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. a) What are the major emerging electrical energy storage technologies?

b) Discuss the use of FACTS and HVDC technologies for the development of Nepal
powWer sector.

¢) Explain the concept of touch potential and step potential with necessary figures, How
can these be prevented and their effects minimized?

)

a) What will be the no-load sending-¢nd voltage and the voltage rise from the sending-
end to the receiving-end for a 50 Hz, 300 km long line if the receiving-end voliage is
220 kV? Solve by considering both the long line and nominal r-circuit line models.
Also show the voltage rise by the phasor diagram. Resistance of the line is negligible.

b} An overhead transmission line has | = 1 mH/km and ¢ = 11.11 nF/km. The conductor
plus ground resistance amounts to 0.4 Q /km. (i) Taking a single-phase representation,
calculate (a) the velocity of propagation, (b) the surge impedance, (c¢) the attenuation
factor for 400 km, and (d) the maximum value of open-end voliage.

3. a} A tower has a 40-Q footing resistance and two ground wires each with Z, = 300 Q.
The lightning stroke surge impedance iz Z; = 400 €. For lightning cumrent
surge = 50 kA, crest, calculate the tower top potential (i) considering all impedances,
(ii) neglecting the ground wire and stroke surge impedances, (iii)The line-to-ground
has a coupling factor between line and ground conductors Ky = 0.2, The tower-footing
resistance is 40 €). Using tower top potfential obtained in (i) above, find the voltage
experienced by the insulator string.

b) A 400 kV line has the following details: N = 2, r = 0.0318 mm, B = bundle
spacing = 0.4572 m, height H = 13 m, phase separation S = 12 m in horizontal
configuration. Surface voitage gradients are 16.815 kV/em and 16.015 kV/cm for the
center phase and for outer phases, respectively. The R-O-W provided is 15 m from the
outer phases at ground. Is the design satisfuctory if the RI level is to be limited to 40
dB a 1| MHz at the edge of R-0-W? Use CIGRE formula:
RI;(dB) =3.5g,, +6d ~33logy(D; /20)-30

4. a) A 3-phase 750 kV horizontal line has minimum height at midspan of 12 m, sag of 12
m, and phase spacing of 15 m. Conductors are 4 = 0.035 m with bundle spacing of
45.72 cm. Calculate the capacitance and charge mairices.

b} Will there be a sustained discharge in a gas with an electrode separation of 4 cm if its
primary and secondary ionization coefficients are 2.43/cm and 6.823 » 1077

¢) An air bubble of 0.5 mm thickness is embedded in a solid insulation of 1.0 cm having
a relative dielectric constant of 3.0. The voltage applied across the solid is 30 kV
(rms) of 50°Hz. Calculate the voltage at which internal discharge will occur if the
break down strength of the air is 30 kV (peak)/cm.

5. a) Describe the major breakdown mechanisms in solid dielectrics.

b) What are the general tests that are carried out on high voltage equipment? Explain
with clean circuit diagram the method of measurement of high voltage using
resistance divider and micro-ammeter,
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b)

c)
1)

b)

b)

b)

a)

b)

Elaborate why power electronics is considered vital for modern power systems, [6]
What is back-to-back DC? What are its advantages? [2+2]
Describe different types of earthing. [6]

A 400-kV 400-km line has the distributed parameters » = 0,031 km, ! = 1 mH/km,
and ¢ = 10 nF/km. The equivalent lumped parameters for the circuit are assumed as
R =124 Q. L =400 mH, and C = 4uF. It is excited by an equivalent step voltage of
magnitude E = 420V2/3 = 343 kV. Calculate (i) the attenuation factor a, (ii) the
natural angular frequency and frequency, and (1i1) the peak value of voltage across C
with the line holding of

® 1o trapped charge and

* aninitial trapped-charge voltage of 343 kV (8]

A transformer whose winding has a surge impedance of 1,000 € is to be connected to
an overhead line with Zy = 400 Q. The lightning surge has a peak value of 1,500 kV
coming in the line while the transformer voltage is to be limited to 800KV, peak.
Suggest an alternative to a lightning arrester by using a cable to connect the line to the
transformer. Determine its surge impedance and voltage rating, [8]

A 132 kV line is terminated by transformer and is protected by an arrestor of rating
120 kV located at the incoming line. The BIL withstand voltage of the transformer is
chosen to be 500 kV. The protective ratio of transformer is 1.2, Check whether the
transformer is properly coordinated with the arrester if a lightning strike of 8,000 kV

incident at the arrester, (8]
Es_cha.rgc current | Residual vu]mgT
10kA 300KV
20kA 360KV

A 763KV line has following details: N = 4, d = 3.05 cm, bundle spacing, B = 45.72
cm, height H = 20 m, phase separation § = 14 m in horizontal configuration., The
maximum conductor surface voltage gradients are 20 kV/em and 18.4 kV/em for the
center and outer phases respectively. Calculate the radio interference at g distance of
15 m from the outer phases using CIGRE formula. [8]

A 400 kV three phase transmission line has flat horizontal configuration with two
sub-conductors per bundle and a phase spacing of 11.3 m. The height of the phase
conductors is 11.875 m and 8.85 m at tower and at midspan respectively, The radius
of each sub-conductor in the bundle is 3.17 em and the separation belween the sub-
conductors is 45.72 cm. Calculate the capacitance and charge matrices of this line for

both untransposed and transposed configurations, : [8]
What are the major breakdown mechanisms in solids? Describe the breakdown
mechanisms in actual working conditions. [2+6]
Why is the routine measurement of electrical insulation of equipment necessary? How
can the results be interpreted based on the values of leakage currents? [3+5]
How are gaseous and liquid dielectric materials monitored for impurities? [8]
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. &) Explain the eriteria of choosing HVDC and HVAC system on the basis of cost,
transmission power and length,

b) What is earth resistivity? Describe a method to measure it.

¢) What are the major physiological effects of electric shock? Compare the severity of
electric shock between DC and AC supplies and different frequencies of AC

2. a) Starting from the expression for switching voltage as:

kO = E =11~ oo o ] 4y,

b

Derive the expression for maximum switching over voltage magnitude and condition
for it. What is the effect of increasing R, L and C in the value of maximum switching
over voltage,

b) A 400 kV, 50 Hz, 180 km long HV transmission line has r = 0.015 Qkm, L =3
mH/km and ¢ = 12 nF/km determine temporary over voltage in p.u. at receiving end at
no-load with and without considering the line resistance.

3. a) TheBIL of LA = 1008 KV, BIL of Transformer = 1260 kV.
Check whether the transformer is properly coordinated? If not, find the required
distance between LA and transformer for proper co-ordination.

__'_m KA us am

Zc = 3500 LA
Tr.

— -

b) Derive the expression for the overvoltage due to interruption of low inductive current.
Analyze different switching scenarios,

¢} A 765-kV line has following details: N = 4, d = 3.05 cm, bundle spacing, B = 45,72
cm, height H = 20 m, phase scparation S = |4 m in horizonia] configuration. The
maximum conductor surface voltage gradients are 20 kV/em and 18.4 kV/em for the
center and outer phases respectively. Calculate the SPL or AN in dB at a distance of
35 m along ground from the center phase. Assume the microphone is kept at ground

* level. Use empirical formula: AN = {20 log Em(i) + 55 logd - 11.4 logD(i) + 26.4 log
N-128.4 db where Em is in kV/cm, disincm and D is in m, scenarios.
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4, a)

b}

A 500 KV, three phase transmission line has flat horizontal configuration with two
eub-conductors per bundle. The inter- phase spacing of the line is 15 m. The radius of
each sub- conductor in a bundle is 5 cm and the separation between sub- conductors

in a bundle is 30 cm. Calculate the capacitance matrix for both the untransposed and
transposed conditions if the average clearance of the line is 18 m.

