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Answer any FIVE full questions, choosing one full question from each module. Fxplain yvour notations
explicitly and clearly. Sketch figures wherever necessary.

OBE
Marks co R]J_S
A suspension string insulator has three units. Each unit can withstand a
Qla  maximum voltage of 11 kV. The capacitance of each joint and metal work is
20% of the capacitance of each disc. Find: [3] |C4035) L3
(1 Maximum line voltage for which the string can be used

(i) String efficiency
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QIb. List out the advantages and disadvantages of HVDC Transmission. [5] |c403.2 | L4
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Q2a. State the effect of high voltage used in transmission on:
(1) WVolume of copper required.
(11 Line =fficiency.
(111)  Line voltage drop.

[3] (C403.1| L3
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7.4 Advantages of High Transmission Voltage

The transmission of electric power is carried at high voltages due to the following reasons :

(/) Reduces volume of conductor material. Consider the transmission of electric power by a

three-phase line.
Let P = power transnutted in watts
V' = line voltage in volts
cos & = power factor of the load
! = length of the line in metres

R = resistance per conductor in chms
p = resistivity of conductor material
a = area of X-section of conductor
Load current, I = P
3w cosd

Resistance/conductor, R = plla

_ P\ ol
3R 3(6%0@] x =
Pzpi'

V- cos“ba
fpf
WV cos’ b

Total volume of conductor matenal required

Total power loss, 7

Area of X-section,a =

2
- 3q1=3|—5PL
WF cos o
_ SPprz o)
WV cos 0

It is clear from exp. (7) that for given values of P, I, p and W, the volume of conductor material
required is inversely proportional to the square of transmission voltage and power factor. In other
words, the greater the transmission voltage. the lesser is the conductor material required.

(i7) Increases fransmission efficiency
Input power = P+ Total losses

Pzpf

Foeos"0a
Assuming J to be the current density of the conductor, then,
a = IiJ
P%)IJ P2|).E'Jr 1
ut power = P+ =P+ ¥ =
laputp . coszq}f 7 cos’ o 1
PolJ */3Vcos
_pe BRI J3 Veosd
V< cos™ P
_ P+J§P.ij’:P 1+‘E Jpl
Fcos V cos
Output power 1

.. . P
Transmission efficiency = =
Input power
put p P{HJE pr] {Hﬁ pr]

Vecosd Veosd



:| approx. ..(ii)

As J, p and [ are constants, therefore, transmission efficiency increases when the line voltage is
inereased.

V cos ¢

_ “|:1_‘\.|'Il3 Jpl

(iii) Decreases percentage line drop

Linedrop = TR=Tx 2L

a
= IxplxJI=plJ [ a=1J]
Jpl
Yage line drop = TP % 100 ..(iii)

As J, p and [ are constants, therefore, percentage line drop decreases when the transmission
voltage increases.

L S === s Emms|pt T/ Tt
Q2b. Derive the relevant equations for demonstrating the effect of ice covering and
wind pressure on sag calculation. [3] |C403.5| L3

- L Fa

Effect of wind and ice loading. The above formulae for sag are true only in still air and at
normal temperature when the conductor 1s acted by 1ts weight only. However, in actual practice, a
conductor may have ice coating and simultaneously subjected to wind pressure. The weight of ice
acts vertically downwards i.e., in the same direction as the weight of conductor. The force due to the
wind 1s assumed to act horizontally i.e., at right angle to the projected surface of the conductor.
Hence, the total force on the conductor is the vector sum of horizontal and vertical forces as shown in
Fig. 8.26 (iii).

Ice
coating

Wind _— ]

™ |
J i

(1) (i) (iff)
Fig. 8.26



Total weight of conductor per unit length is

| ) 3

w, = -”"{1L=+wf]* +(wy)

where w = weight of conductor per unit length
= conductor matenal density X volume per unit length

w. = weight of ice per unit length

= density of ice X volume of ice per unit length
= density ofice x . [(d+27° — ] x 1

4
= density of ice X m £ (d + 1)*

w, = wind force per unit length

wind pressure per unit area X projected area per unit length
= wind pressure X [(d + 2f) x 1]

When the conductor has wind and ice loading also, the following points may be noted :

(/) The conductor sets itself in a plane at an angle 6 to the vertical where

w,

tan@ = ®
W+ W;

(if) The sag in the conductor is given by :

w, [ ’

2T

Hence S represents the slant sag in a direction making an angle 8 to the vertical. If no
specific mention is made in the problem, then slant slag is calculated by using the above
formula.

