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POORNIMA COLLEGE OF ENGINEERING, JAIPUR
DEPARTMENT OF ELECTRICAL ENGINEERING

VISION

To be a model of excellence in Professional Education and Research by creating electrical
engineers who are prepared for lifelong engagement in the rapidly changing fields and

technologies with the ability to work in team.

MISSION

v' To provide a dynamic environment of technical education wherein students learn in
collaboration with others to develop knowledge of basic and engineering sciences.

v' To identify and strengthen current thrust areas based upon informed perception of global
societal issues in the electrical and allied branches.

v To develop human potential with intellectual capability who can become a good professional,

researcher and lifelong learner.
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POORNIMA COLLEGE OF ENGINEERING, JAIPUR
DEPARTMENT OF ELECTRICAL ENGINEERING

PROGRAM EDUCATIONAL OBJECTIVES (PEQO’s)

PEO 1: Graduates will have the ability to formulate, analyze and apply design process using the
basic knowledge of engineering and sciences to solve complex electrical engineering problems.
PEO 2: Graduates will exhibit quality of leadership, teamwork, time management, with a
commitment towards addressing societal issues of equity, public and environmental safety using
modern engineering tools.

PEO 3: Graduates will possess dynamic communication and have successful transition into a
broad range of multi-disciplinary career options in industry, government and research as lifelong

learner.

PROGRAM OUTCOMES (PO’s)

Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science,
engineeringfundamentals, and an engineering specialization to the solution of complex

engineering problems.

2. Problem analysis: Identify, formulate, review research literature, and analyze
complexengineering problems reaching substantiated conclusions using first principles of

mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems
anddesign system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the -cultural, societal, and

environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and
researchmethods including design of experiments, analysis and interpretation of data, and

synthesis of the information to provide valid conclusions.
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10.

11.

12.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modernengineering and IT tools including prediction and modeling to complex

engineering activities with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge to
assesssocietal, health, safety, legal and cultural issues and the consequent responsibilities

relevant to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional engineering
solutionsin societal and environmental contexts, and demonstrate the knowledge of, and

need for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities

and norms ofthe engineering practice.

Individual and team work: Function effectively as an individual, and as a member or

leader indiverse teams, and in multidisciplinary settings.

Communication: Communicate effectively on complex engineering activities with the
engineeringcommunity and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give

and receive clear instructions.

Project management and finance: Demonstrate knowledge and understanding of
theengineering and management principles and apply these to one’s own work, as a

member and leader in a team, to manage projects and in multidisciplinary environments.

Life-long learning: Recognize the need for, and have the preparation and ability to
engage inindependent and life-long learning in the broadest context of technological
change.
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PROGRAM SPECIFIC OUTCOMES (PSO’s)

PSO1: Graduate possesses the ability to apply fundamental knowledge of basic sciences,
mathematics and computation to solve the problems in the field of electrical engineering for the

benefit of society.

PSO2: Graduate possesses the ability to professionally communicate and ethically solve

complex electrical engineering problems using modern engineering tools.

PSO3: Graduate possesses sound fundamental knowledge to be either employable or develop
entrepreneurship in the emerging areas of renewable and green energy, electric and hybrid

vehicles and smart grids and shall be susceptive to life- long learning.

LAB OUTCOMES

LO1: Apply the technique of filtration and treatment of transformer oil.
LO2: Check the various parameters of insulating materials and study.
LO3: Recognize the process of direct and indirect testing of circuit breakers.

LO4: Perform high voltage testing of different electrical equipments such as line insulator,
cable, bushing, power capacitor, and power transformer.

LOS: Simulate and design an EHV transmission line.
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MAPPING OF LO WITH PO

LO Lab outcome PO
112345 7 9 | 10 | 11 | 12

Students will be able to Apply the

1 | technique of filtration and treatment | 3 | 3 | 3 | 2 2 3 2 2 3
of transformer oil
Students will be able to Check the

2 | various parameters of insulating 3 3 1 2 1 3
materials and study
Students will be able to Recognize

3 | the process of direct and indirect 2 3 2 2 2 3
testing of circuit breakers
Students will be able to Perform
high voltage testing of different

4 | electrical equipments such as line 21313]3 3121213
insulator, cable, bushing, power
capacitor, and power transformer.

