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Diploma in Technology

ECX4234-Electrical Installation
Final Examination 2007/2008

Date: Friday 15™ May 2008 Time:9.30-12.30 hrs.

This paper contains 12 pages with Eight (8) questions. Answer Five (5) questions. All
questions carry equal marks. Graph papers will be available on your request.
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A 230V single-phase circuit is run in two-core (with eircuit protective conductor) 70 °C
pve-insulated sheathed cable having copper conductors of 2.5 mm? cross sectional area for
the live conductors and 1.5 mm® for the protective conductor.

If the length of the conductor path is 55 m and the earth fault loop impedance external to
the installation is, i.e. Zg = 0.8 Q and if the circuit is protected by a 30 mA RCCB, check
whether the circuit is satisfying the adiabatic equation given in the IEE regulation
I’t
k

(Assume that the parameter k to be 115 and RCCB to operate within 0.04 s at a residual
current of 5 14, Amperes.)

#543-01-03, ie. s =

Also calculate the maximum time the conductor can withstand as per the adiabatic
equation, if one wished to introduce an internal time delay for the RCCB.

(The required table for the above calculation is aitached as table 8D, IEE wiring
regulation 15" edition, Page 3 of 14.)

State the factors on which the capacity of a conduit to carry cables depends?

It is intended to run five single-core PVC insulated 2.5 mm? cables and four similar cables
but of 4 mm? cross section in a conduit. The estimated length of conduit run is 10 meters
and the run include 2 bends. Determine the minimum size of conduit that can be used for
this purpose? Also, estimate the minimum radius of the conduit bends to be used in the
above installation.

(You may refer to the appropriate tables given in the appendix 12, pages (180-182) of IEE
wiring regulation 15" edition attached to this question paper. Page 4,5,6 of 14. )

Why is the IEE regulation specify that we must use one-quarter (1/4) of the total
impedance of the ring circuit measured between disconnected ends when calculating the
earth fault loop impedance?

A single-phase ring circuit is run in 2.5 mm? 70 °C PVC-insulated and sheathed flat cable
with a protective conductor of cross sectional area 1.5 mm?. If the circuit length is 65 m
long and Zg = 0.35 Ohm (Zg = earth fault loop impedance external to the installation),
what is the earth fault loop impedance of the circuit? Also, check whether the circuit is in
compliance with the adiabatic equation? Assume K=115 & t = 0.04 s.

(The required table for the above calculation is attached as table 8D, IEE wiring
regulation 15" edition, Page 3 of 13.)
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(4) The owner of a premise to be provided with electrical wiring has the following
requirements for his premises:
e 12 Nos. of fluorescent lamps
e 15 Nos. of incandescent lamps
e 2 Nos. of air-conditioners 2.5 kW at 0.85 p.£. lagging on full load
e 2 Nos. of refrigerators consuming 0.75 kW at 0.9 p.f. lagging on full load
e 2 Nos. of electric heaters rated at 2.0 kW
e One, electric. cooker with 3 elements each rated at 1.2 kW & an oven rated at 2.0 kW.
e One, Y% h.p water pump with an efficiency 0.9 & 0.8 p.f. lagging. (1 hp.= 746 W)
e One colour television rated at 120 W
e 3 Nos. of 30 A ring circuit to cater for unspecified number of appliances

Design a suitable electrical distribution system to cater for the requirements of the owner of
the premises indicating its single line configuration. The supply to the premises would be
3- phase, 400 V, 50 Hz. What is your recommendation for the rating of the current
requirement for the premises? Justify your recommendations.

(5) A single-phase circuit has a design current I, = 17 A and is to wired in flat two-core 70 °C
pvc-insulated and sheathed cable to BS6004 having copper conductors, grouped with four
other similar cables, all clip direct.

If t, = 45 °C and the circuit is to be protected against both overload and short circuit by a
semi-enclosed fuse to BS3036, what should be the nominal current rating of that fuse and
the minimum cross-sectional area of cable conductor?

(Please refer to the attached fig. 3.24, Page 7 of 13 & 3.2B, page 8 of 13 for BS 3036 semi
enclosed fuse characteristics and Table 4B1, 4C2 & Table 4D2A for various other
parameters obtained from IEE wiring regulation 16™ edition.)

(6) What are the tests you would normally carry out for a domestic electrical installation
before requesting the supply authority to provide power supply to it.? Describe all these
tests (you may use sketches)?