What are pure and commercial liquids? What are the mechanisms of breakdown in
commercial liquids?

An air bubble of 0.5mm thickness is embedded in a solid insulation of 1.0 cm having
a relative dielectric constant of 3. The voltage applied across the solid is 30 kV {RMS)

of 50 Hz. Calculate the voltage at which internal discharge will occur if the
breakdown strength of air is 30 kV (peak)/cm.

b) Describe the construction and working mechanism of electrostatic voltmeter.
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a)
b)

c)
a)

Discuss the different new trends emerging in EHV svstems worldwide and how Nepal
can adopt those trends to modernize and upgrade its power sector.

Explain the method of earth resistivity measurement with diagram and derive the
value.

What are the major causes of high gradient electric fields?

A tower of a 735 kV line has a 40 () footing resistance and two ground wires each
with Zg = 500 Q. The lightning stroke surge impedance is Zs = 400 Q, For Is = 50
kA, crest, calculate:

(i) The tower top potential (a) considering all impedances, (b) neglecting the ground wire

and stroke surge impedances, and (¢) considering only one ground wire and stroke
surge impedance

(i) The minimum number of standard (dry FOV 125 kV, rain FOV 80 kV) discs required

b)
c)

a)

b)

b)

b)

to prevent back-flashover in the insulator string in case (a) of above if the coupling
factor between the line and ground conductors is 0.2,

What is ferroresonance? Write about the causes of ferroresonance in power system.
Explain how interruption of low inductive current causes overvoltage in power
system.

The arrester used in a line has its spark over voltage of 420 kV. A surge having
steepness of 500 kV/us on the front reaches the arrester terminal at time t = 0 and
travels towards the transformer. BIL withstand voltage of the transformer is 500 kV
and the PR required for transformer protection is 1.25. ( i) Check whether the
transformer is properly coordinated? (ii) Compute the voltage at the transformer
terminal when the arrester is kept 40 m away from transformer. (111) What is the
maximum distance allowed between the transformer and the arrester in case of this
surge? Assume that the residual voltage (discharge voltage) of the arrester is equal to
its spark over voltage.

A 400-kV line in horizontal configuration has H = 14 m and phase spacing S = 15 m.

The conductors are 4 x 0.0318 m diameter with bundle spacing of 0.4572 m. By the

Mangoldt formula, the maximum conductor surface voltage gradients are calculated

as 16.2 kV/em and 17.3 kV/em for the outer and center phases respectively.

(i) Using the CIGRE formulas given below, compute the RI levels at of the line at a
distance of 30 meters at ground level from the outer phase in average fair and
rainy weathers.

(ii) What will be the values at | MHz?

Formula: RI=3.5g, + 6d - 331og10(D/20) - 30

A 400 KV three phase transmission line has flat horizontal configuration with 2x3.17

¢m diameter bundle in each phase and a phase spacing of 11.3 m. The heights of the

phase conductors are 11.875 m and 8.85 m at tower and at midspan respectively. The
separation between the sub-conductors is 45.72 cm. Calculate the charge matrix of
this line. "

Explain the Paschen’s law and with reference to this law, discuss how break down

strength of vacuum and high pressure gas is higher than air at normal pressure.

Explain the breakdown mechanisms of solid insulating bodies occurring due to actual

working conditions.

Write about the high voltage measurement using electrostatic voltmeter.,
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b)

a)

b)

b)

Compare HVDC and HVAC transmission system with suitable justifications and
explain HVDC scope of application 1in Nepa! power system. [

Describe the step and touch potentials. Why does a person have an electric shock and
point out the safety precautions and regulations in electrical svstem? [2+6

Starting from the expression for switching voltage as:
[- Vol + o —! o
Vo) =(E-V, ) 1-¢ % ————cos(ot~p) +V, Where; tang =—
i o ! 0

L ]

Derive the expression for maximum switching over voltage magnitude and condition
for it. Also discuss the effect of increasing R. L and C in the maximum switching over

voltage, [8

A surge of 200 kV travelling in a line of natural impedance 500 ohms arrives at a
junction with two lines of impedances 600 ohms and 200 ohms respectively. Find the
surge voltages and currents transmitted into each branch line. [8

Develop the charge coefficient matrix of P phase conductors on a transmission tower
with two ground wires which are at or near the ground potential. [8

A 765 kV line has following details: N = 4, d = 3.05 cm. B = bundle spacing =
45,72 em, height = 20 m, phase separation S = 14 m in horizontal configuration. The
maximum conductor surface voltage gradients are 20 kV/em and 18 kViem for the
center and outer phases respectively. Calculate the AN in dB(A) at a distance of 30 m
along ground from center phase. Assume microphone is kept in ground level. Use
empirical formula:

AN =120 logyy Eqfi) + 55 logio d — 10,4 logy, D(i) + 26.4 logiaN-128.4dB

Where, E;isin kViem, d is in cmand D is in m. [8
Write about significance of voli-lime characteristics curve in insulation coordination.

Describe general working principle of a surge arrester, [4+4
Explain difTerent non-destructive tests carried out for insulators. [8

In an e:-cferimem with a certain gas, it was found that the steady state current is
3.5 107 A at 8 KV at a distance of 0.4 em between the plane electrodes. Keeping the
field constant and reducing the distance to 0.1 mm results in a current of 5.5 = 10™ A.
Calculate Townsend’s primary tonization coeflicient, [8

Explain the breakdown of solid dielectric due to Treeing and Tracking. L
£k
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a)

b)

. a)

b)

. &l

b)

b)

c)

b)

Why are FACTS devices required in a power system? Describe with diagram the major
FACTS devices.

Explain Wenner’s test method for measurement of earth resistivity and derive the relation
for the resistivity.

A tower of a 735 kV line has a 40-chm footing resistance and two ground wires each with
Z, = 500 ohms. The lightning stroke surge impedance is Z; = 400 ohm. For
I, = 50 kA, crest, calculate

(i) the tower top potential (a) considering all impedances, (b} neglecting the ground wire
and stroke surge impedances and (c) considering only one ground wire and stroke surge
impedance

(ii) the voltage experienced by the insulator string in case (a) of above if the coupling
factor between the line and ground conductors is 0.2,

An overhead line with Zy = 400 ohms continues into a cable with Z, = 100 Q. A surge
with a crest value of 1000 kV is coming towards the junction from the overhead line.
Calculate the voltage in the cable, Again, if the end of the cable is connected to a
transformer whose impedance is practically infinite to a surge, when the bushing
capacitance is omitted. Calculate the transformer voltage.

A transformer is protected by an arrester at the incoming line. The BIL withstand voltage
of the transformer is chosen to be 500 kV. The protective ratio required for transformer
protection is 1.2. A lightning strike at the arrester causes an arvester discharge current of
24 kA. Check whether the transformer is properly coordinated. Assume arrester residual
voltage to be given by 2001,"%.

A 735 kV has the following details: N = 4, d = 3.05 ¢cm, B = bundle spacing =
45.72 cm, height H = 20 m, phase separation § = 14 m in horizontal configuration, By the
Mangoldt formula. the maximum conductor surface voltage gradients are
20 kVicm and 18.4 kV/cm for the centre and outer phases, respectively, Calculate the
SPL or AN in dB(A) at a distance of 30 m along ground from the centre phase (line
centre). Assume that the microphone is kept at ground level.