(1if) The vertical sag = Scos©

Q33 Write short notes on following
1) Proximity effect [3] |C403.1] L2
i) Transposition of line

(i) When two or more conductors carrying alternating current are close to each other, then distribution of current in
each conductor is affected due to the varying magnetic field of each other. The varying magnetic field produced by
alternating current induces eddy currents in the adjacent conductors. Due to this, when the nearby conductors
carrying current in the same direction, the current is concentrated at the farthest side of the conductors. When
the nearby conductors are carrying current in opposite direction to each other, the current is concentrated at the
nearest parts of the conductors. This effect is called as Proximity effect. The proximity effect also increases with
increase in the frequency. Effective resistance of the conductor is increased due to the proximity effect.

(if) Unsymmetrical spacing. When 3-phase line conductors are not equidistant from each
other, the conductor spacing is said to be unsymmetrical. Under such conditions, the flux linkages
and inductance of each phase are not the same. A different inductance in each phase results in
unequal voltage drops in the three phases even if the currents in the conductors are balanced. There-
fore. the voltage at the receiving end will not be the same for all phases. In order that voltage drops
are equal in all conductors, we generally mterchange the positions of the conductors at regular inter-
vals along the line so that each conductor occupies the original position of every other conductor over
an equal distance. Such an exchange of positions 1s known as fransposition. Fig. 9.9 shows the



transposed line. The phase conductors are designated as 4, B and C and the positions occupied are

numbered 1, 2 and 3. The effect of transposition is that each conductor has the same average indue-

fance.

Position 1

Fig. 9.9

————p -

Q3b. Obtain self GMD and mutual GMD and hence calculate inductance’km of
each conductor in a 3-phase-3-wire syvstem. Conductors are arranged at the [5]

vertices of a triangle of sides 2.5m, 3m and >m. These are transpossd at C403.4) L2

regular intervals. Diameter of each conductor 15 1.5 em.

M| o= 25T

43, Write short notes on following
1) Skin effect

i)  GMD
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9.3 Skin Effect

When a conductor is carrying steady direct current (d.c.), this current is uniformly distributed over
the whole X-section of the conductor. However, an alternating current flowing through the conductor
does not distribute uniformly, rather it has the tendency to concentrate near the surface of the condue-
tor as shown in Fig. 9.3. This is known as skin effect.

The tendency of alternating current to concentrate near the surface of a conductor is known as
skin effect.

Due to skin effect, the effective area of cross-section of the con-
ductor through which current flows is reduced. Consequently. the re-
sistance of the conductor is slightly increased when carrying an alter-
nating current. The cause of skin effect can be easily explained. A solid

conductor may be thought to be consisting of a large number of strands, ~ Current No current
cach carrying a small part of the current. The *inductance of each strand ?r?::uar:ai:‘e flow
will vary according to its position. Thus, the strands near the centre are

surrounded by a greater magnetic flux and hence have larger indue- Fig. 9.3

tance than that near the surface. The high reactance of inner strands

causes the alternating current to flow near the surface of conductor. This crowding of current near the
conductor surface is the skin effect. The skin effect depends upon the following factors :

(/) Nature of material
(if) Diameter of wire — increases with the diameter of wire.
(iif) Frequency — increases with the increase in frequency.
(iv) Shape of wire  — less for stranded conductor than the solid conductor.

It may be noted that skin effect is negligible when the supply frequency 1s low (< 50 Hz) and
conductor diameter is small (< 1em).

9.7 Concept of Self-GMD and Mutual-GMD

The use of self geometrical mean distance (abbreviated as self-GMD) and murual geometrical mean
distance (mutual-GMD) simplifies the inductance calculations, particularly relating to multiconduc-
tor arrangements. The symbols used for these are respectively D, and D,. We shall briefly discuss
these terms.