(7) A single-phase circuit having a design current of 26 A is protected by a 32 A BS88 fuse
and is wired in single-core 70 C pvc-insulated non-sheathed cables having copper
conductors. It is installed with six other similar circuits in conduit on a wall in a location
where the ambient temperature is 45 OC. What is the minimum conductor cross-sectional
area that can be used for the circuit?

(Please refer to the attached fig. 3.34, Page 13 of 14 & 3.3B, page 14 of 14 for BS88 fuse
characteristics and Table 4B1, 4C1 & Table 4D1A for various other parameters obtained
from IEE wiring regulation 16" edition..) -

(8) Define any FIVE of the foHowings

(a) Earth resistivity of soil (d) Maximum Demand

(b) Earth loop impedance (e) Electric Shock

(¢) Discrimination in protective devices () Diversity as applied to current
demand of an installation
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& :  TABLESD

Values of (R; + R,) per metre for p.v.c.-insulated copper conductors »

Cross-sectional 4
area, mm? (Ry +Ry)
{ . ohms/metre
Phase Protective
; conductor | conductor
) 1 .I 0.055
1.5 1 0.046
15 , 0.037
2.5 1 0.039
1.5 ‘ . 0.030
2.5 0.022
4 1.5 0.026
é 2.5 ' 0.018
4 0.014
‘ 6 | 25 | 0016
4 00116
. 6 0.0092
\é | 10 4 0.0098
E 6 0.0074
{0 . 00055
16 6 . 0.0064
\Ai : 10 0,0045
| 16 0.0035
¥
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APPENDIX 12

CABLE CAPACITIES OF CONDUIT AND TRUNKING

introduction

This appendix describes a method which can be used to determine the size of conduit or trunking necessary to
accommodate cables of the same size, or differing sizes, and provides a means of compliance with Regulation

529-T.

The method employs a ‘unit system’, each cable size being allocated a factor. The sum of all factors for the
cables intended to be run in the same enclosure is compared against the factors given for conduit or trunking, as
appropriate, in order to determine the size of the conduit or trunking necessary to accommodate those cables.

-

It has been found necessary, for conduit, to distinguish between —
1. straight runs not exceeding 3 metres in length, and

2. straight runs exceeding 3 metres, or runs of any length incorporating bends or sets.
The term ‘bend’ signifies a British Standard 90° bend, and one double set is equivalent to one bend.

For the case 1, each conduit size is represented by only one factor. For the case 2, each conduit size has a
variable factor which is dependent on the length of run and the number of bends or sets. For a particular size
of cable the factor allocated to it for case 1 is not the same as for case 2.

For trunking each size of cable has been allocated a factor, as has been each size of trunking.

‘Because of certain aspects, such as the assessment of reasonable care of pulling-in, acceptable utilisation of the
space available and the dimensional tolerances of cables, conduit and trunking, any method of standardizing the
cable capacities of such enclosures can only give guidance on the number of cables which can be accommodated.
Thus the sizes of conduit or trunking determined by the method given in this appendix are those which can be
reasonably expected to accommodate the desired mumber of cables in a particular run using an acceptable
pulling force and with the minimum probability of damage to cable insulation.

Only mechanical considerations have been taken into account in determining the factors given in the following

tables. As the number of circuits in a conduit or trunking increases, the current-carrying capacities of the cables
must be reduced according to the appropriate grouping factors in Appendix 9. It may therefore be more attract-
ive economically to divide the circuits concerned between two or more enclosures.

This appendix deals with the following four cases:
— Singlecore p.v.c.-insulated cables in straight tuns of conduit not exceeding 3m in length.

" Singlecore p.v.c-insulated cables in straight runs of conduit exéeeding 3m in length, or in runs of any length
incorporating bends or sets. '

- — Single-core p.v.c.-insulated cables in trunking..

— Other sizes and types of cable in trunking.

For other cables and/or conduits not covered by the tablesl advice on the number of cables which can be accom-
modated should be obtained from the manufacturers. )

Single-cofe 'p.v.c.-insulated cables in straight runs of conduit not exceeding 3m iq length.

For each cable it is intended to use, obtain the appropriate factor from Table 12A.
" Add all the cable factors so obtained and compare with the conduit factors given in Table 12B.