Use empirical formula:

AN (1) = 120 logio Eay (i) ~ 55 logio d — 11.4 logio D(i) — 115.4, dB(A) Where, E,,, is in
kEViem,disinemand D is in m.

A 400 kV, three phase transmission has flat horizontal configuration with two
sub-conductors per bundle. The average ground clearance is 9.81 m and the inter phase
spacing is 11.3 m. The radius of each sub-conductor in the bundle is 3.17 ¢m and the
separation between the sub-conductors is 45,72 em. Calculate the capacitance and charge
matrices of this line.

An insulation disc of 154 mm thick and relative permittivity of 10 has an internal void of
0.1 mm thickness of dielectric strength of 46 kv/em. Check whether the internal discharge
will oceur or not if 40 kV is applied across the insulator.

What are the different mechanism of breakdown in commercial liquids?
List out the different mechanisms by which break down occurs in solid dielectric in
practice. Explain two of them.

What are the different methods for measurement of high AC voltages? With neat
diagram, explain the working principle of electrostatic voltmeter.

A
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Describe the necessity of HVDC systems for power delivery and their general
configuration. What is HVDC back to back system?

What are the physiological effects of electric shocks? Explain the efiects of electrical
current in human body.

A tower of a 735 kV line has a 40-ohm footing resistance and two ground wires each
with Z; = 500 ohms, The lightning stroke surge impedance is 7, = 400 ohm. For
I, = 50 kA, crest, calculate

(i) the tower top potential (a) considering all impedances, (b) neglecting the ground
wire and stroke surge impedances, and (c) considering only one ground wire and
stroke surge impedance

What are the major causes of switching over voltages? Explain how interruption of
inductive current causes over voltage.

Fora 750 kV line, take Vw = 3000 kV, crest, travelling on the line and Vp = 1700 kN.
The line surge impedance is Z = 3000 ohms. Calculate and discuss (1) the current
flowing in the line before reaching the arrester, (ii) the current through the arrester,
and (iif) the value of arrester resistance for this condition, and (iv) reflection and
refraction coefficients for voltage and current.

A 750 kV flat horizontal configured transmission line has average ground clearance of
20 m and phase spacing of 15m. The line uses bundle conductor of 2 * 030 m
diameter. Determine the audible noise at the horizontal distance of 20 m from the
outer most conductor. Assume electric formula from below.

(i) 120logl(Em(i))+55logl 0(d)-11 Alog10(D(i))+26.410g 10(N)-128.4
(ii) 120log10(Em({i))+55log10(d)-11 Alogl(D(i))-115.4
Em=kviem,D=m,d=¢m

For the 3-phase 420 kV horizontal line having conductor diameter of 2 x 3.18 cm and
bundle spacing 45.72 cm. The ground clearance is 15m and phase spacing is 11m.
Calculate the inductance in both un-transposed and transposed condition.

What are the limitations of Townsends theory? Derive the relation given by Paschen
law.

In an experiment with a certain gas, it was found that the steady state current is
5.5 x10"" A at 8kV at a distance of 0.4 cm between the plane electrodes, Keeping the
field constant and reducing the distance to 0.1 em results in a current of 5.5 x 107 A,
Caleulate Townsend’s primary ionization coefficient.

Explain different non-destructive tests that are carried out for different types of
insulators.

ok o
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b)

a)

b)

. &)

b)

What are the ph ysiological effects of electric shock? What are good safety practices to
avoid shocks?
Write about oil pressure and Eas pressure HV cables with necegsary diagrams,

A 3-phase, 220 kv transmission line has a length of 200 km, and induetance of
L3 mHkm and a capacitance of 8.855 x10? Ffkm. Calculate (i) the surge impedance
of line (ii) the velocity of Propagation (iii) the travel time of transient overvoltage (iv)
Propagation constant,

W's mecessary to obtain a tower footing resistance of 200 in a soil of resistivity
Ps = 100 O-m, using the three types of elecirodes. Take a = 1.25 em for rods and
counter-poises and a depth ¥y =05 m for counter-poises. Caleulate the required
dimensions.

A 132 kV transmission line is terminated by transformer at g substation. The
transformer is protected by an arrester of rating 120 kV located at the incoming line.
The BIL of the transformer is chosen to be 500 kV. The protective ratio required for

Relationship between disc current and residual voltage:
Residual Voltage
300 kv

.y 60kV ]

A 400 kV line has conductors in horizontal configuration at average height H= 14 m
and phase spacing § = 11m. The conductors of each phase are 2x0.0318 m diameter at
B =04572 spacing. Calculate the RT leye| of each phase at a distance of 30m from
one of the outer phase at ground level at 0.5 MHz ysj the CIGRE formula, Take gm
= 17.3 kV/em on the center phase and 16.2 kV/em in the two outer phases. What are
the values for rainy weather? What is the total valye of the RI in fair angd rainy
weathers?

spacing is 11m. The radiys of each sub-conductor in the bundle is 3.18 ¢m and the
separation between the sub-conductors is 45.72 cm. Caleulate the capacitance
matrixes for both the uniransposed and the transposed conditions.

Explain ‘clectromechanica) breakdown’, ‘thermal breakdown” and ‘breakdown due 10

[4+4]

[4]

[8]

(8

[8]

[8]

[8]

treeing and tracking’ occurnng in solid diclectrics, [2+3+3)]



5. a) An eir bubble of 0.5 mm thickness is embedded in a solid insulation of 1.0 ¢cm having
a relative dielectric constant of 3.0, The voltage applied across the solid is 30 kV
{RMS) of 50 Hz. Calculate the voltage at which internal discharge will oceur if the
breakdown strength of air if 30 kV (peak)/cm. (2]

b} What are the general tests that are carried out on high voltage equipment? Explain
with clean circuit diagram the method of measurement of high voltage using
resistance divider and micro-ammeter. [8]
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a) Compare HVAC and HVDC transmission system with suitable justifications.

b} Improper Earthing leads to high electric potential, justify, Also explain how the
system grounding have been incorporated in common practice?

a) Using the single phase equivalent lumped parameter model circuit of 3-phase, 400kV,
50Hz, 400 km long EHV line shown below, compute the switching resistance Rs to be
nserted during the closing of circuit breaker so that maximum switching overvoltage

I

will be limited to 1.8 pu.

R %k

art
-

1062+0.5H Vo

CB
—
I—C=-§—/
el 5 pf

0.1202

VS

b) Show that when a loss less infinite line with receiving end open circuit switched on to
a source the impedance offered to a travelling wave along the line is surge impedance
of the line. Also with mathematical interpretation verify that these waves consist of

[t

both backward and forward waves.

A transformer is protected by a lightening arrestor at the incoming line. The BIL
withstand voltage of the transformer is chosen to be 500 kV. The protective ratio
required for transformer protection is 1.25. A lighting strike at the arrestor causes an
arrestors discharge current of 24 kA. Check whether the transformer is properly

coordinated? Assume arrestor residual voltage can be approximated by: 2001,°%,

b) What are the general tests that are carried out on high voltage equipment? Explain
with clean circuit diagram the method of measurement of high voltage using

resistance divider and micro-ammeter.

