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INSTRUCTIONS TO CANDIDATES

¥You should have the following for this examinarion:
Answer bookler;
Non-programmable Scientific calculator;
Drrawing insiraments.
This paper consists of EIGHT questions in TWO sections; A and B.
Answer FIVE questions by choosing at least TW questions from each section in the answer hookiet
provided,
All guestions carry eqguual mearks.
Maximum mares for each part of a quesiton are as indicated.
Candidates should answer the guestions in English.

This paper consists of & printed pages,

Candidates shounld check the question paper to ascertain that all
the pages are printed as indicated and that no goestions are missing.
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SECTION A: CONTROL SYSTEMS
Angwer at least TWO guestions from this secrion,
{a)  Differentiate between each of the following with reference to control sysiems:
(i) man-made sysiems and natural syslems,

(i} open-loop systems and hybrid systems. (4 marks}

(hy  With the aid of a labelled block diagram, describe the elements of a feedback control
gy etem (% marks)

{c) Figure 1 shows a block diagram representation of a control system,
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Determine the:
(i} equivalent canomical form;
(i)  closed-loop transfer function. {5 marks)
2. {a) Write Mason's gain formula with respect to signal flow graph. (2 marks)
(b}  Figore 2 shows a signal flow graph of a control system, Determine the system gain
(& marks)
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(e) Explain “system modelling” in control systems. (2 marks)
{d}  Figure 3 shows an RLC network.
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Fig.3
Determine the:
(i) transfer function 1-’:;:. {s) :
7is) Vinlc)
il feedback Vinlc) (& marks)
3. {a) Define the following terms as used in process control:
(i) Contral lag;
() Process load:
Gil)  Dead time. {3 marks)
] SR Y Draw on a OP-Amp based schematic circuit diagram of an analogue PID
controlier,
{1y  Wrte the expression for the output of the PID controller in biis. {5 marks)
<) Differentiate between electric actuators and solenoid actuators. {4 marks)}
(d)  With the aid of a labelled schematic diagram, describe the operation of a single
activating paston actuator controdled by 2-way pressure valve. (& marks)
4. 13 1 )] Define process variable as used in process control,
(i) Describe each of the following in process control:
I manipulated varigbie;
1. disturbance vanable;
HI. controlled variable. {4 marks)
N
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(i} Figore 4 shows a process control. Draw a labelled block diagram representation
of the process control. (5 marks)
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Fig. 4
fed D) State two programmable fogic controller (PLC) programming languages.
{iiy  Dilferentiate between digital and analogee PLC mput modules citing
oni example of input device in ¢ach cass. (6 marks)
{d) A stepper motor with 200 steps per revblution makes 160 steps clockwise and 440
steps counter clockwise from a reference point. Determine the:
() step angle;
{11y  final shaft angle. {5 marks)
SECTION B: INSTRUMENTATION
Answer af least TWO questions from this section,
5. (a) (i) State three advantages of thermistors over platinum resistance thermometer,
{if)  Explain the principle of operation of resistance lemperalure Sensor.
(7 marks)
(b} A guartz piezo-electric transducer has thickness of 2.1 mm, voltage sensitivity
of 0.054 Ym/N and a permittivity of 36 = 1072 F/m. If the transducer 15 subjected
to & pressure of 60 KMN/m?, determine the:
(n putput voltage generated:
{ii} charge sensitivity. (5 marks)
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{c)  Differentiate between absolute pressure and gauge pressure with reference o
PrESSUre Measurements. (2 marks)

(d)  With the aid of a labelled diagram, describe measurement of viscosity of fAuid
uging pressure drop method, {5 marks)

f. {a) atate two types of steain gaupes. (2 marks)

(by  Figore 5 shows a strain gauge connected to a wheatstone bridge circuit.

Strain gauge

/i Rg 1 kit
Al
Fig.5

{iy  Describe the operation of the circuir.

(i) Astrain of 0.0025 m causes the resistance of the strain gauge 1o change
by 100 €2, Determine the:
L output voltage, ¥ .
II. gauge factor. {9 marks)

{c) Define ‘inductive proximity sensoi”, {1 marks)

i) Flgure 6 shows a schematic circuit diagram of an inductive ProOTimity sensor.

Qseatl dtar.
T

(i}
(i}

25017302 2508302
2503/302 2509/32
ot N, 2023

e

T e

T e

E'En:.in g

L——"4 cail Metal
cbjent
i

-

('

Mafion

3
Ef

Fig.6
Describe its operation

Sketch the output waveforms when the metal object is present and when
absent. (& marks)
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7. {a) (i) Stare three areas of application of humidity transducers.
(i}  Differentiate between capacitive and resistive type humidity sensors.
{7 marks)
(by  Outline two maintemance procedires carried out on turbine flowmeter. (2 marks)
{4] The manometer pressure difference ina venturi meter is 18 cm for & fluid of
density 0.84 glem?, The force of pravity is 9.8 m/s®, Determine the meter reading.
3 marks)
{d}  With the aid of a labelled diagram, describe the construction of linear vardable
Differential Transformer (LV DT {8 marks)
3 @ Statc two sources of ermors in measuning instruments,
(i) Describe the controlling type of messuring instruments, {4 marks}
(b} With the aid of a labelled diagram, describe the operation of ulirasonic level
transducer as used 10 measure tank liquid level, (7 marks)
(el Explain viscousity in fluid citing two properties of a viscous fuid. {3 marks)
(e} With the aid of labelled circuit diagrams, differentiste between photoconduct ve
and photo voltaic modes of a photo diode. (6 marks)
£ |.,}
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