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Note: Answer any FIVE full questlo%hoosing ONE full questiag%/:n each module.
<5 Moauie1 )

a. Derive an expression for the giirrent in the air gap thatds i = i, ¢®® considering Townsend

first ionization coeffici

epyp Q, (07 Marks)
b. What are the limitatiofQf ‘ownsend’s theory? g&l ‘ (03 Marks)
tha

c. Inan experiment in ascertain gas it was found h e steady state current is 5.5 x 10°A at
8kV at a distance "Gf 0.4cm between the plane”electrodes. Keeping the field constant and
9A. Calculate Townsend’s

reducing the distance to 0.1cm results @{c‘“ﬁnem of 5.5 x 10

primary io’;gﬁbﬁ coefficient . (06 Marks)
A P
¢ OR
a. Expl&i;‘yneﬂy suspended partigle {heory of breakdowp@fquid dielectric. (06 Marks)
b. Explain the following breakdo echanism in SOlidb
i)  Electro mechanical breakdown (Q;‘ L Q%—
ii)  Thermal breakdo»xﬂ;w & (10 Marks)
&) gﬁ% P
3 Modu
a. With the help of a:neat sketch, explain h° hpascade tmnsf@enerates High Voltage AC.
%? ° (06 Marks)
b. What is Tesl&: il? How are dar@}ligh frequency gsct lation obtained from the Tesla
coil? (06 Marks)

c. A Coc ﬁ{Walton type vo multiplier has 'gfk'tages with capacitances, all equal to
0.05uF. The supply transforﬂtg& econdary voltagjﬁ 125KV at a frequency of 150Hz. If the
Joad Burfent to be supplie%SmA, find i) The percentage ripple ii) the regulation.

(04 Marks)

£

‘%’ ¢ g )
R
Q)W ith neat sketcl(@fain the Mark’s efrcuit arrangement for multistage impulse generator.
. iy ; (07 Marks)
b. With anea tﬁgam, explain t ation of trigatron gap. (06 Marks)
c. Define wééa;ront and wave ta'i es of an impulse voltage wave. (03 Marks)

) :‘%' Module-3
a. ‘With neat sketch, expl(gp inciple, working and construction of electrostatic voltmeter.

. . . (06 M
b. Bneﬂ?' explain t ﬁa&?rs.aﬂ“ectmg measurement of voltage using sphere gap. (05 M::'l:ss;
c. Explain the w principle of generating voltmeter with a neat sketch. (05 Marks)
4 10f2
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E I h Chubb']' ]lo easureme; t‘a&pe ‘ Vi v
xp ain the ortscue met d lo' m & k ak alue Of an ac Ohage
% (06 Marks)

waveform. b
With the h 3 i i i coi igh i

i clp of a neat sketch, explain the worliﬂ'l‘?of Rogowski coil for high impulse
(06 Marks)

current measurement. ae
. 0
be designed soébat'n’ can have a range from 20 to 200kV dc.

A generating voltmeter has to
lflthte lx‘ndllc;.’a:ling meter reads a minim.um ﬁu;rc' of 2pA and maxiz;um current of 25pA,
what should the capacitance of gencrahng@fhetcr be? C 3;# (04 Marks)
Modiile-4 P )
Explain the different theories of formation in clouds. ;.‘3,‘,,‘ (08 Marks)
Explain with suitable figures t iples and functioning-0fs,
i) Expulsion gaps if) Pr‘gﬁ, tubes. t? (08 Marks)
> &
n ¢ OR o
What is a surge arrcstﬁgr lain it function as a @Mmtecﬁve device. (08 Marks)
Write short notes on: 4
i)  Rodgaps protective devices. &
ii) Ground \Vﬁﬂ or protection of overh&gg»lines. (08 Marks)
- ‘u ‘
ey Module-5
(08 Marks)

chusﬁ’%mtmd of discharge dgt tlon using straight detector.
Exp method of measurj electric loss at er frequency using high voltage
y (08 Marks)

S‘cherm bridge.
&

v d
Sy Sexr
9 L ﬁ; g‘:}r (08 Marks)

Describe the various eg@ tests done on transformers.
Write a different meth f conducting 8 % Rircuit tests on ciréuit breakers. (08 Marks)
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Townsend’s Theorem

Ultra-violet light

Fig.2.1 Arrangemant for study of a Townsend discharge

a, the average number of ionizing collisions made by an electron per centimetre travel in the direction
of the field (a depends on gas pressure p and Elp, Jand is called the Town send's first ionization
coefficient).

The secondary ionization coefficient v is defined in the same way as a, as the net number
of secondary electrons produced per incident positive ion, photon, excited particle, or
metastable particle, and the total value of y is the sum of the individual coefficients

due to the three different processes, ie., y="1 +y2+ y3=y is called the Townsend's
secondary ionization coefficient and is a function of the gas pressure p and E/p.



Referring to Fig. 2.1 let us assume that ng electrons are emitted from the cathode.
When one electron collides with a neutral particle, a positive ion and an electron are
formed. This is called an ionizing collision. Let a be the average number of ionizing
sollisions made by an electron per centimetre travel in the direction of the field (a
lepends on gas pressure p and E/p, and is called the Townsend's first ionization
:oefficient), At any distance x from the cathode, let the number of electrons be n,.
When these n, electrons travel a further distance of dx they give rise to (on,dx)
slectrons.

At x= 0,n,=ny (2.6)
Also, o on,; = 2
, . 3 OF 1, = ng exp (o) (2.7)
I'hen, the number of electrons reaching the anode (x = d) will be
ng= ng exp (o d) (2.8)
Ihe number of new electrons created, on the average, by each electron is
nd-ng
exp (ad)y- 1= T (2.9)

Therefore, the average current in the gap, which is equal to the number of elecirons
ravelling per second will be

I'= I exp(ad) (2.10)
where I is the initial current at the cathode.

Limitation In Townsend’s Mechanism

Townsend mechanism when applied to breakdown at atmospheric presswre 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 ofthe 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 filamenfary and irre gular.

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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Solution: The current at the anode / is given by
I= Ijexp (od)

where I is the initial current and 4 is the gap distance.

