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Q1

Q2

(a)

(b)

(©)

(d)

(@

(b)

(©

Give TWO (2) advantages of closed-loop system.
(2 marks)

Draw the graph of the system response for antenna azimuth closed-loop system with

low gain and high gain configuration.
(3 marks)

Find the Laplace transform, F(s) for fit)=te™®.
(6 marks)

Prove that the Laplace transform for f(t) = e *sinwtis equal to
s+a
F(s) = (s+a)2+w?

(9 marks)

Find the transfer function, % for 1800(y — %) + 130(y — x) — 100(5) = 20% .
(3 marks)

Differentiate between critically damped, overdamped and undamped condition.
(3 marks)

Based on the s-plane poles and zero location of a unity closed-loop system shown in
Figure Q2(b),

i) determine the transfer function, T(s)or% of the closed-loop system.
(4 marks)

(ii)  find the damping ratio, ¢ and natural frequency @}, of the system.
(2 marks)

(iii)  name and plot the step response of this system.
{1 marks)

(iv)  determine the response of the system if the poles moves to (-3+3i and -3-3i).
(1 mark)
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Q3

Q4

(d)

(2)

(b)

(©)

(a)

A unity feedback system has the following forward transfer function;

6(s) = K(s+2)(s+4)(+5(E+6)(s+7)
S T2 (s 1 8)(5 + 10)(s + 12)

Find the value of K to yield a 0.114 % error in the steady state.
(5 marks)

Determine whether any of the roots of the following transfer function are in the right °
half plane by using reverse coefficient method.

9
55 4354+ 253 +652+65+9

T(s)=

(4 marks)

For the power plant system shown in Figure Q3(b), use the Routh-Hurwitz
Criterion to identify the location of close-loop poles that lie in the left-half-plane,
in the right-half plane, and on the imaginary axis. Notice that there is positive
feedback.

(10 marks)
For the unity feedback system shown in Figure Q3(c), where
K
Gs)=—""5—F1
(s+1y'(s+4)
Find the range of K for stability.
(6 marks)

Figure Q4(a) shows a piping and instrumentation drawing (P&ID) for a section of
process control system in the power plant. List the instruments below from the
P&ID diagram.

(i) FC220

(ii) Fv/220

(iti)LT/220

(iv)LC/220
(4 marks)

TERB UKA_i
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Q5

(b)

(©)

(d)

(a)

(b)

For measurement systems or control systems, part of the specification is the range

of the variables involved. Two analog standards are in common use as a means of
representing the range of variables in control systems. The most common current
transmission signal is 4 to 20 mA. Suppose the temperature range is set to 20°C to
120°C and it is linearly converted to the standard current range of 4 to 20 mA.

(1) Calculate the current value when the temperature is 66°C.
(2 marks)

(i) Calculate the temperature value when the current value is 6.5 mA.
(2 marks)

A type I thermocouple with a reference is used to measure the oven temperature
from 300° to 400°C. Calculate the output voltages correspond to these temperatures.

Type J thermocouple reference tables is provided in Table Q4(c).
(5 marks)

A digital multimeter measures the current through a 12.5 kQ resistor as 221 mA,
using the 10 mA scale. The instrument accuracy is+0.2% FS .

(i) Identify the voltage across the resistor and the uncertainty in the value

obtained.
(5 marks)

(i)  Explain why uncertainty must be introduced for the voltage value obtained in

Q4(d)(). )
marks

The topology of a network is the geometric representation of the relationship of all
the links and linking devices (usually called nodes) to one another. State FOUR (4)
possible basic topologies and illustrates the diagram of the TWQ (2) topologies

given.
(6 marks)

In Figure Q5(b), computer sender sends a message to computer receiver via LAN,
router 1 and router 2. List out the contents of the packets at the network for each hop

interfaces from A to H.
(6 marks)

CONFIDENTIAL



CONFIDENTIAL BNE 32503

(c) A non-periodic composite signal contains frequencies from 10 to 30 KHz. The
peak amplitude is 10 V for the lowest and the highest signals and is 30 V for the
20 kHz signal. Assuming that the amplitudes change gradually from the minimum
to the maximum.

(i) Draw the frequency spectrum
(3 marks)

(ii)  Calculate the bandwidth of the signal
(1 mark)

(iiiy  If the network with the bandwidth of 20 Mbps send 15,000 frames per 2
minutes with the throughput that is one-fifth of the bandwidth in this case,

compute average number of bits for each frame.
(4 marks)

\'M
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Figure Q1(b)
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R(s) + E(s) 16 C(s)
Rt

s (s7+25'+85°+1257+205+16)

Figure Q3(b)

C(s)

R(s) +
R ka0 s

Figure Q3(c)

CONFIDENTIAL



CONFIDENTIAL BNE 32503
FINAL EXAMINATION
SEMESTER / SESSION  : SEM I 2018/2019 PROGRAMME CODE : BNE
COURSE NAME : POWER PLANT COURSE CODE : BNE 32503
INSTRUMENTATION AND
CONTROL
{” FQ .
220
‘ [ -
1 | L»f"]*—q ¥
i b3
| '\\ ’ \_;“v T
! s { FV Y
! ‘ Vo220 )
B | R
: f i
,c F.‘ﬂ e I
. 220 4-290 mA
Sp ‘ (-—‘“—
5 P N
A Do O -
L». 0 s oA l\» 500 1 Storage tank
et .
.