Derive the Townsend's current growth equation based on two different ionization

[¢

(8

coefficients. [6
In a experiment in a certain gas it was found that the steady state current is 5.5x10* A
at 8Kv at a distance of 0.4cm between the plane electrodes. Keeping the field constant
and reducing the distance to 0.1 cm results in current of 5.5x10”A. Calculate town

sends primary ionization coefficient,
Explain the breakdown phenomenon in commercial liquid in brief,

In a 3-phase overhead lines the conductors, diameter of 3 cm each are arranged in the
form of an equilateral triangle. Assuming fair weather condition and air density factor
of 0.95; irregularity factor of 0.96, find the minimum spacing between the conductors
if the disruptive critical voltage does not exceed 230 kV between the lines.

Breakdown strength of air may be assumed to be 30 kV (peak)/em. L

b) How the Feranti effect can be reduced in over voltage issues? Explain
mathematically, {8

[4
[6

e
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L Y

significant changes in power system”

I a) "FACTS devices will initinte and accelerale the ;
Elaborate the statement, [%]
h) Explain the phenomeon of 1ouch potentinl and sep potential with necessary figures. [4)

) What are the effects of electric shoek? Why and how are the effects different for 13 )
and AC different frequencies of A {2+2]
(8]

2. n) Starting from the expression for switching voltage as:
JaTre

Vi) =(E~V, ) 1-gx XX T ~conlmt - )| 4 v, where; tan

L)

]

Derive the expression maximum switching over voltage magnitude and condition for
it. Also discuss the effect of increasing BRI, and € in the maximum switching over

erlﬂgt:. =

b) A surge of 3000kV js travelling along a 132 kV Jine The line surge impedance is 300
ohms and the protective level 15 1700 kV. Determine (i) current through the arresier
(ii) the value of the arrester resistance for this condition (11) current and voltage
reflection and refraction coeflicients (iv) Optimal current rating of the arrester (%]

3. 4) Obtain the expression for the co-ordination between transformer and lighting arrester

in term of length I, and surge current of ii-irll#m and surge impedance of 8, 8]

b) Explain different non-disruptive tests that are carried out for different types of
insulators, [8)

4. u) Explain Paschen'’s law and with reference to this law, discuss how the breakdown
strength of vaceum and high pressure £as is higher than air af hormal pressure, [8]

b) In a 132 kV circujt breaker, the bushing 10 apuc i )

) . . ground capacitance is .0} tF and the
trunsfm:n?er impedance succeeding the €3 iy SH. the circuit breaker in:erruptn the
n;]agnftmng current of 7A(rms). Caleulate the possible overvoltage due 16 current
chopping

. (8]
1) When magnetizing current iy interrupted at zero vilue
i) When magnetizing curren s interrupted af peak valye

3. a) A square {nauluﬁun dise of 154 mm thick and relative PEMItivity of 10 s an
m};lir?]a! vmd_t:uf 0.1 mm square thickness of dieleetric strength of 46 kv/em (’Tﬁuk
Wwhether the interngl discharge wil] OLCur or not if 40KV upplied acrosy iﬁnﬁlaiﬂr

(Assume ajr dielectric strength of 30 kV/en (peak). [6]

b) Explain how COTOnA Oceurs in an Ky transmission line (4]
¢) Explain wi ic i

) Explain with example how electromagneic induetion oceyry in neighboring fucilities |6}

b

"
-
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their answers in their ow

a) What is your vision of the electric power system 25 years from now? [4]
b} Explain the constractional features of belted cable used in HVAC transmission. [4]
c) Explain different methods of earth resistivity maas!p'rﬁncﬁt with diagrams. (8]
of resistivity

1,25 cm for rods
te the required

a tower-footing resistance of 20 Q in a soil
st common three types of electrodes. Take a=
m for counterpoise. Calcula

a) It is necessary to obtain
ps=100 Q-m using the me
and counterpoises and a depth y=0.5

dimensions.
travelling in a line of natural impedance 600 {3 arrives at a junction

b) A surge of 100KV
with two lines of impedances 800 Q and 200 Q respectively. Findthesurgevolt_agtumd

currents uans;m'ttad into each line.

(8]

18]

KV located at the end of the line having
4200kV, Determine (i) reflected

a) A lightning arrester with BIL rating of 1000
discharge current and resistance

surge impedance of 300 Q) receives a travelling wave of
voltage and current at the arrester location (i) arrester

offered by th arrester. : :
5) A 765 kV line has the following details: N=4, d=3.05 cm, B=bundle spacing=45.72

cm, height H=20 m, phase separation §=14 m in horizontal configuration. The maximum

conductor surface voltage gradients are 20 kV/cm and 18.4 kV/cm for the center and

ouier phases, respectively: Calculate the SPL or AN in dB (A) 2t & distance of 30 m
-~ along ground from the center phase. Assume the microphone is kept at ground level.
Use empirical formula: AN=120 logieEm(1) + 55 logiod — 11.4 logio D(i) + 26.41 ogioN

~128.4db | |
Where Em is in k _?t:m,disipcm_&nd]}is in m.
o)A 400 KV, 3-phase bundlied conducior fine with tw sub-conductors per phse has

horizonal configuration with phase spacing of 11 m. The radius of each sub-conductor
is 3.18 cm and bundle spacing is 45.72 cm, Calgulstcmc_mpadlmmixifﬂm

average ground clearance of the line is 15 m.

[8]

(8] !

[8]

b} Blaborate the two theories proposed to explain the conduction and breakdown in
[ 8]

commercial liquids.

2) Determine the power loss in a solid dielectric of area 5 m? and thickness 5 co having
volurae resistivity & ¥ 10'% Q-cm, Joss tangent 0.02 and relative pemittivity = 3.5 whep

subjected o {1} 60 ¥V rms, 50 Mz AC and (1) KV DO respectively,
YR =f o 1 LR | s | .4 . ' -
o Whas ave the general iests fhat are carried out or high voliage equinment”

¢ Erplain the workieg princinle of clectrosantd - bitmeter with peat diagrams
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a) Why is it advisable to adopt HYDC power transmission system over HVAC sysiem in
long distance bulk power transmission? Explain the significance of back to back
(B2B) HVDC connection in electric power systems.

b) List out the various types of carthing techniques commonly pr Elit:lim;:d in ir:.tdustry for
personnel and equipment safety. Discuss how the properly designed carthing system

in electric substation prevents the personnel from getting possible electric shock.

_Eingjnccring (EETS5])

ywn words as far as practicable

AN %

a) Describe the expression for over-voltage due to lightning when a direct stroke falls on
a power conductor, earth wire and on the tower. And hence discus the importance of
Tower footing resistance in the resulting overvoltage.

b) A 400kV, 50Hz HV 400 km long HV transmission line has r = 0.025 Fm‘:m.
L = ImH/Km and C = 12nF/Km. Assuming a perfectly loss less line determine the
p.u. temporary over voltage at receiving end under ne-load condition. What counter

b

[642]

|%]

8]

measure must be applied to limit this temporary over voltage at receiving end node to i
(41

1.04 p.u?

3. a) For the system shown in figure below, the arrestor spark over voltage is 320 kV. A
surge having steepness of 500 kV/ps on the front reached the arrestor terminal at time
(t) = 0, and travels towards the transformer with the velocity equal to that of light
wave. Compute the voltage at the (i) Arrestor location (ii) Transformer terminal. BIL
withstand voltage of the transformer is 500 kV and the protective ratio required for

transformer protection is 1.3. Check whether the transformer is properly coordinated?
[4+4]

If not, under what condition will the system be properly coordinated?

