L,

ber 2017

3l H.




Pt .

/ Il p - e
<8 ' e o I | Df;,
AL \% R m oy il
\X\J(’; ‘¢ 9 T oo fl‘ <
U N\ =
\ P
u / DI\SILM Ilt}h;,(,




z

e

\\\\\\\\\\1\\\\

ﬁ@l‘“”‘ AR W
Q; —;o-\ Lm & u.,l : i
%los'ijam “”qc,‘} : QM({Q:“L

: e/" 0 VOL(

wl-_j\_whw(sm@h}
Rl hoattt N d_ ¥

W‘* mm >
; ec,\'ho&n..‘.o l’"‘)\')o.K_" on (3 p 210
b ln b e o Sh(w.,,.

T/&ojlﬁu‘m | T-R “seks .M wo




Tl le ISL;Ik Qw"{g# Jiddinatlodid ],
— M@LJL@} "’*!LLHLt -----------------

T o b aad e Collick and lon] .
)\DJ | JU; }u,movJ ___J__l“.l).___u:ﬂ( },},M,a J )
s locahd  aF 4B Lol A-é o (| Esp

Shalll - encases 'J“}""D(m ard s l’_mg_ -}“ﬁ

baeetbiflon. mekg:m,ﬂ.b im0 3 __J__ \U%%
Ibhol P]L}_}"lOJL Ql me' aﬂ M}:

Sﬁz.U 3 uv@.unﬁ—iﬂ’— o to Q""Oowj

kn_oJ* and Bw.vu»‘— Cotostiom % WJO\;‘R\HJ:\ |

wolk | \p ulom“az omada mf‘s“u;.l \:‘:

EQP Lu" @{9010."1014 0 T‘\-L Lamc_. noum

w\ob)\_ﬂm ESP O’fDU-kDJ‘IU’h bo_ 1R} bawu-m\

bkl i, o_ag.£ abteam e U ola
;ﬁu'm R ﬁiﬁ@fﬁ

auacjl\, i pdven “0 colle hﬂ DIOJU; O,

and
Mu'[‘ﬁg}- ass ofbsibly cdasard. Tha! u»l\eJm

('J tf)mi&imo an MLOL‘;I 1

disch
\n ‘b‘V—l EsP, Oh .SLhruu I\m a'J* EsPo“ Y ‘v{ftL

Qaued Hy Jou”rjml b e Q,Qi,J)mﬁD

A_ hatall voH‘u..‘th —‘:ﬁc} awvunt 1p abblid

a i itsul Yoy dcmm {LQ{( brode ) MQUM

hasginia il vo\lmk Lolra,_/w.:‘

. lmm;ﬂm,ld UJ\H\ o Qekom&_ |(;> \JM‘L“U‘A—”

1IS'S' B R Y Y

bansc.o W,\w.,&’\ﬁn_ Conoma A “Q}ukﬂf’w

Scanned by CamScanner



— .
]
/W

\
DOWIM Nountl |A u/:t.uﬂq

(

shebs u.[a ( tRe vo\Jmu. Arom B 5l dand

o ellege—

50,50 Yo lo%vo

220

x|

%Vh
~ Pubia !

A’L "ﬁl Scf\' C‘mVUJB *‘El,s O.ul)lfh&"'loxq

V' e wmml»(;d:.:)

{

bo
uounk (0

LI sichns

Taakicn :’

The dis

TGE

Juchodes  ase. manag_d f -P.JJA

__LE‘L LM du}}u caﬂ asch Hom ,k‘hm an
'ﬂum ' m,} byaon "L Ll(al‘c’;’k -

"

S(cl’\m,l?al\o'n
: e
1 \ t
CA N :

—

Scanned by CamScanner



.‘\TRULLQL4

2 T L

—
—~——

\Oo.&;.‘" \n ugmﬂq \‘?fﬁ}w‘ g&* 20Uk, Lay( |
Mol mtwﬁ\v(q \mL\( g Bdoy, I
\')r'moL\o NLLI‘LA — |
‘ 'IJ & ‘One. T= R Nl ey, y_-‘

