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INSTRUCTIONS TO CANDIDATES

You should have the following for this examinagion:
Answer booklet;
Drawing instriments:
Nem-programmable scientific caleularor;
Log linear paper.
This paper consists of EIGHT questions in TWO sections; A and B.
Answer any THREE questions from section A and any TWO guestions from section & in the answer
hooklet prrovided.,
Maximum marks for each part of a question are as indicated.
Candidates should answer the questions in English.

This paper consists of 10 printed pages and 1 insert.

Candidates shonld check the question paper 1o ascertain that all the
pages are printed as indicated and that no guestions are migsing.
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SECTION A: CONTROL SYSTEMS
Anower aﬂlrcz'ffff&y_\'tumt [from this section.

/”/i () (1) Define system modelling as used in control systems,
S (11} Explain three reasons for system modelling of a physical system, (4 marks)

(b Figure 1 shows a simple mechanical translational system. Determine s transfer

funcrion, :]E_r”; 3 {9 marks)
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{c) Figure 2 shows a block diapram of a confrol system. Derive each of the followmg:

\\ﬁ% closed loop transfer function;
i primary feedback ratio;
{iii).  error Tatio, i T marks)
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4’?}: (a) Figure 3 shows a signal flow graph representing a control system. Determine the

SYSICE gaum. (10 marks)
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{b}  Figure 4 shows & block diagram representation of a control system. Determine its
transfer function tsing block disgram reduction technigue. [T marks)

iy .
Fig. 4
A H" [T'f—r.ﬁ,_ur e
icl The temperature range of a controlled system is 200 K to 330 K and has a set pomt of
285 K. Determine the percentage of span error when the temperature iz 297 K.
(3 marks)
3. {a)  State three types of cnmpcnaunng networks. . {3 marks)
_.l_,: —f et -"."'.:.!"""-" - -—E'd I_'ﬁ u.m'i:-"-_nlﬁ""n" 'pibf'aﬂﬁiﬁmrﬂ;'\‘
by  Anopen lnup control system is represented by the function
fin= EI‘-'E;._?CI
For a phase margin of 457, determine the:
(1] expression for the gain cross over frequency;
(i the value of o (9 marks)
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Table | shows the phise angle - frequency values for a eontrol system whose open loop
transter foncton is;

[}

= - A

sl + )1+ 002)

(1] Lismg asymptotic appraximation, skefch the bode diagram for the sysiem.
(i) Trom the bode disgram, determing the:

L. Sdin cross over frequency;
{8 phase ¢ross over frequency;
HI.  pain margin. (8 narks)

Table 1
i) tads L1V e e Ot ) O 1 € Y I e i [
Phasc degrees (@07) | -LO2| <117 | -156 [ -165 | -174 [ -186 | -224

Table 2 shows mechameal - electrical analogy for control system, Complete the table.

(A anarks)

Tahle 2

Translational | Electrical | Rotational

Force (F) Voltage (V)

Inertia (T)

Dapnper (B)
Accontenl system comsists of a senes R1UC network:
i1 draw the network; o
Gy show that Vo, = BS0 + LS+ --‘-,-'_;" where () 15 the charse. (7 marks)

A servamechanism is represented by the equation

&' 1048 _ . :
f.r..!.'. iF I:il.f' ]-ﬂ]lr Li'}

Where r is the reference input amd & §s the output shaft position. For the system,
determine the;

(1l undamped frequency;
(i) damping ratio:
(11  damped frequency. (R marks)




3 (a)  With the aid of a labelled cirout diagram; explain the principle of operation of a phasc
semsiive rechifier. 9 marks)

(b} State anv two essential features of 1 serva mechanism. {2 marks)

(e} Figure 5 shows a schematic bloek diagrm of position control system used to control
the motion of & radar

{i) State the function(s} of cach clement used.
(i1 Caloulare the gear ratio needed for maximum acceleration if the anertia of the

metor and load are 11 kg and 363 kp-me respectively. (% marks)
+y
— —
o Load X
-L Amplifier i
. Errar hdonor friction
B; distector T ] 8
r'H
A

= e Gear

Feedhack hick
A7 =y
A e e
[rput Chutput
Fotentiometer Fig.5 Piotentiometer

jdy  Explain dead zone with respect to remote position control (R P.CY systems. (3 marks)
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SECTION B: PROGRAMMABLE LOGIC CONTROLLERS
Answer any TWO guestions from thiy section.

.g'{:?[ (a)  With the aid of a labelled block diagram, define cach of the following data transmission
mdes: :

(1) half duplex;

(ii)  full duplex. (6 marks)
(b} With the aid of a labelled diagram, describe each of the following types of transmission

media:

(i) unshielded twisted pair; 4

(it}  ocoaxial cable: =

(11} optical fibre cable. J;—_:_EE"{ {12 marks)
fc)  State t@%dvanl%%m f optical fibre cable over copper transmission cables.

— Y e fﬂ"‘%% (2 marks)

7 {ay (i} Figare 6 shows a block diagram of a programmable logic controller, Describe
o the functions of each hlock.

Programming Memory Communication
device Drata | Program Interface
] 1 /
—™ Inpet Processor Cutpat = 4 ctuators
—ai imterface Interface ——
Inputs |.
Powrer supply
umt
Fig. 6
(i)  State three types of PLC output interfaces. {10 marks)
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(b)  Figure 7 shows a ladder diagram for a PLC. Write down its equivalent instruction list

ProfTan. {1 tnarks]
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(c) Draw a labelled circuit diagram of an apto-isolator used at the input terminal of a PLC.
{3 marks)

8. (a)  With the axd of a labelled diagram, descnbe each of the following types of SCADA
gystems:

(i) centralired:

(fi}  distributed. (% marks)

(b) Table 3 shows the functions of different layers of an open system interconnection ((S])
reference model. Identify the layers labelled A, B, C and D (4 marks)
Table 3

Layers | Functions

A It defines protocols responsible for sending data.

B It defines the switching that routes data between system in the
network.
= Concemed with coding and transmission of information. It
synchronizes data transfer.
D It defines the protocols for sending and receiving information
between two connected systoms.
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