ELE 457 Homework #5 Solutions Fall 2009

1. The following Matlab code generates the required Table:

time=[0:1.e-4:4];
zeta=[0.9 0.95 1 1.3 1.5 1.7];
hzeta=[0.9:.01:1.8]; %Use this to get a more extensive table
table=[];
for k=1:length(zeta)
y=step(tf(21.344,[1 9.24xzeta(k) 21.344]),time);
t=find (y>=0.99) ;
st=time(min(t));
alpha=min(-real(roots([1 9.24xzeta(k) 21.344])));
st1=4.62/alpha;
if zeta(k)<0.9
f=1;
elseif zeta(k)>=0.9 & zeta(k)<1
f=4.466*zeta(k)-3.024;
elseif zeta(k)>=1 & zeta(k)<1.7
£=0.008891/(zeta(k)-0.98)+1.0014;
elseif zeta(k)>=1.7
f=1;
end
st2=fx*xstl;
table=[table;zeta(k) st stl f st2 100*(stl-st)/st 100x(st2-st)/st];
end
fprintf (’\n\nzeta Actual Ts 4.62/alpha f 4.62f/alpha PE_1 PE_2\n’)
fprintf (*%4.2f %8.3f %9.3f %8.2f %8.3f %7.0f %4.0f\n’,table’)

Here is the resulting Table:

zeta Actual Ts 4.62/alpha f 4.62f/alpha PE_1 PE_2

0.90 1.110 1.111 1.00 1.106 0 -0
0.95 1.273 1.053 1.22 1.283 -17 1
1.00 1.437 1.004 1.45 1.452 -30 1
1.30 2.239 2.131 1.03 2.193 -5 -2
1.50 2.699 2.618 1.02 2.667 -3 -1
1.70 3.139 3.075 1.00 3.075 -2 -2

Note that the simple formula has a maximum percent error of 30%), while the corrected
formula has a maximum percent error of 2%. We can run the program with a much
finer grid of ¢ values. The results are about the same, except that the maximum error
for the corrected formula is about 3%. Here is the extended table:
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2. The Simulink block diagram is show below:
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unit step applied at time 0 and r(t) is always zero, the plant
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(b) When 7(t) is a unit step applied at time O and r(t) is a step of height -2 applied
at time 2, the plant output is:
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