PR I BN bouwen "“\“’J w‘“‘tfx l\
TR R A [l owdid  eu LUy ) ve

Sbos Kilmg ) - TR qiuuw of @\[},‘; |
M& i/ ji_s_‘ seedeceeodl. | u‘\ :
-T\;l o o'{? EsPs: o~ X\'—
K Poke iy Esp 1] 67 Gold s.*oug\@\
2 Flob bk Esp 19 WA ga grep——
Fo' Fubulak Esp- & ’B“m £4p

wit SMZLVLHL €5 - ar AN e T
S . \_nm clm; £sp

R'\
K\



LG‘U W) OJ‘\' le"

\

Von (;: X\‘
Mossle of, €6 T
K‘

Vo

o . U o wven ) DY e
O T P
T gy e
b

| .1.'1'--l' b i

’ HOJI/:;.“—
L ARE Wa

}.\1\.

%mn‘g_‘&ﬁi '; Qﬂ)ab_

Lahg

D\M_ et (bt\pwm._ }ro \.,MQLQ& Q:W;L@_
MM&. Q!un r

el



o ————
Lt

Hau.n

wale Hden LﬂLR

3
| o200 Sk LEd RO

Ot 9@‘\'0 Nllm C’JL”"

1

j_l MEéP nn 4 Junc_’\ema'pl_'{fl

e T =

Conoma

Pmuu. W——Mﬁ_”:ﬁ:’:—_‘

1

Py e

1b Electrostatis separator



Cbalie Sefonben- o
\ i. ulnauu s;*um}lam 6. Mﬂ-—r:t ,
T e nm Lile. . w&al ,

\mo ‘mmﬁmm mm-u;gd- e
,hﬁ@kcu} ’&mﬁ_’

s SIS SRS N,

echostaht "“”-‘ ,_‘I‘Q;;_ Q‘J""" "E
ﬂ J" )‘ﬁ‘g '6”%“& @L-F‘g&k& J
5fn %_Eﬁl %Q. j
_i ﬁ“h Fd‘”k“’inhw«a «g‘d’“‘
nddvidual i; ase. ch M.N\Aml
L i SW P X —

;%2 _____ PMLQL Sl}q —__
= ._*WR L\&L l\....,,u ‘L‘L] -

il ;W 0’{ ‘\'en._ [Do-h,“\‘ u, R
LR P S oy g -
"’;“—\EK.V@. S

mﬁm con Kt TR E,&MQ

= n,j,u,. w

..—-

 Scanned b); CamScannes




A

| 5T Micchin

&lﬁlﬁ% C"\"‘

g | AR &MJ{ u._

""" b '.‘Lﬁ & elonien.
etk Qﬁﬁa

1 7 9 YA B m,_
3T I‘-“L'an ‘m” fn oJPt‘ch HRe

oy , .\, c (% "01 (W T . ¢ 'Cb ‘7@.\(-{
o féf
‘,_Q‘_ )u t.. ( I.d h LLJ

CHEEES 5 b)uc,

f :" ’Sl\f}’:jﬁ 0. (;ul £ Re Fanb‘u.iw\_ QH'
O % S 602\ W ~«;W\.cu

l rv\ c(n,m

i a J;Zi_:;zﬁm uﬁ

U-l-k__.CO..lL }:WH %Mg,w

Im.u,;

Pe— --—kﬁ'\/uwg\_

— ! #

5 1S add aJ,m ,lc
Su—Ls*‘MI:’L _o1 —WL%:"QM,L‘ e }W

L‘ LL C. (‘J

‘m ‘o MM-M.QM

B 7 P Y P S oy

=

RS ROV e s 2

P

4 oman. .mkmmkss Bl

e i-‘ lW}'ﬂJ\m
q&r Q_L}‘\vq_,lq

WDk Ltkorn

—2nedd b,

'I’O l‘kl,/a&‘_____,

veour Anmall

N R

\FL@&JI “ﬁt_. MDJUum

Comm '\..Lm;.uL

Lnl"

g

T

\:S\U%\WMOn ) '{'ﬁg ('LC!‘DU'