Given,
dy= 04cm dy=0.1cm
Iy= 55x10% 1, =5.5x1074
Iy '
E = €xp a(dl—dz)
ie., 10= exp (x x0.3)

ie., 03a= In(10)
¥ o= 7.676/cm. torr

2a



D)Suspended Particle Theory

In commercial liquids, the presence of solid impurities cannot be avoided.
These impurities will be present as fibrous 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 s E. then
the particles experience a force F, where

F=pfi=8 g &

£, +2¢, dx

this force is directed towards a place of higher stress if 1 > £2 and towards a place of lower stress if
el <e2 whenel is the permiftivity of gas bubbles.
The force given above increases as the permittivity of the suspended partickes (e1) increases. If e1 —
oD

. 1—e,/e
F=r1 - = L .1 EE
1+ 2e,/g dax
Le’rsl—}m
F=rE. &
ax

Force will tend the particle to move towards the strongest region of the field.
In a 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 thaft the force on the particle is zero and
the particle vemains in e quilibrium.
Particles will be dragged into the uniform field region
Permittivity of the particles is higher than that of the liquid, the presence ofparticle 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 mfluence of electric field is opposed by the viscous force
posed by the liquid and since the particles are moving mto the region of high stress, diffusion must
also be taken info account.
We know that the viscous force is given by (Stoke s relation)
Fv=6mnmv
where 1 is the viscosity of liquid. r the radius of the particle and v the velocity of the particle.
Equating the electrical force with the viscous force we have
. GE rEdE
bmv=rE— o v=——
d omm dx

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

v,=— =—
N dx 6mnr Ndx

d




where D = KT/6mnr a relation known as Stokes-Einstein relation. Here K 1s
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

T 6mmr Ndx 6mm  dx

KT aN __ o pag
r N
AT oo TE
r 2

+ Itis clear that the breakdown strength E depends upon the concentration of particles N, radius r of
particle. viscosity 1 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.

» Ifthere s only a single conducting particle between the electrodes. it will give rise to local field
enhancement depending on its shape.

» Ifthis 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



2bi)

b) 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 d0 and is compressed to a thickness d inder an
applied voltage V, then the electrically developed compressive stress is in equilibrium

2 d
aos,Lz=lr'ln 70

where Y is the Young's modulus.
Usually, mechanical instability occurs when

v 2 || %
€o¢, d

Substituting this in above equation the highest apparent electric stress before
breakdown,

dldy=060rdyd=147

+ The above equation is only approximate as ¥ depends on the mechanical stress.
* When the material 1s subjected to high stresses the theory of elasticity does not hold
good, and plastic deformation has to be considered
!

V
2emz ()f|—
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¢) 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

+  Whenanelectric field s 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 swrounding 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
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where, 6 is the d.c. conductivity of the specimen.

Wy = o Wen'

Under a.c. fields, the heat generated

where, /= firequency in Hz,

6=loss angle of the dielectric material and E- rms value.
The heat dissipated (W7t Jis given by

W= Cv%+div[.§gmdﬂ
where. Cy= 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 (7).
Inactual practice there is always some heat that i 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 E1 breakdown occurs both at tenperatures 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.
Thermalbreakdown sets up an upper limit for increasing the breakdown voltage when the thickness
of the msulation is mcreased.
For a given loss angle and applied stress. the heat generated is proportional to the fiequency and
hence thermalbreakdown is more serious at high frequencies.

Heat generated
: P
g Heat lost
<
3
:
(¥
To Ta Ts o
Temperature



Cascaded Transformer
Figure shows a basic scheme for cascading three transformers. The primary of the first stage
transformer is connected to a low voltage supply. A voltage is available across the secondary of this
transformer. The tertiary winding (excitation winding) of first stage has the same number of twrns as the
primary winding, and feeds the primary of the second stage transformer. The potential of the tertiary is
fixed to the potential /" of the secondary winding as shown n Fig. 2.9. The secondary winding of the
second stage transformer is connected in series with the secondary winding of the first stage transformer,
so that a voltage of 277 is available between the ground and the terminal of secondary of'the second
stage transformer. Similarly, the stage-IIT transformer i conmected in series with the second stage
transformer. With this the output voltage between ground and the third stage transformer. secondary is
3V. it is to be noted that the individual stages except the upper most must have three-winding transformers.
The upper most. however, will be a two winding trans former.
shows metal tank construction of transformers and the secondary winding is not divided. Here the low
voltage terminal of the secondary winding is connected to the tank. The tank of stage-I transformer is
earthed. The tanks of stage-1I and stage-IIT transformers have potentials of "and 27V, respectively above
earth and. therefore, these must be msulated fiom the earth with suitable solid nsulation. Through b t.
bushings. the leads from the tertiary winding and the h.v. winding are brought out to be connected to the
nextstage transformer.

I o o oo o -

The nain disadvantage of cascadmg the transformers is that the lower stages of the pronarks of

the transformers are loaded more as compared with the upper stages.

The loading of various windings is indicated by P in Fig. 2.9. For the three-stage transformer, the total
output ¥4 will be 377 = 3P and. therefore. each of the secondary winding of the transformer would carry a
arrent of 7 = P/F. The primary winding of stage-IIT ransformer is loaded with P and so also the tertiary
winding of second stage transformer. Therefore, the primary of the second stage transformer would be
loaded with 2P. Extending the same logic, it 1s found that the first stage primary would be loaded with P.
Therefore. while designing the primaries and tertiaries of these transtormers. this factor must be taken mto
consideration.



3b Tesla Coil

* testingelectrical apparatus for switching surges, high frequency high voltage damped
oscillations are needed which need high voltage high frequency transformers.

The advantages of these high frequency transformers are:
* the absence of iron core in transformers and hence saving in cost and size,
*  pure sine wave output,
* slow build-up of voltage over a few cycles and hence no damage due to switching surges, and

* uniform distribution of voltage across the winding coils due to subdivision of coil stack into a
number of units.

*  The commonly used high frequency resonant transformer is the Tesla coil
* Doubly tuned resonant circuit

*  The primary voltage ratingis 10 kV

* The secondary may be rated to as high as 500 to 1000 kV.