The conduit size which will satisfactorily accommodate the cables is that size having a factor equal to or exceed-
ing the sum of the cable factors. .
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TABLE 12A . TABLE 12B

Cable factors for short straight runs Conduit factors for short straight runs
Conductor . Conduit ’ v Factor
Tyne Cross- dia mm
¢ sectional
conductor area mm? Factor 16 290
1 29 20 © 460
; Solid B | 25 800
| B 25 39 2 1400
15 .31
“ 25 43
Stranded | 4 58
6 88
10 - 146

Single-core p.v.c.-insulated cables in straight runs of conduit exceeding 3m in length or in runs of any length
incorporating bends or sets. '

For each cable it is intended to use, obtain the appropriate factor from Table 12C.

Add all the cable factors so obtained an_cg_ij‘_ compare with the conduit factors given in Table 12D, taking into
account the length of run it is intended to use and the number of bends and sets in that run.

i The conduit size which will satisfactorily accommodate the cables is that size having a factor equal to or ex-
ceeding the sum of the cable factors.

TABLE 12C

Cable factors for long straight runs, or runs incorporating bends

Conductor
Type of cross-sectional
conductor area mm? Factor
Solid 1 16
or
stranded 1.5 22
25 30
4 43
6 58
10 105
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TABLE 12D

Conduit factors for runs incorporating bends

Conduit diameter, mm

Length 16| 201 251 32] 16| 20] 25| 32| 16] 201 25| 32| 16] 20 25| 321 16} 20| 25| 32
?Lfn m Straight - One bend Two bends Three bends Four bends
1 1881303 [543 |947]177[286 {514|900|158 {256 463|818 |130 213 388|692
1.5 Covered 1821294 528 923|167 (270 |487857 {143 {233 422|750 |111]182}333]600
2 by 177|286 |514 [900]158 {256 |463 818. 1301213388692 | 97]15912921(529
2.5 Tables 12A 171 1278 1500|878 | 150 |244 [442 {783 {120 196|358 | 643 | 861411260474
3 and 12B 167 1270 |487 1857 {143 {233 422|750 |111 {182 333|600 |
35 179 1290|521 1911|162 |263 1475|837 |136 {222 {404 {720 |103 169 3114563
4 1771286 [514 1900 | 158 [256 [463 |818 {130 |213 |388 1692 | 97 159 |292}529
45 1741282 1507 1889 |154 250 [452 {800 {125 {204 {373 |667 | 91149 275500 |
5 1711278 |5001878 |150 [244 {442 {783 [120 196 358 |643 | 86 141|260 474
6 167 1270 1487|857 {143 {233 422|750 | 111|182 333|600
7 1621263 1475|837 ]136 {222 4041720103 169 3111563
8 158 1256 4631818 [130 [213 [388 692 | 97 159 [292 {529
9 1541250 1452 {800 |125 {204 {373 {667 | 91149 275|500
10 1501244 14421783 {120 196 3581643 | 86 |141 P60 |474
Page [6] of [14]
182 o




SIHIJNY "s'wrs .._.mem_._._o JALLO3dS0Hd o

000 0L 0001 : 00L 118 . I
100 - —
=
Y
1
. =
)
Vv 09 voe = vsl Vs %o
< AN (31} ]
// / / A ;
N, AN N
AN AN AN
X
AN AY
Y ’ﬂ AY ,
'/ "/ ‘/ —!/ F
\ \ .
/ / /, IWI
A \ A
AV kY A\ m
3 3 3 v -
X , ; » ,
S t ok m L
e
\ \ \ \ = :
) 1] i | O
\ .\ 1 »
—ﬂ ) | ) 1
. ¥ oot :
Vv 60T A AUSS V008 | V00¢cT VvV 09 . /
VL8 V01T Vv 00€ V 0st VvV 0¢ / |
Vv ey Vv 06 VSt | VOST | VeI I
Vel | Ve | vie | ver ] ve : B
$098 ¢ 238 $°Q 298 70 295 1% Sune: . 000 L , :
Quil} 103 JusiIn)) asnyg ‘Ix[ . T
9£0€ S 03 sosny w
PISOUS-{UIdS 10 SOISIAOLILYD JUILIN,)/SML], :
Bt
EES = —— 000 01

9€0E S 03 SISNY PIsOPUI-NAS yZ'e By




S3HIdNY "s'wri ‘INIHHEND IAILOIJSOHd

00001 000 & 00t ot 3
v 001 Y St \ 414
AN
N AN
AN AN AN
N, AN
A
AY
Y
5
Y Y
\ A

i |

1\ T g

3 X 1

X 5 g

V Oty V00Tt | VOO8T | VO008T | VOO
AA%1! Vv 06¢ Vv 08¢ Vv 006 v Sy
v 09 Vv 0tl V 081 vV 09¢ v 0T
8035 G 238 0 298 7°0 298 T°Q Suner
QUIT} O JUSLIND) osng
9¢0¢€ Sd 03 sasny
POSO[PUI-IAS IO SONSTINGORIBYD JUSLIN) SUALY,
| .- i 1 ]

