ME 1020 Engineering Programming with MATLAB

Problem 9.27:

27. The equation for the voltage y across the capacitor of an RC circuit is

&

RC
dt

Ty =v@®

where v(?) is the applied voltage. Suppose that RC = 0.2 s and that the
capacitor voltage is initially 2 V. Suppose also that the applied voltage is
v(r) = 10[2 — e sin(577)] V. Plot the voltage y(f) for 0 < ¢ < 5 s.

Problem setup:

Use the Predictor-Corrector method to solve this problem. Solve the differential equation for dv/dt:

dy 1

It = RC w®) —y) =gty

Approximate the derivative as follows:

dy (y+4a0)-y@®)
dt At -

9ty)
where At is the time step size. Solve for y(t + At):
y(t+At) = y(6) + g(t,y)At
Put this equation into a form appropriate for computer solution. This is called the Difference Equation:
Y(tks1) = y(te) + glte, y(tr)]AL; where tyyq =t + At

Rewrite this equation as follows. This is the Euler Predictor Difference Equation:

Xk+1 = Yk + 9(te, yi)AL

This represents a preliminary estimate for y,, 1, which is designated as x;,; to avoid confusion. This estimate
is then corrected using the Trapezoidal Corrector Difference Equation:

At
Yi+1 = Y t > [9(tr, yi) + 9 (trs1s Xpe41)]

Substitute the expressions for v(t) and g(t, y) into the difference equations:

v(t) = 10[2 — et sin(5mt)]

1
g(t,y) = ﬁ[v(t) -]



v(t,) = 10[2 — etk sin(5mty,) ]

V(tys1) = 10[2 — e tk+1 5in(5mtyyq)] (where t,,; = t, +At)

1
9t yi) = RC [v(te) — Yl

1
I(tks1) X41) = RC [Vv(tr+1) — Xp41]

Predictor:
Xk+1 = Vi + 9(tk, yi)AL

Corrector:

At
Ye+1 = Y t > [9(tk, yi) + 9 (trr1s Xpe+1)]

In the problem statement, the initial condition is y(0) = 2.0V, and RC = 0.2 seconds. Let At = 0.001. The
order in which calculations are made is important, as shown below. When performing calculations, make sure

that your calculator is in Radians Mode.

Fork = 1:

y, = 2.0

t1 = 0.0

v(t;) = 10[2 — et sin(5mt;)] = 10[2 — e % sin(5m - 0)] = 20.0
1 1
9t y1) = £ [v(ty) =yl =55 1(20.0) — (2.0)] = 90.0
Predictor:
X, = y1 + g(ty, y1)At = (2.0) + (90.0)(0.001) = 2.09

Corrector:

t, = t; + At = 0.0 + 0.001 = 0.001

v(t,) = 10[2 — e~z sin(5mt,)] = 10[2 — e %991 sin(57 - 0.001)] = 19.84308

1 1
9(t2, %) = 2= [v(t) = x5] = a5 [(19.84308) — (2.09)] = 88.76540

At 0.001
Y, =y, + > [g(t1, y1) + g(tz, x3)] = (2.0) + — [(90.0) + (88.7654)] = 2.08938

Fork = 2:



gty y,) = ! ~=v(t) = y,1 = oi [(19.84308) — (2.08938)] = 88.76849

Predictor:
X3 =y, + g(t,,y,)At = (2.08938) + (88.76849)(0.001) = 2.17815
Corrector:
t; = t, + At = 0.001 + 0.001 = 0.002

v(t3) = 10[2 — e B sin(5mt3)] = 10[2 — e 79992 5in(57 - 0.002)] = 19.68652

g(ts x3) = — [v(t3) xs] = ( 012) [(19.68652) — (2.17815)] = 87.54185

At 0.001
Y3 = Y2+~ [9(t2,72) + g(t5,%5)] = (2.08938) + —— [(88.76849) + (87.54185)] = 2.17753

For k = 3:
g(ts,y3) = ! [v(t3) y3] = Oi [(19.68652) — (2.17753)] = 87.54492
Predictor:
X4 = y3 + g(t3,y3)At = (2.17753) + (87.54492)(0.001) = 2.26507
Corrector:

ty = t3 + At = 0.002 + 0.001 = 0.003

v(t,) = 10[2 — et sin(5nt,)] = 10[2 — 72993 5in(57 - 0.003)] = 19.53035

! —[v(ty) — x,4] = ! [(19.53035) — (2.26507)] = 86.32637

g(ta, x4) = RC (0 2

At 0.001
Vo= y3 + —[ (t3,y3) + g(te, x)] = (2.17753) + —— [(87.54492) + (86.32637)] = 2.26446
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% Problem 5.27

