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Answer the following guestions

Question One: [28 Marks]

a) What is the most general criterion for the classification of underground cables? Draw the
sketch of a single-core low tension cable and label the various parts.
— Cables for underground service may be classified in two ways according to
(i) the type of insulating material used in their manufacture
(if) the voltage for which they are manufactured.
However, the latter method of classification is generally preferred
(i) Low-tension (L.T.) cables — up to 1000 V
(i) High-tension (H.T.) cables — up to 11,000 V
i) Super-tension (S.T.) cables - from 22 kV to 33 kV
(iv) Extra high-tension (E.H.T.) cables - from 33 kV to 66 kV
(v) Extra super voltage cables - beyond 132 kV
— A cable may have one or more than one core depending upon the type of service for
which it is intended. It may be (i) single-core (ii) two-core (iii) three-core (iv) four-core

etc.

Jacket Concentric neutral Insulation Conductor

Insulation shield Conductor shield
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b) Discuss with the equations why the disc nearest to the conductor has the highest voltage

across it in the suspension insulators?
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or VoC* = Vo C+VoC(, 7
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Applymg Kirchhoff’s current law to node B, we get, 3
L =L+ 7
or VoC = Vo C+(V,+V,)oCt
or VoC = VoC+(V+V)oKC
or Vi = G+ (V+ KK
+V,(1+K)

= KV +(1+K°
= VIK+(1+K)]
V, = V[1+3K+K]
Voltage between conductor and earth (1.e., tower) is
V= V+h+y
= V+V(1+K+V,(1+3K+K)

= V,(3+4K+K)
A V=Vl+K 3+K
From expressions (1), (1) and (111), we get,
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c) Describe with drawing the gas, steam & combined power station?

. plants use the dynamic pressure generated by
expanding steam to turn the blades of a turbine. Alimost all large

non-hydro plants use this system. About 90% of all electric
power produced in the world is by use of steam turbines.

Heat equivalent of mech. energy
transmitted 1o turbine shaft

B nrbnml

Heat of coal combustion

|

plants use the dynamic pressure from flowing
gases (air and combustion products) to directly operate the
turbine. Natural-gas fuelled (and oil fueled) combustion turbine
plants can start rapidly and so are used to supply "peak” energy
during periods of high demand, though at higher cost than base-
loaded plants. These may be comparatively small units, and
sometimes completely unmanned, being remotely operated. This

type was pioneered by the UK, Princetown™! being the world's
first, commissioned in 1959.
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FIGURE 9-29 @ et ©
An open-cycle gas-tacbine engine. exchanger
<

FIGURE 9-30
A closad—cycle gas-turbine engine.
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- bin plants have both a gas turbine fired by
natural gas, and a steam boiler and steam turbine which use

the hot exhaust gas from the gas turbine to produce
electricity. This greatly increases the overall efficiency of the
plant, and many new base load power plants are combined
cycle plants fired by natural gas.
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FIGURE 10-24

Combined gas—steam power plant,

d) Derive an expression for line to neutral capacitance for a 3-phase overhead transmission

line when the conductors are unsymmetrically placed but transposed.

Good Luck ,,,,,,@1’. Waléed’ﬂﬁdé[ﬂzzz Salém 4



The electric potential at a point due to a charge is the work
done in bringing a unit positive charge from infinity to that
point.

capacitance in a circuit is defined as the charge per unit

potential.

The electric intensity E at a distance x from the centre of

charge per metre length
permittivity of free space

Potential at conductor A due to charge QA

oc
- [ G

2m xg,

dx

Potential at conductor A due to charge QB

dx
2T X €,
d,
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. a 3-phase transposed line havin
unsymmetrical spacing. Let us assume balanced conditions
.e. QA+ QB +QC =0.
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e) Describe the various methods for reducing corona effect in an overhead transmission line.

as corona is formed due to ionization of air
surrounding the conductors, there fore, it is affected by the
physical state of atmosphere.
, the number of ions is more than normal
and as such corona occurs at much less voltage as compared
with fair weather.

The corona effect depends upon the shape
and conditions of the conductors. The rough and irregular
surface will give rise to more corona because unevenness of
the surface decreases the value of breakdown voltage.

