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ABSTRACT

Insulation strength cfthe transmission lines and trip-
:ﬁputglof the same depend on the tower footing resistance and
o isokerauﬁic level of the country. Specific resistivity of soil

has been measured experimentally. Tower footing ?esistance cal-
culated analytically and measured experimentally. Span length,
mid span clearance, protective angle and coupling factor of the
transmission line has been measured from the actual construétinn
of the transmission line.

Anﬁual isokeraunic level of the country has been deter=
mined after collecting number of thunder storm days of the
recording stations of meteorological department throughout the

" country. Average annual isokeraunic level comes out to be 50,

Value of lightning currents have been taken from the
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lines for calculated footing resistance and coupling factor

s it

comes to be 1630 KV. Qutage probability of the transmission
lines have been calculated analytically and the results have
been compared with the actual outage of the transmission lines.

Incidents of insulation failures have been studied to

find out reasons of such failuresQ -
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CHAPTER - 1

b % 1N INTRODUCTION:

Determined by the availability of natural fesources, the
designers have to build big Power Stations away from the load &ep#
vh$t§335 For transmission of bulk power from the generating stations
to different load centres, it is needed to build long high volage
transmission lines. Insulation strength of transmission system
should be such that outage of the transmission lines due to insula-
tion failure should be minimum and the cost involved for insulation
strength provided to the transmission lines should be econdmicglly
jgstified. It i§ aimeﬁ to keep Qayagg'to eqqipments due to ingu{a-
tion‘failures to-minimgm. Outage of the transmission line should be
minimum for stability of the systém and reliability of power supply
to consumersp

Insu;atiop of the transyission line is subjected to stre=-
sses due to over voltage developed on the system. Neglecting normal
frequency voltage, overvoltaées are developed in the system due to
switching, system faults and lightning strike on the transmission
linef Outage of the line occur when the line insulation is subjected
to voltages, higher than the designed insulation strength, Line
oufages, other than those due to lightning, are more less under

control but lightning remains as one element which are not under



complete control, The over voltage developed on the transmission
line due to lightning is dependant on nature of lightning surges,
.tower footing resistance, tower inductance, tower height, span

length, protective angle and coupling factory

The Isokeraunic level-apd the_towgr footing resistange
play an important role on the number of outage.of thé transmi=
ssion lines. The higher is the isokeraunic level, more is tﬁe
number of outage of the transmission lineé, Tower footing resis=
tance depend on specifié resistivity of the so0il and the number
of outage of the tranmsmission is higher when the tower footing
resistance is greater,!

The annual isokeraunic level of the Bangladesh has been
determined and tower footing resistancg measured to find out the
insulation strength of the transmission line and the number of
oﬁtage of the same. Outage of the transmission line due to ligh=-
tning Xlash~over canvpe minimized by increased insulation stren-
gth of the transmission line and decreeasing the tower footing
regsistance, Ground wires with §ufficient mechanical strength
must be locyted to shield the line conductors adequately from
direct strokes. Adequate clearance from the line conductor to
the tower or ground must be maintained so tﬁét full effective=-

hess of the insulating structure can be obtained. Adéquate



drainage facilities and adequate insulator strengths are to be
provided so that lightning discharge can drain to the ground
without affecting conductors and without interference with flow

of normal frequency currenty

A thorough study has been conducted to enumerate the
insulation strehéth provided to the fransmission line in the
light of natural conditions such as annual isokeraunic level
and tower footing résistance. The number of outage of the tran-
smission line calculated have been compared with actual outage

of the same,

Incidents of insulation failures have been studied.

Tripouts due to lightning have been compared with total failures

of the system.

1.2,  THE PROBLEM.

In Bangladesh major generating stations have been set up
in the Eastern and north Eastern part of the country: Hydro
electric station at Kaptai and other four big thermal power
stations ét Sh?hjibazar, &shuganj, Ghorasal and Siddhirganje.
Thermal Generating Stations have been installed in those plaeces
due to obviocus reasons of availability of natural gas and the

hydro staticns on the Karnafully rivery Long transmission lines



have been built for interconnecting these generating stations
and transmitting the bulk power to different load centiresd’
The country is dividgd into two parts'Eastern an&
Western by Brahmaputra rive;. In western part there have been
no such facility for gstablishing generatipg plants depending

on the own resources of the country as of the Eastern part.

At present the 132 K.V. Grid system is divided into
two paris: Eastern Grid and Western Gride. An interconnection
between the two grids, for transmitting bulk power generated

at low cost in the Eastern Grid, is yet to be completed,

In the Eastern Grid there are two long transmission
lines:
1o Siddhirganj-Kaptai 132 K.V. transmission line is a
double circuit one and 170 miles long. This transmigsion line
trénsmits.power from Kaptai Hydro Power Station to load centres
at éhittagong, Comilla and Dacca;:Part of the fransmission lipe
pagses tﬁroggh tpe hilly area of Chittagong. Meghna g Sitalakhya

river have been crossed by 132 K.V. 0il filled submarine cables.

2: The 1535 mile long Siddhirganj-Sylhet 132 K.V. transmisg—

ion is a double circuit one and connects all the gas fired power

stations mentioned earlier. This line transmits power to loaa



centres at Dacca and Sylhet areas. The height of Meghna river
crossing towers are 275' ft. and span length between the river
crossing tower is 2756' ft. some porfion of transmission line
passes through hilly areas of Sylhet district. In the Western
Grid: Ishurdi-Goalpara 132 K.V. line is 110 mile long. This
transmission line transmit power from Goalpara power Stat%on to

load centres at Ishurdi and other placess

Besides these existing transmission lines other trans-
mission lines are being added in both Eastern and Western Grids,
Although these lines are designed and constructed on the basis
of’pﬁbtection against.direct stroke of lightning, trip outs of
the lines are very frequent, specially during monsoon period.
As a result of these outages tﬁe congumers incur huge loss of
prqdug@ion ang Bangladesh Power Development Board incurs loss

of revenue and reputation,

Our aim is to study the problem of such outage; whether
this is due to inadequacy of insulation strength of the trans-
mission system. The local conditions such as so0il resistivity,
tower footing resistance and the number of thunder storm days
may have certain effects on the design of insulation strength

of the transmission line and to find a remedial measures for



for over coming the problem,: >

1.3,  LITERATURE SURVEY:

At the beginnihg; a power system consisted usually of a
small generators supplying power to localized areas. The sizg
of péwer sysﬁéms begag to increase with passage of time and in-
dusfrial revolution throughout the world. High voltége and extra
high voltaée transmission lines came iqt6 being for transmitting
bulk powef. With the increase of transmission line voltage,
increased insulation strength of the equipments of the systenm
have been provided. Increased insulation strength will add more

cost to the transmission line.

Prior to the direct stroke theory the designers did not
attempt to protect lines from direct stroke and it was thaught
to be impossible to cope the direct strokes and lines were desi=
éned on the basis of induced strokes, With increassed knowledge
about lightning strokes, the transmission lines and equipments
connected with it have been insulated to with stand over voltage
produced by direct strokes of lightning. Thek;nsulation strength
of transmission line have been designed for a desired performances’
Methods of combating direct strokes started as early as 1929,

Some of the works in the field are mentioned below:



"Grounding Electric -circuits Effectively" by J. R
Eaton'(i)g This work has furnished methods of measuring soil
resistivity and ground resistance. The effect of tower foofing
resistance on the number of outage oflthe transmission 1ine§
have beegﬁphown. But it has not Aealt the insulation strength
of transmission line and effect of isokeraunic level on the

outage probability of the transmission lines

"Electrical Resistivites Tests On Barrie-Scarborough

110 kv Transmission Line" report ofthe Hydro-Electric Power

Commission of Ontanio, Canada (2).'This work has furnished

variation of tower footing resistance, shown relation between

soil resistivity and tower footing resistance but effect ofjﬁggf;?

those on the ingulation strength of transmission line has not

been discussed.