(7)) Self-GMD (D,). In order to have concept of self-GMD (also sometimes called Geometri-
cal mean radius ; GMR), consider the expression for inductance per conductor per metre already derived
in Art. 9.5

S

Inductance/conductor/m

d
" A1)

In this expression, the term 2 x 107 x (1/4) is the inductance due to flux within the solid conduc-
tor. For many purposes, it 1s desirable to eliminate this term by the introduction of a concept called
self-GMD or GMR. If we replace the original solid conductor by an equivalent hollow cylinder with
extremely thin walls, the current 1s confined to the conductor surface and internal conductor flux
linkage would be almost zero. Consequently, inductance due to internal flux would be zero and the
term 2 x 107 x (1/4) shall be eliminated. The radius of this equivalent hollow cylinder must be
sufficiently smaller than the physical radius of the conductor to allow room for enough additional flux

=2 x l(}'Tx%+2x10_? log,



to compensate for the absence of internal flux linkage. It can be proved mathematically that for a

solid round conductor of radius 7 the self-GMD or GMR = 0-7788 r. Using self-GMD, the eq. (i)
becomes :

Inductance/conductorm = 2 x lﬂlchnvg‘_3 d/D_*
where D_ = GMR or self-GMD = 0-7788 r

It may be noted that self~-GMD of a conductor depends upon the size and shape of the conductor
and is independent of the spacing between the conductors.

(if) Mutual-GMD. The mutual-GMD is the geometrical mean of the distances form one con-
ductor to the other and, therefore, must be between the largest and smallest such distance. In fact,
mutual-GMD simply represents the equivalent geometrical spacing.

(a) The mutual-GMD between two conductors (assuming that spacing between conductors is
large compared to the diameter of each conductor) 1s equal to the distance between their centres i.e.

D, = spacing between conductors =d

(b) For a gingle circuit 3-¢ line, the mutual-GMD is equal to the equivalent equilateral spacing
ie, (d d,d)".

D, = (d, d, dz)lfi

Q4b. A 3-phase, 50Hz, 6kV overhead line conductors are places in a horizontal
plane as shown in the fig 5.6. The conductor diameter 15 1.25cm. if the length
15 100km, calculate the capacitance per phase and charging current per phase.
Assume complete transposition of lines.

C

Ob O [3] |C403.4| 13
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Q33 Derive the expressions for correction factors to convert Z and ¥V of nominal &
circuit to Z1 and Y1 of equivalent m circuit. [3] [C403.1| L3
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Q3b. Explainthe Ferranti effect in long transmission lines, with the help of phasor v | ana -

diagram [3] (C403.1) L2

S

A long transmission line can be considered to compose a considerably high amount of capacitance and inductance
distributed across the entire length of the line. Ferranti Effect occurs when current drawn by the distributed capacitance
of the line itself is greater than the current associated with the load at the receiving end of the line(during light or no
load). This capacitor charging current leads to voltage drop across the line inductor of the transmission system which is in
phase with the sending end voltages. This voltage drop keeps on increasing additively as we move towards the load end of
the line and subsequently the receiving end voltage tends to get larger than applied voltage leading to the phenomena
called Ferranti effect in power system. It is illustrated with the help of a phasor diagram below.
Thus both the capacitance and inductor effect of transmission line are equally responsible for this particular phenomena
to occur, and hence Ferranti effect is negligible in case of a short transmission lines as the inductor of such a line is
practically considered to be nearing zero. In general for a 300 Km line operating at a frequency of 50 Hz, the no load
receiving end voltage has been found to be 5% higher than the sending end voltage.
Now for analysis of Ferranti effect let us consider the phasor diagrams shown above.
Here, V, is considered to be the reference phasor, represented by OA.

Thus V, = Vi(1 + j0)
Capacitance current, I, = jwCV;
Now sending end voltage Vi = Vi + resistive + reactive drop.
— V, + LR + jI.X
—V, + IR + jX)
=V, + jwCV.( R + jwlL)| Since X = wlL |
NowlV, = V, — ;.a;zC*LT.»'} + JwC RV,

D

> IR
| VN 1 ©

0 Y,
Ferranti effects in transmission line

This is represented by the phasor OC.
Now in case of a long transmission line, it has been practically observed that the line electrical resistance is negligibly

small compared to the line reactance, hence we can assume the length of the phasor I R = 0, we can consider the rise
in the voltage is only due to OA - OC = reactive drop in the line.

Now if we consider ¢y and Lo are the values of capacitance and inductor per km of the transmission line, where | is
the length of the line.