LA f— n— e

= -

b) A 500 kV, three phase transmission line has flat horizontal configuration with two
sub-conductors per bundle. The inter-phase spacing of the line is 15m. The radius of
each sub-conductor in a bundle is 5 cm and the separation between sub-conductors in
a bundle is 30 cm. Calculate the inductance matrix if the average ground clearance of

the line is 20m.

4. a) A 765 kV, three phase transmission line has flat horizontal configuration. The inter-
phase spacing of the line is 15m. The perfectly cylindrical phase conductor has radius
of 2.5 em. Atmospheric pressure and temperature are respectively equal to 75 cm of
Hg and 35°C. The weather correction factor is 0.95. Check whether the corona occurs
in the given transmission line?

b) List out the various mechanisms leading to electrical breakdown in solid insulating
materials? Explain any two.

5. a) Discuss how the electrical breakdown oceurs in gaseous dielectrics. Explain any two.

b) What are thF types of tests carried out on high voltage equipment? Explain with neat
and clean circuit diagram the method of measurement of high voltage using sphere

gaps.

* X

(8]

(2+6]
(8)

[2+6]
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1. a) "EHV and UHV lines are necessary to transnut large blocks of power ovar long 2
2 Rem 5
distances”, Justify the statement. 5]
b) Explain in brief the issues of EHV-AC power transmission. [3]
¢} Describe briefly the various causes of high gradient fields. L8]
2. &) Show that in a short circuited line, the voltage wave reduces periodically to zero ]
’ £

whera as ihe current wave reaches infinite value,

b) A 10 MVA, 132 kV transformer is connected to the end of the transmission line of
surge impedance 400 2. The transformer has an sguivalent capacitance of €.002 pF
and lsakage inductance of 16 H. If a rectangular wave of 1000 kV travels through the
line and strikes the transformer, find the surge voltage at the transformer. [3]

3. a) A 132 kV transmission line is terminated by transformer at a substation. The
transformer is protected by an arrester of rating 120 kV located at the incoming line.
The BIL of the transformer is chosen to be 500 kV. The protective ratio reguired for
transformer protection is 1.2, Check whether the iranzformer is properly co-ordinate
with the arrester if a lightnine stroke results in the arrester discharge current of 40 kA, (4]

_Discharge Current | Residual Voltage |
16 kA 300 kY
i 20 kA 360 kV

Suppose the non-linear characteristic of arrester is expressed as; V, =k ldﬂ

Where, V4 is arrester residual voltage
I3 is errester discharge current

b) A 400 kV, 3-phase bundled conductor line with two sub-conductors per phase has

horizental configuration with mrer-phase bpﬂf‘L g of 11 m. The radius of each sub-

conductor is 3.18 om and bundie spacing is 45.72 cm. Calenlate the capacitance
matrix if the average ground clearance of the line iz 15 m. 2]

4. g) In a 3-phase overhead line, each of the conductors has a diameter of 2.4 cm and the
conductors are arranged in the form of an equilateral triangle. Assuming fair weather
conditior and megulan? v Iacior of 0.36, find the minicum spacing betwsen the
conductors if the corona inception voltage does not exceed 208 kV berween the lines
Assume the barometric pressure 72.2 em of Hg, temperatura 20°C and dielectric

strength of air 21.1 kV (rms)cm. (8]
b} What are ths general tests that are carried out on nigh voitage equinment? With neat
diagram, explain the working pr inciple of slectrostatic volimeter, 18]

aj Inan experin; nt with a certain gas, it wos found that the steady state current s
B30T A at § &V at a distance of 0.4 om hetwean the pane electrodes, Ko iing the

g =

.
i -
fizld constant and reducing the distancs i 0.1 o resulis i 3 current of 55107 A
el i r-\. e o ; n ahwdd e WS e P, iy
-eleulate Townsend's primary ionization epefficient. rql
u Ak}
:' 1 J-u-""."\-'-:Tqu e m 1 4 - i R 163
G wERnithe Diamnethods for metmreion: s dislee =i s s s 4] joen Tantar :

|
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—

AC system is still inevitable for power transmission.

b) Mention basic electrical safety rules and regulations.
¢) Why is it necessary to measure earth resistivity?

2. a) It is necessary to obtain a tower footing resistance of 16

Candidates are required to give their answers in their own words as far as practicable.

a) Give reason for resurgence of HVDC system in electrical power system, Explain why

in a soil of resistivity

ps=100 £-m using the three common types of electrodes, Calculate the reguirsd
dimensions if the radius of rod and counterpoise is 1.25 ¢m and depth of counterpoise

is 06m

b) A lightning arrester with BIL rating of 1000 kV located at the end of the line having
surge impedance of 350 £ receives a travelling wave of 4200 kv, Determine (i)
reflected voltage and current at the arrester location (i1) arrester discharge current and

resistance offered by the arrester.

3. a) An infinite rectangular wave on a line having a surge impedance of 500 0

strikes a

transmission line terminated with a Ca.?:a::itancc: of 0.004 uF, Calculate the extent to

which the wave front is retarded .

b) A 735 KV line has the following details: N=4, d=3.05 cm, B=bundie spacing=4572
cm, height H=20 m, phase separation S=14 m in horizontal configuration. The
maximum conductor surface voltage gradients are 20 kV/em and 18.4 XV/em for the
center and outer phases, respectively. Calculate the SPL or AN in dB {A) at a distance
of 30 m along ground from the ceater phase, Assume ‘he microphone is kept at ground

level.

4. a) Develop the charge coefficient matrix of P phase conductors on g transm
with: one or two ground wirss which are at or neor the ground potentizl,

b) Elaborate the different types of breakdown in solid dielectrics.

5. a) Derive the Townsend’s current growth equation n gaseoys dielectrics, How i
current growth take place in the presence of' secondary process?

b) Explain different non-destructive tests that are carried out for different tvnes of in

£

ission tower-

eyl -]
nlfly

s
14 |

[8]

(8]

(8]

3 ®
."‘\PT""!';

=+
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v Candidates are required to give their answers in their own words as far as practical

v Artempt All questions.
v The figures in the margin indicate Full Maris.
¥ Assume suitable data if necessary.
1. a) “The best freque:nc},r is a compromise between contradictory requirements”. Justily
16}

the statement related with frequency standardization of AC system.

b) What are the different factors responsible for insulation failure and write about its
possible remedies. - : :

c¢) What are the physiological effﬂcts nf electric shock? What are good safety practices to
avoid shocks? : :

2. a) Starting with the mathematical expression given bt!ow Justify that the voltage at the
receiving end of a loss less line of 50 Hz operating frequency bcmmcs infinity when

the Jength of line is 1500 km at no-load condition. [8]

(e o)

by A 3-phase smgIa +:1r:1.ut h'ansmmﬂmn line is 400 km Inng If the line is rated for
220 kV and has the parameters, R = 0.1 ohmskm, L = 126 mH/km,
C = 0.009 pF/km, and G = 0, ﬁnd (i) the su:g:; impedance, and (ii) the velocity of
propagation neglecting the resistance of the line. If a surge of 150 kV and infinitely
long tail strikes at one end of the lme what is the ume taken for the surge to travel to

the other end of the line. . (8]

3. a) A 400 kV line shown in figure below is effectwcl}r grounded which is protectad by
L.A. with PR = 3. The transformer has its pmtectmn ratio (TPR) = 1.25 with Zc¢ = 350
Q. Determine BIL of Tr. Also find the maximum distance between transformer and
lightening arrestor so that the insulation co-ordination is properly met. (8]

D, 400V g .