"The Transmission Line Tower Grounding in Rugged Country"

a report of the Hydro ~ Electric Power Commission of Ontario,

(3)

' Canada «» This report furnished methods of improvement of

tower footing resistance in rugged country by using long ground=

ing roads, counterpoise and crow feet., It did not state the

effect of local soil properties on the insulation strength of

transmission liney



"Electrical Transmission and Distribution Reference
Book" by Westing house Electric Corporation U § A (4), This
book has shown works carried out Parlier in this connection.
In 1930 Dr. Ce L. For?esqge pub}ishgd ap:artﬁgle "Direct
Strokes Not Induced Surges Chief Cause of High Vqltage Line
Flash Over"., The theory is now completely accepted for high
voltage lines and the induced strokes is of no significances
Performance of lines based on direct strokes have been giscu-
ssed. Waldorfts curves for probabiliﬁies of outage have begn
furnished and‘the methods of determining insulation strength
of transmission lines based on the tower footing resistance

and midspan clearance have been formulated;'Nothing bave heen

said about the effect of lightning current due direct strokes.

"Thé Selection of Insulation levels and Tests for High

Vpltage Transformers == by Ge B. Harpar, Proc. Inst. Elect.

Engf. Paper 28045 Publication January, 1959 p 10(5). This work

deal with insulation strength of high voltage transformers only.

"ropicproofing Electrical Equipment" by Miroslav Rych-

tera and Benorda Bartakova (6). This book has shown the change

[}

of property and perforuance of electrical equipments depending

on the climatic zones of the world. But no specific cause and



- '9 :-'5';

type of failures have been discmssed about any particular place
such as Bangladesh.

"Geoelectric resistivity survey in Bangladesh, 1968, by

Dr. K+ Depporman and Dr. Je Theile (71.1In this work specifie

resistivity of the so0il of Bangladesh have been measureds’

"Vistas in Electric Power " by Philip Sporn (SL. Field
investigation of lightning ingidenfs on 132 kv line:of Americgn
Gas and Electric 60.'have been carried out and the effect of
footing resigtance on the outage of the transmission line have
been discussed. But there is no evaluation insulation strength
of the transmission line depending on the lower footing resis-

tance and high annual isokeraunic level,

"Design Transmittals East~West Interconnector Projetts"

by Bangladesh Power Development Board 1970 (9). It has stated

LS

that the insulation level of the proposed 132/230 kv transmission
has been set at 1396 kv; The details of local factors for calcu~-

lating the insulation strength have not been mentioned,

"Lightning Invistigation on 220 kv Fteel tower Transme

-3

ission Line". by A.Cewe of Gdansk Technical University, High

(10)

Voltage institute o This dealt with measurement of lightning

=
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current but the effect of the same on the transmission line

insulators have not been considered.

YElectro Dynamic Consideration of Lightning Problems"

(11)

by Stanislow Szpor, Gdansk, Poland "y furnish information

about formation of charges inside the thunder cloud and the-

oretical calculations of field cOmponents;-

"A Proposal of a Method of Lightning Protection Calcu -

lations for Transmission Lines"

(12)

« This work furnished some formulas for calculations

by Stanislaw Szpbr, Gdansk,
Poland
of induced over voltage on transmission towers and their effect

on ipnsulator strings.

"Interpational curves of lightning currents and their
application for protection calcules" By Stanislow Szpor,Gdansk,

(13) | this work furnished percentage curves of lightning

Poland
current erest values on the basis of revision of records obta~
ined in many countries in the world. This curves can be used

for calculations of insulation strength of transmission lines and

their outage probability.

From the available ;iterature and reference, it is
apparent that no work has been done en a systematic study on

the insulation strength, trip outs of the transmission line
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due to high isokeraunic level and failure of insulation in the
light of the existing natural phenomanon in Bangladesh. Our
work, therefore, is the first of its kind in Bangladesh. An
attempt has been made to determine the soil resistivity aqd
tower footing resistance analytically and experimentally and
collecting information on annual thunder storm days and rela-
tive humedity of the country and calculating insulation stre-
ngth of the transmission line and insulation failures. Lack of
facilities have compellea us to remain satisfied with lightning

current erest values of the international curves.

154  SCOPE OF TEE THESIS:.

Neglecting normal frequency voltage the insulation
strength of the transmission line depends on the following
factors : (a) The stroke current magnitude and wave shape of the

lightning stroke (b) Tower footing resistance (c) Span length

and (d) Coupling factor;

The outage probability of a transmission line depend
on the annual isokeraunic level, To ascertain the causes of

insulation failures a detail history of the equipwents are

necessarye

The scope of the work is :



a)

b)

c)

d)

e)

£)

g)

h)

i)

Cglculation of insulation strength of the transmissiop
line;

Calculation of voltage developed across insulation
strings

Collection of records of thunder storm days for 10 years
of all %he recording cen@eres qf Bangladesh Meteorolog~
ical department; Preparation of average Annual isoker=
aunic map of BangladeshQ

Calculation of outage probability of transmission line
depending on the annual thunder storm dayse

Qomparison of calculated outage of the ?ransmission line
with actual outage, so far as records permitted.
ﬁeasurement of ground resistivity, tower footing resis=-
tance experimentally and calculation of the same theori-
tically and comparing both the results,

Determination of relation between the outage probability
and the tower footing resistance of the transmission lined
Collection of history of insulation failures of equip=-
ments and finding out the reasons of such failures.
Calculation of coupling factor from the parameters of

the transmission line.



3)

k)

- 33 -

Determination of protective angle of the transmission
linesq
Average span length of the lines obtained form design

transmittals of the transmission lines,



CHAPTER ~ II

2¢15'  VOLTAGES SURGES ON TRANSMISSION LINE.

Causes of over voltage: An electrical system may exper=

ience over voltages which may be internal and/or externaly

Internal over voltage : Internal over voltages.originate in |
the system itself and may be transient, dynamic pr statione#YB.

The transient over voltages have fréquency unrelated to
the normal syétem frequency and will persist for a few cycles
only. Thesé can be caused by the operation of circuitlbrgakers
of the line.

Dynamic over voltages can occur at normal system fre-
quency and persist for a few cyéles only, They may be caused,
for example by disconnection of a generator which over speeds
or when a large part of the load is suddenly removeda -

y: | stationery over voltage may also occur at system
frequency in case of single phase to ground fault when the
neutral ig earthed through an are suppression coile Such fault
may persist for some time.

These over voltages rarely exceed three to five times
the normal phase to neutral peak voltage of the system and
generglly harmless to the apparatus having adequate insulation-

level,



External over voltage.: These over voltages are produced by

atmospheric discharges such as static charges or lightning
strokes and are therefore not related to the system vo}tagéa
They are often of such magnitude as to cause considerable
stress on the insulation and in case.of lightning may be of
various intensity depending on how the line is struck.

Ground wires, serve to diminish the induced over vol-
tages. Subsequently it has been found that ground wires may
be a direct stroke protection. They may receive the lightning
flashes and lead the lightning currents through the tower mem=
bers tq earth without causing flash over_to insulators;

The inductive voltage drop has been shown to play an
important role specially in very high lines. This voltage is
connected with the magnetic field around the tower.