Qba. 4 3-phase, 30 Hz transmission line, 100km long, delivers 200MW at 0.9 power
factor lagging and at 110KV, The resistance and reactance of the line per phase
per km are 0.2 and 0,48 respectively, while the capacitive admittance is
2.5X 10 mho per phase per km. calculate

1. Voltage and current at the sending end.
1. Efficiency of the transmission line.
Use nominal © method.

[10] |C403.1| L3
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Q7a. With reference to corona, derive an expression for critical disruption voltage, [3] [C403.1] L2

The phenomenon of corona plays an important role in the design of an overhead transnmussion line.
Therefore, it 1s profitable to consider the following terms much used in the analysis of corona effects:

(/) Critical disruptive voltage. It is the minimum phase-neutral voltage at which covona
OCCUFS.

Consider two conductors of radii # em and spaced d cm apart. If is the phase-neutral potential,
then potential gradient at the conductor surface 1s given by:

V .
g=—7 volts / em
rlog, —

In order that corona is formed, the value of g must be made equal to the breakdown strength of

air. The breakdown strength of air at 76 cm pressure and temperature of 25°C 1s 30 kV/em (max) or

212 kV/em (r:m.s.) and 1s denoted by g,. If V, 1s the phase-neutral potential required under these
conditions, then,

V.
& = ——
rlog, -
where g, = breakdown strength of air at 76 cm of mercury and 25°C

= 30 kV/em (max) or 21-2 kV/em (rm.s.)
Critical disruptive voltage, ¥, = g, rlog, d
R

The above expression for disruptive voltage is under standard conditions i.e., at 76 cm of Hg and
25°C. However, if these conditions vary, the air density also changes, thus altering the value of g,.
The value of g, 15 directly proportional to air density. Thus the breakdown strength of air at a baro-
metric pressure of b em of mercury and temperature of 1°C becomes 6 g, where

3-92b
273 +1

& = air density factor =

Under standard conditions, the value of 6 = 1.
Crifical disruptive voltage, V.

c

= g,0rlog, d
-
Correction must also be made for the surface condition of the conductor. This i1s accounted for
by multiplying the above expression by irregularity factor m,.
.. Critical disruptive voltage, V. = m,g, 0rlog, d kV/phase
r

c

where m, = 1 for polished conductors

= 0-98 to 0-92 for dirty conductors
= (0-87 to 0-8 for stranded conductors

Q7b. Show that in a single core cable the ratio of maximum to minimum stress is

Bv; B= sheath radius, v= core radms. (3] |Ca03.3) L2



11.9 Dielectric Stress in a Single-Core Cable

Under operating conditions, the insulation of a cable is subjected toelec- 4o & iy
trostatic forces. This is known as dielectric stress. The dielectric stress __'I";.'I-_'-.".:f" o\
at any point in a cable 1s infact the potential gradient (or *electric inten- ||, ':_.'-.:
sity) at that point. S

Consider a single core cable with core diameter d and internal sheath
diameter D. As proved in Art 11.8, the electric intensity at a point x
metres from the centre of the cable 15

E = % volts/m
ME, €, X S

By definition, electric intensity 1s equal to potential gradient. There-
fore, potential gradient g at a point x metres from the centre of cable 1s

g =k
or g = _ 92  oltsim )
2me, e, x .
As proved in Art. 11.8, potential difference ¥ between conductor B
and sheath is Fig. 11.14
V= Llog = volts
2ne,e,  “°d
nee V
or 0 = —D ..(if)
lﬂge_
d
Substituting the value of O from exp. (ii) in exp. (i), we get,
2ne €V V .
— a r — J .
g log.D/d 5 los D volts/m ..(1ii)
e £ o+ “d
2ne € X

It 1s clear from exp. (ii7) that potential gm.dlent varies inversely as the distance x. Therefore,
potential gradient will be maximum when x is minimum i.e., when x = d/2 or at the surface of the
conductor. On the other hand, potential gradient will be minimum at x = D/2 or at sheath surface.

Maximum potential gradient 1s
Eax = ——— volts/m [Putting x=d/2 in exp. (iif)]
dlog, "
Mimmum potential gradient 1s
Epmin = Lﬂ volts/m [Putting x=D/2 in exp. (ii)]

Dlnggg



2V
Smax _ dlog,D/d _ D

Eoin 2V d
Dlog,D/d
The variation of stress in the dielectric 1s shown in Fig. 11.14. It is clear that dielectric stress is
maximum at the conductor surface and its value goes on decreasing as we move away from the
conductor. It may be noted that maximum stress 1s an important consideration in the design of a
cable. For instance, if a cable 1s to be operated at such a voltage that *maximum stress 15 5 kV/mm,

then the insulation used must have a dielectric strength of atleast 5 kV/mm, otherwise breakdown of
the cable will become inevitable.

