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INSTRUCTIONS TO CANDIDATES

You should have the following for this exdmination:
Amswer boolder;
Drawing inseruments;
Now-programmable scientific calculaior:
Polar curve.
Thes paper consists of EIGHT guestions in TWO sections. A and B i the criswer hooklel provided
Answer any THREE questions from section A, and any TWO guestions [fram yection B.
Al questions carry equal marks.
Maximum marks for each part of a guestion are ay mdicated
Candidates should answer the questions in English,

"This paper consists of 8 printed pages and one insert.

Candidates should check the question paper to ascertain that
all the pages are printed as indicated and that no questions are missing.
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SECTION A: CONTROL SYSTEMS
Answer any THREE questions from this section,
Define each of the following with respect to control systems:
{i) comtrolled variable;
(it}  mampulated variable.

{2 marks)

i1} State three merits of a closed loop control svstem.
(ity  With the aid of a labelled block diagram, describe an open loop contrl system.

{9 marks)
Figure 1 shows a block diagram of a control system. Using block diagram reduction
echniques. determine its transfer function. (9 marks)
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State two advantages of a d.c servo-motors over a.c servo molors. {2 marks)

With the aid of a labelled block diagram, describe the working principle of a d.c
SErVO-motor. (7 marks)

Figure 2 shows an ammature controlled d.¢ motor. Show that its transfer function i3
given by the expression:
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Define each of the following input test signals used for analysis of control systems:

(i} shep:
(i)  ramp;
(it}  constant acceleration,
{3 marks)

Aoumity feedbiack system subjected to 2 unit step inpul has an open loop transfer

function 7, = T{;_ m ;

Determine the:

{i) characterstic equation:
(1) gain K, so that the system will have a damping ratio af {1.5;
(i) settling time:
(Iv}  percentage overshou.
(13 marks)

Figure 3 shows a three input summing amplificr. Derive the expression for the output
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4, (al  Detine each of the following in relation to signal flow praphs:
{1) fecdback path;

(ity  selfloop;
(iii)  path gain.

(b}  Figure 4 shows o block diagram of a control system.

(1) draw its equivalent signal flow graph;
(i) determine the transfer function of the system using the signal flow graph in
hi).

(c) Figure 5 shows an R-C circuit diagram. Derive its transfer function.

;
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(i (1} Define the term time scaling with respect W analogue computing.
(I}  State three rensons for time scaling.
() Draw an analogue computer diagram to salve the following simultancous
differential equations:
§=z+9
=t
{10 marks)
{1} State two demerits of stability analysis using Nyquist method.
(it} Table | shows the open loop frequency response of a control system. Draw
Nyquist diagram for the system and determine the:
{1}  pain marpin:
{Il)  phase margin;
(III)  comment on stability of the syslem,
(10 marks)
Table 1
el rouds, soe ) 1 2 3 4 5
GH (dB) 4.5 1.6 g2 | 05 | 03
Phase angle (&) | =127 | 4152 | —158 | —180 | —188
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SECTION B: PROGRAMMABLE 1.OGIC CONTROLLERS
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Answer any TWO guestions from this section
List two;

(1) programming languages used in programmahle logic controllers;
{ii)  factors considered when selecting a programmahle logic controllers (PLC) for a
particular application.
(4 marks)

Outline the essential checks while COMMISSioning a programmahle logic contraller
(PLLC}). {6 marks)

A staircase light is controlled by two switches | and 2. Ome switch is located at the
top of the staircase and the other is at the bottom, The light ean be switched om at
the bottom and switched off at the top of the staircase and vice versa.

(1) Graw the truth table for this system:
(n}  write the Boolean equation for the system confrol:
(1) implement the circuit using NAND gates only:
(v} draw a PLC ladder diagram to control the tight.
{10 marks)

(i) Figure & shows a logic diagram of a cantrol system:
{n write its Boolean expression:

(D draw its ladder logic diagram;
(T} write its instruction list program.

Fig. 6
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() State two reasons why PLCs are preferred over relay logics in sequential
control. (10 marks)
(1} State two wireless topologies used in networking,
(u)  With the aid of labelled block diagrams describe two wired network topologies.
{10 marks)
(i) Deseribe a SCADA system
{if)  Explain the functions of each of the following SCADA components:
{f) remote telemetry anits (RTTs);
(I}  master umt;
(I}  communication network.
(Il marks)
Distinguish between supervisory control and dircet digital contro), (4 marks)

Adata logper sequentially samples 100 process parameters, [t requires 15 instroctions
at 5. ps per mstruction for the computer to address and process one line of data, The
multiplexer switching time is 2.5 s and the znalog to digital converter (AL
conversion time 15 34 ps, Determine the maximum sampling rate for a particular line,

{5 marks)
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