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BEX 42m3l BEF 33203/ BEE 4213

Ql (a) A wiring diagram is a simplified conventional pictorial .€presentatiofl of an
€lectrical circuit. Describe in brief the informstion that is included in an
electical &awing.

(4 ma*s)

O) A l00MW power slation delivers 100 MW for 2 hours, 50 MW for 8 hours
and it is shut down for the rest of each day. Ir is also shut down for
maintenance for 60 days each year. Calculate its annual load factor.

(4 narks)

(c) A generating stalion supplics the following loads:

15,000 kW, 12,000 kW 8,500 kW, 6,000 kW and 450 kW. The station has a
maximum demand of22,000 kW. The annual load factor ofthe station is 48olo.

Calculate:

(i) The number ofunit supplied annually

(2 rnark)

(ii) The divenity factor

(2 rrulks)

(iii) The demand factor

(2 Brks)

(d) A generating stalion has the following daily load cycle:

Time (hours) 0-6 6- l0 t0, 12 t2-t6 16,20 20,24
Ir.d (MWl 20 25 30 25 J) 20

Draw the load curve and determine:

(i) The maximum demad

(ii) The units generated p€r day

(iii) The average load

(iv) The load factor

(7 rna*s)
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(c) Giwn thc following data ofa power station:

. Annual maximum demand on station 100 MW
o Maximum demand of different types of loads supplied 40 MW, 30 MW, 25

MW and 20 MW
. Average load faclor of$e station 50olo

. Capacity ofthe station - two ulits of50 MW each and one unit of25 MW

Ana.lyse:

(i) The number ofunits supplied annually

(2 rnarks)

(ii) The divenity factor

(2 tna*s)



Q2
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(a) Explain why thc )VR ratio is imponant in low voltage short circuit studies.

(4 msrks)

(b) 60 fluorescent larnps wirh 40 W each (irclusive ballast con$mption) is
installed using 1.5 mm'cable with the total leryth of 35 meters in a le<*ue
hall. Assume the average power factor for this lighting syst€m is 0.95 lagging.
It is supplied from a 240 V prblic low voltage distribution system following
the voltage drop standard (l7o Edition of IEE Wiring Regulations) as follows:

(i) Low voltage installation supplied directly
from a public low voltage distribution
system

3vo s%o

(ii) Low voltage installation *rpplied from
private LV supply 60/0 tYo

Analyse th€ voltage drop for this installation. Propose a new cable size and
recalculate the new voltage drop percentage if necessary.

( 13 marks)

(c) A 65 HP, 415 V, aode lett€r K (locked-rotor kVA,/HP is given as 8.0 - 9.0)
induction motor is to be staned with full voltage supplied Aom a 415 V
panelboard. Assume the lo^cked-rotor prower factor is 0.40 lagging. The motor
is wired using a 35 mm' cable with the toral length of 30 m from the
panelboard. Calqrlate the perc€ntage voltage drop in the cable during the
motor starting.

(8 marks)

4



Q3
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(a) Explain two (2) major efects ofharmonics to industrial power systems.

(4 rurks)

O) A thre€-phas€ 415 V commercial installation having the total loading of(88 +
j47.5) kVA with the total system impedance of 57o.

(i) Analyse the total reactive power to be srpplied by a capacitor bank in
ord6 to inrprove the ovemll power faclor of the system to unity power
factor.

( I nark)

(ii) If a total reactive power of 72.5 kvAr is accidentally injected irto the
system, evaluate the percentage ofvoltage rise for this system due to the
severe over-coFcct event-

(4 narkg

(c) A 50 fL, 415 V small-scale industrial plant havirg a total system impedanc€
(Zr,) of 0.003 + j27d60ttH) Ohms. The power system $pplies a 500 kvA
hamonic-producing load rhat ha9 the harmonic spectrurn as given in Table

Q3(c).

(i) Compute the value ofthe reactive power for the power factor correction
capacito$ that might cause parallel rasonant frequency at 5' order
harmonic.

(3 ma*s)

(ii) Analyse the root of the sum of the squares (RSS) and the total harmonic
disortion (THD) of the bus voltage without the power factor con€ction
connect€d.

(5 .narks)

(iii) Compare the root ofthe sum ofthe squares (RSS) and the total harmonic
distortion (THD) of the bus voltage with the power Aclor correciion
connected.

(8 narks)



Q4
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(") Describe two (2) causes of Transi€nt Overvoltagcs at Irdustrial Frequeocy
(TOVTF).