- clear
- clec
- disp('Problem 9.27: Scott Thomas')

- RC = 0.2:;% seconds
- N = 3;

- delta t = 0.001;
- v = zeros(1l,N);

- t = zeros(1,N);
- yvil) = 2.0;
= for k= 1:H
- vik) = 10% (2.0 - exp(-tik)).*sin(5*pi*t(k))):
- glk) = L/RC*(vik) - w(k)):
z disp('Predictor')
- ®(k+1l) = v(k) + g(k)~delta t;
- t(k+l) = t(k) + delta t;
= vik+l) = 10%(2.0 - exp(-t(k+l)).*sin(3*pi*c(k+1))):
- glk+1l) = 1/RC* (v (k+1) - =(k+1)):
% disp('Corrector')
= vi{k+l) = v(k) + delta_t/2%(g(k) + g(k+l));
% disp('End of Process')
- end
- T
- ]
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Time-Step independence study:

% Problem 9.27
clear

clc

disp('Problem 9.27: Scott Thomas')

RC

N1

0.2;% seconds

50;

delta_tl = 0.1;

yl = zeros(1,N1);

tl = zeros(1,N1);

yl(1) = 2.0;

for k = 1:N1
vli(k) = 10%(2.0 - exp(-tl(k)).*sin(5*pi*tl(k)));
gl(k) = 1/RC*(vi(k) - y1(k));

disp('Predictor')
x1(k+1) = y1(k) + gl(k)*delta_tl;
tl(k+1l) = t1l(k) + delta_tl;



v1(k+1) 10%(2.0 - exp(-tl(k+1)).*sin(5*pi*tl(k+1)));
gl(k+1) 1/RC*(v1(k+1) - x1(k+1));

% disp('Corrector')
yl(k+1) = y1(k) + delta_t1l/2*(gl(k) + gl(k+1));

% disp('End of Process')

end

N2 = 500;
delta_t2 = 0.01;
y2 = zeros(1,N2);
t2 = zeros(1,N2);
y2(1) = 2.0;
for k = 1:N2
v2(k) = 10*(2.0 - exp(-t2(k)).*sin(5*pi*t2(k)));
g2(k) = 1/Rc*(v2(k) - y2(k));
% disp('Predictor')
x2 (k+1) y2(k) + g2(k)*delta_t2;
t2(k+1) = t2(k) + delta_t2;
v2(k+1) 10%(2.0 - exp(-t2(k+1)).*sin(5*pi*t2(k+1)));
g2 (k+1) 1/RC*(v2(k+1) - x2(k+1));
% disp('Corrector')
y2(k+1) = y2(k) + delta_t2/2*(g2(k) + g2(k+1));
% disp('End of Process')
end

N3 = 5000;
delta_t3 = 0.001;
y3 = zeros(1,N3);
t3 = zeros(1,N3);
y3(1) = 2.0;
for k = 1:N3
v3(k) = 10%(2.0 - exp(-t3(k)).*sin(5*pi*t3(k)));
g3(k) = 1/RC*(v3(k) - y3(k));
% disp('Predictor')
x3(k+1) y3(k) + g3(k)*delta_t3;
t3(k+1) = t3(k) + delta_t3;
v3(k+1) 10%(2.0 - exp(-t3(k+1)).*sin(5*pi*t3(k+1)));
g3(k+1) 1/RC*(v3(k+1) - x3(k+1));
% disp('Corrector')
y3(k+1) = y3(k) + delta_t3/2*(g3(k) + g3(k+1));
% disp('End of Process')
end

plot(tl,yl,t2,y2,t3,y3, t3,v3)
xlabel('Time t (seconds)'), ylabel('Capacitor Voltage y(t) and Applied voltage v(t)')
title('Problem 9.27: Scott Thomas')

Tegend('\Delta t = 0.1"',"'\Delta t = 0.01"', '\Delta t = 0.001', 'Applied voltage', 'Location',

axis([0 5 0 30])
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