Besides; voltage induced in the conductors below the
ground wire have been considered. There are two induced compon-
énts: a voltage induced by ground wires formulated mathematicd§
11y be coupling factor, a voltage induced by lightning channel
which contain two components: electrical component produced by
electrical field and magnetic component produced by magnetic

field,



The black flash over is connected with the lightning
stroke to the mastror the ground wire near the mast. When a
lightning strike the ground wire at the mid span, a black
flash over from ground wire to the phase conductor may resulte
The calculation of this is relatively simple but very often
not impoftant because the clearance between the ground wire and
the conductor is in general very great for other reasons.
.Induced voltage sﬁrges may be calculated by using the
following formula :7(12)

a) Variation of grounding resistancei

It has been seen that the grounding resistance de-
minishes as the surge current increases. Unfortunately the
experimental results exist only to about 10 Kﬁ- Por greater
current variation ground resistance can be determined by

using the formula

Al

R, . f.& DK i (1)
s -VEP%
“"Where,

Rg = ground resistance in ohms,

.

#

crest value of the lightning current in KA,
fj = ground resistivity in ohm-~cm,

K = voltage gradient in the soil in Kv/cm,
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b) Inductive voltage drop in the tower:

The inductive voltiage drop along a relatively short

tower is given by the relation:(iz)
dit
= L 1 (2)
Ww o= oMt at

For a relatively long tower it may be written:

uln = Zt it . . (3)

Where L, is the average inductance of the transmission line

e
iz the length of tower and T is the maximum rate

t

tower, 1t
- of rise the current in the tower,

The inductivity Lt can be calculated by the approximate

formulé.

<3
t By o+ B8

Liq Lia

=
=
o
]
o
=
1]

Number of vertical parallel branches

5 Number of oblique paralled branches
Liqg = Inductivity for a vertical branches
Lt2 = Inductivity for an oblique branches

If Ly, =2ME/mandL, = 2.85044 H/m, then

2
Lig = 5507 n, Mi/m

1 2
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z, may be calculated by using the formula

t
Zt = V Lt
Where V = 300 m{l1s, valocity of wave in the air.
c) Combination of the ground voltage and the inductive

tower voliage:

_dai
If the maximum values i and'@§§%g£§

occur in the’same
lightning stroke, in the first s@roke of a multiplp'lightning
flash, then the ground voltage and the inductive tower voltage
may be combined for a cosin&soidal front of the tower currentl

by using the formula,

For very high towers the component u will be taken

it e

S

probably as the tower top voltage and the component ﬁg%%ﬁf&
will be neglected. |

For‘very low towers the_compongnt,Rgitrwill be_takgn
as thg tower top csmponent and component uL wil} be omitted.

This formula will be used for some medium height towers.,

d) Coupling factor.

When over voltage waves u_, enter the ground wire at

tt

both sides of the towers struck by lightning, then induced



waves u, . appear on the phase conductors. They are determined
by the coupling factor K. (12)
u'tt = K utt

and the insulators obtain the difference:
v ‘r‘ﬂ' . i a
ue = Wi o= O 1-k) ou, €¢5)
Coupling factor K is, after Bewley's multiplo - velo-

city theory of waves a geometric mean of electrostatic and

magnetic coupling factors:

Caa ., Ian
K=a—--xi—-
" VAB AA
Where C L , are self capacity and self inductivity of
Ad, AA

ground wire.and

FAB are mutual capacity and mutual inductivity of phase

conductors and ground wires, Corona is known to increase mat-
erially the capacity CAA .and the goupling factorf Neglecting
effect of Corona, the electrostatic and magnetic coupling willn
be equal. The coupling factor fdr one ground wire may be deter-
mined by the formula

log -2

K=I;_§— { 6)
gr

Where,a = distance from conductor to ground wire

b

distance from the conductor to the image of the



ground wire,

h = height of the ground wire above the ground
r = radius of the ground wire.
e) Protective angle

The probahilitkaPR of lateral stroke to a phase
conductor under the ground wire is greater with greater pro-

tective angleG{j. Kostiemko proposed in 1949 the formula:

log\vpnzoig;-‘l ( ?7)

f) Frequency of lightning flashes:

In Poland and Russia the number of lightning flashes

N per year can be calculated by the formula:

D 1l
N=1'.8ha§-é 100 ( 8)

Where, ha average height of the line in meters

1 = length of the line in km

D = npumber of thunder storm days per year

2.2, TOWER FOOTING RESISTANCE.

Tower footing resistance can be calculated by using

(1)

the formula:

R = 2;?1"_.(195% -1) S (9)

Where, —E)z resistivity of the soil in ohm-meter.
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L

H

Length of the ground rod in meter.

a Radius of the ground rod in meter.

H

The tower legs of the Siddhirganj-Kaptai transmission
line have been connected with a 10' long 3/4" copper rods.
Tower legs having concrete foundation of the Siddhirganj-Sylhet

132 K.V. Transmission line have been earthed in the same way.

2.3, INSULATICON STRENGTH OF TRANSMISSION LINE.

Considerable work has been done on establishing methods
for pre-determining the design requirements of lines to provide

‘a desired immunity against lightning tripouts. Curves have been

—— e =

calculated on the basis that the stroke is intercepted by a
T T T

i
shield wire. The lightning current is then expected to take the
N“——Q_ —a At —
— *—’—\—’/’/

path along the shield wire, down the tower or towers and thro-

ugh the tower footing resistance to ground. As the current

A

- -—

-

fallows this path tQ ground a transient voltage appears across
the line insulation. Neglecting normal frequency voltage, the
magnitude of this voltage depends chiefly on the stroke curr-
ent magnitude and wage shape, tower‘footing resistanée, tower
inductance, span length and coupling factor,

Using these solutions and taking coupling into account

the insulation strength can be determined from the following
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(4)

relation .

Insulation strength = stroke current x tower-top ( 10 )
voltage per ampere of stroke

current x ( 1 - coupling factor)

2.,4.1. EXPERIMENTATION.

In order to determine the value of tower footing resis-
tance and ground resistivity, an earth test megger has beep gsgd.

The calculated result of the tower footing has been ocom-
pared with the result obtained experimentally. The ground res-
istivity has been measured experimentally and the same has beeng
compared with results of ground resistivity measured by WAPDA

in 1968 (7).

2.4.2, PROCEDURE FOR GROUND RESISTIVITY MEASUREMENT.
1) An Evershed megger earth tester has been used.
2) Correctness of the megger was tested in laboratory

by connecting known value of resistance as shown in

the connection diagram No.1 pagefﬁaa.

A known value of resistance was connected between
ClP1 & P2 and another known value was used between
P2 and.C2 o When the reading shown by the megger

was equal to the value of the resistance connected

~

3.=1 by
s -

- - C . - "‘
(O PR ST S
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METHOD OF US/NG MEGGER LARTH
JESTER FOR MEASURING AVERAGE
RESISTIVITY OF SO/L ,

e
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between 01 + P1 & P, null point of the megger was

2
obtained.

3) For measurement of average ground resistivity,the
terminal of the megger was connected shown in
Fig 1. The depth of the spike inserted inside the
g;ound was 0.5 meter and the distance A between
the electrodes was 10 meters.
The grouand resistiyity'f) can b; calculated by the

(6)

following formula .

‘?

Where A

2T AR (11)

distance in meters between electrodes,

R

1

Reading in the meter.

2,4.3+ PROCEDURE FOR MEASUREMENT OF TOWER FOOTING RESISTANCE.

C1 P1 shorted and connected to the tower legs and the

two auxiliary grounds were connected to C2 & P2 as shown in
drawing of Fig.2 page 25.
For measurement of tower footing resistance three sets

of readings were taken in each experiment keeping the following

distance:

No. 1

= 40 ftc
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No, 2 01 P1 - P2 = 50 ft,
01 P1 - 02 = 100 ft,
Noe. 3 01 P1 - P2 = 60 ft.
Cl P1 - 02 = 110 ft.

Average of the three readings were taken as the tower
footing resistance,

240, THE STROKE CURRENT MAGNITUDE AND WAVE SHAPE.