* The primary isfed from a d.c. or a.c. supply through the condenser Ci.

* Aspark gap G connected across the primary is triggered at the desired voltage V1 which induces
a high self-excitationin the secondary.

*  The primary and the secondary windings (L1)and (L2) are wound on an insulated former with no
core (air-cored) and are immersed in oil.

* The windings are tuned to a frequency of 10 to 100 kHz by means of the condensers C1 and C2

61 VZ
¥ i _T }
. ( ;Spark 1
| =0
T ? l Timg -+
{a) Cquivalnt circu () Outpu wavelorm

* outputvoltage V2is a function of L1, L2, C1, C2, M.
* winding resistances will be small , contribute only for damping of the oscillations.

* neglecting the winding resistances.



Let the condenser C1 be charged to a voltage V1 when the spark gapis triggered.
Let a current il flow through the primary winding L1 and produce a currenti2 through L2 and C2

t

di
Vl= I ‘|'Ll_+M dz
1o

!
1 dlz d i
0= = ({ pdit Ly =2+ M~
Laplace Transform

‘—/l- Ls+-—1—l+MsI
s | C,s' 2

0= [Ms);+ [L2s+[cl ]]

V= % Ji,_dr; or its transformed equation is
2
0

I
O o

. MV,
2 oL o] . -7

= [cos it = cos ]

where,

o

2
1-M -
L

K = coefficient of coupling between the windings L and Ly

2, .2 2, .2
oy + Wy +
2= '2%1\/ ‘2% - 0j0 (1K)

Y

1 1



The peak amplitude of the secondary voltage V; can be expressed as,

i /Lz
Vimx= Vi€ L_l

_ 2¥(1- o)
€ 3
V(1 + a)* - 40a
L,C, Wi
a= —==—
Ly w2

Simplified analysis of Tesla coli from energy consideration

1
W= 2 C1V%=(%C2V%)

-\} Cy
V=V 1132

For high value of K and winding resistance the waveform may become unidirectional

3c

N So!r;uon.‘fa) Caa—:t't}a_rion Efl‘;;;zénlage Ripple
The ripple voltage 8V = % -(E)—Q;—Q

I= 5mA, f=150Hz, C=0.05pF,and n=8,



5% 1073 (8% 9
150x 0.05x 1076 2
24KkV
dVx 100 24x 100

Trpple s V. "2 125% 8
= 1.2%
(b) Calculation of Regulation

123 2 n
Voltage drop, AV = ﬁ:(sn i3 6]

5x 1073 2. .3) (1 s]
s ——— =y g3 4| =x 82|- 2
150 x 0.05 x 10"[(3x ]+(2x ) 6

= 248kV
. (v 248 124
o '”“‘m(m-vm = Ix 8x 125 1000
= 124%
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Multistage Impulse Generators— Warx Circuit

Fig.8.17a Schemalic diagram of Marx circuit arrangement for multistage
impulse generator

€ — Capacitance of tha genarator
Rs — Charging resistors

G — Spark gap
F, Rz — Wave shaping resisiors
T — Testobject

* the generator capacitance Clis to be first charged and then discharged into the wave shaping
circuits.

* Asingle capacitor C1 may be used for voltages up to 200 kV.

*  Beyond this voltage, a single capacitor and its charging unit may be too costly, size becomes
very large.

*  The cost and size of the impulse generator increases at a rate of the square or cube of the
voltage rating.

*  Produdng very high voltages, a bank of capacitors are charged in parallel and then discharged
in series.

*  The arrangementfor charging the capacitors in parallel and then connecting them in series for
discharging was originally proposed by Marx.

4b



4c

A trigatron gap consists of a high voltage spherical electrode of suitable size, an earthed main
electrode of spherical shape, and a trigger electrode through the main electrode.

The trigger electrode is a metal rod with an annular clearance of about 1 mm fitted into the
main electrode through a bushing,

The trigatron is connected to a pulse circuit as shown in Fig. 6.24b.

Tripping of the impulse generator is affected by a trip pulse which produces a spark between the
triggerelectrode and the earthed sphere.

Due to space charge effects and distortion of the field in the main gap, sparkover of the main
gap occurs.

The trigatron gap is polarity sensitive and a proper polarity pulse should be applied for correct
operation

Earthed electrode
Bm;m\ugA /““‘"""8
er electrode ;—-I ,—— b
v. electrode
Main gap

Trigg

Fig. 6.24 (a) Trigatron gap

c
R, Tm?_ ’I ‘rochgp

swi0 | S R,  lmpuse
dc. 2 -€O—0
supply TCI o | s
T sage
- L Trigatron gap

(b) Tripping circuit using a trigatron
Fig.6.24 Trigatron gap and tripping circuit
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Fig. 6.14 Impulse waveform and its definitions

Referring to the waveshape in Fig. 6.14, the peak value Ais fixed and referred to as 100% value.
The points corresponding to 10% and 90% of the peak values are located in the front portion
(points Cand D).

The line joining these pointsis extended to cut the time axis at ol.

olis taken as the virtual origin. 1.25 times the interval between times t1 and t2 corresponding
to points C and D (projections on the time axis) is defined as the front time, i.e. 1.25 (o1t2 -
oltl).

The point E is located on the wave tail corresponding to 50% of the peak value, andits
projection on the time axisis t4. 0td is defined as the fall or tail time.

In case the point Cis not dear or missing from the waveshape record, the point corresponding
to 30% peak value Fis taken and its projection t'lislocated on time axis.
The wavefront time in that case will be defined as 1.67 (01t3 —01t'1),
The tolerances that can be allowed in the front and tail times
are respectively + 30% and + 20%.

Indian standard spedifications define 1.2/50 uS wave to be the standard impulse. The tolerance
allowed in the peak value is £ 3%.

Electrostatic Voltmeter
D/E —Metal Dome
M/A-mounting Plate
G/C—guard plate

P/B —Fixed Plate



H- Guard loop or ring
B/D-Balance
C/G-Capadtance Divider
W Balancing Weight
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Fig. 4.7 Schematic diagram of electrostatic voltmeter

Fig. shows a schematic diagram of an absolute electrostatic voltmeter.