(4 marks)

(b) A single phase motor circuit is protecied by a 63A circuit breaker. A f8uh
occurs and causes a current of 98 A to flow through the e3rth continuity path.
Due to the poor corttecl of lock nut and bush connecting a steel conduit to a
metal box, the resislanc€ ofthis conduit connection alone is 0.5 (1. Regulation
D22 regarding the basic eadhing requirements is given in Table Q4(b).

(D Analyse whaher the protective device will be damaged.

(ii) Calculate the amount ofheat produc€d at the metal box.

(iii) Rste the degre€ of rish if any, ofa tue developing.

(4 rnarks)

(c) A circular exhibition h&ll measuring at l0 meters in diameter is to be
illuminated to a level of350 Lux. Utilisation and maintenance factors iue ro oe
taken a5 0.65 ard 0.85, respectively. Estimate the power required to illuminate
the hall if

(i) Using energy-saving T5 fluorescent lamp, having an efficacy of 64 lm/

(3 ma*s)

(ii) Using LED lighting having an efficacy of 85 lm,/ W.

(3 .narks)

(d) A car park is mqsuring at 48 m by 28 m. Illumination is to be provided by 2
X 36 W luminaires lnving an efiicacy of62 lm/W and a spacing-height ratio
of 1.0. The luminaires are suspended 4m above the working surface. The
utilisation factor is 0.7 and the light loss faclor is 0.5.

(i) Recommend the mmber of luminaires required.

(8 ma*s)

(ii) Analyse the general level of illumination produced in Lux.

_ EI\'D OF QUESIIONS _
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(3 marks)
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TABLE O3lc)

TABLE O4(b)

fb.! CErid,ll.|ti
250 65

350 1 40

550 ll 25
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App€ndir A

Altermting-Currcnt Rcaistrncc tnd Rcrctrncc for 6lXFVoh C.blc!' }'Phr$c, 75"C (f 6?"D - Tbrcc
Single Cooductors in Conduit
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Ap@!r-D

Tabulated Table of voltate Drop in mv/A,/m

(Source: IEE Wtting Regulations (17th Edttbn, 857671: Zm, App€ndh 4, Table 4D2Bl

VOLTAGE DROP (per ampere per metre) Conductor ope.ating temp€rature: 70'

Conductor
cross-

sectional

1

cable, d.c.

2

sinSle phas€ a.c
Thaee- oa four-core ceble,

three?hase a.c

4
(mm') (mv/A'/m) (mvAy'm) (mv/A,/m)

I M 44 38

1.5 29 29 25

18 18 15

11 11 9-5

6 7.3 6.4

10 4.4 4.4 3.8

16 2.4 2.4 2-4

f x I

25 r.75 t.75 0.170 1.75 1.50 0.145 1.50

t.2s 1.25 0.165 r.2s 1.10 0.145 1.10

50 0.93 0.93 0.165 0.94 0.80 0.140 0.81

70 o.63 0.160 0.65 0.55 0.1'10 o.57

95 0.46 o.47 0.155 0.50 0.41 0.135 0.43

t20 0.36 0.38 0.155 0.41 0.33 0.135 0.35

150 o.29 0.30 0.155 0.:}4 0.26 0.130 o.29

185 0.23 0.25 0.150 0.29 o-27 0.130 0.25

24 0.180 0.190 0.150 o.24 0.165 0.130 0.21

300 0.145 0.155 0.145 o.2L 0.135 0.130 0.185

400 0.105 0.115 0.145 0.185 0.1m 0.125 0.160



BEX 42803/ BEF 33203/ BEE 4213

FINAL EXAMINATION

SEMESTER/SESSION

COI,IRSE NAME

: 9EMU 20t2/2013

: UTILISATION OF ELECTRICAL ENERGY

PROGRAMME :4 BEE/ I BEF

CO{JRSE @DE : 8Ex42803/B8F33203/BEBl2l3

Aooendix C

Trblc of Arymmctricd Currctrt Frctors

Syrtcm
X/R Rrtio

lnrt|ntrtrcous
Peak trrctor

Hrlf-Cycle
tr'actor

Time of Pcak
tP (E!-l

0.0
0.1

0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
20.o
30.0
40.0
50.0
100.0

1.4142
| _4t42
1.4t42
1.4t49
l.4l8l
|.4250
1.4362
l.451 I
1.4692
1.4891
1.5122
|.7560
|.9495
2.0492
2.1924
2.2704
23323
2.3817
2_4222
2.4561
2.6256
2.6890
2.7224
2.7427
2_7Ua
2.4284

1.000
I.000
1.000
1.000
1.000
1.000
l (X)o

l 000
L00 r
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1.263
1.304
1.347
1.381
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1.570
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6.1
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1.7
7.8
1.4
7_9

8.1

4.2
8.2
8.2
8.3
8.3infini

l0