If the spacing between the
conductors is made very large as compared to their diameters,
there may not be any corona effect. It is because larger
distance between conductors reduces the electrostatic stresses
at the conductor surface, thus avoiding corona formation.

The line voltage greatly affects corona. Ifitis
ow, there is no change in the condition of air surrounding the
onductors and hence no corona is formed. However, if the
ine voltage has such a value that electrostatic stresses
developed at the conductor surface make the air around the
onductor conducting, then corona is formed.

Question Two: Answer Briefly [20 Marks]

a) Discuss the major different between the belted & screen cables.
Screen layer to avoid & reduced voltage gradient

b) How does skin effect vary with conductor material?
Shape of wire — less for stranded conductor than the solid
conductor.

c) Discuss how we can control the overhead transmission line parameters values (R, L&C)?
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d) Discuss the effect of power factor improvement on transmission line efficiency?
When power factor increased this means low reactive power & low T.L current & then
decreased loss

e) What is the justification in neglecting line capacitance in short transmission lines?

Due to smaller length and lower voltage, the capacitance effects are small

and hence can be neglected.

Question Three: Design with Drawing [27 Marks]

a) The Eight Country Interconnection Project (named EIJLLPST) as shown in figure below,
this project involves interconnecting the electrical grids of Egypt, Iraq, Jordan, Libya,
Lebanon, Palestine, Syria, and Turkey. The interconnection line between Egypt-Jordan
with some distance via Agaba Gulf and other interconnection between all countries over
land.

1) Select all system parts [Tower materials/types, Overhead T.L materials/types,
Insulator materials/types, Cables construction & laying method] to connected grid

between all countries.
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2) Design with drawing the best performance model of overhead transmission lines

between Turkey & Syria, and also between Syria & Lebanon with determine the

regulation and the transmission efficiency.
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(i) %age Voltage regulation
(i)  Sending end p.£, cos O
(iii) Power delivered

Line losses
Power sent out

%age Transmission efficiency

(OD)’ + (DCY*
(OE + ED)* + (DB+ BO)*
(Vi cos 0+ IR) + (Vg sin g+ IX,)’

=\/(VR cos @y + 1132 +(\§Sin¢R+ U!g_)2
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the whole line capacitance is assumed to be concentrated at
the middle point of the line and half the line resistance and
reactance are lumped on its either side

[, = load current per phase ; R = resistance per phase
X, = inductive reactance per phase : C = capacitance per phase

cos 0, = receiving end power factor (lagging) : V=sending end voltage/phase
V| = voltage across capacitor C

Receiving end voltage, 1, = Vg+j0

Load current, T, = [ (cosd = jsing p)

Voltage across C,

Vo * I (cos Oy — jsin Op) (§+J XL)

Capacitive current, Ir = joCV=j2n FCV
Sending end current, T =T+ 1

Sending end voltage,
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3) Design/select the underground cable rating to transmit 300 MW/500 kV between
Jordan and Egypt with some distance laying in the desert, if: pf of 0.9, cable rated
temperature of 90 °C, air temperature of 45 °C ground temperature of 45 °C, soil
resistivity of 150 °C.cm/watt, Flat formation, four number of circuit touching, laid
direct in the ground & load factor of one.

P=1.74*V*IRATED*PF
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IRated= 300*1000000/1.74*500*1000*0.9=383 A
| cable= IRated/ST factor*ATfactor*SR factor*Nuber of circuit factor
=383/0.9*0.9*0.91*0.63=824 A FROM TABLE OF CABLE SELECT 800mm?

| Turkey ’ Bersik ’ Cizre I

Tobruk

Libya

400KV lines (500kV in Egypt) ™
220kV and 132kV lines s

Question Four: [15 Marks]

a) A 132 kV line with 1-956 cm dia. conductors is built so that corona takes
place if the line voltage exceeds 210 kV (r.m.s.). If the value of potential
gradient at which ionization occurs can be taken as 30 kV per cm, find the

spacing between the conductors.

Good Luck ,,,,,, Dr. Waleed Abdel Aziz Salem
11



Solution.

Assume the line is 3-phase.