W

9_3_3- Write g short potes on methods of reducing Corona. [5] |C403.1] L3

8.14 Methods of Reducing Corona Effect

It has been seen that intense corona effects are observed at a working voltage of 33 kV or above.
Therefore, careful design should be made to avoid corona on the sub-stations or bus-bars rated for 33
kV and higher voltages otherwise highly ionised air may cause flash-over in the insulators or between

the phases, causing considerable damage to the equipment. The corona effects can be reduced by the
following methods :

(/) By increasing conductor size. By increasing conductor size, the voltage at which corona
occurs 1s raised and hence corona effects are considerably reduced. This is one of the
reasons that 4 CSR conductors which have a larger cross-sectional area are used in transmis-
sion lines.

(if) By increasing conductor spacing. By increasing the spacing between conductors, the volt-
age at which corona occurs is raised and hence corona effects can be eliminated. However,
spacing cannot be increased too much otherwise the cost of supporting structure (e.g., big-
ger cross arms and supports) may increase to a considerable extent.

Q8b. Derive an expression for current rating of a cable interms of the maximum
permissible temperature of the core and ambient temperature. [3] [C403.3| L3
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Q9a. Write short notes on Loop feeder. [2] |C403.5] 1.2

A similar level of system reliability to that of the parallel arrangement can be achieved by using ring main
feeders. This usually results from the growth of load supplied by a parallel feeder where the cabling has been
installed along different routes. These are most common in urban and industrial environments.

Whilst the start and finish ends of the ring are at the same location, power is delivered by both pathways of the ring
into substations located around the ring.

In typical urban / suburban ring main arrangements, the open ring is operated manually and loss of supply
restored by manual switching.

In typical urban / suburban ring main arrangements, the open ring is operated manually and loss of supply restored by

manual switching.
Tenninal Station

Zone ST

Figure 4 — A ring main feeder system


http://electrical-engineering-portal.com/urban-supply-networks-ais-gis-systems

Current practice is to use distribution automation, where operation and supply restoration in the feeder rings is done
automatically by centrally controlled supervisory systems.

This gives the advantages of ring main systems as line voltage drops are reduced at the various load substations there
is a ‘firm’ supply (i.e. an alternative path is available if the primary one fails) to each load substation.

Q9b. A 3-phase ring distributor ABCD, fed at A at 11KV supplies balanced loads of
50Aat 0.8pflagging at B, 120 A at unity pfat C and 70A at 0.866 lagging at
D, the load currents being referred to the supply voltage at A. the impedances
of the various sections are:
Section AB: (1+j0.6)Q section BC: (1.2+70.9)Q [8] |C403.3 14
SectionCD: (0.8+j0.5)Q; section DA: (3+)2)Q

Calculate the currents in various sections and station bus-bar voltages at B. C
and D

Solution. Fig.14.9 shows one phase of the ring main. The problem will be solved by Kirchhoff’s
laws. Let current in section 4B be (x +7 y).

Current in section BC, g (x+7¥)—50(0-8 —j0-6)=(x—40) +; (v +30)

Current in section CD, % [(x —40)+; (y+30)] - [120+; 0]
(x—160) +j (¥ + 30)

T = [(x—160)+/ (v +30)] - [70 (0866 —J 0-5)]
(x — 220:6) +j (v + 65)

Current in section DA,

F:I"H
Il

Drop in section 4B = T;pZap = (x+7) (1 +;0-6)
= (r-06) 4/ (06 +)
Drop in section BC = Tge Zge
[(x—40)+; (v +30)] [(1-2+ 09)]
(12x— 09 y—75) + (09 + 12 y)

¥ 11 kV
Supply
A
B D
1406 3+j2
50A «—— | » 7OA
il 12+]09 08+]05 0-866 lag
c
L J
120 A

Unity p.f.
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Drop in section CD = g Zep

= [(x—160) +j (v +30)] [(0-8 +; 0-5)]
(0-8x — 0-5y — 143) + (0-5x + 0-8y — 56)

Drop in section DA E Z_D_;
[(x—220:6) +j (v + 65)] [(3 +j 2)]
(3x — 2y — T91-8) + (2x + 3y — 246-2)

Applying Kirchhoff’s voltage law to mesh ABCDA, we have,

Drop in 4B + Drop in BC + Drop in CD + Drop in DA =0
or [(x—0-6y) +j (0-6x+ )] + [(12x — 09y — 75) +j (0-9x + 1-2y)]