5 Student§ will be able to S?m}ﬂate. 31313313 ) ) ) 3
and design an ehv transmission line.

MAPPING OF LO WITH PSO
LO Lab outcome PSO1 PSO2 PSO3

Students will be able to Apply the technique of filtration and

1 . 2 2 3
treatment of transformer oil
Students will be able to Check the various parameters of

2 . . . 1 1 1
insulating materials and study
Students will be able to Recognize the process of direct and

3 |0 . . 1 1 1
indirect testing of circuit breakers
Students will be able to Perform high voltage testing of

4 | different electrical equipments such as line insulator, cable, 2 2 2
bushing, power capacitor, and power transformer.

5 Students will be able to Simulate and design an ehv 5 3 )
transmission line.
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LAB RULES

ALWAYS:

» Be punctual.
» Maintain decorum in the lab.
» Utilize lab hours for experiments.

» Bring lab records as per their lab schedule.

NEVER:

» Don’t bring any external material in the lab, except your lab record, copy and books.
Don’t bring the mobile phones in the lab. If necessary then keep them in silence mode.
Please be considerate of those around you, especially in terms of noise level.

Do not use a flash drive on lab computers.

Y V VYV V

Do not upload, delete or alter any software on the Lab PC.
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SAFETY MEASURES

Well trained technical supporting staff monitor the labs at all times.

» Damaged equipments are identified and serviced at the earliest.

* Periodical calibration of the lab equipments are regularly done

* A clean and organized laboratories are maintained

» Appropriate storage areas are available.

* In order to create more space in the laboratories, a separate section has racks to store the

belongings of the students.
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LIST OF EXPERIMENTS
Max. Marks=50

Study filtration and Treatment of transformer oil.

Determine dielectric strength of transformer oil.

Determine capacitance and dielectric loss of an insulating material using Schering bridge.
Study solid dielectrics used in power apparatus.

Study applications of insulating materials.

Study direct testing and indirect testing of circuit breakers.

Study high voltage testing of electrical equipment: line insulator, cable, bushing,
power capacitor, and power transformer.

Design an EHV transmission line
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EVALUATION SCHEME
Name Of Exam Conducted By Experiment Viva Marks Total
Marks
I Mid Term PCE 15 5 20
IT Mid Term PCE 15 20
End Term RTU 15 20
Name Of Exam | Conducted By Performance Attendance Total
Marks Marks
Sessional PCE 15 5 20
DISTRIBUTION OF LAB RECORD MARKS
PER EXPERIMENT
Attendance Record Performance Total
2 3 5 10
P
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LAB PLAN
Total number of experiment: 8
Total number of turns required: 9
NUMBER OF TURNS REQUIRED FOR
Experiment Number Turns Scheduled Day
Zero Lab 1 Turn 1
Exp. 1 1 Turn 2
Exp. 2 1 Turn 3
Exp. 3 1 Turn 4
Exp. 4 1 Turn 5
Exp. 5 1 Turn 6
Exp. 6 1 Turn 7
Exp. 7 1 Turn 8
Exp. 8 1 Turn 9
DISTRIBUTION OF LAB HOURS
e Explanation of Experiment & Logic : 20 Minutes
e Performing the Experiment 40 Minutes
e File Checking 30 Minutes
e Viva/Quiz 20 Minutes
e Solving of Queries 10 Minutes
P
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ROTOR PLAN
Rotor I

1. Study filtration and Treatment of transformer oil.

2. Determine dielectric strength of transformer oil.

3. Determine capacitance and dielectric loss of an insulating material using
Schering Bridge.

4. Study solid dielectrics used in power apparatus.

5. Study applications of insulating materials.

Rotor 11

6. Study direct testing and indirect testing of circuit breakers.

7. Study high voltage testing of electrical equipment: line insulator, cable, bushing, power
capacitor, and power transformer.

8. Design an EHV transmission line.

9. Breakdown studies of uniform field and non-uniform field gaps under A.C. excitation:
(i)Sphere to sphere (ii) Sphere to plane (iii) Sphere to point.