9¢0€ Sd 01 SIsNY pIsopud-meS gz'¢ Ol

10’0

1o

Cl

0oL

0G0 L

000 0L

SANOD3S ‘FNIL

Page [8] of [14]

T

e




TABLE 4B1
Correction factors for groups of more than one circuit of single-core cables, or more than one multicore cable
(to be applied to the corresponding current-carrying capacity for a single circuit in Tables 4D1 to 4D4, 4E1 to
4E4, 4F1 and 4F2, 4]1, 4K1 to 4K4, 4LL1 to 4L.4)**

Correction factor (Cg)

Reference method of installation Number of circuits or multicore cables

(see Table 4A1) 213|456 |7 |8|9j10f12]14]16]18]20

Enclosed (Method 3 or 4) or bunched and
clipped direct to a non-metallic surface 0.80]0.7010.6510.6010.5710.5410.5210.50|0.480.45]0.43|0.41/0.39]0.38

(Method 1)

Single layer clipped to a Touching 0.85(0.7910.7510.7310.7210.7210.71]0.70| - - - - -1 -
non-metallic surface

(Method l)v Spaced* 0.9410.9010.90{0.9010.9010.90{0.9010.90}{0.90|0.90{0.90{0.900.90{0.90

" Single layer multicore on a | Touching 0.86]0.81{0.7710.75]0.7410.7310.73]0.72{0.71 { 0.70| - - - -
perforated metal cable tray,
vertical or horizontal Spaced*# 0.91/089(088{087{087| - | - | - { - | -|-1|-1|-1]-
(Method 11)
Single layer single-core Horizontal 0.9010.85( - - - - - - - - - - - -

: on a perforated metal
cable tray, touching Vertical 085! - | - | -}V -0 -t -01-1-1-1-1-1-1-+

(Method 11)
Single layer multicore touching 0.8610.82]0.8010.7910.7810.7810.78 10.77{ - - - - - -

on ladder supports (Method 13)

*  Spaced by a clearance between adjacent surfaces of at least one cable diameter (De). Where the horizontal clearance between adjacent
cables exceeds 2 De no correction factor need be applied.

** When cables having differing conductor operating temperatures are grouped together, the current rating shall be based upon the lowest
operating temperature of any cable in the group.

- Comrection factor not tabulated.

# Not applicable to mineral insulated cables, see Table 4B2.

_ TABLE 4B2
Correction factors for mineral insulated cables installed on perforated tray,
{to be applied to the corresponding current-carrying capacity for single
circuits for Reference Method 11 in Table 4J14)

Tray Number of | Number of multicore cables or circuits

orientation Arrangement of cables trays .| 1 2 1 3 4 6 | 9
Horizontal | Multiconductor cables touching 1 1.0 {090 ]0.80(0.80}0.75]075
Horizontal | Multiconductor cables spaced } 1 10§ 1.0 ] 1.0 095090 | -
Vertical Multiconductor cables touching 1 1.0 1 0.90 | 0.80 { 0.75 ] 0.75 | 0.70
Vertical Multiconductor cables spaced § 1 10 1090109009 ;085 -
Horizontal | Single conductor cables trefoil separated ff 1 1.0 | 1.0 ] 0.95
Vertical Single conductor cables trefoil separated i 1 1.0 {1 0.90 | 0.90

1 Spaced by a clearance between adjacent surfaces of at least one cable diameter (De).
11~ Separated by a clearance between adjacent surfaces of at least two cable diameters (2 De).
- Correction factor not tabulated. !

NOTES to Tables 4B1 and 4B2

1. The factors in the table are applicable to groups of cables all of one size. The value of current derived from application of the appropriate
factors is the maximum current to be carried by any of the cables in the group.

2. If, due to known operating conditions, a cable is expected to carry not more than 30 % of its grouped rating, it may be ignored for the
purpose of obtaining the rating factor for the rest of the group.
For example, a group of N loaded cables would normally require a group reduction factor of Cg applied to the tabulated It. However, it M
cables in the group carry loads which are not greater than 0.3 Cglt amperes the other cables can be sized by using the group rating factor
corresponding to (N-M) cables.

3. When cables having differing conductor operating temperatures are grouped together, the current rating shall be based on the lowest
operating temperature of any cable in the group.

