4.6 Laplace Transform MATLAB Laboratory Experiment

Purpose: This experimentpresentsthe frequency domain analysis of continuous-timelinear systemsusing
MATLAB. Theimpulse,step,sinusoidal,and exponentialresponse®f continuous-timesystemswill be examined
usingthe transferfunction methodbasedon the Laplacetransform.In addition, MATLAB will be usedto perform
the partial fraction expansionandto find the inverse Laplacetransform.

Part 1. Considerthe linear systemrepresentedy the transferfunction

s+1

H(s)= =T
(s) s24+5s+6

Using MATLAB, find and plot:
(a) The systemimpulse response.
(b) The systemstep response.
(c) The systemzero-stateresponsedueto the input signal f(¢) = sin (2¢)u(t).
(d) The systemzero-stateresponsedue to the input signal f(¢) = e~ u(t).
Part 2. Considerthe transferfunction

B 2s° + 3 —3s2+s5s+4
T 5s8 49257 — 6 — 355 4+ 5st 243 — 452 + 25 — 1

H(s)

(@ Find the factored form of the transfer function by using the MATLAB function
[z,p,K]=tf2zp(hum,den)

(b) The partial fraction expansionof rational functions can be performedusing the MATLAB function
residue . Find the Laplaceinverseof the given transferfunction using the MATLAB function residue ; that
is, find analytically the systemimpulse response.

Part 3. Considerthe systemddined by
y (1) + 5y (1) + 4y(t) = f(t)

andtheinput signalrepresentedéh Figure4.13. Use MATLAB to plot the zero-stataesponsef this system. (Hint:
SeeExample4.24.)

f(H)

o I\ 2 3 f

i

FIGURE 4.13: An input signal
Part 4. Find and plot the zero-inputresponseof a flexible beam[9], whosetransferfunctionis given by

H(s) = 1.655* — 0.3315% — 57652 4+ 90.65 + 19080
T %+ 0.9965% 4 463s% 4 97.85% + 1213152 + 8.115

with the initial conditionsy*)(0~) = 1, y¥)(0~) =0, j = 0,1,2,3,5. (Hint: Find I(s) andA(s) asdeinedin
formulas (4.36) and (4.52) and usethe MATLAB function impulse .)

Submitfour plotsfor Part1, oneplot for Part3, andoneplot for Part4, andpresentanalyticalresultsobtained
in Parts2—-4.
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SUPPLEMENT:

I(s) = (a1y(0‘) +asy M (07) + -+ a1y (07) +yn Y (0‘))

+s (a2y(0‘) +azy "V (07) + o+ a1y (07) + yn Y (0_))

(4.36)
57 (agy(07) + aay (07) 4+ an-1y P (07) + 4"V (07))
+---+8”‘2(an_1y(0_) +y(1)(0_)) + 5" 1y(07)
A(s) = s" +ap_1s" "+ +aps +ag (4.52)
MATLAB Solution Program
% Experiment 4
%
% PART 1
%
num=[1 1]; den=[1 5 6];
% (a) Impulse response
t=0:0.01:5; h=impulse(num,den,t);
%
figure ()
plot(t,h); grid;  xlabel('Time [sD); ylabel('Impulse response’)
print -deps figured _l.eps
% (b) Step response
ystep=step(hum,den,t);
%
figure (2)
plot(t,ystep); grid;  xlabel('Time [s]); ylabel('Step response’)
print -deps figured_2.eps
% (c) Sinusiodal zero-state response
time=0:0.01:10; f=sin(2*time); yzs=lsim(num,den,f,time);
%
figure 3)
plot(time,yzs); xlabel('Time [sD); ylabel(’Sinusoidal zero-state response’);
grid; print -deps figure4_3.eps
% (d) Exponential zero-state response
f=exp(-t); yzs=Isim(num,den f,t);
%
figure (4)
plot(t,yzs); xlabel('Time [sD); ylabel('Exponential zero-state response’);
grid; print -deps figure4_4.eps
%
% PART 2
%

% (a) Transfer  function factored form
num=2 01 -3 1 4]; dens5 2 -1 -3 52 -4 2 -1]; |[zp.K]=tf2zp(hum,den)

% H(s)=k*((s-z(1))*(s-z(2))*...*(s-z(5)))/((s-p(1) )¥(s-p(2))*...*(s-p(8)))
% (b) Transfer  function partial fraction form
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[R,p,K]=residue(num,den);
% H(s)=num(s)/den(s)=R(1)/(s-p(1))+R(2)/(s-p(2))+... +R(8)/(s-p(8))+K(s)
R

K

rl=abs(R(1))

r3=R(3)

rd=abs(R(4))

r6=R(6)

r7=abs(R(7))
phil=angle(R(1))
phid=angle(R(4))
phi7=angle(R(7))

h=2*r1*exp(real(p(1))*t).*cos(imag(p(1))*t+phil)+r3*exp( p(3)*t)...
+2*r4*exp(real(p(4))*t).*cos(imag(p(4))*t+phid)+r6*exp( p(6)*t)...
+2*r7*exp(real(p(7))*t).*cos(imag(p(7))*t+phi7);