10. Breakdown studies of uniform field and non-uniform field gaps under A.C. excitation:

(1) Plane to plane (ii) Plane to Point (iii) Point to Point.
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ZERO LAB

Introduction to Lab:

a). Relevance to Branch:
High Voltage Engineering Lab is a branch of electrical engineering that deals with the
production of high voltage, measurement of high voltage and protection of electrical
equipment from high voltage. The objective of high voltage engineering is that the

transmission of electrical power at high voltage for minimizing the transmission losses.

b). Relevance to Society:
As we all know the without electrical power we are helpless and most of the work needs
continuous supply of electricity. For the overall development and daily needs of society, a lot
of machines run in the various industries, and to operate them properly uninterrupted supply

is the only requirement. So we can say that it is directly relevant to the society.

¢). Relevance to Self:
This lab has its own importance, for the personal growth this is must to have the knowledge
of the protection system because every core companies require knowledgeable electrical
engineers. Right now this is the only sector which is touching sky-heights. There are many
more projects in which students can be imparted and in spite of that many research projects
are going on to make the protection of electrical network economically.

d).Pre- Requisites (Connection with previous year): -
1. High Voltage Engineering (6EE2A)
2. Electrical Measurement (4EE3A)
3. T&D of Electrical Power (SEE5A)
In second year Transmission and Distribution of Electrical Power which partially related to
this lab, because topics like machine protection, helps to generate the concept of protection

of equipment’s from high voltage.
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EXPERIMENT NO.1

Objective: - Study Filtration and Treatment of transformer oil.

Apparatus Required: - filtration and Treatment of transformer oil kit, Transformer oil.
Theory:-

Transformer Oil

Transformer oil is the most commonly used liquid dielectric in power apparatus. It is an almost
colorless liquid consisting a mixture of hydrocarbons which include paraffin’s, iso-paraffins,
naphthalenes and aromatics. When in service, the liquid in a transformer is subjected to
prolonged heating at high temperatures of about 950C, and consequently it undergoes a gradual
ageing process. With time the oil becomes darker due to the formation of acids and resins, or
sludge in the liquid. Some of the acids are corrosive to the solid insulating materials and metal
parts in the transformer. Deposits of sludge on the transformer core, on the coils and inside the
oil ducts reduce circulation of oil and thus its heat transfer capability gets considerably reduced.
Complete specifications for the testing of transformer oils are given in IS 1866 (1983), IEC 296
(1969) and IEC 474 (1974)

Treatment of Transformer Oil

Even though new synthetic materials with better mechanical and thermal properties are being
developed, the use of oil/paper complex for high voltages is still finding applications. Oil,
besides being a good insulating medium, it allows better dispersion of heat. It allows transfer
and absorption of water, air and residues created by the ageing of the solid insulation. In order

to achieve operational requirements, it must be treated to attain high degree of purity.

Whatever be the nature of impurities whether solid, liquid or gaseous, these bring down the
dielectric strength of oil materially. Oil at 20°C with water contents of 44 ppm will have 25% of
its normal dielectric strength. The presence of water in paper not only increases the loss angle
tan 9, it accelerates the process of ageing. Similarly, air dissolved in oil produces a risk of
forming bubble and reduces the dielectric strength of oil.

Air Absorption: The process of air absorption can be compared to a diffusing phenomenon in

™ L
. . . C. . . . . +\ -]
which a gaseous substance in this case air is in contact with liquid (oil here). T£the i =5itly of-
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the liquid is low, the convection movements bring about a continuous intermixing whereby a
uniform concentration is achieved.

This phenomenon can, for example, be checked in a tank where the air content or the water
content measured both at the top and the bottom are approximately equal.

The oil is degassed and dried with the help of the vacuum pump (1) and then introduced into
the installation until the desired pressure is reached. A part of this air is absorbed by the oil, the
pressure being maintained at a constant (2) Value by reducing the volume in absorption meter
(3) Thus, air content of oil by volume can be measured. Precision manometer (4) is used to
calibrate the absorption meter. Phosphorus pent oxide trap (5) takes in the remainder of the
water vapour.