4. Where the horizontal clearance between adjacent cables exceeds 2 De, no correction factor need be applied.

217
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TABLE 4C1
Correction factors for ambient temperature where protection is against short-circuit

NOTE: This table applies where the associated overcurrent protective device is intended to provide short-circyj
protection only. Except where the device is a semi-enclosed fuse to BS 3036 the table also applies where the device
is intended to provide overload protection. v '

Ambient temperature (°C) G é
Type of Operating | 51 30 | 35 | 40 | 45 | 50 | 55| 60 |65 |70 | 75 | 80 | 85 | 90 | o5
insulation temperature
Thermosetting (rubber) 60°C |1.04] 1.0 {0.91|0.82 0.71{0.58|041| - - - - - - - .
(flexible cables only)
Thermoplastic 70 °C 11.03| 1.0 {0.94]0.87]0.79]0.71 {0.61]0.50{0.35| - - - - - -
(General purpose pvc)
Paper 80°C |1.02] 1.0 {0.9510.89]0.8410.77{0.71]0.63]0.55[0.45{0.32| - - - -
Thermosetting (rubber) 85°C|1.02] 1.0 10.95]0.90/0.85|0.8010.74 0.67]0.6010.5210.4310.30} - - -
Thermoplastic ~90°C{1.03] 1.0 ]0.9710.94/0.91/0.87|0.84 ] 0.80] 0.76] 0.71| 0.61] 0.50{0.35| - - r
( high temperature pvc)* :
- &
Thermosetting 90°C |1.02] 1.0 10.9610.910.87{0.82]0.7610.71 0.65]0.58|0.50{0.41]0.29| - - ‘g::’
Mineral 70 °C sheath {1.03] 1.0 {0.93|0.85}0.7710.67{0.5710.45]0.31} - - - - - - f:"‘,
105 °C sheath {1.02] 1.0 10.96{0.92/0.88|0.84|0.80{0.75]0.700.65|0.60{0.5410.4710.400.32 %
. +
NOTES: . %
1. Correction factors for flexible cords and for 85 °C and 180 °C thermosetting (rubber) insulated flexible :
cables are given in the relevant table of current-carrying capacity. » E
2. This table also applies when determining the current-carrying capacity of a cable. ,
3. * These factors are applicable only to ratings in columns 2 to 5 of Table 4D1A.
. TABLE 4C2
Correction factors for ambient temperature where the overload protective device is a semi-enclosed fuse to BS 3036.
Ambient temperature (°C) ‘; :‘
Type of Operating | 55 | 30 | 35 | 40 | 45 | 50 { 55 | 60 | 65 | 70 [ 75 | 80 | 85 | 90 | 95 L
insulation temperature |
i
Thermosetting (rubber) 60°C|1.04] 1.0 10.96]0.91{0.8710.7910.56| - - - - - - - - ‘
(flexible cables only) : ) 3
Thermoplastic 70°C|1.03} 1.0 10.97]0.9410.91{0.87]0.84]10.6910.48| - - - - - - g
(General purpose pvc) v s;
Paper 80°C|1.02] 1.0 {0.97]0.95/0.92]10.90|0.87]0.8410.76{0.62|0.43| - - - - _‘"\‘
Thermosetting (rubber) 85°C[1.02] 1.0 {0.97]0.95]0.9310.910.88|0.85{0.830.71|0.58{0.41| - - -
Thermoplastic ' 90°C{1.03] 1.0 |0.97/0.9410.91{0.8710.8410.80{0.76]0.72|0.68 | 0.63{0.49] - -
( high temperature pvc)*
Thermosetting 90°C|1.02] 1.0 |0.98]0.95/0.9310.91|0.89}0.87|0.85}0.79]0.690.56 | 0.39| - -
Mineral: bare and exposed _ - . v
to touch or pvc covered 70 °C sheath [ 1.03| 1.0 |0.96]0.93[0.89]0.860.79]0.62{0.42| - - - - - -
Mineral: bare and not ]
exposed to touch 105 °C sheath | 1.02] 1.0 {0.98]0.96[0.930.910.89]0.860.84|0.8210.79{0.77{0.64 | 0.55|0.43
NOTES:

1. Correction factors for flexible cords and for 85 °C and 180 °C thermosetting (rubber) insulated flexible cables
are given in the relevant table of current-carrying capacity.
2. * These factors are applicable only to ratings in columns 2 to 5 of Table 4D1A.
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