 5 5l edais (o
aads aloul 5B iy 0.85 9 158 0.85 layles oo

oyslse Cowy 1y 658 JLid Caans Jolae uiligal colisS JLasl (ypes] oDl & dzg L laba

$.5C = Iy =1

< =@=323.3V

7

3
2.64

:M)b e o)ti....a 635 )Li’..é Couw JL@J as r"'-’.)b 4:;-94



GRS s puble Jalwo g pabs tA
P, 3300
P =C="""_=1100W
PO 33
. 323.3
| qu ‘=‘ Req+JXeq ‘:—lﬁ =25.66Q
P,
0 =cos ——=cos =0 _
Vil (323.3)(12.6)
7, =R, + X, =25.66743 =694+ j24.7Q
R, =694Q , X, =2470
(&
PR LTZR
7967
[(;S =12.55/-31.79'4
V¢p :Va;s +1¢;sZeqp
v, =796720° +(12.25£-31.79)(6.94+ j24.7) =8207£1.52 V
v, =¥, =3(8207)=14.22kV
(<«

82077967

VR x100% =3.01%

% M-file: prob2 _10c.m

% M-file to calculate and plot the secondary voltage
% of a three-phase Y-delta transformer bank as a

% function of load for power factors of 0.85 lagging,
% 1.0, and 0.85 leading. These calculations are done
% using an equivalent circuit referred to the primary side.
% Define values for this transformer

VL = 13800; % Primary line voltage (V)

VPP = VL / sqrt(3); % Primary phase voltage (V)
amps = 0:0.0126:12.6; % Phase current values (A)
Req = 6.94; % Equivalent R (ohms)

Xeq = 24.7; % Equivalent X (ohms)

% Calculate the current values for the three

% power factors. The first row of I contains

% the lagging currents, the second row contains

% the unity currents, and the third row contains

% the leading currents.

re = 0.85;

im = sin(acos(re));

I(1,:) = amps .* (re - j*im); % Lagging

1(2,:) = amps .* ( 1.0 ); % Unity

1(3,:) = amps .* (re +j*im); % Leading

% Calculate secondary phase voltage referred

% to the primary side for each current and
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% power factor.

aVSP = VPP - (Req.*I + j.*Xeq.*I);

% Refer the secondary phase voltages back to
% the secondary side using the turns ratio.

% Because this is a delta-connected secondary,
% this is also the line voltage.

VSP =aVSP * (480/7967);

% Plot the secondary voltage versus load
plot(amps,abs(VSP(1,:)),b-', LineWidth',2.0);
hold on;
plot(amps,abs(VSP(2,:)),k--','LineWidth',2.0);
plot(amps,abs(VSP(3,:)),r-.", LineWidth',2.0);
title (\bfSecondary Voltage Versus Load');
xlabel (\bfLoad (A)");

ylabel ("\bfSecondary Voltage (V)";
legend('0.85 PF lagging','1.0 PF','0.85 PF leading');
grid on;

hold off;

Secondary Voltage Yersus Load
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8 8
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function volts = halfwave3(wt)

% Function to simulate the output of a three-phase
% half-wave rectifier.

% wt = Phase in radians (=omega x time)

% Convert input to the range 0 <= wt <2*pi
while wt >=2%pi

wt =wt - 2*pi;

end

while wt <0

wt =wt + 2*pi;

end

% Simulate the output of the rectifier.

a = sin(wt);

b = sin(wt - 2*pi/3);

¢ = sin(wt + 2*p1/3);

volts=max([abc]);

function r = ripple(waveform)

% Function to calculate the ripple on an input waveform.
% Calculate the average value of the waveform
nvals = size(waveform,2);

temp = 0;

for ii = 1:nvals
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temp = temp + waveform(ii);

end

average = temp/nvals;

% Calculate rms value of waveform

temp = 0;

for ii = 1:nvals

temp = temp + waveform(ii)"2;

end

rms = sqrt(temp/nvals);

% Calculate ripple factor

r = sqrt((rms / average)*2 - 1) * 100;

Finally, the test driver program is shown below.
% M-file: test_halfwave3.m

% M-file to calculate the ripple on the output of a
% three phase half-wave rectifier.

% First, generate the output of a three-phase half-wave
% rectifier

waveform = zeros(1,128);

for ii = 1:128
waveform(ii) = halfwave3(ii*pi/64),
end

% Now calculate the ripple factor

r = ripple(waveform);

% Print out the result

string = ['The ripple is ' num2str(r) '%."];
disp(string);

imayld 4eliy sl b
» test_halfwave3
The ripple is 18.2759%.
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