To have an estimate of air absorbed by oil, let us consider a hermetically sealed bushing
impregnated under vacuum contains 20 litres of degassed oil (GO = 0). Suppose the bushing is
opened at 25°C and remains under atmospheric pressure for 10 hours, the oil surface S = 103
cm?2.

The molecules of oil are held together by their internal binding energy. In order that water

molecule takes the place of oil molecule and is dissolved in the mixture, it is necessary to

provide this molecule with a quantity of energy E in the form of heat.

Let N be the number of oil molecule n, the number of water
molecules.

Pn the number of possibilities of combination for n water molecules among (N + n) molecules.

ie.,

N+n!
8t
Nin!
S = Entropy of the oil

T = Absolute temperature of mixture

K = Boltzamann’s constant

20 < :
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W = Water content of the oil (p.p.m.)

Wm = Maximum water content of the oil, at saturation point

Thermal equilibrium will be reached when free energy F is minimum i.e.,

Following impurities should be considered for purification of oil (i) solid impurities (ii) free and

dissolved water particles (iii) dissolved air. Some of the methods used to remove these

impurities have been described below.

Filtration and Treatment Under Vacuum: Different types of filters have been used. Filter press
with soft and hard filter papers is found to be more suitable for insulating oil. Due to
hygroscopic properties of the paper, oil is pre-dried before filtering. Therefore, this oil can not
be used for high voltage insulation. The subsequent process of drying is carried out in a
specially, designed tank

under vacuum. The oil is distributed over a large surface by a so-called ‘‘Rasching-ring”’
degassing column. Through this process, both the complete drying and degassing are achieved
simultaneously. By suitable selection of the various components of the plant e.g., rate of flow of

oil, degassing surface, vacuum pump etc., a desired degree of purity can be obtained.

Fig. 1.1 (b) shows a typical plant for oil treatment. The oil from a transformer or a storage tank
is pre-filtered (1) so as to protect the feeder pump (2). In (3), the oil is heated up and is allowed
to flow through filter press (4) into degassing tank (5). The degassing tank is evacuated by
means of vacuum pump (6) whereas the second vacuum pump (7) is either connected with the
degassing tank in parallel with pump (6) or can be used for evacuating the transformer tank

which is to be treated.

The operating temperature depends upon the quality and the vapour pressure of oil. In order to
prevent an excessive evaporation of the aromatics, the pressure should be greater than 0.1 Torr.
The filtration should be carried out at a suitable temperature as a higher temperature will cause

certain products of the ageing process to be dissolved again in the oil.
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Centrifugal Method: This method is helpful in partially extracting solid impurities and free
water. It is totally ineffective as far as removal of water and dissolved gases is concerned and oil
treated in this manner is even over-saturated with air as air, is thoroughly mixed into it during
the process. However, if the centrifugal device is kept in a tank kept under vacuum, partial
improvement can be obtained. But the slight increase in efficiency of oil achieved is out of
proportion to the additional costs involved.

Adsorption Columns: Here the oil is made to flow through one or several columns filled with an
adsorbing agent either in the form of grains or powder. Following adsorbing agents have been

used:

(1) Fuller earth

(i1) Silica gel
(ii1) Molecular sieves

Activated Fuller earths absorb carbonyl and hydroxyl groups which from the principal ageing
products of oil and small amount of humidity. Best results of oil treatment are obtained by a

combination of Fuller earth and subsequent drying under vacuum.

Silica gel and in particular molecular sieves whose pore diameter measures 4 A show a strong
affinity for water. Molecular sieves are capable of adsorbing water 20% of its original weight at
25°C and water vapour pressure of 1 Torr whereas sillica gel and Fuller earth take up 6 and 4

percent respectively.

Molecular sieves are synthetically produced Zeolites which are activated by removal of the
crystallization water. Their adsorption capacity remains constant up to saturation point. The
construction of an oil drying plant using molecular sieves is, therefore, simple. The plant

consists of an adsorption column containing the sieves and of an oil circulating pump.