The hemispherical metal dome D encloses a sensitive balance B which measures the force of
attraction between the movable disc which hangs from one of its arms and the lower plate P.
The movable electrode M hangs with a dearance of above 0.01 cm, in a central opening in the
upper plate which serves as a guard ring.

The diameter of each of the plates is 1 metre.

Fig. shows a schematic diagram of an absolute electrostatic voltmeter.

The hemispherical metal dome D encloses a sensitive balance B which measures the force of
attraction between the movable disc which hangs from one of its arms and the lower plate P.
The movable electrode M hangs with a dearance of above 0.01 cm, in a central opening in the
upper plate which serves as a guard ring.

Principle: The electric field according to Coulomb is the field of forces. The electric field is
produced by voltage and, therefore, if the field force could be measured, the voltage can also
be measured.

The voltmeters are used for the measurement of high a.c. and d.c. voltages. The measurement
of voltages lower than about 50 voltis, however, not possible, as the forces become too small.
When a voltage is applied to a parallel plate electrode arrangement, an electricfield is set up
between the plates.

Itis possible to have uniform electric field between the plates with suitable arrangement of the
plates.

The field is uniform, normal to the two plates and directed towards the negative plate.

If Ais the area of the plate and E is the electric field intensity between the plates € the
permittivity of the medium between the plates, we know that the energy density of the electric
field between the plates is given as,

Consider a differential volume between the plates and parallel to the plates with area A and
thickness dx, the energy content in this differential volume Adx is
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Effect of nearby earthed objects

The effect of nearby earthed objects was investigated by Kuffel by enclosing the earthed sphere
inside an earthed cylinder.

It was observed that the sparkover voltage is reduced.

The reduction was observed to be

AV= mlog(BD)+C
where, AV= percentage reduction,
B= diameter of earthed enclosing cylinder,
D= diameter of the spheres,
§= spacing, and m and C are constants.
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i) Effect of atmospheric conditions

The sparkover voltage of a spark gap depends on the air density which varies with the changes
in both temperature and pressure.

Let sparkover voltage = V under test conditions of temperature Tand pressure p torr
sparkovervoltage =V0 under standard conditions of temperature T=20°C and pressure p = 760
torr, then V=kV0

where k is a function of the air density factor d, given by

d= -2 [-23_
© 760 | 2734T

Influence of Humidity

The a.c. breakdown voltage is slightly less than d.c. voltage.

(i) The breakdown voltage increases with the partial pressure of water vapour.

It has also been ohserved that

(i) The humidity effect increases with the size of spheres and is largest for uniform field
electrodes.

(i) The voltage change for a given humidity change increase with gap length.

w8 18 12 1

Fig. 44 Breakriown voage hamicity seiztion for a.c and d.c
Tor 1.0 om gap between 2% oms dametr spers

The increase in breakdown voltage with increase in partial pressure of water vapour and this
increase in voltage with increase in gap length is due to the relative values of ionisation and
attachment coefficientsin air.

The water partides readily attach free electrons, forming negative ions.

Thmolecules under field conditions inwhich electrons will readily ionise.



* Influence of Dust Particles

*  When adust particle is floating between the gap this resultsinto erratic breakdown in
homogeneous or slightly in homogenous electrode configurations.

*  When the dust partide comesin contact with one electrode under the application of d.c.
voltage, it gets charged to the polarity of the electrode and gets attracted by the opposite
electrode due to the field forces and the breakdown is triggered shortly before arrival.

* Gaps subjected to a.c. voltages are also sensitive to dust particles but the probability of erratic
breakdown is less.

*  Underd.c. voltages erratic breakdowns occur within a few minutes even for voltages as low as
80% of the nominal breakdown voltages.

* Thisis a major problem, with high d.c. voltage measurements with sphere gaps.

* Effectof Irradiation

* lllumination of sphere gaps with ultra-violet or x-rays aids easy ionization in gaps.

* The effect of irradiation is pronounced for small gap spacings.

(Iv) Effect of polarity and waveform

* Ithas been observed that the sparkover voltages for positive and negative polarity impulses are
different.

*  Experimental investigation showed that for sphere gaps of 6.25t0 25 cm diameter, the

difference between positive and negative d.c. voltages is not more than 1%.

GENERATING VOLTMETER

When the source loading is not permitted or when direct connection to the high voltage source
is to be avoided, the generating prindple is employed for the measurement of high voltages
Principle: A generatingvoltmeter is a variable capadtor electrostatic voltage generator which
generates current proportional to the voltage to be measured.

Similar to electrostatic voltmeter the generating voltmeter provides loss free measurement of
d.c. and a.c. voltages.

The device is driven by an external constant speed motor and does not absorb power or energy
from the voltage measuring source.



Fig. 4.8 Principle of generating voitmeter

40t

The principle of operation explained with the help of Fig.

Construction:

His a high voltage electrode

the earthed electrode is subdivided into a sensing or pick up electrode P, a guard electrode G
and a movable electrode M, all of which are at the same potential.

The high voltage electrode H develops an electric field between itself and the electrodes P, G
and M.

The field lines are shown in Fig. 4.8.

The electric field density o is also shown.

If electrode Mis fixed and the voltage V is changed, the field density o would change and thus a
current i (t) would flow between P and the ground.

If the voltage V to be measuredis constant (d.c voltage), a currenti(t) will flow only if it is moved
i.e. now o (a) will not be function of time but the charge q is changing because the area of the
pick up electrode exposed to the electric field is changing.

The currenti(t) is given by

d d
i(f) = — da=¢—| E(a)d
i) o Lr;r]q(a) a=¢ = -[{(r) (a)da

where o (a) = €E(a) and gis the permittivity of the medium between the high voltage electrode
and the grounded electrode.

The integral boundary denotes the time varying exposed area.