+[(0-8x — 0-5p — 143) + (0-5x + 0-8y — 56)]
+[(3x — 2y — 791-8) +j (2x + 3y — 246:2)] =0

or (6x — 4y — 1000-8) + (4x + 6y — 302:2) = 0

As the real (or active) and imaginary (or reactive) parts have to be separately zero,

e 6 —4y—1009-8 = 0

and 4x+6y—3022 =0
Solving for x and y, we have,

x =|1397A ; y=—428A
Current 1n section 4B = (139-7—j42-8) A
Current in section BC = (x—40)+j (v +30)
= (1397 — 40) +j (- 42-8 + 30) = (997 —j 12:8) A

Current in section CD = (x—160) +; (v + 30)

= (139:7— 160) + (— 42-8 + 30)
= (-20:3—-j12:8) A

Current 1n section DA = (x—220-6) +j (v + 65)
= (139-7 - 220-6) +j (— 42-8 + 65)
= (-809+;222)A

Voltage at supply end A4, ¥, = 11000/,/3 = 6351 V/phase
Voltage at station B, ﬁ; =V, T4 Z4

(6351 +;0)—(139-7—;542-8) (1 +5 0-6)
= (6185-62 — j 41-02) volts/phase

Voltage at station C, Ve = FB. - E 2'_36:

(618562 —j 41-02) — (99-7 —j 12-8) (12 +j 0-9)
(6054-46 — j 115-39) volts/phase

Voltage at station D, Vp = Ve - I_CL; Z[;
(6054-46 —j 115-39) — (=20-3 —5 12-8) x (0-8 +; 0-5)
= (60643 —j 95) volts/phase

Q10a. Write short notes on reliability aids. [2] (C403.1) 12



7.9 Reliability Aids
7.9.1 Mastering Information

Every thing in this universe is energy and information. The data is
always aggregated into information in order to make decisions, e.g., a
decision to replace a substation transformer will be based on an
aggregation of loading data. Asset and operational data reside in the GIS
and SCADA as information. Information is a resource that can be
utilized to use all other resources in the best possible manner. The power
systems are expanding and the activities becoming complex and
diversified. New tools for handling data are word processors/personal
computers, optical scanners, microfilm storage, computer networks and
Internet are aimed to lighten the information overload. This is a cycle:
more diversity and change equals more information equals more
technologies to handle information and may lead to still more diversity
and change. That is the dynamics driving the information revolution.
Furthermore, as we organize the information, we deepen our scientific
understanding of the system and use information for transforming the
processes of production and services. The successful deployment of
information technology will make the enterprise dynamic, integrated,
effective and responsible. Managing information (see Fig. 7.12)
successfully mean processing information to add value in at least one of
three ways by increasing:

o Productivity,

¢ Competency,

= Innovation.

7.9.2 System Configuration

System configuration plays a very important part in reliability. For

service continuity taking into account both long outages and momentary
interruptions, the hetter system reliahilities are rated in the following
order of merit (see Fig. 1.3):

1. Grid network

2. Spot network

3. Secondary selective

Crealive ideas

Process
(Information technology)

Information

TS

Fig. 7.12|  Information process

The following points must be checked for the useful deployment of
information technology:

e Does the information system unify the whole organisation, con:
necting various activities? .

Is the information system centrally managed and compatible
throughout?

Has the information system been designed by people who are go-
ing to use it?

e Is the information network widely accessible?

» Does it capture the information you need?

 Does it provide the support you need to make rapid, fact-based,
accurate decisions?

Does your information system allow you to know your consumers
well: Track record regarding defaults, theft of energy, energy con-
servation, load profile, metering history etc.?

To avoid information overload, it is necessary to keep redefining the
context in which knowledge is required so as to avoid storing everything
and then not having any use for it. The significance of the information is
only realised when it is used.