To protect the transmissiOn line from lightning stroke
a knowledge of the magnitude, duratiop andéﬁgfﬁ;ﬁﬁaperof{EQgh
voltage and current.Surges appearing'on the transmission 1ines.
are necessaryf The characteristics of the strokes itself detgr-
mines the resulting surges occuring on the electrical system.
Since the value of stroke current, may vary from a few amperes
to thousands of amperes, it is very difficult to measure the
lightning stroke current. As there is no such facility and as
there have been no such attempt to measure the lightning stroke
current on the transmission lines in ‘Bangladesh, the results
obtained in the field studies of different countries are adopted
for the purpose of calculation,

The international percentage curve‘ﬁig- 3 (a) for

(13)

current crest value i has been proposed by S. Szpor «It has
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been stated that between 20 KA & 200 KA of current crest values
there is no doubt. Below 15 KA the Polish percentage curve have
been adopted. Above 200 KA the position of the curve is doubtful.

In Fig. 3 (b) percentage curves of rates of rise of.
lightning currents i' has been proposed. There is no doubt of
values between 35 KAAQS and 80 XKA/ys. Below 35 KA/ys and above
80 KAAQS values of the curve hasﬂobtained by extrapalation.

Different values of i and i' should be chosen from Fig.3
(a) and 3 (b) respectively for lightning protection calculus of
different importance. For instance;

6 - 8% strokes have values of 100 KA and 80 Ka/ys.
These values are used for protection calculations of less im=
portant objects.

1 ~ 1.5% strokes have values of 200 KA and 150 Ka/lys.
These values are used for protection calculations of objects
medium importance,

0.1 to 0.2% strokes have values 400 - 500 KA and
250 KAﬂqs. These values are considered for protection calcula-
tion for objects of greatest importance.

2.6, INSULATICN CO-ORDINATICN,

Insulation co-ordination may be defined as the process

of setting standards of insulation strength and assigning them
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to all the items of equipment in the various classes in such a
manner as to produce, from an economic and operating point of
- view, bothra maximun of protection and a minimum of damage to
the system.

The present definition of "Basic impulse insulation
are reference levels expressed in impulse crest voltage with a
standard wave not longer than 1.5 X 40 sec wave, Abparatus
insulation as demonstrated by suitable testg shall be equal to
or greater than the basic insulation level".

Alarming situation may arise due to variation in insu-
lator strength of different manufacturers. The variations in
insulator flash over of 25'to 33% are not all unusual. Yet not
all is seen on the surface. Some of the value listed are sphere
gap determinations and still some others are given as test values-
and not as flash over values at all,

There has been no scientific yardstic employed in the
determination of ratings of bushings by various manufacturers,
or else there would noet be such discrepancy and variation., In
general the present system of r§tings of insulators is confusing
in fact very often dangerous,

The situation among the apparatus manufacturers may not

be quite so bad, but certainly cannot be called either good or



orderly. At present time there are group of more or less stan~-
dard voltages on which the design class are based; but the

various groupings there are undoubtadly manufacturing classes
which may and probably do, differ from the usage voltage standards.,
Often various parts of specific design are not corrected and under
the many existing conditions, cannot be.

For example, many switch & transformer manufacturers do
not make their bushings, obviously a COﬁﬁusion is bound to crepp
into the equipments as long as the bushing manufacturer is held
to no standard.‘Thig of course, ig npt meant to employ that such
situation can not occur and has not occurred where all the
various parts of a piece of apparatus havé been made by a single
manufacturer,

The operating power authority and the designers and
constructors for them, at least would have seen the necessity
for bringing some orders in this situation, but such does not
happen to be the cases. The more one talks with the ﬁanufacturers,
the more one realises tye predicament in which they find them~
selves, in attempting to carry out the different ideas of the

various organisations with regard to the relative values of

insulations of comnponent parts of apparatus. On examination of
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different practices, it may be found that one system particularly
bent on over insulating its lines, another system ovef insulating
its transformers and having bushings of normal strength and still
another following riverse practisess. Not only will this conditions
be found to exist in the moderate voltages, but in the higher
voltages they are in some times even worse.

The effect of this condition leave one.with é general

impggfsion that the whole matters is confused that it would be

‘hopeless to -try to change it so as to bring order into it.

In a single installation under Power Development Board,
it is seen that equipments from various coﬁntries and various
manufacturer have been installed. This practice made the problem
of insulation co-~ordination more difficult.

2.7, DEFINATIONS .

1. Protective angle: The protective angle is the angle

formed by a line through the ground wire and the outer phase
wire and the vertical,

2. Coupling factor: It is the ratio of the induced

voltage on the conductor to the ground wire voltage;
3+ Coronas There is a critical electric gradient for air
that cannot be exceeded, without profuse ionization of the air.

4, Sufge Impedance: When a voltage surge moves along the




the line, the current wave will have exactly the Bame wave
form as the voltage and at any instant proportional to the
voltage. The constant of proportionality is known as surge

impedance and is usually designated by the symbal Z =\/%%-

5. Voltage surges: It is a sudden deviation of voltage

from normal conditions and may be caused by lightning, switch~

ing operation and/or faults.

6. Systems: Transmission and or distribution network

of lines, transfdrmers and generators,



CHAPTER - 1IX.

RESULTS
3s1. Tower Footing Resistance & Ground Resistivity:

a) The specific resistivity of ground has been measured
in the northern part of the country by WAPDA(7) in 1968 and found
that the resistivity vary from 5 ohm -~ m to 50 ohm - m depending
on the s0il conditione

Experimentally resistivity has also been calculated
using the formula*? = ZTTAR. The results of three such experiment
are shown in the table 1 beloﬁ:

Table - 1,

.Experiment No. 1§ _Résistivity in{

[~ i ohm meter.

1 No. 1 LI 3
i L ' i
] [} t
¥ _ k] 1
l Nos 3 ! 6,10 !

b) Tower footing resistance R is calculated by using
formula (10).

R

i

:EL- (loge E; - 1)

2L

b2
2

L = 10 ft, = 3.0

a = g inch,

570 ohm -~ m,

_—t>
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5,70 4 X 10 .
R = 5x3714%x3.08 (18, —3— - 1)
XT3

= 0,295 (2.303.Logg, 1280 - 1)

0.295 (2,303 X 3.1072 - 1)

= 0,295 X 6.15
= 1.81 ohm.

For b = 7.01 ohm - m

e
I

226 ohm

For . 6410 ohm - m

m O

= 1.97 ohm.
Tower footing resistance are shown in the Table 2,

Table - 2,

¥ Resistivity in | JTower footlng re51s-1
i ohm = m 1 tance in ohme~/:s,
o T ne
P 7.01 H 2,26 :
¥ |
J( 6.10 1.97 i

¢) Measured values of Tower footing resistance. Tower
fdoting resistance have been measured by using earth test

megger as per Fige. 2 page 25. Towerwise resistance are ghown

R
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in Table 3 below:

Name of the 1§ Tower specifi-
transmigssion § cation.

r

lines. } Tower § Type of

Tower

Location of

{ Result in
§ ohms,
§

B NO. B foundationa l

Siddhirganj - No founda- Near Siddhirganj 1.2

Sylhet. 44 tion,

-do- 100 -do~ Narsingdi 1.1

~do- 444  Concrete SreemongalySylhet 0.92
foundation

~do=- 430 No founda- -do- 1.03
tion

~-do- 452 Cconcrete - ~do- 1.2
foundation.

-do= 455 No founda- -do~ 0.74
tion.

~do- 456 Concrete ~do- 0.87
foundation

-do~ 457 ~do- -~do=- 0.17

Siddhirganj- 1 With foun~ .Siddhirganj 9.12

Kaptai . dation. .

-do- 2 No founda- ~-do- 0.74
tion.,

Siddhirganj- 1 With foun- -~do- 0,24

Ulloh;_ dation.

J.2 COUPLING FACTOR.