Z:=-300Q [y 30m \ [ transformer
20 ’1] B Z= 350Q
arrestor iz?l :

S

———
—
-

4]

(6]

e CRE .

) - ¢
b) Dj; elop the charge coefiicient matrix of P phase conductors on a transmission totwer
with one or two gmnnd wires which are at or near the ground potential (81
: ) 1]

"'"
R -
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. a) Listout

. a) A solid dielectric specimen

e R

Vil | 45

the different mechanisms by which break down occurs in solid dielectrid

practice. Explain one of them.
as average ground clearance

b) A 750 KV flat horizontally configured transmission line h
dle conductor of 2 = 0.30

of 20 m and phase spacing of 15 m. The line uses bun
diameter in meter. Determine the audible noise (AN) at ground level at horizontal
conductor, Assume electric field gradient at the

distance of 20 m from the outer most
eurface of the conductor 20 kV/em. Use empirical formula for AN due 10 i conductor

as;
AN(i) = 120 logro E({) + 55 loguo d—11.4logg N~ 1154

Here, E isin chm, Dinmandd in cm.
of dielectric constant of 4.0 has an internal void of

is 1 cm thick and is subjected to a vullagc of 80 kV

thickness 1 mm. The specimen
lled with air and if the breakdown strength of air can be taken as

(rms). If the void is fi
3& kV (peak) per cm, I find the voltage at which an internal discharge can occur.

48, /// 7%/ Tim wm

b) What are the d:fferent methods for measurement of mgh AC voltages? With neat

diagram, sxpimn the working principle of ele,ctmstatac volimeter.
ke i

P

(%]

(8]

(8]
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v'  Assume suitable data if necessary.

1.

b)

o)

2, a)

b)

Lid
£

b)

b)

b) Describe the construction and working principle {}f series impedance voltrfieter used in

a) Write in brief shout the advantages and disadvantages of HVDC over AC
(4]

transmission.
Write in brief about the Edison’s publicity campaign to discourage the use of AC. [4]

Write about the physiological effects of electric shock and the factors affecting 1is
(8]

magnitude of damage.
Derive the relation for over voitage in healthy phase when unsymmetrical single line

to ground fault occurs in transmission line. Also derive the condition of effective
[6+3]

grmmdmg. (X=35.16 Xj).

An overhead line of 3000} surge impedance bifurcates into two lines of 15002 and

00Q2 surge impedances respccm ely. If a step wave of 150 k'V is launched on the line,
estimate I_hc magnitude of waves transmitted on the bifurcated lines, [7]

‘What is volt-time curve regarding insulation co-ordination? Explain step-wise how
Volt-Time curve is plotted for insulation co-ordination. {3""5]
Ta]ung a typical example of two conductors having charges +gl ¢/m and +q2 ¢/m :
respectively, placed at height of H, and H, respectively from ground develop the

voltage matrix showing the pmxun ate effect of conductor placed nearby. Consider the
distance between the conductors 13 Ays and distance between one of the conductors
' . [8]

and the image nf‘utht:: is Ly * ¢ =

A 735kV line has the fnfiluwmg details N = 4, d = 3.05 cm, bundle spacing = 45.72 cm,
hﬂl?.’ht 20 m, phase separation = 14 m in horizontal configuration. The maximum
conductor surface voltage gradletsts are 20 kV/cm and 18.4 kV/cm for the centre and
outer phase respectively. Calculate the total Audible Noise level in dB at a distance 30

m along the ground from the centre phase. (Empherical relation for AN is: AN(i) = 120
-+ [8]
- [8]

log:o Em(i) + 55 logio(d) - 11.4 logioD(i) + 26.4 logjo N - 128.4)

Describe the streamer theory of breakdown in gases.

An a.c. voltage of 60 kV is applied between two parallel plates rounded at the edges
placed 2.0 cm apart in air. A press board sheet of thickness 0.2 cm is placed on

and
the lower plate. in parallel with the two platzs. Calculate the voltage across the air gap
and the press board sheet. The arrangement is shown in the figure below,

given:- Permittivity of press board=4

Parallz] plates C‘

meadurerent of high AC ~olteges. "Vhat are its 2

P 3

“rawbacks? e

(8]

[6+2]
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions. :
The figures in the margin indicate Full Marks.
Assume suitable data {f necessary.

a) Discuss the classification of high voltages and the need of high voltags for 5

b)

transmission line.
Write in brief the advantages and disadvantages of HVDC over HVAC. (4]

Explain Wenner’s Test method for measurement of earth resistivity and derive the
relation for the measurement of resistivity, - : [8]

Describe how the switching overvoltage takes place due to chopping of the

magnetising current. Also show that the effect is; minimum when switching takes "
[4]

L

place at zero crossing of current.
Explain in brief the effect of load rejection in power system.

A transmission line of 500 Q2 surge impedance is cennected to a cable of 60 Q surge
impedance at other end. If a surge of 500 kV travkls along the line to the junction

point. Find the voltage build-up at the junctions? [6]
For a 750 kV line, take V,, = 3000 kV crest, u'aveﬂr"g' on the line and V,= 1700 kV.

The line surge impedance is Z = 300 ohms. Calcukate (a) the current flowing in the

line before reaching the arrestor, (b) the current through the arrestor, and (c) the value
find the reflection and refraction

of arrestor resistance for this condition and also
coefficient of voltage. Ay 2
Develop the charge coefficient matrix of P phase conductors on a transmission tower
with one or two ground wires which are at or near the ground potential, [8]
A 750-kV flat horizontally configured transmission line has average ground clearance

of 20 m and phase spacing of 15 m. The line uses bundle conductor of 2*0.30

diameters in meter. Determine the Audible Noise (AN) at ground level at horizontal
distance of 20 m from the outermost conductor, Assume electric field gradient at the

surface of the conductor 20 kV/em. Use empirical formula for AN due to iy, conductor
' | (8]

(8]

as. d :
AN() =120 logio Em (i) + 55 logyo d-11.4 log;y N-115.4

Here Em: kV/cm, d isin cm and D is in meire, |

Explain Tawn:Sr:nd.’s tf:em'y of breakdown in gases and derive the Town Send’s
current gI‘DWIh_E[}Uﬂflﬂn in gases including secondary ionization, (8]
An air bubble of 0.5 mm thickness is embedded in a solid insulation of 1.0 cm having

a relative dielectric constant of 3.0. The voltage applisd across the solid is 30 kV

(RMS) of 50 Hz. Calculate the voltage at which internal discharge will oceur if the
(8]

breakdown strength of air is 30 kV (peak)/cm.

?{hat are the 'gen:e_ralrtests that are carried out on hi gh.vnltagt equipment? Explain

with clean circuit diagram the method of measurement of high‘ voltage f:siﬂg
oy & -8

resistance divider and micro-amimetsr.
* o e

—
(o]
— 4
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v Assume suitable data if necessary.

a) Explain the criteria of choosing HVDC and HVAC system on the basis of cost,
transmission power and length, '

b) Explain in brief the role of Facts devices in the power system.

=]
"

c) Explain how Improper Earthing may result in step potential and touch potential
beyond safe value in power system with necessary diagram and formulae.

2. a) With a mathematical justification show that charging reactive power supplied by the
source per phase for a transmission line at no load is given by:

21TL
= el T

What | is inductance per unit length: ¢ is the capacitance per unit length
L is length of line
A is wave length

b) A 3-phase, 220 kV transmission line has a length of 200 km, and inductance of 1.3
- mH/km and a capacitance of 8.855*10°°F/km.