4. Primary selective

5. Primary loop
‘ ial
6:1')1:;11 figures of various types of feeders are given below:
SAIFI MAIFI
03w 13 5w 10
EE'Q ra::::-loop 04t 0.7 10 (osls
Underground residential 0.4 t0 0.7 : to .
ary selective 0.l 005 to .
| Secondary selective 0105 2t
-.R-'s;m network 0.02 to Obl " g !
,i'(_;zd network 0.005:0 : -
'ﬂnnnal SAIDI in minutes in various countries 1s as below [22,23):
South Korea(2007) 17.2
USA(2003) 8.8
UK (2003) 61
France(2004) 51
Singapore (FY 2007-08) 1.1
Thailand{2006) 98
Malaysia(‘lﬂ()ﬁ) Mg
Tokyo (2006) .5
Hong Kong(2006) b
New York (2006) 12
Melbourne [2006) 21
300

Jakarta Metropolitan(Z()(H)
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It is imperative 10 evolve

Standardisation

planning, design, operation and maintenance,

material, constructional and instructional standards, codes in respect of
the fulluwing with regular reviews and updating:

ot
\aj

(b)

Q10b. Thethree line leadg ofa 400/230V, 3-phase, 4-wire supply are designated as
R.Y and B respectw_ely. The fourth wire or neutral wire is designated as N.
The phase sequence 1s RYB. Compute the currents in the four wires when the

Specification for the equipment of

mass utilization such as ight-
ning arresters, distribution transformers (three-phase and SWER
system), cables, etc.

Constructional standards for installing various equipment/con-
nections, such as tapping arrangement for 11 kV lines, sagging

and fuse mounting arrangement, eic.

followingloadsare connected to this supply :

FromR to N : 20 kW, unity power factor
FromY toN:28-75kVA. 0-866 lag
FromB to N :28-75kVA 0-866 lead

Ifthe load from B to N is removed, what will be the value of currents

in the four wires ?

In
>

= T

20 kW, PF =1

2875 kVA
0-866 lag
2875 kVA

o

T

0-866 Lead

Iy
f

Fig. 1417

(e)

(d

—

(e

Manuals for the guidance of the field staff, such as for the repair of
distribution transformers, design of 33/11 kV rural sub-stations,
voltages drop calculations, erection of lines, cable laying, trans-
portation and installation of energy meters in the field, etc.
Training institutes need to be well established to bring the neces-
sary awareness, skills and adroitness among the personnel work-
ing in the distribution system. The training may be laboratory or
field through audio-visual aids, simulators and lectures and practi-
cal demonstrations. For example, it is essential that the operating
staff be aware of the voltage ranges under various conditions of
work so that assistance in either maintenance or emergency in the
form of diesel generation, capacitors, and/or extra paralleling
points can be arranged if the voltages are observed below mini-
mum. It is desirable to prepare training manuals for inemen and
operators.

Software packages for different computer studies should be stan-
dardized. PERT/cost network analysis programmes for construc:
tion and maintenance works be evolved and standardized. Knowl-
edge of Prima Vera and MS Project softwares is important.
Accurate system diagrams are essential for reliable operation.
Geographical plans of HV feeder routes enable jin-point a dam-
age in a line. Estimated load peak records for winter and summer
should be available in a chart form for lines and sub-station.
Rating information should also be displayed, e.g., for sub-station
transformers (sub-transinission system) and main attended type 11
kV sub-station,

[8] |C403.3] L4

Fig. 14.18




Solution. Fig. 14.17 shows the circuit diagram whereas Fig.14.18 shows its pha-;rcrr dlagram.
The current I, 1s in phase with Py, current Iy lags bahmd its phase voltage Vy,; by cos '0-866=30°

and the current I leads its phase voltage Vg, by cos 1 0-866 = 30°.
I, = 20 10°/230 = 8906 A

I, = 2875 % 10°/230 =125 A
I, = 2875 % 10°/230 =125 A
The current in the neutral wire will be equal to the phasor sum of the three line currents I,. I and
Ip. Referring to the phasor diagram i Fig.14.18 and resolving these currents along x-axis and y-axis,
we have,

Resultant X-component = 8696 — 125 cos 30° — 125 cos 30°
= 8696 — 108-25 — 108-25=-129-54 A
Resultant Y-component = 0+125s5m30° - 12550 30°=0

Neutral current, Iy = |[(-129-54) + (0)> =129-54A
When load from B to N removed. When the load from B to N is removed, the various line
currents are :
I, = 86-96A in phase with Vg, ; Iy =125A lagging Vy,,by30° : I;=0A
The current in the neutral wire 1s equal to the phasor sum of these three line currents. Resolving
the currents along x-axis and y-axis, we have,

Resultant X-component = 8696 — 125 cos 30° =86-06 — 10825 =-2129 A
Resultant F-component = 0-125sin30°=0-125x05=-625 A
Neutral current, Iy = (-21-29) +(-62-5 =66:03 A