The high voltage electrode and the grounded electrode in fact constitute a capacitance system.
The capacitance is, however, a function of time as the area A varies with time and, therefore,

the charge q(t) is given as

q(f)= CiHr



iy - d
i = %qu)ﬁ+ VmW
For d.c. voltages @:

dt
Hence i(f)=7 -

If the capacitance vartes linearly with time and reaches its peak value C_is time T /2 and again
feduces to zero linearly in time T /2, the capacitance is given as

Gy
q7)—2 T[

For a constant speed of n 1pm of synchronous motor which is varying the capacitance, time T is
givenby I =60/n.

non
=’) — w—
Therefore d &CMV60 30CmV

If the capacitance C varies sinusoidally between the limits C, and (C, + C,,) then
C=C,+C, sinwt
and the current 1 then given as
i(f)=1, cos wt where i =VC o

Fig. 4.9 Capacitance and voltage variation

w is the angular frequency of variation of the capacitance.
If wis constant the current measured is proportional to the voltage being measured.
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Generally the currentis rectified and measured by a moving coil meter.
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Fig. 4.10 Schematic diagram of generaiing volimeier

Fig. 4.10 shows a schematic diagram of a generating voltmeter which employs rotating vanes for
variation of capacitance.

The high voltage electrode is connected to a discelectrode D3 which is kept at a fixed distance
on the axis of the other low voltage electrodes D2, D1, and DO.

The rotor DO s driven at a constant speed by a synchronous motor at a suitable speed.

The rotor vanes of D0 cause periodic change in capacitance between the insulated disc D2 and
the high voltage electrode D3.

The number and shape of vanes are so designed that a suitable variation of capacitance
(sinusoidal or linear) is achieved.

The a.c. current is rectified and is measured using moving coil meters.

If the current is small an amplifier may be used before the current is measured.

4. THE CHUBB-FORTESCUE METHOD

(a) (b)

Fig. 411 (a) Basic circuit (b) Modified circuit



*  Chubb and Fortescue suggested a simple and accurate method of measuring peak value of a.c.

voltages.

*  The basic circuit consists of a standard capacitor, two diodes and a current integrating ammeter
(MC ammeter) as shown in Fig. 4.11 (a).

*  The displacement current ic(t), Fig. 4.12 is given by the rate of change of the charge and hence
the voltage V(t) to be measured flows through the high voltage capaditor C and is subdivided
into positive and negative components by the back to back connected diodes.

*  The voltage drop across these diodes can be neglected (1V for Si Diodes) as compared with the
voltage to be measured.

*  The measuring instrument (M.C. ammeter) is induded in one of the branches.
¢ The ammeter reads the mean value of the current.
* The relation is similar to the one obtained in case of generating voltmeters.

* Anincreased current would be obtained if the current reaches zero more than once during one
half cyde.

*  This means the wave shapes of the voltage would contain more than one maxima per half cycle.

*  The standard a.c. voltages for testing should not contain any harmonics and, therefore, there
could be very short and rapid voltages caused by the heavy predischarges, within the test circuit
which couldintroduce errors in measurements.

To eliminate this problem filtering of a.c. voltage is carried out by introducing a damping resistorin
between the capacitor and the diode circuit, Fig. 4.11 (

I ) D
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Also, if full wave rectifieris used instead of the half wave as shown in Fig. 4.11, the factor 2 in the

denominator of the above equation should be replaced by 4.

Since the frequency f, the capacitance Cand current | can be measured accurately, the measurement of
symmetrical a.c. voltages using Chubb and Fortescue method is quite accurate and it can be used for

calibration of other peak voltage measuring devices.

Measurement of High Impulse Currents Using Magnetic Potentiometers
(Rogowski Coils)
* If acoilis placed surrounding a current carrying conductor, the voltage signal inducedin the coil

vl =Mdl(t)ldn

*  Where M is the mutual inductance between the conductor and the coil, and lis the current

is

flowing in the conductor.

*  Usually, the coil is wound on a nonmagnetic former of toroidal shape and is coaxially placed
surrounding the current carrying conductor.

*  The number of turns on the coil is chosen to be large, to get enough signal induced.
* The coil iswound cross-wise to reduce the leakage inductance.

*  Usually an integrating circuit (see Fig. 7.52) isemployed to get the output signal voltage
proportional to the current to be measured.

*  The output voltage is given by

| §
V()= é v = E.“%m)
1]

Vi(h — Induced vohage intha coil » <401

Zp — Coaxial cable of surge impedance Zo
R-C ~— Integrating network

. Flg. 752 Rogowski coll for high impulse current measuremants



* Rogowski coils with electronic or active integrator circuits have large and widths (about 100
MHz).

*  Atfrequencies greater than 100 MHz the response is affected by the skin effect, the capacitance
distributed per unit length along the coil, and due to the electromagnetic interferences.

*  However, miniature probes having nanosecond response time are made using very few turns of

copper strips for UHF measurements.
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Solution: Assume that the driving motor has a synchronous speed of 1500 rpm.
Ve,
Ine= ¥ w
where, V= applied voliage,
C,, = capacitance of the meter, and
o= angular speed of the drive
Substituting,

20x10*°xC,, 1500
-3 m
2x107= Ny X 60 X2W

C,= 09pF

m
200 x 10° x 0.9 x 10712 x 1500
Jixso

At 200KV, I, = 2n

= 20.0pA

The capacitance of the meter should be 0.9 pF. The meter will indicate 20 kV at a
current 2 gA and 200 kV at a current of 20 pA.
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Negative rain Positive rain

Fig. 8.2 Cloud model according to Simpson’s theory



* According to the Simpson's theory (Fig. 8.2) there are three essential regions in the cloud to be
considered for charge formation.

* Below region A, air currents travel above 800 cm/s, and no raindrops fall through.

In region A, air velodity is high enough to break the falling raindrops causing a positive charge spray in
the cloud and negative charge in the air.

The spray is blown upwards, but as the velocity of air decreases, the positively charged water drops
recombine with the larger drops and fall again.

Thus region A, eventually becomes predominantly positively charged, while region B above it, becomes
negatively charged by air currents.

In the upper regions in the cloud, the temperature is low (below freezing point) and only ice crystals
exist

The impact of air on these crystals makes them negatively charged, thus the distribution of the charge
within the cloud becomes as shownin Fig. 8.2.

* Reynolds and Mason proposed modification, according to which the thunder clouds are
developed at heights 1to 2 km above the ground level and may extend up to 12 to 14 km above
the ground.

*  Forthunder clouds and charge formation air currents, moisture and specific temperature range
are required.