Calculate;
i) The surge impedance of the line
ii) The velocity of propagation
iii) The travel time or time period of transient overvoltage
iv) Propagation constant

3. a) A 4'131].1{13 !ipe effectively grounded is protected by lighting Arrestor (LA) with
Protection ratio (FR) - 3. The transformer hes its protection ratio (TPR) = 1.25 with
Ze = 350 Q. Determine BIL of transformer. Now if LA is kept 2t 30 m from

Transformer .and thf:re 15 a lighting discharge of 10kA with peak time of 18, Check
whether the insulation is properly co-ordinated with LA or not. Also find maximum
possible separation between transformer and LA achieving proper insulation co-
ordination. -

b) In a 3-phase overhead lines the conductors have a diameter of 3 em each are are

arranged in the form of an equilateral triangle. Assuming fair weather conditior: and
air density factor of 0.95; irregularity factor of 0.96, find the minimum sp.z_mh
between the conductors if the disruptive critical voltage does not exceed 230 Lfg;
between the lines. Breakdown strength of air may be assumed to be J0kV [P'E'ﬂk\_?cm

4, a) Dr::vel-n? the voltage matrix showing the proximate effect of conductor placed nearby
Take the example of tWo conductors having charges 4+q1 e¢/m and +q2 C-{f;
mﬂvﬁf. plaf;ﬁd at hf.ugi:i of H; and H; respectively from ground, The di_ﬂm;;.,

een the conductors 18 Ap and distance between one PR
s i gy of the conductors and the

o . [ e 5 L] ., =
b} Friplal Paschen’s Law and ~#th referenca to fais lav

i
; ! L Li2angs hesy the Bregl
S O Ve U E and h TEPE O I)';?L R é Ll EVEES

LH

[4]
[4]

[8]

[8]

8]

(8]

(8]

8]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt any Five questions.

All questions carry equal marks. s

Assume suirable daie if necessary.

a) Discuss the varivus mechanism of vacuum break down.

b)Y An insulation disc of 154mm thick has an internal air void of 0.0Imm thickness.
Check whether the interval discharge will ocour or not during the withstand fest at a
voltage of 40 KV across the insulator? Take air has the dielectric strength of 46
KV/em at 0.01mm thickness and the relative permittivity of the disc material is 10.

a) Explain the phenomena of electrical breakdown in commercial liquid dielectrics.
b) Explain the Paschen's Law with reference lo this law, discuss how the breakdown
strength of vacuum and high pressure gas is higher than air at normal pressure.

a) An overhead line uses 5 nos. of insulator discs. The voltage alocg the differcnt units
of string is equalized by a suitable puard ring. Determine the theoretical value of the
capacitance between the pin of different units and the guard nng as the function of

capacitance between the pin and earth.
b) A 756 KV, 500km transmission line has ABCD purameter given by A = 0.9 and

B = j130£2 using the reactive shunt compensation scheme of figure, determine the
value of X so that the receiving end voliage at no load could be controlicd as

Vi =1.05 Vg

Vs L B]

|C D

-+ Vg

X

Using the single phase equivalent lumped parameter model circuit of a 3-phase,
400 KV, 50Hz 400 km long EHV transmission line shown below, compute the
switching resistance Ry to be inseried during the closing cf the CB so that the max

switching over voltage will be limited to 1.8 pu.

a)

/ Max CB
TV Wy W
00 0sH |
Rs  Auxillary CB o

SpE

-




b) A 3-phase overhead line has conductors of 30mm diameter and arranged in the form

. a)

b)

. a)

b)

of equilateral triangle. Assume fair weather conditions, air density fac;wr.uf 0.95 and

irregularity factor of 0.95, find minimum spacing between conductors if -:E_ml.:u?!wc

eritical voltage is not to exceed 230KV between lines. Breakdown strength of air 15 30

KV/em (peak).

A 132 KV transmission line 15 terminated by a transformer al a sul.:gtafrqn. '_I'hur.-
transformer is protected by an arrestor of rating 120 KV located at the incoming hpc.
The BIL withstand voltage of the transformer is chosen to be 50UKV. The protective
ratio required for wansformer protection is 1.2. Check whether the lrai?ﬂfurmtr 15
praperly co-ordinated vath the arrestor if a lighting strike of 3000 KV incident at the

arrestor.
Discharge Current Residual Voltage

I0KA JO0 KV

20 KA 360 KV
A surge of 15KV magnitude travels along a cable towards its junction with an
overhead line. The inductance and capacitance of the cable is 0.3mH/km and 0.4
pF&m respectively and that overhead line is 1.SmH/Km, 0.012 pF’km respectively.
Find the voltage rise at the junction due to surge.

Starting from Is = C E, + D., the corresponding charging reactive power supplied by
the source per phase at no load is given by ’

o] v
Qg = .L_EE Sin! .E_ﬁ!'.\]

Zg \ A
Here the symbols have usual meaning.

With suitable mathemarical aid, show tihat negleciing the source impredance for a
lossless line, the value of a shunt reactive compensation required at the receiving end
at no load for sending end and receiving end voltages to be equal could be expressed

o
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Candidates are required to give their answers in their own words as far as practicable.

Attempt any Five questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.
a) The following data has been observed for studying Townsend’s mechanism. The field
is kept constant. (8]
Gap distance (mm) | Current observed (A) |
0.5 6.5x 107"
1.0 2.0x 1077
1.5 4x 107"
2.0 gx 107"
2.5 1.2x10™
3.0 65x10"
3.5 65%< 107"
4.0 40x% 107"
5.0 12107
The minimum current is 6.5 X 104 A. Determine the Townsend’s first and second
jonization coefficient.
b) What is vacuum dielectrics and how it is classified? Discuss the various vacuum
dielectric break down mechanisms. [2+1+5)
a) List out the different mechanisms by which break down occurs in solid dielectric in
practice. Explain one of them. [4+6]
b) Ina 132 KV circuit breaker the bushing to ground capacitance is 0.01pF and the
" transformer inductance succeeding the circuit breaker is SH. Calculate the voltage
appearing across the poles of the sircuit breaker if it breaks magnetizing current of
{0A flowing in the transformer. [6]
ation show that charging reactive power supplied by the
6]

a) With a mathematical justific
source per phase for a transm

C 2nL
Q=Eyy = (f]

Where C is the capacitance per unit length

ission line at no load is given by:

| is inductance per unit length
L is length of line
. X is wave length



b) Using the single phase equivalent lumped parameter mode
400KV, 50 HZ, 400Km long EHV transmission line shown below, Compute the

switching resistance R, to be inserted during the closing of the CB so that the
maximum switching over voltage will be limited to 1.8pu.,

L eirenit of a 3-phase,

[ 14}

Main CB
/— . MM Vi
\ i ;_J 102 05H
Rs Auxillary
CB

SuF

| 1

4. State whether the following statements are TRUE or FALSE. Also give their justification [(1+3)x4 ',

a) Increasing the cross-arm length, string effi ciency can be increased, .
b) Underground cables are used to suppress the switching over voltage at substation
transformer,

¢) Protective ratio depends upon the type of grounding system employed.
Load rejection causes the terminal

voltage to rise up,
3. @) A 3 phase overhead lin

e has conductors of 30
of equilateral triangle. Assume fair weather c

mm diameter and arranged in the form

onditions, air density factor of 0.95 and
irregularity factor of 0.95, find minimum spacing between conductors if disruptive
critical voltage is not to exceed 230KV between lines. Breakdown strength of air is
30KV/em (peak),

(6]
b) A 10KV surge travels on a line having a surge impedance of 4000, (i) Find the
magnitude of incident current waye (1) If the line is terminated by a resistance of
1000€2, find rate of energy dissipated, the reflected voltage and current waves and rate

of energy reflection, [2+8]
6. a) A 500KV EHV transmission line with surge impedance of 360C) is effectively
grounded. If the arrestor protective ratio is 2.83, determine the basic insulation

withstand voltage level of the

transformer for a protective ratio margin is 1.4. Also

determine the arrestor resistance for a lightning stroke of SKA. (8]
b) A 400KV, 500km, 50HZ HV transmission line has r = 0.031Q0/km, I = 1mH/km and

C = 10nF/km. Calculate the value of X; of a reactor required at the middle of the line

as shown in figure below so that the receiving end voltage at no load could be
controlled as V., =V,

Vi

Vi

v)

Wk
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Candidates are required to give their answers in their own words as far as practicabie.
Arrempt All questions.
The figwres in the margin indicate Full Marks.

