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Q1. a) Consider the quarter car model shown in the Figure Ql(a). The spring k
represents a tyre and the spring k2 and ¢ represents the shock absorber. The mass
of the quarter car is my and that of the tyre is . Assuming that the input
displacement as the road surface variation given by 7, find the transfer function of
the model Y{(s)/ R(s).

[6.0 Marks]
b) Find the transfer function, Eo(s)/ Ei(s) of the cascade circuit shown in Figure Q1(b).
[4.0 Marks]

Q2. It is important to ensure passenger comfort on ships by stabilizing the ship's
oscillations due to waves. Most ship stabilization systems use fins or hydrofoils
projecting into the water to generate a stabilization torque on the ship. A simple block
diagram of a ship stabilization system is shown in Figure Q2. The rolling motion of
the ship can be regarded as an oscillating pendulum with a deviation from the vertical
of § degrees. The transfer functon of a typical ship is given as follows with o, = 3
rad/s and = 0.20.

2
o
G(s)= .

st + 20w s+w]

Obtain the open-loop response for a step-disturbance and determine the peak
overshoot and oscillation period.
- e e [10.0 Marks]

Q3. A control system for an automobile suspension tester has negative unity feedback and
a process '
K(s*+ 45+ 8)
Ge(8)G(5) = ol
C( ) ( ) SZ<5 ,%« 4)
We desire the dominant roots to have ¢ equals to 0.5, Using the Root Locus, show that
K=7.35 is required and the dominant roots are 5 = -1.3 +72.2.

[10.0 Marks]






Q4. Figure Q4 shows a speed control system where the wheel and motor dynamics is

5.

Qeo.

given by;

G (s)= 5D :
(s+2)s+4)
A controller is designed as;
: K
(}( {S) T s

549 :
For a unit step-input, under no external disturbances, it is desired to have the steady-
state speed within 5% of the desired speed (steady-state error should be 5%).
Determine the required gain K to achieve the steady-state requirement. For this gain,
determine the steady state error for unit step disturbance (Ty = 1/5) when R(s) = 0.
” [10.0 Marks]

A robot arm has a joint-control loop transfer function

300(s +100)

G(s)H(s) = s(s+10)(s + 40)

Sketch an approximated Bode diagram and indicate phase and gain margins. Discuss
about the stability of the closed-loop system.

[10.0 Marks]
Obtain the Polar plots for the systems represented by following functions.
a) G(s) =- Lw___
s(s+D{(s+2)
[5.0 Marks]
N :
SUNNCTR) pe———
s{s+1)
[5.0 Marks]
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Figure O1 (b)
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Ky and Ky are constants, and other representations follow the usual notations

Figure 02







Desired Speed

s)

G,(s)

Speed of Rotation

Y (S;;

Figure Q4