* The air currents controlled by the temperature gradient move upwards carrying
moisture and water droplets.

*  The temperature is 0°C at about 4 km from the ground and may reach - 50°C at about 12 km
height.

+  Butwater droplets do not freeze as soon as the temperature is 0°C. They freeze below - 40°C
only as solid particles on which crystalline ice patterns develop and grow.

The larger the number of solid sites or nuclei present, the higher is the temperature (>-40°C) at
which the ice crystals grow.

+ Thus in clouds, the effective freezing temperature range is around - 33°C to - 40°C.
The water droplets in the thunder cloud are blown up by air currents and get super
cooled over a range of heights and temperatures.

When such freezing occurs, the crystals grow into large masses and due to their weight and gravitational
force start moving downwards.



Thus, a thunder cloud consists of supercooled water droplets moving upwards and large hail stones
moving downwards.

When the upward moving super cooled water droplets act on cooler hail stone, it
freezes partially, i.e. the outer layer of the water droplets freezes forming a shell with
water inside.

When the process of cooling extends to inside warmerwater in the core, itexpands, thereby splintering
and spraying the frozenice shell. The splinters being fine in size are moved up by the air currents and
carry a net positive charge to the upper region of the cloud.

The hail stones that travel downwards carry an equivalent negative charge to the lower regions of the
cloud and thus negative charge builds upin the bottom side of the doud

* According to Mason, the ice splinters should carry only positive charge upwards.
*  Water beingionicin nature has concentration of H+ and OH- ions.
* The ion density depends on the temperature.

* Thus, in anice slab with upper and lower surfaces at temperatures Tland T2 (T1< T2), there will
be a higher concentration of ions in the lower region.

*  However, since H+ions are much lighter, they diffuse much faster all over the volume.

* Therefore, the lower portion which is warmer will have a net negative charge density, and hence
the upper portion, i.e. cooler region will have a net positive charge density.

* Hence, it must be appredated, that the outer shells of the freezed water droplets coming into
contact with hail stones will be relatively cooler (than their inner core—warmer water) and
therefore acquire a net positive charge.

*  When the shell splinters, the charge carried by them in the upward direction is positive.
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Expulsion gaps
Expulsion gap is a device which consists of a spark gap together with an arc quenching

device which extinguishes the current arc when the gaps breakover due to overvoltages.



A typical such arrangement is shown in Fig.
This essentially consists of a rod gap in air in series with a second gap enclosed within a fibre tube.
In the event of an overvoltage, both the spark gaps breakdown simultaneously.

The current due to the overvoltage is limited only by the tower footing resistance and the surge
impedance of the ground wires.

The internal arcin the fibre tube due to lightning current vapourizes a small portion of the fibre
material.

The gas thus produced, being a mixture of water vapour and the decomposed fibre product, drive away
the arc products and ionized air.

When the follow-on power frequency current passes through zero value, the arc is extinguished and the
path becomes open circuited.

Meanwhile the insulation recovers its dielectric strength, and the normal conditions are established.
The lightning and follow-up power frequency currents together can last for 2
to 3 half cycles only. Therefore, generally no disturbance in the network is produced.

For 132 or 220 kV lines, the maximum current rating may be about 7,500 A.

External sarias gap
Uppar alaciroda
Ground elecirode
Fibra tube

Hollow space

ol 2 P

Flg.8.20a Expulsion gap



) Protector tubes

A protector tube is similar to the expulsion gap in, construction and princple.

It also consists of a rod or spark gapin air formed by the line conductor and its high voltage terminal.
It is mounted underneath the line conductor on a tower.

The arrangement is shown in Fig. 8.20b.

The hollow gap in the expulsion tube is replaced by a nonlinear element which offers a very high
impedance at low currents but has low impedance for high or lightning currents. When an overvoltage
occurs and the spark gap breaksdown, the current is limited both by its own resistance and the tower
footing resistance.

The overvoltage on the line is reduced to the voltage drop across the protector tube.

After the surge current is diverted and discharged to the ground, the follow-on normal power frequency
current will be limited by its high resistance.

After the current zero of power frequency, the spark gap recovers the insulation strength quickly.
Usually, the flashover voltage of the protector tube is less than that of the line

insulation, and hence it can discharge the lightning overvoltage effectively.

I 3

» !uw

Line conductor on string insulator
Series gap

Protectior tube

Ground connection

Cross arm

Tower body

Fig. 8.20b Protector tube mounting
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These are non-linear resistors in series with spark gaps which act as fast switches. A

typical surge diverter or lightning arrester is shownin Fig. 8.23 and its characteristics are given in Fig.
8.24. A number of non-linear resistor elements made of silicon carbide are stacked one over the other
into two or three sections. They are usually separated by spark gaps (see Fig. 8.23). the entire assembly
is housed in a porcelain water-tight housing. The volt-ampere characteristic of a resistance elementis of
the form



I = kVv2e

where, |=discharge current,
V = applied voltage across the element, and

k and a are constants depending on the material and dimensions of the element.

Line end connector
Porcelain housing
Series gaps
Non-linear resistance
element blocks
Ground connaction
Spring

Base

Water tight sealing

.
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Fig.8.23 Non-linear element surge diverter

The lighter designs operate for smaller duration of currents, while the heavy duty
surge diverters with assisted or active gaps are designed for high currents and long
duration surges.

The lighter design arresters can interrupt 100 to 300 A of power frequency follow-on current and about
5000 A of surge currents.

If the currentis to be more and has to be exceeded, the number of series elements has to be increased
or some other method to limit the current has to be used. In heavy duty arresters, the gaps are so
arranged that the arc burns in the magnetic field of the coils excited by power

frequency follow-on currents.

During lightning discharges, a high voltage is induced in the coil by the steep front of the surge, and
sparking occurs in an auxiliary gap.

For power frequency follow-on currents, the auxiliary gap is extinguished, as sufficient

voltage will not be present across the auxiliary gap to maintain an arc.



The main gap arcs occur in the magnetic field of the coils.

