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Question 1
(@) A first order system has the following transfer function:
40
s+ 10

State the steady state value and the time constant.

[2 marks]
Find the response of the system to a unit ramp input.
[8 marks]
(b) A second order system has the following transfer function:
200

s2 4+ 20s + 900

(i) Find the natural frequency w,,, the damping ratio { and the damped

frequency wg. [6 marks]
(i) Calculate the peak time and the rise time for the system [6 marks]
(i)  Calculate the percentage overshoot for the system. [3 marks]

Total 25 marks

Please turn the page...



Page 3 of 10

School of Engineering

BEng (Hons) Electrical and Electronic Engineering
Semester 2 Examinations 2023-2024
Instrumentation and Control Theory

Module No. EEE5011

Question 2

(@)  Consider the system block diagram shown in Figure 2a.

H2

+
= 4>{ &1 [ g G2 I T > G3 — >
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Figure 2a

By applying the rules for block reduction, find the transfer function to
represent this system as a single block.
[15 marks]

(b)  Consider the system block diagram shown in Figure 2b.

> g s+3 > s+1 >
4 -
s+1 h
Figure 2b

Calculate and simplify the closed loop transfer function for the system.
State, with reasons, whether or not the system is stable.
[10 marks]
Total 25 marks
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Question 3

Consider the control system shown in figure 3:

Set point

+ Emor Process variable -
>

®  Controller » Plant

Figure 3

The controller is an integral controller, and the plant is

G(s) =

and the system uses unity negative feedback. We wish to design the controller so

that the overshoot does not exceed 5% and the steady state error for a unit ramp

input does not exceed 0.5.

(i)
(ii)

(iif)

(iv)

(V)

(vi)
(vii)

Write down the open loop transfer function of the system. [2 marks]
Find an expression for the steady state error for unit ramp input in terms of K.
[4 marks]

Find the range of values for K for which the steady state error does not
exceed 0.5. [3 marks]

Find the closed loop transfer function of the system. [4 marks]

Find expressions for the natural frequency and the damping ratio in terms of K.

[5 marks]
Find the value of the damping ratio that gives an overshoot of 5%. [3 marks]
Find the range of values for K for which the overshoot does not

exceed 5%. [4 marks]

Total 25 marks
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Question 4
(a) Consider the control system with disturbance shown in figure 4a
D(s)
X(s) T o\ E6) + 2 Y(s)
4 - —p
- + S+2
Figure 4a

Find an expression for the error E(s) in terms of the input X (s) and the disturbance
signal D(s). [9 marks]

If the input is a unit step, and the disturbance is a step of size 0.4, find the value of

the steady state error. [6 marks]

(b) Consider the control system shown in figure 4b.
Setpoint Emor Process variable
Controller > Plant =

T_

The controller is an integral controller K /s, and the plant is

Figure 4b

2
G(s) =
(s) s?+10s + 4
(i) Find the closed loop transfer function for the system. [6 marks]

(i) Find the range of values for K for which the system is stable. [4 marks]

Total 25 marks
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Question 5

a) Explain the term accuracy in instrumentation device systems and how the
accuracy value of a device can be achieved. [6 marks]
b) In a temperature measuring system, the transfer function is 5 mV/k + 2.1%,

and the accuracy of the transmitter is +1.7%. What is the system accuracy?

[3 marks]
c) Explain what the time constant factor of a sensor is in terms of first-order and
second-order responses. [6 marks]
d) A linear pressure sensor has a time constant of 3.1 seconds, and a transfer

function of 29 mV/kPa. What is the output after 1.3 seconds, if the pressure changes
from 17 to 39 kPa? What is the pressure error at this time? [7 marks]
e) The pressure in a system has a range from 0 to 75 kPa. What is the current

equivalent of 27 kPa, if the transducer output range is from 4 to 20 mA?  [3 marks]

Total 25 marks
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Question 6

a) Explain what a Galvanometer is and describe its key working principles.
[8 marks]

b) Given the drawing of a Kelvin bridge shown below, draw its equivalent using
the Star-Delta transformation. [8 marks]

Figure 6b

c) Derive the expression to find the unknown resistance R of a Kelvin Double
bridge under the balanced condition, in which the current in galvanometer =
0A. [9 marks]

Total 25 marks

END OF QUESTIONS
A FORMULA SHEET APPEARS OVER THE PAGE
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FORMULA SHEET

Parameters of second order systems

Relation between w,,, w; and ¢:

wg =+1—-w, wn—;wd (= 1—(ﬁ)2

B 1-¢2 Wn

Relation between damping ratio and percentage overshoot:

_ _ i _ (In A)2
overshoot = 100exp< W) ¢ = Trn )z
Rise time, peak time, and 5% and 2% settling times:
- _
trise = ﬂw_d where ¢ = cos 1({) tpeak = wld

3 4
t o X T t o) N ——
settle,5% 7 settle,2% lwn

wWn

Table of Laplace Transforms

f@® F(s) = f F(Destdt
0
1 1
s
t 1
s2
o—at 1
sta
sin wt w
s2 4+ w?
cos wt S
s2 4+ w?
e f(t) F(s+a)
f'(@®) sF(s) — f(0)
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Block diagrams

Rule Original Dlagram Equivalent Diagram
1. Moving a ¥
summing  point il
beyond a block 4>|_h—> G —h G;
A I ey B,
- o

¥ — o N
2. Moving a| x .. LY+ Z
summing point in Panglil pna® G, /61
front a block ' . :

H | oSG e
[x]
3. Moving a| v, Vy(3) . Va(s) T
takeoff point to L(:Z Hi(s) 2£.. Vi) = Hi) >
front of a block
] Va(z)
(s) Hi (s
4. Moving a r Vo (s) _\,'1(5‘; - L) 7]
takeoff point to 1) o| Hi(s) —» —»-| H1(8)
beyond a block
e
Vz(3) Hi(s)

Blocks with feedback

G (s) is forward path, H(s) is feedback path.

Negative feedback:

Positive feedback:

G(s)
1+G(s)H(s)

G(s)
1-G(s)H(s)
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Three-phase systems:

a R - R/R,
%, % “ R +R,+R,

§ R.R
¢ 'A;’:" c Rb = "'—3
’ R, +R, + R,
Delta to Star conversion: R = _ KRR
R, +R,+R,

R R,+RR +RR,

a Rl
R, R Rb
r - RR,+RR +RR,
o , 2 R
R R +R,R +RR,
, R, =
Star to Delta conversion: ’ R

a2
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