Assume suitable data if necessary.

a) How is the condition for breakdown obtained in Townsend discharge due to primary
and secondary ionization

b) During an experiment in a particular gas, the steady slate current is found to be
5.5x107°A at 8 kV at a distance of (.4 em belween the plane electrodes. Keeping the
ficld constant, reducing the distance to 0.lcm results in a current of 5.5x107°A
Caleulate Townsend's primary ionization coefficient.

a) What is vacuum and how it is classified? Discuss the various categories of vacuum

breakdown mechanism.
5

b) An insulator disc 154mm thick has intemal air void of 0.01 mm thickness, Check
whether the internal discharge will occur or not during the withstand test of a voltage
of 40KV across the insulator? Assume that air has the dielectric strength of 46K V/em
at 0.01 mm thickness and relative permittivity of the disc material is 10,

) Discuss why the break down strength of vacuum and high pressure air is higher than
air at normal pressure?
a) Compute the temporary over voltage due to single line to ground fault for a 400KV,

50HZ, 3 phase, AC trarismission line having r = 0.04C0km, | = 1.01 mH/km and
C = 11 nFPkw if the fault is al the middle of the line. Take fault impedance of | 3502,

gencrator grounding impendence 4+j50€. Take length of line = 400km.

b) Show that a phase shift of 6° between sending end and receiving end voltage takes
place for each 100km length in a loss less long transmission line., .

a) With the help of transmission line and data given below, calculate the Rl level of each
phase at point M at S00KHZ in fair weather condition using CIGRE formula. Also

calculate the RI level of the line.

T [lm i Ilm r
® & &
; ) ' 14m
: A * M
< ;\;

Nommal voltage = 330KV
Bundle spacing = 45.72cm
Conductor diameter = 30mm
Number of conductors per phase

| ]

[10]

(6]

16]

[6]

14]

(12]

(4]



b)

b)

Maximum surface gradient ol ¢entral and ouler phases ot 330 KV are 1710 KV and
1600 KV/m respectively.
The CIGRE formula i1s given by

RI(dB) = 3.5E,. + 6d Hlugm{;{;j} 0

Where Ey in KV/iem, d inem, Diinm,

A 3 unit insulator string is fitted with guard ring. The capacitances of the link pins to
metal work and guard ring can be assumed to be 15% and 5% of the capacitance of

each unit. Determine the voltage distribution and string efficiency.

A lightning arrestor with BIL rating of 1600KV located at the end of the line having
surge impedance of 300€) receives a traveling wave of 4200KV, determine the

following:

1) Reflected voltage and current at the arrestor location

i) Amrestor discharge current and resistance offered by the arrestor

A capacitance is placed between the two lines having surge impedance Z, and Z; as
shown below, A traveling wave (step in nature) V travels in the line having magnitude
4000KV as shown in diagram, Derive the expression and calculate the magnitude of
voltage at the junction ‘A’ for time of 1psec. Take Z, = 4008, Z; = 380€2, C = 3nF.

sy A
Z} ZI

LE R

|8

1B
[8]
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Candidates are required to give their answers in Ihclr own words as far as practicable

Attempt any Five questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

a) What is vacuum and how it is classified? Discuss the various categories of vacuum
break down mechanism.

b) In an experiment in a certain gas, the steady state current is 5.5x107%A at 8KV at
distance of 0.4m between the plane electrodes. Keeping the field constant and
reducing the distance to 0.lcm, results in a current of 5.5x10°A. Calculate
Townsend’s primary ionization coefficient.

c¢) Discuss why the breakdown strength of vacuum and high pressure gas is higher than

air at normal pressure.

Explain the conduction and breakdown mechanism in commercial liquid dielectric.

b) An insulator disc 154mm thick has an internal air void of 0.01mm thickness. Check

whether the internal discharge will occur or not during the withstand test of a voltage
of 40KV across the insulator? Air has the dielectric strength of 46 KV/cm at 0.01lmm

thickness and the relative permittivity of the disc material is 10. J

A 400KV high voltage transmission line has resistance = 0.031£Ykm, inductance =
ImH/km and capacitance = 10 nF/km. Compute the temporary over voltage due to single
line to ground fault if the fault is at the end of the 400km long line. Consider the line

resistance and generator neutral impedance of 5 + j50€2. Neglect fault impedance.

a) A string of five suspension insulators is to be fitted with a grading ring. If the pin to
earth capacitances are equal to C, find the values of line to pin capacitances that

would give a uniform voltage distribution along the string,

of the line to be 35042,

conductor is 20 KV/em. Use emperical formula for AN due to i' * conductor as:

AN(i) = 120 logyo Em(i) + 55 logiod — 11.4 logio D1 +26.4 logio N— 1154

Here
Em : KV/em d:cm D:m

A transformer is protected by an arrester at the incoming line. The BIL withstand
voltage of the transformer is chosen to be S00KV. A LA is kept 30m from
transformer. A lightening surge of 3500KV having peak time of 1 psec strikes on the
line. Check whether the transformer is properly co-ordinated? Take surge impedance

A 750KV flat horizontally configured transmission line has average ground clearance
of 20m and phase spacing of 15m. The line uses bundle conductor of 2x0.30m
diameter. Determine the audible noise at ground level at a horizontal distance of 20m
from the outer most conductor. Assume electric field gradlant at the surface of the

(8]

[4]

[4]
[8]

[8]

(8]



b) A surge of 15KV magnitude travels along a cable towards its junction with an
overhead line. The inductance and capacitance of the cable is 0.3 mH/km and

0.4 pF/km respectively and that of overhead line is 1.5 mH/km, 0.012 uF per ki

respectively. Find the voltage rise at the junction due to the surge. [%)
Using the single-phase equivalent lumped parameter model circuit of a 3 phase, 400KV,
50HZ, 400 km long EHV transmission line shown below in figure, compute: [B+8]

a) The maximum per unit switching over voltage while closing the main TB withou!
external switching resistance Rs considering the trap charge across the capacitor as - |
pu.

b) Switching resistance Rgs to be inserted during the_ c'{nsing of the CB so that the
maximum switching over voltage in part (a) will be limited to 1.8 pu.

Main . CB AMAMA Ve

_‘ 10Q 0.5H

Rs Auxiliary
CB

SpuF

Switching over voltage is given as

+%p
E- —a -“‘D‘.z i ‘Wz ms(m __q:‘)}

(E —’UD]LI o R

Where, tang =a/w ¢ =tan—l a/w
: ¥ E