The adsorption cycle is followed by a desorption cycle once the water content of the sieves has
exceeded 20 per cent. It has been found that the two processes adsorption and desorption are
readily reversible. In order to attain desorption of the sieves, it is sufficient to dry them in air

stream of 200°C. - .
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Electrostatic Filters: The oil to be treated is passed between the two electrodes placed in a
container. The electrostatic field charges the impurities and traces of water which are then
attracted and retained by the foam coated electrodes. This method of drying oil is found to be
economical if the water content of the oil is less than 2 ppm. It is, therefore, essential that the oil
is dried before hand if the water content is large. Also, it is desirable that the oil flow should be
slow if efficient filtering is required. Therefore, for industrial application where large quantity of
oil is to be filtered, large number of filters will have to be connected in parallel which may

prove uneconomical.

Precaution:-

1. Before Starting the experiment, check the positions of all valves.
2. Check for the proper earthing of all the pump-motors.

3. After completion of experiment don’t forget to kill the vacuum inside the chamber.

Result:- Study of Filtration and Treatment of transformer oil is done successfully using oil
filtration kit. .

VIVA VOCE QUESTIONS

Q-1. At what temperature the transformer oil is heated?

Q-2. Why the transformer oil becomes darker?

Q-3. What is the nature of impurities of transformer o0il?

Q-4. What are the absorbing agents used in transformer oil?

Q-5. Which method is used in partially extracting solid impurities and free water?
Q-6. What type of oil is used in transformer?

Q-7. Why it is necessary to treat the oil used in transformer?

Q-8. What are the different components used in this experiment?

Q-9. Which method is used for filtration?

Q-10. Which process is used in degassing chamber?

P :

L —
DOr. Mahesh Bundesla
B.E., ME., Ph.D.

—— f‘_DirEc'.tor
rmima Collage of i i
19 18108, RGO Taativ toro o
ce futional Area

SEUrS, JAajirue



XPERIMENT NO. 2

Objective: - Determine dielectric strength of transformer oil.
Apparatus Required:-Transformer oil test kit, Transformer oil.

Theory: - The oil is poured in a container known as test-cell which has internal dimensions of
55 mm x 90 mm X% 100 mm high. The electrodes are polished spheres of 12.7 to 13 mm
diameter, preferably of brass, arranged horizontally with their axis not less than 40 mm above
the bottom of the cell. For the test, the distance between the spheres shall be 4 + 0.02 mm. A
suitable gauge is used to adjust the gap. While preparing the oil sample, the test-cell should be
thoroughly cleaned and the moisture and suspended particles should be avoided. The voltmeter
is connected on to the primary side of the high voltage transformer but calibrated on the high
voltage side.
The gap between the spheres is adjusted to 4 mm with the help of a gauge and the spheres are
immersed in oil to a depth as mentioned earlier. The voltage is increased gradually and
continuously till a flash over of the gap is seen or the MCB operates. Note down this voltage.
This voltage is known as rapidly-applied voltage. The breakdown of the gap has taken place

mainly due to field effect. The thermal effect is minimal as the time of application is short.

Next bring the voltage back to zero and start with 40% of the rapidly applied voltage and wait
for one minute. See if the gap has broken. If not, increase the voltage every time by 2.1/2% of
the rapidly applied voltage and wait for one minute till the flash over is seen or the MCB trips.
Note down this voltage.

Start again with zero voltage and increase the voltage to a value just obtained in the previous
step and wait for a minute. It is expected that the breakdown will take place. A few trials around
this point will give us the breakdown value of the dielectric strength. The acceptable value is 30
kV for 4 mm applied for one minute. In fact these days transformer oils with 65 kV for 4 mm 1
minute value are available. If it is less than 30 kV, the oil should be sent for reconditioning. It is
to be noted that if the electrodes are immersed vertically in the oil, the dielectric strength
measured may turn out to be lower than what we obtained by placing the electrodes in

horizontal position which is the normal configuration. It is due to the fact that when oil

decomposes carbon particles being lighter rise up and if the electrodes are "j;-.t"\“”':f“L
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configuration, these will bridge the gap and the breakdown will take place at a relatively lower

value.

Procedure:
1. Study the enclose instructions on Transformer oil testing.