Coupling factor K is determined by using

b
log -

the formula.



o
]

178 ft.

21.4 ft.

&
1

97 ft.

=
1]

5

T5 inch

178
21.4

2 X 97
S

32 X 12

log

log

= log 8.35
log 14800

0.9217
T 4,1732

= 0.224

3.3, INSULATION STRENGTH OF THE TRANSMISSION LINE.

Insulation Strength of the transmission can be calculated by
the equetion :

Insulation Strength = Stroke current X Tower
Top Voltage Per Amp of
Stroke current X (1-coup-

ling factor)

Wouldorf's curve for tower flash over which is reproduced in

Kig. 4. page 37. From the curve, permissible Stroke current

for 1.2 ohm tower footing resistance and -ten (10))

sulators is 15 X 104 Amp.
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Tower top voltage per ampere of Stroke current can be
obtained from results of anacom study. Appendix 1. For 1000f+t.
span length and 5 ohm tower footing resistance, tower top voltage

per ampere of stroke current is 14 Volts.

Therefore Insulation Strength

15 X 104 X 14 (1-0.224)

15 X 104 X 14 X 0.776

n

1630 x 10° volts

1630 Kkv.

1)

" Tower Top Voltage Per amp of Stroke current for footing
resistance of less than 5 ohm has not been provided in the anacom
study. So, we had to take tower top voltage for footing resis-

tance of 5 ohms.

3.4. TFREQUENCY OF THUNDER sTonﬁs.

The total number of Storm days of 23 recording centers
throughout Bangladesh have been collected for 10 years from
1961 to 1970 and shown in table 4 and Examination of the table
4 reveals that the annual average number of Thunder Storm days
of Bangladesh is about 50. The average thunder storm days of
all the centres thrbughout Bangladesh are shown in the map of

Bangladesh fig 6 page 40 . The hilly areas of Chittagong and



]
ANNUAL [SORERAUNIC MALP SHOWING
THE NUMBER OF THINDER S7TO0RM
DAYS FPER YEAR

FIG. 6
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Sylhet show more number of thunder storm with a maximum of 109

at Sylhet-

The average number of storm days recorded each month

over a period 10 days are shown in table 5. December is the

.. cart

month of least storm days and in the month of November, January
and February it remains very low. For the succeeding months the
storm incidents increases throughout the country and reaching

the peak in the month of May.

The storm incidents from May to Sgptember remains very
high and from October again it began tolfall down reaching near
to zero in December. fhe highest record of 20 storm days have
been obtained at Sylhet in the month of May. The Chart do not

give’'an indication of intensity duration, extent or number of

storm occuring. Disturbance of power system due to lightning

—_
has been shown in table 6. The relative number of power system
- /\‘_-_'—__—_.____—___——-—“"———"—-—-‘

disturbance due to lightning recorded varies in the same manner

as the number o{_storm days per month. [lowever, the number of

——

such disturbances varies widely from year to year and different

U VP !

Places although the number of storm.days--of the places are
e ___n:‘g___ﬂ-—--‘ PR

nearly same. There are several reasons for this. The number of
R il T T -‘_‘—""'"“*“-w—-—-—--—--_._.__;_,__. -
liéhtniﬂgngbeaching arrestors transformers etc. should depend to a

s i g
R o PR -
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great extent upon their density of installation and on the

degree and effectiveness of shielding of the lines.

bt
— -

Local topographlcal and meteorological conditions aPPEar

T e et it A e, s i e T WL M

to cause large localized varlatlon 1n storm den51t1es. The
\_,’/__— T V . ’

nature of thunder storms such as cold front also depend an local

- -

topographical and meteorological conditions.
S

e ="

3e3e AVERAGE ANNUAL THUNDER STORM DAYS OF THE TRANSMISSION
LINE.

Siddhirganj - Sylhet 1ine.passes through the places
having average annual thunder‘storm da&s: Dacca - 71, Brahman-
baria = 49, Srimongal - 41 and Sylhet - 169. And Siddhirganj -
Kaptai line passes through the places having average annual
thunder storm days : Dacca - 71, Comilla - 21, Chittagong-56
‘and Rangamati - 81. Fig.7 pége 43. The average annual thunder

storm days of the two transmission lines are tabulated in Table 7.
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Table ~ 4

Annual Thunder Storm Days for Various Years

Name of the ] Years
Centres {1961 | 1062 1 1963 § 1964 1 1965 § 1966
Bogra 45 40 51 72 43 41
Sylhet _ 67 X 69 150 110 95
Pabna 108 - 72 95 X X X
Rangamati 82 89 X 83 68 B2
Jessore X 59 70 X 70 59
" Dacca 74 68 79 o5 51 61
Ishurdi X 9 82 58 56 55
Brahmanbaria 32 59 55 72 40 22
. Chittagong 50 45 48 67 61- 46
Cox's Bazar 29 29 28 34 46 36
Srimongal x 14 62 26 X 24
Barisal 16 10 6 40 42 0 31
Comilla X 30 X 15 19 X
Faridpur 28 39 33 X 25 21
Rangpur 38 12 21 22 24 20
Dinajpur 27 22 42 30 18 X
Mymensingh 42 55 33 34 28 23
Serajgan] 3§ 15 23 20 17 23
Satkhira 6 21 10 X 17 X
Narayanganj 43 42 25 21 16 X
Rajshahi X X X X X X
Lalmanirhat X X X X X X

Sandip X X X X X X

X Indicate no record available,
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Table = 4 (Continued)

Annual Thunder Storm Days for Various Years

Name of the } Years _
Centres. ¥1967 } 1968 § 1969 , § 1970) Total ] | Average
| Bogra: 58 48 54 33 485 49
Sylhet 132 116 115 128 982 109
Pabna X 62 80 - 76 489 82
Rangamati 83 94 82 83 726 81
Jessore §2 94 B8 77 599 75
Dacca 97 67 64 81 715 72
Ishurdi 62 81 88 77 564 63
Brahpanbaria 52 55 ?0 %7' 493 49
Chittagong 52 55 69 68 361 56
Cox's Bazar 50 - 54 37 31 374 37
Srimongal X 79 %0 X 245 41
Barisal 47 59 63 61 4§5 44
Comilla X X X X 64 21
Faridpur 22 X 2% 31 223 28
Rangpur 32 28 46 39 282 2%
Dinajpur 18 31 23 22 233 26
Mymensingh 27 20 9 21 282 - 28
Serajgonj 37 X X 36 207 - 26
Satkhira X X X 5 59 12
Narayangan}j 11 X 12 X 170 24
Rajshahi X 48 59 32 139 461
Lalmanirhat x X X 31 31 31
Sandip X X X 20 20 20

X Indicate no record available



Table =~ 5.
Average Monthly Thunder Storm Days

Name of § Jane { Feb..§ Mar. § Apl. § May § June § July { Aug. § Sep. § Oct. INov. § Dec. §
place i i i § i § | § i § i

Sylhet 0 2 7 17 20 19 12 11 15 4 1 o0
Ranga- o 1 4 g 10 15 10 11 14 8 2 0
mati
Pabna 1 1 4 11 13 9 9 12 12 4 1 0
Jeasore 0 2 4 8 9 10 8 7 11 4 1 0
Dacca 1 0 6 11 13 0 7 8 10 5 1 1
Ishurdi 0 1 3 7 10 9 7 8 7 4 1 0
Ctge 0 1 3 6 9 9 5 5 8 6 1 1
Brahman 0 5 10 9 8 4 a4 7 3 1 0
Baria
Bogra 4] 1 2 6 13 7 S 6 6 3 0 0
Barisal 0] 1 4 6 6 6 4 4 4 2 0] 0
Cox's 0 1 2 5 7 7 2 2 5 4 1 0
Bazar

Sri-

mongal 0] 4] 2 S 9 7 7 7 3 1 0 0
faridpur 0 0 2 4 9 4 1 2 3 1 0] 0
Rangpur 0 0 2 4 9 4 2 3 4 1 0 0
Dinajpur O 0 1 3 5 3 2 3 4 1 0 0
Seraj-

ans 0 1 1 4 S5 4 2 3 4 2 0 0
Rajshahi 1 0 2 5 10 8 6 S 6 4 1 O
Ne.ganje. 0 2 3 8 7 8 5 1 6 3 1 0
Comilla 0 4] 1 6 3 2 2 0 4 2 1 O
Lalmanir

Hat 1 4 2 6 4 10 8 8 2 0 1 0]
Sandip 1 1 3 4 S 0 3 3 0 0 0 0
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Table - 6.

