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Explain two (2) advantages of installing Delta-Crounded Star configuration of
distribution transformer in industrial power system.

(4 marks)

State three (3) different types oldry distribution transformer for industry use.

(3 markt

'Iable Ql(c) depicts the loading of Motor Corhol Centre (MCC) in an

electronic based factory. Prepare a proper table to calculate the total loading of
the MCC by indicating the thee-phase and single-phase loads.

(5 marks)

The MCC in Ql(c) is served by a three-phase cable installed from the 415 V
main switchgear feeder. The insulation type and the conductor type of the
cable are PVC and copper, respectively. The short circuit curent capacity is to
be assumed as 100 times of the MCC load cunent and the fault clearing time
is taken as 0.5 second.

(D

(iD

Analyse the minimum size of the cable required based on the shon
circuit withstand capacity criteria (Refer to Appendix A)
Evaluate again the cable size obtained in Ql(dxi) for continuous current
carrying capacity criteria based on Table Ql(d)(l) to Table Ql(dX3).
The cable is directly clipped on the wall (Reference Method C) with the

ambient temperature of 45'C. The cable is laid on 3 Nos. of cable rack
with number of cables/ rack to be 3. Recommend the new cable size if
necessary

Q2

(13 marks)

(a) Cive three (3) possible root causes of fault to be happened in industrial power
system.

(3 marks)

Figure Q2(b) shows a partial industrial installation with two incoming sources

and its appropriate protective devices (PD). Choose ptoper type of protective
device for PD 1 to PD 4 in order to minimise the tripping area with the
occunence oi Fault I as shown in the figure. Sketch and explain the

circulation ofshort circuit current and the operation ofthe protective devices.

(b)

(7 marks)
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(c) Figure Q2(c) illustrates a differential protection scheme lbr a food processing

factory. The I MVA step-down transformer is connected in Delta-Grounded
Star conligwation with voltage level of ll kV - 415 V. A percentage

differential relay with 15% slope setting is utilised for this overcurent
protection scheme. The primary side current transformer ratio is given as l0 :

l

(i) Propose a proper value for the secondary cuuent transformer ratio
(ii) Analyse the differential percentage between the incoming cunent and the

outgoing cunent with the proposed cunent transformer ratio as given in

Q2(cXi)
(iii) Evaluate the minimum secondary cufient to activate the percentage

differential relay ifthe primary curent is assumed to be constant

( 15 marks)

Q3 (a) Explain two (2) benefits ofload shedding scheme to industrial consumers

(4 marl(s)

(b) A factory having a load shedding scheme with the load reduction factor (d) of
2. The MvA base for the load shedding calculation is l0 MVA and the

standard frequency variation (, is l%. The factory is fed with 50 Hz (/;)
supply and the overall power factor is to be assumed as 0.85. The fiequency
variation during the load shedding is given as:

v*4 -.t 6p
.[o

1+ AP

Determine the relative overload (/P) to be shed in kW.

(5 marks)

(c) A large industrial plant receives 3-phase electric power from the local utility.
The following loads are being fed in the plant at I L0 kV:

- 1.2 + j 1.2 MVA
2.0 MW at 0.8 (lag) power factor

- 800 kW ofpure heating and lighting (negligible reactive power) load

- A number of induction motors: total power output of 3,000 HP, with a

composite efficiency of0.85 and powet lbctor of0.88 (lag)

(i) Analyse the total active power, reactive power and apparcnt power

(ii) Compute the overall (composite) load power factor and the full load

cunent
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(iii) Plan the capacitive VAR requirements for the capacitor bank if the

overall plant power factor is to be improved to 0.95 lag
(iv) Draw the simplified one-line diagram and the phasor diagrarn (power

triangle)

(16 marks)

(a) Propose tbree (3) ideas to enhance energy efficiency in industrial power
sYstem.

(6 marks)

An inverter based UPS is installed in a factory to run 10 Nos of250 W
luminaires for at least 5 hours during the blackout period. The battery bank

output voltage is 48 V and the inverter efficiency is assumed as 85olo. Decide a

proper battery size (in AH) if the high discharge rates is to be considered

during the operation.

(5 marks)

(c) An industrial power system having three outgoing f€eders that taps Aom the

main utility supply and UPS system as depicted in Figure Q4(c). Assume all
the loads are operating at 415 V. The UPS is designed to power up the critical
loads during power outage for at lgast 3 hours as follows:

- 30o offeeder I
- l0% offeeder 2
- l5oZ offeeder 3

Design the UPS system by indicating its appropriate capacity (in kVA) and the

proper battery rating for the UPS.