le

6 jo_dut
_ m\«}uuqﬂ w}){u(\u’} A (m a( o,&

K [
L (= L
m‘) PR

Scanned by CamScanner




mm = ).ho Ly : B2 T[\.b
nolum con ‘QL auLﬁ;vJ

e Ang baschelo s St
— Qil X ! ,l s

ang 2 bo o ek fuleahn,
Conoma. eJ-LJmu;bo.-ln..
et R eluj}uf/l

‘E\'LCJFHOSL& ¢ St m»km E UL : |
Ceronally e Lol 0 el
S \ | °

(W)

Scanned by CamScanner




[ " lebods

and

ovoidsd

oo it des

' ’
thUA ‘mfroa}l 3,

: G.J'\'O'T\ [ald® 53 TWaN

Yy wiad

odi ecs've a

"'uru"ﬁ"l <

etuch qives e

..u,cJ'bw) 23

s by gﬂle

AmeUL

. [he

na% 'llm ol

i t)

Vi

b ook

L coma |

D\‘J

Sives .

s

chas

¥,

bealelod b 2.

s O | banlills od

n”m O

o b

Iy
——————

g ;L

' Scanned by CamScanne




The o ducch ielee euid o >
PPN A YR T AR

e, pl.n_d’hooo_n. ! OJLA.J:‘L‘Qi Lo tund .
oting  brodiieig - a- st ot J—'n'#»,;
g‘t\mml{\ L_me_j, SATAT Curn darth ; % (‘;
R ﬂﬁﬁ_l&v L  ostalt'e AT m".\
e
A HG}‘e on _SOWon. Sx\

in oJ})o woid /L)h oe_im.na.,Ln,

2quchonent WLL‘AH covel | d 2 bv\"-"‘\
n val [4
o A -LL et v kiiks a_j[ )
q',uw‘\ﬁl\‘ 0 A‘O"bl WJ'\LJ l\g\dj%
U fi M H:‘JLMW*
M,’ “\‘Q;\J'\'e-nf : Bt
AR A basiobtn: \ d
-’L’L_L_uaﬂ'_‘_a‘c' 'L_ , :Q - ’S“CUJWU};
e Banaci 11 |
“ { a S J hﬂ.’\_p \ f
2~ (é | i !(m ‘r{ I:Dd:h,

bf% t f 0 &(NJ
' h ea}fﬂn B 3
I‘ e )m/]:;v(, !Mj V !0 e ?/\offd H;_n
N Phovey X Ty o,u_t
Woﬁ&? MA}N\ T 4—"_<

Scanned by Cam!




2a










2b Limitation In Townsend’s Mechanism

Townsend mechanism when applied to breakdown at atmospheric pressure was found to
have certain drawbacks.




* A) according to the Townsend theory, current growth

occurs as a result of ionization processes only. But in practice, breakdown voltages were found to
depend on the gas pressure and the geometry of the gap.

B) Mechanism predicts time lags of the order of 10-5S, while in actual practice breakdown was
observed to occur at very short times of the order of 10-8S.

C) Townsend mechanism predicts a very diffused form of discharge, in actual practice, discharges
were found to be filamentary and irregular.

The Townsend mechanism failed to explain all these observed phenomena and as a result, around
1940, Raether and, Meek and Loeb independently proposed the Streamer theory.
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4.a THERMAL BREAKDOWN
* The breakdown voltage of a solid dielectric should increase with its thickness.

* This is true only up to a certain thickness above which the heat generated in the dielectric
due to the flow of current determines the conduction.

*  When an electric field is applied to a dielectric, conduction current, however small it may be,
flows through the material.

* The current heats up the specimen and the temperature rises.

* The heat generated is transferred to the surrounding medium by conduction through the
solid dielectric and by radiation from its outer surfaces.

*  Equilibrium is reached when the heat used to raise the temperature of the dielectric, plus
the heat radiated out, equals the heat generated. The heat generated under d.c. stress E is
given as

Wy = E’c W/em®

* where, 6 is the d.c. conductivity of the specimen.