Trip outs of the transmission line due to
lightning transient over voltage.

Name of the {

transmissi=- §

on line and { Jan. | Feb. § Mar § ApL { May ] June § July ¥ Aug. { Sep. I Octd Nov. § Dece.

year. i § i i § i i i i { § § ‘

Siddhirganj

Kaptai line =~ - 2 1 - - - 1 - 1 - -
1967 '

Siadhirgan]

Kaptai line - - - - 1 4 - - 1 - - -
1968

Siddhirgan]

Kaptal line - - - ~ - 2 - - - - - -
1969

Siddhirganj

Kaptai line - - - - - 3 - - - - - .
1970

Siddhirganj

Sylhet line - - - 1 2 - 3 - - - - -
1973 .

Siddhirganj .

Sylhet line = - - 1 - - - - - - - -
1974

Name of the months

Table = 7.

Average annual. thunder storm days of transmission line.

Name of the line ] Length of the & Averﬁge annual thun-
: i line } der storm days.
Siddhirganj-Kaptai 170 57

Siddhirganj~-Sylhet 155 68 -




a6 QUTAGE PROBABILITY OF THE TRANSMISSION LINES BASED ON THE
ISOKERAUNIC LEVEL OF BANGLADESI.

From Waldorf's curve Fig. 4 (Tower Flashovers) page 37,
there is no outage probahbility for tower footing resistance of
1.2 ohms and 10 disc inéulators. The outage probability from Waldorft's
curve Fig. 5 page 38 for midspan flshovers is 0.9 per year per 100

miles of line for 25 feet midspan clearance.

The above curves of outage probability is based on annual

(4).JThe probability of outage is assumed

isdkeraunic level of 30

to very directly with number of storm days. The outage probability
of Siddhirganj-Kaptai aqd Sidahirganj-Sylhet transmission lines
based an thundgr storm days of Table 7 have been calculated and
found to be 2.90 per yYear and 3.1; per year respectively. It is
shown in the table 8.

Table -~ 8,

Name of the line [ Length_of The | Outage probability

N | line § of the line.
Siddhirganj-Kaptai 170 2.90
Siddhirganj-Sylhet 155 3.16

Total Trip outs of the transmission lines and those due
to lightning Stroke are shown in the table 9 and &0. Trip Outs

of the lines at the occassion when there had been raining with



thunder storms and the nature of faults shown by the relay are
considered due . to lightning strike.

Table - 9,
Tripouts of Siddhirganj-Kaptai line.

§ Tripout due{ Tripouts duei{ Total

Year i to other I to lightning{§ tripouts
{ reasons. i j

1967 31 5 36

1968 35 5 40

1969 19 1 20

Table - 10,

Trip outs of Siddhirganj-Sylhet line.

Y Tripout due § Tripouts due§ Total
Year | to other { to lightning} tripouts

[ reasons. | '
1972 15 Not known 15
1973 21 3 25
1974 37 Not known 17

3e70 FREQUENCY OF LIGHTNING FLASHES N ARE CALCULATED BY THE

FORMULA . (8)
) - D 1
N = 108 haiﬁ X m
ha‘ = 100 ft. = 30.6 meter
1 = 272 Km
D = 57
. 57 272
N = 148 X 30,6 X 7= ¢ 272
20 X 150



Similarly the number of lightning flashes N of Siddhirganj-

Sylhet line is 370. The results shown in the table 11.

Table - 11.

Lightning flashes N of transmission lines.

Name of the line § Number of thun-} Length of | Height of § Freguency
: i der storm days | line in Km{ line in { of light-

§ i I meters { ning fla-
i i | } shes, N
Siddhirganj~ 97 272 30.5 440
Kaptai . . :
Siddhirganj-
Sylhet. 63. _ 249,5 30,5 370

3.8, OUTAGE PROBABILITY BASED AN INTERNATIONAL CURVES OF
LIGHTNING CURRENTS.

From Table 11, the lightning flashes er Siddhirganj-Kaptai
line is 440 and Siddhirganj-Sylhet line is 370. From Waldorf's
curve the insulation strength of the.transmigsion line is 1630 KV
and the permissible stroke current is 159 KA.

From the international curves Fig. 3 (a),the probability
- of lightning strokes having 150 KA value of current is 2.5 % of
the total strokeé. Rence the probability of occurrence of'éu£§365'

having above stroke current value is:

2,5 X 4.4

n
ey
-

[}

for Siddhirganj-Kaptai line

2.5 X 3.7

]
(7=}
)
[
4]

for Siddhirganj~-Sylhet line
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Calculated results are shown table 12 below:

Table - 12 »

Qutage probability of the transmission lines due
to lightning strokes based on international curves.

Name of the line | butage probability calculated
| from international curve.

Siddhirganj-Kaptai 11

Siddhirganj-Sylhet 9.25

The maximum actual outage due to lightning strike for
Siddhirganj-Kaptai line is 5 and that of Siddhirganj-Sylhet
line is 3.

The outage pfobability calculated from Waldrof's curve
for Siddhirganj-Kaptai line is 2.90 and that of Siddhirganj-
Sylhet line is 3.1;.

The outage probability calculated from international
values of stroke current probability for Siddhirganj-Kaptai
line is 11 and that of Siddhirganj-Sylhet line is 9,25,

Thus it is seen that the outage of the lines is be-
tween the out ge calculated by Waldorf's curve and that cal-
culated from international stroke current probability curve,

As per internatioﬁal stroke current values, the itrans-

mission lines fall between the category of less and dedium

importance,
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39, VARIATION OF GROUNDING RESISTANCE Rg

From equation (1) and adopting, k.o = 3 KV/em and

= 5 X 102 ohm - cm

2 1
R = Kk X & et
s VE PR F
[2 2 . 1
—mx5x10 x3x-—1—
- 21 hm
“vi °
3 e :
For &) = 5X 10° ohm - cm & K = 3. KvV/cm.

) 2 3 1
Rg:(/.s_—o—‘lzX5Xl10 X3 x;—-

- 975 ohm

}ff“

Ground resistance Ré for different soil resistivity

and current crest value are tabulated.below:

ohm - cm 5X 102 i 5 x 103
i Ka L- Ré ohm Rg ohm
100 . 3.1 9,75
150 2.73 7.95

400 1.55 - 4487
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3.10. - INDUCTIVE VOLTAGE DROP IN TOWERS.

