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Question 1

Figure Q1 shows a quarter car model of a vehicle suspension system.

m, _T

m, _T

Figure Q1
(a) Develop a system of differential equations describing the motion of the
system.

(12 marks)

X1(s)

(b) Determine the transfer function G(s) = o)

(8 marks)
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Question 2

(a) A system is described by the equations:

x =Ax + Bu
y=Cx
Where:

-1 0 1 B
=3 %) e=[] e=n
Calculate the output transfer function %

(10 marks)

(b) Develop a state space model (A, B, @ and D matrices) for the following
system:

mX+bx+kx=f
With input u = f and outputyy = f—bx — kx
(10 marks)

Question 3
A DC motor can be represented as a first order system with a time constant of 0.5s.

When the input voltage is subject to a step increase from Ov to 8v, the speed of the
motorincreases from Orpm to 6000rpm.

a) Develop a transfer function that represents the time response of the motor.
(5 marks)

b) Calculate the time taken for the motor to reach 90% of its final value of
6,000rpm. (7.5 marks)

c) Calculate the speed of the motor 0.25s after the input voltage is subject to
step increase from Ov to 1v
(7.5 marks)

PLEASE TURN THE PAGE
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Question 4

Figure Q4 shows a block diagram representation of a linear automotive control
system where R(s) is the input, D(s) is a disturbance and Y(s) is the output.

D(s)
+
F(s) +
R
© /. c(s) Gy(s) %: A Gals) e,
H(s)
Figure Q4
a) Using block diagram reduction-technigues, find the following transfer functions
for the system:
Y(s)
l. RG) (10 marks)
Y(s)
Il. G (10 marks)
Question 5

A system.is represented by the following transfer function:

100
s+ 30

G(s) =

a) Sketch the Bode plots (magnitude and phase) of the system.
(15 marks)

b) With reference to the Bode plots, describe the frequency response of the

system.
(5 marks)

END OF QUESTIONS
PLEASE TURN PAGE FOR FORMULA SHEET
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FORMULA SHEET

Matrices:
For a 2x2 matrix:

_[a b
IfA= [C :
then
|A| = ad — bc

.« _[d =b
adjA = [—c a ]
And

adjA
At=——
|4
1st Order Systems:

Ty(8) + y(©) = ku(t)

Y(s) k
U(s) 1s+1

G(s) =

2" Order Systems:
J(®) + 2{wd(6) + 0 ?Y(t) = wp*u(t)

Y(s) _ Wy ?
U(s) 2+ 20w,s + w,>

State Space:

x(t) = Ax(t) + Bu(t)
y(t) = Bx(t) + Du(t)
Y(s)

G(S) = @ = C(SI —A)_lB +D

END OF PAPER