* Under a.c. fields, the heat generated

E* e, tan &
W, = W/em>
¢ 1.8x% 102 fem

* where, f=frequency in Hz,

* 6=loss angle of the dielectric material, and



E- rms value.

The heat dissipated (W7 )is given by

Wre €/ vk

where, C,= specific heat of the specimen,
T=temperature of the specimen,

K = thermal conductivity of the specimen, and
t = time over which the heat is dissipated.

Equilibrium is reached when the heat generated (Wa.c.or Wd.c.) becomes equal to
Equilibrium is reached when the heat generated Wa.c.or Wd.c becomes equal to the heat
dissipated (WT).

In actual practice there is always some heat that is radiated out).
Breakdown occurs when Wd.c. or Wa.c. exceeds WT.

The thermal instability condition is shown in Fig.

Here, the heat lost is shown by a straight line

the heat generated at fields E1 and E2 are shown by separate curves.
At field El breakdown occurs both at temperatures TA and TB

In the temperature region of TA and TB heat generated is less than the heat lost for the field
E2 the breakdown will not occur.

This is of great importance to practising engineers, as most of the insulation failures in high
voltage power apparatus occur due to thermal breakdown.

Thermal breakdown sets up an upper limit for increasing the breakdown voltage when the
thickness of the insulation is increased.

For a given loss angle and applied stress, the heat generated is proportional to the frequency
and hence thermal breakdown is more serious at high frequencies.



Heat generated or heat lost

Ty Ty Tp
Temperature

It can be seen

since the power loss under a.c. fields is higher, the heat generation is also high, and hence
the thermal breakdown stresses are lower under a.c. conditions than under d.c. conditions.

4b ELECTROMECHANICAL BREAKDOWN
When solid dielectrics are subjected to high electric fields, failure occurs due
to electrostatic compressive forces which can exceed the mechanical compressive strength.

If the thickness of the specimen is 4S and is compressed to a thickness d under an applied
voltage V, then the electrically developed compressive stress is in equilibrium

2 d,
v =Y In b

o~ Y|

where Y is the Young's modulus.

Usually, mechanical instability occurs when

22| 2 ]l %
€9 €, d

Substituting this in Equation the highest apparent electric stress before breakdown,



dldy=08 or dyd = 1.67

* The above equation is only approximate as Y depends on the mechanical stress.

*  When the material is subjected to high stresses the theory of elasticity does not hold good,
and plastic deformation has to be considered

1

Vv Y |2
Elnax"d;* 0.6 Eof-r

5. Suspended Particle Theory
* In commercial liquids, the presence of solid impurities cannot be avoided.
*  These impurities will be present as fibres or as dispersed solid particles.

* The permittivity of these particles (€1) will be different from the permittivity of the liquid
(2).

* If we consider these impurities to be spherical particles of radius r, and if the applied field is
E, then the particles experience a force F, where

Fe 3 £, — £, . akE

* and this force is directed towards a place of higher stress if €1 > €2 and towards a place of
lower stress if €1 < €2 when €1 is the permittivity of gas bubbles.

* The force given above increases as the permittivity of the suspended particles (1) increases.
If €l > oo

1-g,/g E:fE
1+2e,/e;, dx

F=p




Let £, — oo

F=7g. &

* Force will tend the particle to move towards the strongest region of the field.

* Ina uniform electric field which usually can be developed by a small sphere gap, the field is
the strongest in the uniform field region. Here dE/dx > 0 so that the force on the particle is
zero and the particle remains in equilibrium.

* Particles will be dragged into the uniform field region.

*  Permittivity of the particles is higher than that of the liquid, the presence of particle in the
uniform field region will cause flux concentration at its surface.

*  Other particles if present will be attracted towards the higher flux concentration.

* The movement of the particle under the influence of electric field is opposed by the viscous
force posed by the liquid and since the particles are moving into the region of high stress,
diffusion must also be taken into account.

*  We know that the viscous force is given by (Stoke’s relation) FV = 6mnrv where n is the
viscosity of liquid, r the raidus of the particle and v the velocity of the particle.