Figure Q4(a)
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Revised Thermocouple
Reference Tables

‘Reference
Tables

NIS:
Monograph 175
‘Revisedto
175-90

Table Q4(c)

* Thermocouple
Grade

iron
Vs,
Copper-Nickel

Extension
Grade

Thermoelectric Voltage in Millivolts

¢ -10 -9 -8
200 -8.095 -B076 -8.057

5 4
17 -7.896 -7.976

£ -1.778
9 753

1 2 3

=2

15,

16.936
17.489
18041
18.594

17.04

19.146
19.697
3 20,194 20249
360 20745 20800 20.

5 2091

3 13611 13666 |37Z2 13777 1
14,166 14.221 14.277 14.332

20 14776 14831 14.887
75 15.33 5.386 15.441
29 15884 15940 15995
16.383 16. 138 16.493 16549 16604 16.659 16.715 16.770
17.599 17.655
18.152 18.207
18.704 18.759
19.256 19
19.808 19.862 19.
20.359 20414 20.469 2

380 21.297 21352 21.407 21462 21.517 21.572 2

MAXIMUM TEMPERATURE RANGE

Thermocouple Grade
32to 1382°F
0to 750°C

Extension Grade

32 to 392°F

0 to 200°C

LIMITS OF ERROR

(whichever is greater)

Standard: 2.2°C or 0.75%

Special: 1.1°C or 0.4%

COMMENTS, BARE WIRE ENVIRONMENT:
Reducing, Vacuum, inert; Limited Use in
Oxidizing at High Temperatures;

Not Recommended for Low Temperatures
TEMPERATURE IN DEGREES °C
REFERENCE JUNCTION AT 0°C

S 10 °C
5 14110

4

14.

15.109
15607 15.663
16.161 16.216

6 17.102 17.157 17.212 17.268 17.323 17.3
17.765 17.820 17.876 17.921 17.965 320
2 18.318 18373 18428 18483 18.538 330
18.870 18925 18.980 19.035 19.090 340

18.311 10427 10.477

1 20966 21.021
21848 390

-50 400 21.848 Z'l 803 21,958 22.014 22089 22124 2 22460 400

22.400 22510 22565 22620 22676 2 410

-40 420 22.952 23062 23117 2 23.228 420

: -30 430 23.504 23.670 5 23.780 24, X 430

-1.083 -20 440 24.057 24.223 2 § 24.333 24 555 2 440
-0.600 -1

-0.101 0 450 24.610 24.665 24.721 24776 2 2 24.867 2 2:: 109 450

460 25.164 25.275 25331 25442 2 664 2 460

0.405 (4] 470 25.720 25.831 25886 L 470

[¢] 480 26.276 26332 26.387 26443 480

480 26.834 26.889 26,945 27.001 27 490

0 2 3 i

200 10.779 1083‘1
11.334 .u‘J
220 11.889 HQ

230 12.445 72500
240 13.000 13.056

10224 10,278 10335 10330 10.446 10501

11.056 1
11612 1
12.167
12722 I 12.9

13.278 13.33 9 13444 13.500

4 5 6 7 8 9 10 °C

b

0 1 2 3
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IP address: 192.10.10.1
MAC address : 67:01:02:01:2C:4B

{;3_ sender

=

4 B C D ;Dat(l Trailer

IP qddress: 192.10.10.2
MAC address : 20:41:83:2C:12 :24

&S

Router 1

- [P address:202.198.20.1
MAC address : 38:B1:24:12:11:30

Router 2

elrle | H !Data Trailer

E!E receiver

s
IP address: 202.198.20.3
MAC address 1 40:22:12:82:34:10

Figure Q5(b)
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APPENDIX
Table Al
Typet Tipe d Type2
Steudy-stule error Stutie error Static error Static error
friput formula constant Lrror constint Lrror constant Error
1 i
Step. wtri TR K, = Constant e K,=% 0 Ky== 4]
1
Ramp. aun rl’ K.=0 g K, = Constant 7 Ke=% {
1. I
Parabola, Er'um I Ko=0 % K, =0 % K, = Constant I
Table A2: Laplace Transform Table
flr) Fis)
o) |
u(r) !
Y
fitlt) : |
-~
A
t"ulr) n!
nel
A
e () I
§+d
sin @it} @
iy K
ST T
COS xitt) )
s+ @
—-ar . /)
e~ sinaruir) -
3 b |
{(s+aj” +@
e~ cos aru(r) ts+aj
, 2. 0
(s+a) -w _

CONFIDENTIAL



CONFIDENTIAL BNE 32503

FINAL EXAMINATION
SEMESTER /SESSION  : SEM 2018/2019 PROGRAMME CODE :BNE
COURSE NAME : POWER PLANT COURSE CODE : BNE 32503
INSTRUMENTATION AND

CONTROL

Table B: Lai)face Transform Theorem

Name Theorem
Frequency shift ytg"‘“f‘ f‘m}: Fis+a)
Time shift olFe- Til=e"F(s)
Ditferentiation Wi A o
¥i——I= sFsy=> s"F N0
Ldr J 1
Inte acration Fe o T F(s)
- vl fuodr =
f o % s

ltm f(#)=limsF(s)

Initial value
g (¥ 1

lim fr)=limsF(s)

5 .,..4{ i

Final value

Table C: 2™ Order prototype System equations

~f 2 s
Cls) o, . T—COS(
. - 3 (54 2 r o ¥
Ris) s*+2lws+w, wy1=C7
.______‘T ,T
T T
TICT el >
’ CRY R
4
T_&;: =
b(!')’i
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