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Problem 1

(@)

(b)

List three parameters each, which can be used to specify the performance of a
control system with respect to:

Q) Speed of response
(i) Relative stability

Define these parameters.
(5 Points)

Consider the feedback control system given by the block diagram in Figure 1. The
forward transfer function is denoted by G(s), which represents the plant and part
of the controller. The feedback transfer function is given by H(s) =bs+1.

(i) As a hardware component of the system, what does this feedback transfer
function represent?

(5 points)
The following facts are known about the control system:

1. Itis athird order system but behaves almost like a second order damped
oscillator (with no zeros)

Itis a Type 2 system

3. Its 2% settling time is 4/3 seconds, for a step input.

N

4. 1ts peak time is % seconds, for a step input.

(i)  Completely determine the third order forward transfer function G(s) (i.e.,
the numerical values of all its parameters) and the parameter b in the
feedback transfer function.

(15 points)

(ili)  Estimate the damping ratio and the percentage overshoot of the closed-
loop system.

(5 points)

(iv)  If aunit ramp input is applied to the system, what is the resulting steady
state error?

(5 points)
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Figure 1 A feedback control system.

Problem 2

(a) The poles of a system are given in the following five examples. In each case state
giving reasons whether the system is stable, unstable, or marginally stable.

@iy -2,-4+]j5, -3
(i) -2, -4+ j5, +3
(iii) -2, -4+ j5, +j3
(iv) -2, +4+j5, -3
(v) -4+j5 0,0
(5 points)

(b) A system has the characteristic equation

s® +12s*+61s+150=0

(i) Using Routh-Hurwitz criterion determine whether the system is stable, unstable,

or marginally stable.
(10 points)

(i) Now move all the poles of the given system to the right of the s-plane by the real
value 3. (i.e., add 3 to every pole of the original system). Using Routh-Hurwitz
criterion determine whether this modified system is stable, unstable, or
marginally stable. Justify your answer.

(5 points)



(iii)  Using the result in Part (ii) and without directly solving the characteristic
equation determine all three poles of the original system.
(10 points)

Note: Give all the details of obtaining your results. You should answer this question
without directly solving a 3" order characteristic equation.

Problem 3

A system is shown in Figure 3. It was found to have the following properties:
1. The system transfer function G(s) has two zeros and three poles.

2. The product of the three poles is -4.

3. When the system was excited with a sinusoidal input u (as shown in Figure 3) at
frequency @ =4, the output y at steady state was found to be zero (i.e., no
response).

4. When the system was excited with a sinusoidal input u (as shown in Figure 3) at
frequency w =2, the output y at steady state was found to have a phase lag of
180° with respect to the input (i.e., the response was in the opposite direction to
the input).

5. When the system was excited with a sinusoidal input u (as shown in Figure 3) at

frequency w = V2, the output y at steady state was found to have a phase lag of
90° with respect to the input.

6. The DC gain of the system (i.e., the magnitude of the frequency transfer function
at zero frequency) is 8.

Determine the complete transfer function G(s) of the system (i.e., the numerical values of
the five parameters in G(s)).

(35 Points)

Input System Output
U = U, COS ot y =Y, cos(at + ¢)

G(s)

Figure 3 An open-loop system.