The magnetic field, aided by the born shaped main gap electrodes, elongates the arc and quenchesit

rapidly.
Vd
Va f Vi
] / AN
Vv
v, §° V: ,/ \\
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(a) Volt-ampere characteristic time(jus)
of a non-linear resistor block (b) Surge diverter operation
Ir— Power frequency follow-on Vs— Sparkover voltage
current at system voltage Vr Vp— Protective level

Va— Max, voltage across the diverter ~ Vj— Surge voltage
during discharge of surgecurrent  jy— Discharge current
with peak value g Va— Voltage across the diverter
when discharging the current ig

Fig. 8.24 Characteristics of a surge diverter
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Rod gaps
A much simpler and effective protective device is a rod-gap
However, it does not meet the complete requirement.
The sparkover voltage of a rod gap depends on the atmospheric conditions.
A typical volt-time characteristic of a 67 cm-rod gap is shownin Fig. with its protective margin.

Thereis no current limiting device provided so as to limit the current after sparkover, and hence a series
resistance is often used.

Without a series resistance, the sparking current may be very high and the applied impulse voltage
suddenly collapses to zero thus creating a steep step voltage, which sometimes proves to be very
dangerous to the apparatus to be protected, such as transformer or the machine windings.
Nevertheless, rod gaps do provide effident protection where thunderstorm activity is less and the lines

are protected by ground wires.

8bii)
Lightning Protection Using Shielded Wires or Ground Wires

Ground wire is a conductor run parallel to the main conductor of the transmission line



supported on the same tower and earthed at every equally and regularly spaced towers. Itis run above
the main conductor of the line. The ground wire shields the transmission line conductor frominduced
charges, from clouds as well as from a lightning

discharge. The arrangements of ground wires over the line conductor is shown in Fig. 8.19.

The mechanism by which the line is protected may be explained as follows. If a positively charged cloud
is assumed to be above the line, it induces a negative charge on the portion below it, of the transmission
line. With the ground wire present, both the ground wire and the line conductor get the induced charge.
But the ground wire is earthed at regular intervals, and as such the induced charge is drained to the
earth potential only; the potential difference between the ground wire and the cloud and that between
the ground wire and the transmission line wire will be in the inverse ratio of their respective
capacitances [assuming the cloud to be a perfect conductor and the atmospheric medium (air) a
dielectric]. As the ground wire is nearer to the line wire, the induced charge on it will be muchless and
hence the potential rise will be quite small. The effective protection or shielding given by the ground
wire depends on the height of the ground wire above the ground (H) and the protection or shielding
angle 85 (usually 30°) as shown in Fig. 8.19. The shielding angle 65 « 30° was considered adequate for
tower heights of 30 m or less. The shielding wires may be one or more depending on the type of the
towers used. Butfor EHV lines, the tower heights may be up to 50 m, and the lightning strokes
sometimes occur directly to the line wires as shown in Fig. 8.19. The present trend in fixing the tower
heights and shielding angles is by considering the "flashover rates" and failure probabilities.
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G — Ground wire h — Height of the ground wira
P-P ~— Phasa wires from the earth surface

6s ~— Shielding angle
Fig.8.19 Shielding arrangement of overhead lines by ground wires
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Discharge Detection Using Straight Detectors

The circuit arrangement shown in Fig. 9.21 gives a simplified circuit for detecting "partial
discharges".

The high voltage transformer shown is free frominternal discharges.

A resonant filter is used to prevent any pulses starting from the capacitance of the windings and
bushings of the transformer.

Cx is the test object, Ccis the coupling capacitor, and Zm is a detectionimpedance.

The signal developed across the impedance Zm is passed through a band pass filter and
amplifier and displayed on a CRO or counted by a pulse counter multi-channel analyzer unit.

L.

5] OHH]

N

1 —H.V. testing transformer Cx — Sample or test piece
2 —Fitter Cc — Coupling condenser
3 — Band pass fitter Zm — Detector impedance
4 — Amplifier Vk — Calibrating pulse
§ —Display unit (CRO or pulse Cx — Calibrating capacitor

counter or multi-channel Gk — Calibrator charge

analyser unit)
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the discharge pattern displayed on the CRO screen of a partial discharge detector with an
elliptical display is shown.

The sinusoidal voltage and the corresponding ellipse pattern of the discharge are shownin Fig.
9.22a and a single corona pulse in a point-plane spark gap geometry is shownin Figs. 9.22b and
C.

When the voltage appliedis greater than that of the critical inception voltage, multiple pulses
appear (see Fig. 9.22c), and all the pulses are of equal magnitude.

A typical discharge pattem in cavities inside the insulation is shownin Fig. 9.22d.



* This pattern of discharge appears on the quadrants of the ellipse which correspond to the test
voltage rising from zero to the maximum, either positively or negatively.

9
Schering Bridge

* Inthe power frequency range (25 to 100 Hz) Schering bridge is a very versatile and sensitive
bridge and is readily suitable for high voltage measurements.
* The stress dependence of K' or er and tand can be readily obtained with this bridge.
*  The schematic diagram of the bridge is shown in Fig.
* The lossy capacitor or capacitor with the dielectric between electrodes is represented as an
imperfect capacitor of capacitance Cx together with a resistance rx.
The standard capacitor is shown as Cs which will usually have a capacitance of 50 to 500 pF.

The variable arms are R4 and C3 /R3.

Balance is obtained when

where, Zy= r 4=

A ks dZ,=R
T+joCaRy " 4774
- - - dotted line is the shielding arrangement. Shield is connected to — 3 C
8, the ground CI - CS; and I’x _2. Rl
Fig. 9.11 Schematic diagram of a Schering bridge R 4 o 2
Usually §; will be small at power frequencies for the common dielectrics so that
cos 8, = sin 8, =5, =1an 6, = WCyRy (9.17)
The lossy capacitor which is made as an equivalent C; in series with r, can be
represented as a parallel combination of C, and R, where the parallel combination R,
is found to be
The loss angle, tan §, = OC,R, P o1
xT 2.2 .
= {UC3R3 o er_‘

with C; having the same value,



* The normal method of balancing is by fixing the value of R3 and adjusting C3and R4.

* (C3givingadirect reading of tan 6.

* R4 will be a decade box with 5 to 6 decade dials.