* Equating the electrical force with the viscous force we have

& a"'-f'=;-h‘"EE or v= r'E dE
. dx Omn dx

However, if the diffusion process is included, the drift velocity due to diffusion will be given by

. __DdaN_ KI aN
a Ndx  6mnr Nax

where D = KT/6rtnr a relation known as Stokes-Einstein relation. Here K is Boltzmann’s constant and
T the absolute temperature.



At any instant of time, the particle should have one velocity and, therefore, equation

v=vd

We have

KT dN _r'E dE
6mnr Ndc 6mn dx

I
R aN  _ PEdE

r N

KT in N r'E°
2 2

Itis clear that the breakdown strength E
depends upon the concentration of particles N, radius r of particle, viscosity n of liquid and
temperature T of the liquid.

It has been found that liquid with solid impurities has lower dielectric strength as compared
to its pure form.

larger the size of the particles impurity the lower the overall dielectric strength of the liquid
containing the impurity.

If there is only a single conducting particle between the electrodes, it will give rise to local
field enhancement depending on its shape.

If this field exceeds the breakdown strength of the liquid, local breakdown will occur near
the particle, and this will result

in the formation of gas bubbles which may lead to the breakdown of the liquid.

The values of the breakdown strength of liquids containing solid impurities was found to be
much less than the values for pure liquids.

The impurity particles reduce the breakdown strength, and it was also observed that the
larger the size of the particles the lower were the breakdown strengths

Cavitation and the Bubble Theory

experimentally observed that in many liquids, the breakdown strength depends

strongly on the applied hydrostatic pressure.

suggesting that a change of phase of the medium is involved in the breakdown process, which
means kind of vapour bubble formed is responsible for breakdown.

The following processes are responsible for formation of the vapour bubbles:



(a) Gas pockets at the surfaces of the electrodes;

(b) electrostatic repulsive forces between space charges which may be sufficient to
overcome the surface tension;

(c) gaseous products due to the dissociation of liquid molecules by electron collisions

(d) vaporizations of the liquid by corona type discharge from sharp points and
irregularities on the electrode surfaces.

Once a bubble is formed it will elongate in the direction of the electric field under the
influence of electrostatic forces.

The volume of the bubble remains constant during elongation.

Breakdown occurs when the voltage drop along the length of the bubble becomes equal to
the minimum value on the Paschen's curve

The breakdown field is given as

1

2
Eo= 1 2no(2e, +€5) Eﬂ/ Ve »
(g, — &5} r 4 2rEq

i, - e e - .. . - - Where 6 is the surface tension

<;f the liquid,

€ 1is the permittivity of the liquid,

€2 is the permittivity of the gas bubble,

ris the initial radius of the bubble assumed as a sphere

Vb is the voltage drop in the bubble (corresponding to minimum on the
Paschen's curve).

From this equation, it can be seen that the breakdown strength depends on the initial size of
the bubble which in turn is influenced by the hydrostatic pressure and temperature of the
liquid.

This theory does not take into account the production of the initial bubble and hence the
results given by this theory do not agree well with the experimental results



Breakdown stress (MV/cm)

1.0 | } i
0 100 200 300 400

Hydrostatic pressire
(Ibcm 2)

6a

When a solid dielectric subjected to electrical stresses for a long time fails, normally two kinds of
visible markings are observed on the dielectric materials. They are:

(a) the presence of a conducting path across the surface of the insulation;
(b) a mechanism whereby leakage current passes through the conducting path
finally leading to the formation of a spark.

Insulation deterioration occurs as a result of these sparks.



The spreading of spark channels during tracking, in the form of the branches of a tree is called
treeing.

* Consider a system of a solid dielectric having a conducting film and two electrodes on its
surface.

* In practice, the conducting film very often is formed due to moisture.

* On application of voltage, the film starts conducting, resulting in generation of heat, and the
surface starts becoming dry.

*  The conducting film becomes separate due to drying, and so sparks are drawn damaging the
dielectric surface.