Conductor radius, r=1-956/2=0-978 cm

Dielectric strength of air, g, = 30/ V2 =21-2kV (em.s.) per cm

Disruptive voltage/phase, V.= 21 0/ J3 =121-25kV
Assume smooth conductors (i.e., irregularity factor m = 1) and standard pressure and tempera-
ire for which air density factor = 1. Let d cm be the spacing between the conductors.

or

or

or
or
or
or

Disruptive voltage (r.m.s.) per phase is

r
2:3 log,, d/r

log,, d’r
dr =

Conductor spacing,

dir
d

m, g 0 rlog,(d/r)kV

1 X21'2% 1 X 0978 X log, (d’r)
20-733 log, (d/r)

121.25

20-733
5:848

5:848/2:3 = 2:5426

Antilog 2-5426

3488

348-8x r=348:8x 0-:978 =341 cm

= 5848

b) Find the inductance per phase per km of double circuit 3-phase line shown

in Figure below. The conductors are transposed and are of radius 0-75 cm

each. The phase sequence is ABC.

e @

u_*a.n

<
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Solution.
G.M.R. of conductor = 0-75x 0-7788 =0-584 cm

Distance ato b = \/32 i (().75)2 =31m

Distance a to b’ = \/32 + (4.75)2 =562 m

Distance a to a’ = J62%4> =721 m

Equivalent self G.M.D. of one phase is

Ds = 3\/Dsl X DSZX Ds3

where D, = ‘\*/Daa XD _,xD,. XD,

= a\t/(o-ssw 107) x (7-21) x (0-584 x107%) x (7-21)

=0-205m=D,

D, = \/(Dbb X D,y X Dy, X Dyy,)

= 4/(0-584 x 1072} x (5-5) % (0-584 x107%3)x5-5 =0-18m
{ )x(5-9)( )

D, =3/0-205x0-18x0-205 =0-195m
Equivalent mutual G.M.D. is

B = %/DABXDBCX I

where D,g = 4Dy, XDy X Dy X D,y =4/3-1X5-62 x5-62 x3-1
:4'17In :DBC
DC‘A = ﬂDca XDca' X Dc’a X Dc’a’

=46x4x4x6 =49m

D, = 3f417x417x4-9 =44m
Inductance/phase/m = 107 x 2 log, D,/D,= 10" x 2 log_4-4/0:195 H
6:23x 107 H=0623x 10~ mH

0623 107 x 1000 = 0-623 mH

Inductance/phase/km
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Grond temperature C 25 0 5 i £ il %
PC cabies rated 70°C 113 107 K 093 085 0.76 0,65
XLP cables rated 90 °C 109 |4 1N 095 0%0 085 080
A L -
Air temperature (' Ja) X % 4 $ N 0
AVC cables rated 70 °C 1.2 115 108 10 0.9 032 071
XLPE cables rated 90 °C 114 110 1.09 100 0 I"u 089 .64
sail thermal resisbvity i 'O Crn ) Watl SU k;(} | 10(; 120 ]"‘U ’ iy | 25)
Raling facior 1.7 112 17 L oM .80 0.73
Spacing ! Spacing J Spac:!!!- Spacicg |
Number - 2 !
of & B & A0 0D GO
circuits ' Trefoil formation : Flat formation
Touching Spacing = 015 M Spacirg = 030 M
nr Trefoil Flat Trefoil Flat Trefol Flat
2 0.77 D.80 0.82 0.85 0.88 0N
3 0.66 .69 0.73 0.76 0.80 0.83
4 0.60 0.43 0.68 0. 0.74 077
5 0.56 - 0.64 0.67 0.72 075
6 0.53 ﬂ- 0.6l U.64 0.2 073
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Ampacity

Buried in soil | Buried in soil | Buried in soil | Buried in soil In fre_e air In free air

o il adaad aad it ada

Load Factor 0.7 1.0 0.7 1.0 - -

mm kemil A A A A A A
630 1250 954 806 1026 882 1053 1152
800 1600 1076 901 1170 998 1211 1341
1000 2000 1268 1055 1377 1166 1452 1608
1200 2400 1369 1134 1497 1261 1588 1772
1400 2750 1473 1215 1622 1361 1728 1944
1600 3200 1561 1286 1718 1440 1835 2068
2000 4000 1711 1403 1801 1585 2045 2326
2500 5000 1873 1522 2120 1751 2301 2670
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