*  The maximum value of R4 s limited to 10°Q and the lowest value will not be less than 0.01°Q
This range adequately takes care of the errors due to contact resistances as well as the stray capacitance

effects across R4 which are usually very small.

It is important to see that the resistances are pure and not reactive and the standard capacitor has
negligible tan & (air or gas Filled capacitor is used).

* The arrangement shown in Fig. is suitable when the test specimenis not grounded.

* The standard condenser Cs is usually a three terminal condenser.

* The low voltage arms of the bridge (R4 and R3 C3) and the detector are enclosed in grounded
shielded boxes to avoid stray capacitances during the measurements.

* The detector is either a vibration galvanometer or in modern bridges a tuned electronic null
detector of high sensitivity.

* The protective gaps G are so arranged that the low voltage arms are protected from high
voltagesin case the test objects fail.

* The impedances of the low voltage arms are such that the voltage drop across EB or FB does not
exceed 10to 20V.

The arms will be usually rated for a maximum instantaneous voltage of 100 V.

. SOURCES OF ERROR:

* Foraveryaccurate measurement of the dissipation factor at power frequency, the stray and
grounded capacitances should be eliminated and the indirect capacitive and inductive coupling
of the arms are to be minimized to a level lower than the accuracy of the bridge arms.

In this bridge the main source of error is the ground capacitance of the low voltage terminals of high

voltage arms, i.e. the stray capacitances from E and F to ground. These are eliminated by shielding the
low voltage arms using doubly shielded cables for connections and using the “Wagner earthing
device".

Compensation for the stray capacitances is given by providing a parallel R-L circuit across R4.



10a
TESTING OF TRANSFORMERS

Transformers are very important and costly apparatus in power systems. Great care has to be exercised
to see that the transformers are not damaged due to transient overvoltages of either lightning or power
frequency. Hence, overvoltage tests become veryimportant in the testing of transformers. Here, only
the overvoltage tests are discussed, and other routine tests like the temperature rise tests, short circuit
tests, etc. 3re notincluded and can be found in the relevent specifications.

(a) Induced Overvoltage Test

Transformers are tested for overvoltages by exciting the secondary of the transformer from a high
frequency a.c. source (100 to 400 Hz) to about twice the rated voltage. This reduces the core saturation
and also limits the charging current necessary in large power transformers. The insulation withstand
strength can also be checked.

(b) Partial Discharge Tests

Partial discharge tests on the windings are done to assess the discharge magnitudes and the radio
interference levels (see also Sec. 10.6). The transformeris connected in a manner similar to any other
equipment (see Sec. 9.4) and the discharge measurements are made. The location of the fault or void is
sometimes done by using the travelling wave technique similar to that for cables. So far, no method has
been standardized as to where the discharge is to be measured. Multi-terminal partial discharge
measurements are recommended. Under the application of power frequency voltage, the discharge
magnitudes greater than 104 pico coulomb are considered to be severe, and the transformer insulation
should be such that the discharge magnitude will be far below this value.

Impulse Testing of Transformers

The purpose of the impulse tests is to determine the ability of the insulation of the transformers to
withstand the transient voltages due to lightning, etc. Since the transients are impulses of short rise
time, the voltage distribution along the transformer winding will not be uniform. The equivalent circuit
of a transfomer winding for impulses is shown in Fig. 10.11. If an impulse wave is applied to such a
network (shown in Fig. 10.11) the voltage distribution along the element will be uneven, and oscillations
will be set in producing voltages much higher than the applied voltage. Impulse testing of transformers
is done using both the full wave and the chopped wave of the standard impulse, produced by a rod gap
with a chopping time of 3 to 6 ps. To prevent large overvoltages being induced in the windings not
under test, they are short drcuited and connected to ground. But the short circuiting reduces the
impedance of the transformer and hence poses problemsin adjusting the standard waveshape of the
impulse generators. It also reduces the sensitivity of detection.
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Short Circuit Tests

The mostimportant tests carried out on circuit breakers arc short circuit tests, since these tests assess
the primary performance of these devices, i.e. their ability to safely interrupt the fault currents. These
tests consists of determining the making and breaking capacities at various load currents and rated
voltages. In the case of isolators, the short circuit tests are conducted only with the limited purpose to
determine their capacity to carry the rated short circuit current for a given duration; and no breaking or
making current test is done. The different methods of conducting short circuit tests are

(1) Direct Tests

(a) using a short drcuit generator as the source (b) using the power utility system or network as the
source.

(11) Synthetic Tests

(a) Direct Testing in the Networks or in the Fields Circuit breakers are sometimes tested for their ability
to make or break the circuit under normal load conditions or under short circuit conditions in the
network itself. This is done during period of limited energy consumption or when the electrical energy is
diverted to other sections of the network which are not connected to the circuit under test. The
advantages of field tests are:

The circuit breaker is tested under actual conditions like those that occurin a given network.

Special occasions like breaking of charging currents of long lines, very short line faults, interruption of
small inductive currents, etc. can be tested by direct testing only.

to assess the thermal and dynamics effects of short circuit currents, to study applications of safety
devices, and to revise the performance test procedures, etc.

The disadvantages are:

The circuit breaker can be tested at only a given rated voltage and network capacity.

The necessity tointerrupt the normal services and to test only atlight load conditions.

Extra inconvenience and expensesin installation of controlling and measuring equipment in the Held.

Direct Testing in Short Circuit Test Laboratories In order to test the circuit breakers at different voltages
and at different short circuit currents, short circuit laboratories are provided. The schematic layout of a
short circuit testing laboratory is given in Fig. 10.3. It consists of a short circuit generator in association
with a master circuit breaker, resistors, reactors and measuring devices. A make switch initiates the
short circuit and the master circuit breaker isolates the test device from the source at the end of a
predetermined time set on a test sequence controller. Also, the master circuit breaker can be tripped if



the test device fails to operate properly. Short circuit generators with induction motors as prime movers
are also available.

Back up Making switch
breaker ~~_ Reactor
_l Test device
% T Current
l transformer
: or shunt
Short circuit Circuit
testing generator capacilance

Fig.10.3 Schematic diagram showing basic elements of a
short circuit testing laboratary