With organic insulating materials such as paper and bakelite, the dielectric carbonizes at the region
of sparking, and the carbonized regions act as permanent conducting channels resulting in increased
stress over the rest of the region.

This is a cumulative process, and insulation failure occurs when carbonized tracks bridge the
distance between the electrodes.

This phenomena, called tracking is common between layers of bakelite, paper and similar dielectrics
built of laminates

* Treeing occurs due to the erosion of material at the tips of the spark.

* Erosion results in the roughening of the surfaces, and hence becomes a source of dirt and
contamination.

*  This causes increased conductivity resulting either in the formation of a conducting path
bridging the electrodes or in a mechanical failure of the dielectric.

r

T 7T

2

* Arrangement for study of treeing phenomena. 1 and 2 are electrodes

*  When a dielectric material lies between two electrodes as shown in Fig. there is a possibility
for two different dielectric media, the air and the dielectric, to come in series.



* The voltages across the two media are as shown (V1 across the air gap, and V2 across the
dielectric).

* The voltage V1 across the air gap is given as,

Vd,

Vl =

a2 g
M, |92

where Vis the applied voltage.

e Since €2>€1, most of the voltage appears across d1 the air gap.

e Sparking will occur in the air gap and, charge accumulation takes place on the surface of the
insulation.

e Sometimes the spark erodes the surface of the insulation.

e As time passes, breakdown channels spread through the insulation in an irregular "tree" like
fashion leading to the formation of conducting channels.

e This kind of channelling is called treeing

e Usually, tracking occurs even at very low voltages of the order of about 100 V, whereas
treeing requires high voltage.

e For testing of tracking, low and medium voltage tracking tests are specified.

e These tests are done at low voltages but for times of about 100 hr or more.

e The insulation should not fail.

e Sometimes the tests are done using 5 to 10 kV with shorter durations of 4 to 6 hr.

e The numerical value of voltage that initiates or causes the formation of a track is called the
"tracking index" and this is used to qualify the surface properties of dielectric materials.

e Treeing can be prevented by having clean, dry, and undamaged surfaces and a clean
environment.

e The materials chosen should be resistant to tracking.

e Sometimes moisture repellant greases are used.

e But this needs frequent cleaning and regreasing.

e Increasing creepage distances should prevent tracking, but in practice the presence of
moisture films defeat the purpose.

e Usually, treeing phenomena is observed in capacitors and cables.



6b

It has been recognized that one process that gives high breakdown strength to a gas is the
electron attachment in which free electrons get attached to neutral atoms or molecules to
form negative ions.

Since negative ions like positive ions are too massive to produce ionization due to collisions,
attachment represents an effective way of removing electrons which otherwise would have
led to current growth and breakdown at low voltages.

The gases in which attachment plays an active role are called electronegative gases.
The most common attachment processes encountered in gases are
(a) the direct attachment in which an electron directly attaches to form a negative ion,

(b) the dissociative attachment in which the gas molecules split into their constituent atoms
and the electronegative atom forms a negative ion.

These processes may be symbolically represented as:

(a) Direct attachment

AB +e—AB™.

(b) Dissociative attachment



AB+e—> A+ B~

A simple gas of this type is oxygen. Other gases are sulphur hexafluoride, freon, carbon
dioxide, and fluorocarbons.

In these gases, 'A” is usually sulphur or carbon atom, and 'B* is oxygen atom or one of the
halogen atoms or molecules.

With such gases, the Townsend current growth equation is modified to include ionization
and attachment

. An attachment coefficient (n) is defined, as the number of attaching collisions made by
one electron drifting one centimetre in the direction of the field.

Under these conditions the current reaching the anode, can be written as:

jr=‘,ﬁ1[l:w‘(u:|t- i exp (& —n)d] - M/ (e -n)]

_o -} —
= 1Yo [ exp (@—md}-1]

The Townsend breakdown criterion for attaching gases can also be deduced by equating the
denominator to zero:

a
—md-=11=1
Yo Epe-md-1]

This shows that for n < a breakdown is always possible irrespective of the values of a, n,y

If on the other hand, n >a Eq approaches an asymptotic form with increasing value of d,

« _ ...
Ya-m - % =Gy

This condition puts a limit for E/p below which no breakdown is possible irrespective of the
value of d, and the limit value is called the critical E/p. Critical E/p for SF6 is 117 V cm™ torr?,
and for CCI2F2 itis 121 V cm™ torr* (both at 20°C).