Inductive voltage drop along a relatively short tower

i...
is calculated by the formula, (2),

t
w, = Ly 14 FF
Where lt = 39.6m
di,
T: 80 KA/MS
And ﬁ;fib'calculated by the formula
1
L o
A T
Ly Dio
m, =4 & n, = 130
L, = 2ME/m & Ly, = 2.85 MH/m
1 .
Ly =1 130

ZNE/m * 2,85 Wi/m

#

0.,0214 AMAH/m

0,0214 X 30,6 X 80O KV

Therefore uL

52.38 KV

Inductive voltage drop along a relatively long tower

’ :"‘—::v"’\:‘\ .

is calculated by formuiaivsj.f



v = 300 m/As s
L, = 0.0214 AH/m
i, = 150 XA

300 X 0.0214 X 150 KV

Therefore uL

963 XV

Therefore inductive voltage drop along a tower will

be 53.38 KV which is smaller of the two results calculated above,

3.11. COMBINING THE GROUND VOLTAGE AND INDUCTIVE TOWER VOLTAGE.

The ground voltage and inductive tower voltage can be com-

bined together by the formula,(4).

| ' / o ail

, 1 . 1 2 .2 2 2 Yy

Wi = Rg iV 1 Rg i +1y i 5o
For it = 150 Ka, the permissible stroke current,

dit

-a-t—' = 100 KA/MS

R = 2473

g . )

So u., = 5 X 2.73 X 150 4\[% X 2.73% x 1502+ 0.0214%x30.6%x100°

= 410 KV

dit
For higher values of i, and rem the value of LI will be

greater although Rg will be smaller.

3.12. PROTECTIVE ANGLE:
The protective angle of 132 KV. double circuit line can

be measured from Fig. 8 page 535,
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The protective angle for upper conductor, middle and
bottom conductors are 28%9, 18° & 13%9 réspectively.

3.13. SPAN LENGTH:

Average span length of 132 K.V. transmission line is
1000 ft. On the basis of this span length permissible stroke
current has been calculated.
3.14. VARIATION‘OF OUTAGE WITH TOWER FOQTING RESISTANCE:

(10)

American experimental result for variation of

tower footing resistance and outage of the line has beer shown

in the Fige. 9 page 57.
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CHAPTER - IV.

ENALYSIS OF RESULT.

The insulation strength of the transmission line has been
calculated to be 1630 KV for tower footing ;ésistaﬁce of less than
2 ohm. The average thunder storm days are very high for the trans-
mission lines undef study but on the other hand the tower footing
resistance is less than 2 ohm due to low soil resistivity.

The number of lightning flashes N is very high as the
isokeraunic level is very high.

The outage probability calculated are shown in Table (8)
and actual outage due to lightning in Table 9 & 10. These number
are nearly in close agreement. The outage of the transmission line
due to other reasons are much more higher than the outgge of the
due to lightning strokes as can be seen from the Table 9 & 10,

From Fig. ﬁ bagetﬁﬁ it is seen that lower the tower footing
resistance lower is the outage of line(e). From Fige. (?) it has B
been secen that there have been a drop from 30 outages ﬁer year to
8 as the average footing resistance fell from 80 ohms to 5 ohms.
The magnitude of tower footing resistance to make a line lightning

proof has been much discussed.American Study shew that tower foot-

ing resistance in the Oréﬂrof 5 or 10 ohms have little prospect
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of rendering conventional 132 KV lings lightning proof but
undoubtedly make them more lightning resistant. As such

attempt for further improvement of performance of 132 K.V.
lines by -:_%Qwerixig the footing resistance will not produce

much benefit,



CHAPTER - V.

5.1, INCIDENCE OF INSULATION FAILURES,

Power Supply trip out due to failure of equipments of the

132 K.V. transmission system are listed below:

Date [ Weather

Type of equipment failed

i condition

14.4.67 Fair
26.4.67 Fair
6.9.67, ) Rainy
25,3.68 Good
2603.68 i GOOd .
26.3,.68 Good
14.6.68 Rainy
10.35.69 Good
18,5.,69 Good
5.9.68 ' Raining
23.10.70 -
12.4.74 | -

Lightning arrester at Comilla Sub-
Station of 132 K.V. Siddhirganj-

_Kaptai line.

Lightning arrester at Comilla

Station circuit No.1 of Siddhirganj
Kaptai 132 K.V. line,

Burning of solenoid coil of Kaptal
Unit No.1.

. Failure of lightning arrestor at

Madanhat .

Failure of lightning arrestor at
Madanhat.

Failure of lightning arrestor at
Chittagong.

Loop Joinﬁ_Severed‘at.Madanhat» '
Kaptai Section of circuit No.2 of
SlddhlrganJ—Kaptat 132 transmiss-

‘ion line,.

Insulator of 11 K.V. cables of pot
head at Siddhirganj Sub-station.

Insulation failure of 11 XK.V. cables
of 132/11 K.V. transformer at Sidd-
hirganj Sub-=station.

One number of lightning arrestor
damaged at Shahjibazar Sub-station.

One number of lightning arrestor at
Ashuganj caught fire and damaged.

Failure of lightning arrestor of
132/33 KV.Transformer at Ashuganj
Sub-station.
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Date { Weather | Type of equipment failed
i condition i
14,1.74 Good Coupling capacitor potential Device

at Siddhirganj Sub-~station of Sylhet-
Siddhirganj 132 K.V. transmission
line,

5.2, REASONS OF INSULATION FATLURE.

In all the cases of failure of lightning arrestor nprde-
tails of the system condition was available except the lightning
arpestor have been replaced with new one before thé putting the
line back to service. It is interesting to note that the lightning
arrestor failed when the weather condition had been fair and occ-
urance of thunder storm at that time could not be established.

The reason of failure of. arrestor may be due to deterioration of
insulation of the arrestor.

For an effectively earthed system, which is the followed
for transmission systeﬁ in Bangladesh, the line to earth r.m.s
voitage under fault condition should not exceed 80% of the highest
system voltage. The rated voltage of the lightning arrestor used
is 11; K.V.

If the earthing of the particular place deteriorate due

to some reason the line to earth voltage under fault condition

may rise up to 100% of the highest system voltage, which may be



a reason for the failure of lightning arrestor as the rated
voltage of the lightning used is 116 KV. It is better risking the
lightning arres¥or failure than to use the next higher voltage
rating of the inerter with substantially reduce degree of pro-
tection. A further detailed investigation in this regard in
necessary to arrive -at a solution and the reason of such failure
and forecast remedies thereto.

Incident of insulation failure of Transformer,switches
etc. due to over voltages of lightning surge or switching surge
are rare. Impulse strength of equipments of 132 KV system is 650
KV. An investigation is necessary whether reduced impulse stren-
gth of above equipments can be adopted here considering the local
conditions prevailing here as the deduction of impulse strength
of equipméntg will reduce the cost to a considerable extend.

Another factor that endanger insulation properly of the
equipments is the ambient temperature and relative humidity of
important places of the country in appendix 2. High absolute
humidity induces accelerated moisture diffusion into the volume
of the insulating¢materia1, substantially impairs its electrical
properties, Very frequently moisture accumu}ated in thg volume of

the insulating material irreversibly impakks its characteristics,
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Accdrding to Bruchard and Hoffman's the authors(s)'of

first technoclimatology,iclassification,of regions of the wor}d
oﬁr country is in the tropical humid zone (TH). The monthly mean
temperature of our country exceed 18°C throughout the year. This
climate provides the best conditions for the growth of organisms
and £he hazards of miqrobial corrosion must be there. It remains
to determine the intensity at which these governing factors impair
the operation and service life of the electrical equipments,

The manufacture of electrical equipment suitable for such
climatic conditions will involve some extra cost. The extra cost
involve for such design and manufacture should be compound with
the benefit of fropicalization. Before inséalling any electrical

equipment, the manufacturer must ensure that the equipment must

not be endangered by the local climatic conditionse.
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CHAPTER -VI.

Gele DISCUSSION & CONCLUSJION.

‘The isokeraunic map could not be prepared as record of
thunder storm days of allarge number of placeg throughout cou-
ntry is not availgble. The map which has been prepared here
provide indicatiop-abqut the thunder storg actifity of the
Places shpwn_in it. In order to prepa?e an exact isokeraunic
map, which is difficult for a small country like ours, the
Meteoroligical Department, which is responsible for maintain-
ing such records, should be specifically entrusted with the
keeping of recordé for the purpose, The thunder storm data of
magy recprding stations ﬁas not‘reliable and as such those

centres have been omitted from the map.