(14 marks)

(b)

_ END OF QUESTIONS -
4
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TABLE O1(c|

Load description 3sl ls Drty
NorS

Motor rrting
(krv)

Op€rrthg motor
power (kW)

Hoist system 3 N 50 0.80 88

Cooling tower fan 3 S 20 t7 0.86 92

Heater 3 N l5

Fan coil I 2 1.6 0.90 82

Water pump 3 N l8 l) 0.82 '10

Extract fan I N 1.5 t.2 0.87 90

Compressor I N 1.5 1.3 0.88 82

Future pump 3 N l0 8.8 0.90 80

TABLE OI(dYl)

Rating f'actors for variation in ambient air tempenture:

Air TcrD. ('C) 20 25 30 35 ,10 45 50 5t
Ratinc Fartor l .8l 1.41 L l0 1.05 1.00 0.95 0.89 0.84

TABLE OI(dX2)

Rating factors for multi-core cables laid on open racks in arr:

No, of rackr
No. of cabler per rack

I 2 3 o o

I l 00 0_84 0.80 0.7 5 0.73

2 r.00 0.80 0.76 0.71 0.69

3 1.00 0.78 o.'14 0.70 0.68

o 1.00 0.76 0.72 0.68 0.66
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TABLE OI(dY3)

TABLE 4D2A - Multicore ?0 oC thermoplsslic insulated tnd thermoplaslic sheathed cablcs,
Non-armoured

(COPPER CONDUCTORS)

CURRT NT-CARnYING CAPACIIY (amperes):
Ambient temperature | 30'C

Conductor op€rating temperature: 70 "C

2.5

l0

75

35
50

120
t50
185

240
100

400

t8 5

25
37
4l
51

t75
2l
29

52

68
83

99
125
t50

t12

22)
261

298

2l
l0
38
52

20

21
l.l

77
l6

6l

24
JZ

;;
16

t0
.10

5l
10

25

l.l
4l
60
80

75

92
ll0
rl9

lll
ll3
163
201

80

I t8

179

2\)6

225
255
797
lt9

l12
B8
168
2tl
258

299

392

l19

t 8.4

223

259
299
34t
,103

l19

130
212
242

J28
319

591

l0l
126
l5l

2J8

t92
219
248
291
lt4

B2
258
291
J44
194

216
lt9

4t0

I I 410 407 614 | 557 715

* *nh or wirhout a prcteclive coDdlclor

Rclc.cnce Method A
(enloscd in condu'l i.

lnemally nuulllng$all ctc )

Referoce Mdhod I
(cnclosed in condnrl on a wall ( in rie an o, on d psforared

horizonlal or vonic!l)

2 8 I
(A)

I
It

r0
l3

tl
165

ll5
t5

l5
195

lt5 t1
22

t4 5

t8 5
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Incoming I

I

Incoming 2

I
cBl

Fault A

)

FIGURE O2(b')

PDI

PD2
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jE 1x2

^/
Primarv cr rario: / \ xr--e-+

in,r Hz______--ft|3 .x:

nerui'tc"i @ @ op.*'ryc"l

FIGURE O2(c)
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MairN

ll kv/ 415 v

Feeder 3

20 kW,0.9 lag

Conveyor load - 50

kVA,0.8 lag

Fan load -45
kVA, 0.86 lag

Feeder 1

. Lighting load 30
kw,0.90las

. Aircond. load 20

kVA, 0.8 lag

. Mis. Power load

l0 kVA,0.85 lag

Feeder 2
. 3 x I00 kW,4l5 V,

0.85 lag motors

. 150 kW,0.7 lag

lump load

. 2 x 180 kW,4l5 V,
0.75 lag pump

. Compressor load

3 x 100 kW.0.7 lag

FIGURE O4(c)
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The minimum
l'1 '
K

AIIENDIX A

cable size due to shon circuil temperature risel

,4 - Minimum required cross section area in mm2

/ = The duation ofthe short circuit in second
K = Short circuit tempenture se constant

The temperature rise constant (i') according to IEC 60364-5-54:

(=148

where,

n" J.al--- - ) ...(tor atuminium conoucrorsl
I \ 228.1+ rr l

17 = the initial conductor temperature ir oC

I, = the final conductor temperature in oC

Table Al: Boundary conditions of initial (f7) and final (72) temperature for different insulation:

standard Cable Size (mm2)l

t, t.s,2.5,4.6, r 0, 16, 25, 35, 50, 70, 95, 120, 150, 185, 240, 300, 400.

l0