%

figure (5)

plot(t,h); grid;  xlabel('Time [sD); ylabel('Impulse response’)

print -deps figured_5.eps

%

% PART 3

%

num=1; den=[1 5 4]; dens=[l 5 4 0]; denr=[1 5 4 0 O]

ystep=step(hum,den,time); % also ystep=impulse(num,dens)
yramp=Isim(num,den,time,time); % also yramp=impulse(num,denr)
ystepshift=[zeros(300,1); ystep(1:701)];

yrampshift=[zeros(200,1); yramp(1:801)];
y=ystep-yramp+ystepshift+yrampshift;

%

figure (6)

plot(time,y); grid;  xlabel('Time [sD); ylabel('Zero-state response’)

print -deps figured _6.eps

%

% PART 4

%

num=[1.65 -0.331 -576 90.6 19080]; den=[1 0.996 463 97.8 12131 8.11 O];
% using (4.36) we have

t=0:1:10000; y4thO=1;  a5=den(2); numl=[1 a5*y4thQ];

yzi=impulse(numl,den,t);

%

figure (7

plot(t,yzi); grid;  xlabel('Time [sD); ylabel(’Zero-input response’)
print -deps figured_7.eps

%

figure (8)

yzi=impulse(numl,den,time);

plot(time,yzi); grid;  xlabel('Time [sD); ylabel(’Zero-input response’);

axis([0 10 0 0.001)); print  -deps figure4_8.eps
MATLAB Results
>>

Z =
-0.5462 + 1.3017i
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-0.5462 - 1.3017i
0.9509 + 0.5795i
0.9509 - 0.5795i
-0.8094

p =

-0.8144  + 0.9415i
-0.8144 - 0.9415i
-0.9718

0.6412 + 0.6253i
0.6412 - 0.6253i
0.6734

0.1225 + 0.4805i
0.1225 - 0.4805i
k = 0.4000

R =

-0.0875 - 0.0188i
-0.0875 + 0.018s8i
0.0767

0.2652 + 0.0400i
0.2652 - 0.0400i
0.7293

-0.5807 + 0.7724i
-0.5807 - 0.7724i
K= 1

rli = 0.0895

r3 = 0.0767

r4 = 0.2682

r6 = 0.7293

r7 = 0.9663

phil = -2.9303
phi4 = 0.1496
phi7 = 2.2154
>>
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Figures Generated by the MATLAB Solution Program
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Step response

Sinusoidal zero-state response

Exponential zero-state response
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Impulse response
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Zero-state response
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Zero-input response
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Figure 4.8

Note a different rangefor the time axis in Figure 4.8 comparingto Figure 4.7. Both figuresrepresenthe same
signal, but in the different time spans.

Analytical Results
Part 2. (b) The systempolesobtainedwith the MATLAB are

pre2=oa1£j01, p3 =03, pas =as£ 04, ps = g, prg=arxjbr

with the correspondingiumericalvaluesgiven previouslyin MATLAB Resultssection. The analyticalexpression
for the impulse responseis

B 25° + 53— 252 +s5+4 R(1) N R*(1)
© hsS 4257 — 56 355 + 5514253 452425 +1 s —p(l)  s—p*(1)

H(s)

R(3) R(4) R*(4) R(6) R(7) R*(7)
s—p(3) T s—p®) Ts—p @ T s=p6) s—p0) T s—p(D)

L7HH(s)} = h(t) = 2|R(1)]e**" cos (Bt + LR(1)) + R(3)e*s!
+2|R(4)]e*** cos (Bat + LR(4)) + R(6)e®" + 2|R(7)|e*™" cos (Bt + LR(T))
=2 x 0.0895¢ 08144 ¢05 (0.9415¢ — 2.9303) + 0.0767¢~ 00718
+2 x 0.2682¢512 cos (0.6253¢ + 0.1496) + 0.7293¢%-6734
+2 x 0.9663¢ 1725 cos (0.4805¢ + 2.2154)
Note that the usednotationis consistentwith the MATLAB programand the resultsobtained. All anglesin the
aboveformula are expressedn radians.

Part 3. Using the linearity principle we have

fO) =u®) —r@)+rt - 2)+ult = 3) = y(t) = Ystep(t) — Yramp(t) + Yramp (t — 2) + Ystep(t — 3)
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Part 4. From formula (4.36), we havefor n = 6 andthe given initial conditions

0.996
I(s) = asy™(07) + sy (07) =5+ 0996 = Y.i(s)= HAT
Using formula (4.55), we obtain
+0.996
() = L Yai(s)} = £ i
yei(t) ailo)} {56—1—0.99655—1—46354—1—97.853—1—1213152-1—8.115}
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