6¢



The mechanism of spark breakdown is considered as a function of ionization processes
under uniform field conditions.

But in practical engineering designs, the breakdown due to rapidly changing voltages or
impulse voltages is of great importance.

Actually, there is a time difference between the application of a voltage sufficient to cause
breakdown and the occurrence of breakdown itself.

This time difference is called the time lag.

The Townsend criterion for breakdown is satisfied, only if at least one election is present in
the gap between the electrodes.

In the case of applied d.c. or slowly varying (50 Hz a.c) voltages, there is no difficulty in
satisfying this condition.

With rapidly varying voltages of short duration (=10-6 s), the initiatory electron may not be
present in the gap.

In the absence of such an electron breakdown cannot occur.

The time t which lapses between the application of the voltage sufficient to cause
breakdown and the appearance of the initiating electron is called a statistical time lag (ts)of
the gap.

The appearance of electrons is usually statistically distributed.

After the appearance of the electron, a time tt is required for the ionization processes to
develop fully to cause the breakdown of the gap

this time is called the formative time lag (tt).
The total time ts + tt=t is called the total time lag.
Time lags are of considerable practical importance.

For breakdown to occur the applied voltage V should be greater than the static breakdown
voltage Vs as shown in Fig.

The difference in voltage AV = V- Vs is called the overvoltage

ratio V/Vs is called the impulse ratio.
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e The variation of tt with overvoltage (AV) is shown in Fig.

7a Withstand Voltage




* The voltage which has to be applied to a test object under specified conditions in a
withstand test is called the withstand voltage

7b Hundred Per Cent Flashover Voltage

The voltage that causes a flashover at each of its applications under specified conditions when
applied to test objects is specified as hundred per cent flashover voltage.

7c Fifty Per Cent Flashover Voltage

* This is the voltage which has a probability of 50% flashover, when applied to a test object.

* This is normally applied in impulse tests in which the loss of insulation strength is temporary
7d Disruptive Discharge Voltage

* This is defined as the voltage which produces the loss of dielectric strength of an insulation.

* Iltisthat voltage at which the electrical stress in the insulation causes a failure which
includes the collapse of voltage and passage of current.

* Insolids, this causes a permanent loss of strength.
* In liquids or gases only temporary loss may be caused.

*  When a discharge takes place between two electrodes in a gas or a liquid or over a solid
surface in air, it is called fiashover.

* If the discharge occurs through a solid insulation it is called puncture.
7e Creepage Distance

It is the shortest distance on the contour of the external surface of the insulator unit or between two
metal fittings on the insulator.



Solution: 1st Set. Since there is gradual increase in current upto gap distance of 3 mm. slope between

any two points
InJ/1,
=
will give us the value of o
Let us take gap distances of 2 and 2.5 mm.
The respective 1n J'f; are

15%1072

In
| 6x107

]= 32188

15%10™
63107

]=4.536?

_ 4536232188
0.05

. The slope =204

Since there 15 sudden rise in current af the last observation, this 15 used to evaluate y.

We know that
_ L
or =_ "
1-y(e™ -1)
163405
or i=1:a<l{f=—{sE T
I 6 1-vy(e™ -1)
_ S0’
1-524 %10 Y
or Ex 107 1 —=— 1 -
6 524x10° 1-5M4x10°y
or 0.0440=1-54x10y
or 0.0551=524 % 10°y

or y=0.182 % 10~ /em.



Set-II. For the same gap distance the slope will be o= 1n (12/8)/0.05 = 8.1 collisions/cm and
therefore

_ ANE
Loar-—
I -y -1)

5730

2% 10=—

1-y(5639)

200x10° 1

1- 5639

o 34840 ¢ 10° =

287x10%=1-5630y

5630y=10
of y=17% 10 collisions/cm