The average storm activity along the two major exis-
ting transmission lines have been determined. The results show
that the lines experience severe thunder storms. On the other

hand tower footing resistance are found to be low,

Outage probability of the transmission line is 0,9 per
Year per 100 miles of lines. Insulation strength of the trans-
mission line has been found to be 1630 KV and protectioﬁ ievel
of 15 X 104 Amp of stroke current. Since there has been no

field investigation in Bangladesh about the magnitude of the
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stroke current that might strike the transmission line, we
are to remain satisfied with the results of the field investi~
gation of other countries. Stroke current magnitude has been

taken from international curves, for calculations.

1]
t

The outage of the transmission line due to lightning
stroke in very small in comparisoﬁ with total outage as shown
in table 9 and 10, bn many occasions it has been stated in the
interruption report that line tripped due to fault originated
in the subtransmission system. Due to lack of pfoper co~ordina=
tion of relay of transmission and sub-transmission system

outage of the transmission lines increased,

The major equipment of the 132 KV. transmission system
such aé 0oil switchs, transformer etc. have impulse insulation
strength of 650 Kv. It has been observed, from operating exper-
ience, that incidence of insulation failure has not been reported,
Investigation is necessary whether impulse insulation strength
of equipmentsrof the transmission system can be lowered by

certain step for economic benefit.

Ground resistivity is very low and tower footing resig=-

tance is less than 5 ohm, Attempt to improve reliability of the
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transmission system by further lowering the tower footing re-

sistance may not be economically justified.

6,2, = SUGGESTION FOR FUTURE WORK,

It has been seen from operating experience that there
had been equipments is Bapgladesh Power Development from di-
fferent country of origin., Co-ordination of insulation is a
difficult task. Still some work may be done on this issue
which may be useful for system operation and may save huge

amount cost,.

Importance of tower impedance with reference to very

low tower footing resistance can be considered for further work.,



1.

2.

Je

4.

Se

6o

Te

8.

9.

10.

REFERENCES

J. R+ Eaton,"Grounding Electric Circuits" General Electric Review

June, 1941 PP - 8,9,12 & 17,

Wills Maclachlan,"Electrical Resistivity Tests on Barric - Scar-
borough 110 KV. Transmission Line'", a report, dated 12-11-1946

of the Hydro-Electric Power Commission of Ontario,Canada.PP - 4,

W.P. Dobson,"Transmission Line Grounding in Rugged Country", a
report dated 14-4-1949, of hhe Hydro-Electric Power Commission

of Ontario, Canada, PP - 2,

The Wastinghouse Electric Corporation - "Electrical Transmission
and Distribution ( a reference books) Published by Westinghouse

Electric Corporation’, 1955 Chapters 17 & 18,

Ce.B. Harpar - "The Selection of Insulation Levels -and Tests for
High Voltage Transformers', A Procedings Inst. Elect. Engr.
January, 1959, PP - 10,

Miroslav Rychtera and Bernarda-Bartakqva,"Tropicproofing Electri-
cal Equipment”, a book 1963, Leonard Hill (Books) Ltd. London,
PP - 77 - 80,

K. Depporman & J. Thiele,''Céoelectric Resistivity Survey-in
Bangladesh, 1968, WAPDA (Water Wing)", PP - 48. a report,

Philip Sporn,'vVistas in Electric Power "(a book) Published by
Pergamon Press Inc. 1963, PP ~ 473.

Acres International Limited, Consulting Engineers,'Design Trans~
mittals, East-West Inter Connector Projects',Bangladesh Power
Development Board, 1970, PP = 2 ( D.T. NOs1).

A+ Cewe ~"Lightning Investigation on 220 KV. Steel-Tower Trans-

mission Line," a paper, published by Gdansk Technical University,

High Voltage Institute, Vol. Tom XX Zeszyt 2, P - 369.



11.

12,

13.

S. Szpor - "Electriodynamic Consideration of Lightning
Problem II" a paper, Vol. XIX Nr.1, 1971, PP - 35.

S. Szpor -"A Proposal of a Method of Lightning Protec-
tion Calculations for Transmission Line". "Conference
Paper No. C 72 175-3,1. E. E. E. Power Engineering
Society, New York, January 30- February 4, 1972,PP-2,5.

S. Szpor - "International Curves of Lightning Current
and Their Application for Protection Calculas", Confer-
ence Paper No, C 72 i76-1, I.E.E.E. Winter Meceting, New
York, January 30 - February 4, 1972, PP ~ 2 & 4,



TABLE 13 SUMMARY OF ANACOM STUDY
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APPENDIX -1

Span § Tower § Tower-Top t Mid-Span [ Time leg to
feet | footing § voltage per I voltage i insulate
I resistance | Ampere of | per Ampere } (Microseconds)
§ ohms § stroke current | of stroke | R |
i i current i Tower I Midspan
200 5 11.6 27.5 2.0 2,0
10 12.5 275 2.0 2.0
20 16.3 28.5 2.0 2.0
50 28.8 3045 2,0 2.0
100 45,0 40,5 2.0 2,0
400 5 13.2 - 45,0 2.0 2.0
10 15.0 45.0 2,0 2.0
20 21,0 46,5 2.0 2,0
S0 - 36.0 48,8 2.0 2.0
100 37.5 56.3 2,0 2.0
600 5 14.0 65,0 2.0 2.0
10 15.4 65.0 2.0 2.0
20 21.5 67.5 2.0 2,0
50 38.8 68.0 2.0 2.0
100 64.0 72.0 2.0 2,0
800 5 14,0 86,0 2.0 2.0
10 16.0 86.0 2,0 2,0
20 22.0 87.5 2.0 2,0
50 42.0 90.0 2.0 2.0
100 72.0 92.5 2,0 2,0
1000 ) 14.0 110,0 2.0 2.0
10 17.0 110.0 2.0 2.0
20 24,5 110.0 2.0 2.0
50 45.0 110.0 2.0 2,0
100 75.0 113.0 2.0 2.0
1200 5 14.0 125.0 2,0 2.0
10 17.0 125.0 2.0 2.0
20 24.5 125,0 2,0 2,0
50 45.0 125,0 2.0 240
100 75.0 130,0 2.4 2.0
1600 o 14.0 158.0 2.0 2.0
10 17.0 158.0 2.0 2.0
20 24,5 158.0 2.0 2,0
50 45,0 158,0 3.2 2.0
100 75.0 158,0 3.2 2.0
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APPENDIX -2

TABLE NO.14 RELATIVE HUMIDITY IN % BETWEEN 19311960

Name of the | Maximum Humidity | Mamimum Humidity
place } % Humidity § Months § % Humidity Months
Chittagong 85 ﬁuly 63 February
Rangamati 99 Nov.& Jans 50 February
Cox's Bézar B9 August §8 -Jan & Feb.
NoakhalZ® 9§ October 60 February
Comilla 96 October 54 February
Brahmanbaria 94 December 53 March
Srimangal 97 December 57 March
Sylhet 97 dul‘y 51 March
Mymensingh 94 July to Sept. 73 March
Dacca _ 95 June to Dece ‘44 ~ March
Narayanganj 92 October 43 March
Pabna 95 Jgme-Decs a4 March
Serajganj 9§ Oct.~-Dec,s 50 March-April
Faridppr 9§ : ﬁuly 49 March
Jessore 96 July-Sept. 52 March
Satkhira 96 'July 953 March
Barisal 94 July-Oct. 56 Feb.-March
Khulna 95 July;Sept. 53 March
Bogra 87 August 32 | March
Dina jpur " 93 July-agg. 36 March
Rangpur 95 ﬁan.-Sept. 42 March
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