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Problem set 5

Frequency Domain Analysis

1. For each of the given signals calculate the Laplace transform.

( t).
(s) t2 Sen (wot) 1(t).
( t2 e~ %Cos (wot) 1(¢).
e~ Sen (wot) 1(t).
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(u) ¢

(v) At? e *Cos (wot + ¢) 1(¢).
(w) II(%).

(x) A(t—5).

2. Find the signals whose Laplace transforms are indicated.

(2) X(5) =4(1— e ).

(b) ¥(s) = Ts+1
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Automatic Flight Control

3. Determine the initial and final values of the signals associated with the Laplace transforms of

problem 2 using the initial value and final value theorems.

4. Using the Laplace transform determine the responses for each of the given systems to the
input signals:

i u(t) = 8().

ii. u(t) =
t)

if. wu(

1(¢)
r(t)

iv. u(t) = e7*1(¢).
v. u(t) = te*1(¢).
vi. u(t) = e 21(t).
vii. u(t) = te ?1(¢).

viii. u(t) = Sen (5t) 1(¢).
)

ix. u(t

e 3 Sen
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Automatic Flight Control Problem set 5. Frequency Domain Analysis

(a) Consider a DC motor with permanent magnet as shown in the figure.

Where:

v, : voltage across armature winding (input signal) [=]V.

iq : current through armature winding [=]A.

R, : armature winding resistance [=|{2.

L, : armature winding inductance [=]H.

w : angular velocity in motor axis (output signal) [=]rad/s.

J : moment of inertia of rotating parts of the motor [=|kg.m?.

B : viscous friction coefficient of rotating parts of the motor [=]kg.m?/s.

v; = Kw : voltage induced in the armature [=|V. K is a constant associated with the
motor.

T = Kni, : torque produced by the motor [=|N - m. 7 is the efficiency of the motor
0<n<1).

Suppose that the value of the motor parameters is: R, = 0.5Q2, L, = 50mH, J =

0.05kg - m?, B = 1kg-m?/s, K = 0.022918V - s/rad, n = 0.9.

(b) Consider the mass-spring-damper system in the figure, where u(¢) which is the force
applied to the mass corresponds to the input signal, and y(¢) which is the speed of the
mass corresponds to the output signal.

—>y(t)
B

u(t)—» M

with M = 1kg, K = 1kg/s®* y B = 1kg/s.

(c) System with transfer function

U(s) s2+2s+1
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(d) System with transfer function

Y (s) s+ 10
U(s) (s+8)(s+5)

5. Check the answers to problem 4 using Octave o Matlab® and Simulink®.

6. Consider the feedback control system represented by the block diagram in the figure.

R(s) o C(s) | G(s) —» Y (s)

H(s)

Control system error is defined as e(t) = r(t) — y(¢).

(a) If the transfer functions C(s), G(s) and H(s) are given by

2 10 1
:1 = = H - .
Cle)=1+<, Gl) =15, Hl) =15

i. Determine the initial value of the error, e (07) = lim e(t), when the reference signal,
t—0

r(t), is a step.

ii. Determine the steady state error, es;s = e(00) = tlim e(t), when the reference signal,
—00

r(t), is a step.
iii. Calculate the error, e(t).
(b) If the transfer functions C(s), G(s) and H(s) are given by

10 1
C(s)=1+2s, G(s)= PR H(s) = w1

i. Determine the initial value of the error, e (07) = lim e(t), when the reference signal,
t—0

r(t), is a step.
ii. Determine the steady state error, ess = e(00) = tlim e(t), when the reference signal,
—00

r(t), is a step.
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iii. Calculate the error, e(t).
(c) If the transfer functions C(s), G(s) and H(s) are given by

o(s)=1+§, Gs) = - H(s)=1.

i. Determine the initial value of the error, e (07) = lim e(t), when the reference signal,
t—0

r(t), is a step.

ii. Determine the steady state error, ess = e(00) = tlim e(t), when the reference signal,
—00

r(t), is a step.

iii. Determine the initial value of the error, e (07) = lim e(t), when the reference signal,
t—0

r(t), is a ramp.

iv. Determine the steady state error, ess = e(00) = tlim e(t), when the reference signal,
—00
r(t), is a ramp.
v. Calculate the error, e(?).

(d) If the transfer functions C(s), G(s) and H(s) are given by
10

C(s)=1+2s, G(s)= , H(s)=1.

i. Determine the initial value of the error, e (07) = h%ﬁ e(t), when the reference signal,
t—

r(t), is a step.

ii. Determine the steady state error, ess = e(00) = tlim e(t), when the reference signal,
—00

r(t), is a step.
iii. Calculate the error, e(t).

7. Check the answers to problem 6 using Octave or Matlab® and Simulink®.

8. Consider a system modeled in state space by

x(t) =Ax(%) + Bu(?)
y(t) =Cx(t) + Du()

where x(t) is the state vector, u(t) is the input vector, and y(t) is the output vector, with

S R L B R R ]

For this system do the following:

(a) Obtain the state transition matrix in the frequency domain, ®(s).

(b) Get system response if x(0) = |1 —1]T yu(t) =0 O]T for t > 0.

(c) Obtener la matriz de transferencia del sistema, H(s).
)

(d) Get system response if x(0) = [0 O]T yu(t)=[e* 1]T for ¢ > 0.
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(e) Get system response if x(0) = [1 —1]T yu(t)=[e* 1]T for ¢ > 0.

(f) Obtain the Jordan canonical form and develop the previous literals in terms of this new
representation.

9. Consider a system modeled in state space by

x(t) =Ax(%) + Bu(?)
y(t) =Cx(t) + Du()

donde x(t) is the state vector, u(¢) is the input vector, and y(¢) is the output vector, with

10 0 1
A=|0 -2 o0 ,B:l,C:[(l)(l)g},Dzm.
0 0 -3 1

For this system do the following:

(a) Obtain the state transition matrix in the frequency domain, ®(s).
(b) Get system response if x(0) = [1 2 —1]T y u(t) =0 for t > 0.

(
(d

)
)
c¢) Obtain the transfer matrix for this system, H(s).
) Get system response if x(0) = [0 0 O]T y u(t) =e 2 for t > 0.
)

(e) Get system response if x(0) = [3 5 —10]T y u(t) =1 for t > 0.
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