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QUESTION 1

You have recently been appointed as an engineer at an innovative energy storage
start-up, tasked with the development of a product that harnesses potential/€nergy forn
storage purposes. In instances of surplus electricity within the grid, a motarised winch
mechanism engages, drawing a mass towards a spring, subsequentlydimmabilised by
a braking system. Upon the grid's requisition for energy, the mass isidisengaged,
reverting to its original state, thus releasing stored energy. Youriimmediate superior
has proposed the conceptualisation of this product through a modeleemprising a solid
barrier, two springs characterised by stiffness constants K1 and JK2, a damper
endowed with a damping coefficient C, and a mass denoted @s;M. Figure 1 shows the
model of your product. The input to the system is the Force R/acting from the winch to
the mass and the outputs are displacements y, and y,.

a) Drive the governing equations for the displacements y; and y, of the machine

system.
[10 marks]

b) Determine the Laplace transforms,of the differential equations obtained from
(a) above. Assume the initial conditions‘of the system are zeros (i.e. at time =
0,y1 1, y; are all zeros).

[5 marks]
c) Determine the transfer functionG(s) = 3;2(—25))
[10 marks]
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Figure 1 Energy System Mechanism Total 25 marks
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QUESTION 2 : ;

a) Consider the system used in recycling technology as shown in Fig re
V(t) is the input voltage, and i(t) is the output current. Determing. th nse
i(t) of the system when V(t) is a unit-step input.

%

+ —_—
V= D I
Figure 2 Line
[15 Marks]

b) A The response of a first-order al'system to an impulse is represented
by the following equation:

Z 405t

Determine its time ant (¢), DC gain (K), transfer function (Gs), and step
response.
Q [10 Marks]

Total 25 marks
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QUESTION 3

a) Determine the natural frequency and damping ratio for the system wi sfe
function represented by the following equation:

G 36
)= F 125730
Furthermore, find the Peak time (tp), Maximum over: Mp), Settling time (ts),
and Rise time (tr)
[10 Marks]
b) An aerospace servomotor with a da ratiorof {= 0.4, is employed to
regulate the displacement of a plotter pe block diagram to control the
system is shown in Figure 3.
Rs 0.6 Cs |
2425 g
Motor

igure 3 Servo-motor Block diagram

Deter he following parameters of the control system: The transfer function,
P/

(tp), Maximum overshoot (Mp), Settling time (ts), and Rise time (tr).

[15 Marks]

Total 25 marks
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QUESTION 4

a) Explain what head loss is and identify two types of head losses experienced
by liquid in pipe flow.
[4 Marks]

b) Water flows through capillary tubes A and B into tube C. IfQ, = 2 X 1073L/s,
what is the maximum @, allowable in tube B for laminarfflowinytube C? The

water temperature is 40°C (9 = 0.661 X 10‘6"‘—2 . With the calculated Q,,, what
N

type of flow exists in tubes A and B? Assume diameters'iniA; B, and C to be
5mm, 4mm, and 6mm respectively.

[12 Marks]

c) Calculate the head loss in a cast iron pige,with aidiameter of 15cm and a
length of 30m when water flows through it'atha rate of 75 Litres/s at 20°C.
Consider the following properties:

e Water at 20°C: § = 1.007@x0-8"
e Cast Iron roughness: €= 0.15mm [9 Marks]

Total 25 marks

QUESTION 5
a) Derive Bernadlli's\jequation from the principle of work and energy.
[16 Marks]

b) If the aisflow above the wing moves at a speed of 180% and below the wing

moves at'aspeed of 130 ? calculate the force required to keep the airplane

airborne. Assume the mass of the airplane is 4000 kg and the wing surface
area is 50m?2. The airplane is flying at a low altitude, so take the density as

1.10%2
m
[9 Marks]

Total 25 marks
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QUESTION 6
a) Explain discretisation and its necessity in a CFD simulation.
Marks]

b) Approximate the derivative of a function f(x) = x2 + 2xt 3 using
forward, backward and central difference method and step si 1. Verify the
result using an analytical solution.

[13 Marks]

c) At what rate is the liquid level rising or falling.i nk shown below.

>

|5cmdia,
=V =5m)s

10 cm dia.

V = 6m/s—=

LR

V = 10 m/s—»=

[Marks 8]
Total 25 marks

& END OF QUESTIONS
Formula sheet follows over the page
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Formula Sheet

e Block feedback

__ Gols) .
G(s) = T+ Gols)H () (for a negative feedback)

G(s) = % (for a positive feedback)

e Performance measurement for second-ord ste

odtr = 1/2n
(Ddtp =T

M.O (%) = exp (—2" )= 100% x
1-¢?%
- 4
"
wd = onV(1-C?)

/(1) sF(S)77(0)

'F sf(0)—/'(0)
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| Fe
1.

o(t) 1
1
2. u(t) s
1

3. tu(t) s?
n!

4. m H(U gn+1

5. e u(t)

6. sin ot u(t)

7. cos ot u(t) &
y(t) +C3E(§) = K;t(t)
_ L) _
G(s) = R(s) ts+1
et

Thermal Power Formula S

A1V1 == A2V2
SpG = Priuid
Pwater
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