2. Switch on the test kit.

3. Slowly raise the voltage, and keep it at 30kV for one minute. At the end, record whether the
oil sample with stood 30kV for one minute. If it fails earlier, note the time it stood, 30kV. If it
fails at a voltage lower than 30kV, record that voltage as breakdown voltage.

4. Then raise the voltage till such time there is a break down, and record the breakdown voltage.
All the time take care not to exceed the maximum voltage of 60kV.

5. Remove the suspended particles due to breakdown with the help of glass tube provided.

6. Wait for 5 minutes.

7. Repeat steps 3 to 6, five times given a total of six observations.

&. Switch off the test kit.

Precaution:-

1. Transformer oil should be free from moisture content.

Gap should be premises.

Nobody should go near the H.T. bushing when the test being conducted.

Ignore the first one or two readings, as the air between the electrodes may not ionize.
The equipment must be grounded firmly.

The electrodes must be cleaned properly before and after the use.

A T e R

Do not touch the equipment without grounding it with the grounding rod.

Result:- Dielectric Strength of Transformer oil is found........ kV/

VOCE QUESTIONS

Q.1 Give the five example of the solid dielectric material?
Q.2 How can find the dielectric strength of solid material?
Q.3 Why requirement of the solid material?

Q.4 What is the properties of dielectric material? - It" % =3 _
. . . . . P L—
Q.5 What is type of solid dielectric material? Dr. Mahe sh Bundele
Q.6 What are the various breakdown mechanism for solid dielectric material? DI ra?:fd'rm E.. Ph.D.
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Q.7 What is the usual mechanism of breakdown in solid dielectric material?
Q.8 What do you mean by intrinsic strength of solid dielectric material?
Q.9 What is the cause of long term breakdown in solid dielectric?

Q.10 What is treeing and tracking?
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EXPERIMENT NO. 3

Objective:-Study the capacitance and dielectric loss of an insulating material using Schering
bridge.

Theory:-

High Voltage Schering Bridge:-

The bridge is widely used for capacity and dielectric loss measurement of all kinds of
capacitances, for instance cables, insulators and liquid insulating materials. We know that most
of the high voltage equipments have low capacitance and low loss factor. This bridge is then
more suitable for measurement of such small capacitance equipments as the bridge uses either
high voltage or high frequency supply. If a measurement for such low capacity equipments is

carried out at low voltage, the results so obtained are not accurate.

Fig shows a high voltage Schering bridge where the specimen has been represented by a

parallel combination of Rp and Cp.

Fig. Basic high voltage Schering Bridge

The special features of the
bridge are:

1. High voltage supply, consists of a high voltage transformer with regulation, protective

circuitry and special screening. The input voltage is 220 volt and output continuotvsi;y '!-f”.;" <
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10 kV. The maximum current is 100 mA and it is of 1 kVA
capacity.

2. Screened standard capacitor Cs of 100 pF + 5%, 10 kV max and dissipation factor tan & = 10—
5. It is a gas-filled capacitor having negligible loss factor over a wide range of frequency.

3. The impedances of arms I and II are very large and, therefore, current drawn by these arms
is small from the source and a sensitive detector is required for obtaining balance. Also, since
the

impedance of arm I and II are very large as compared to III and IV, the detector and the
impedances in arm III and IV are at a potential of only a few volts (10 to 20 volts) above earth
even when the supply voltage is 10 kV, except of course, in case of breakdown of one of the
capacitors of arm I or II in which case the potential will be that of supply voltage. Spark gaps
are, therefore, provided to spark over whenever the voltage across arm III or IV exceeds 100

volt so as to provide personnel safety and safety for the null detector.

4. Null Detector: An oscilloscope is used as a null detector. The y—plates are supplied with the
bridge voltage Vab and the x-plates with the supply voltage V. If Vab has phase difference
with respect to V, an ellipse will appear on the screen. However, if magnitude balance is not
reached, an inclined straight line will be observed on the screen. The information about the
phase is obtained from the area of the eclipse and the one about the magnitude from the
inclination angle. Below Figure shows that both magnitude and phase are balanced and this
represents the null point condition. Below Figures show that only phase and amplitude

respectively are balanced.

v O D §

The handling of bridge keys allows to meet directly both the phase and the magnitude
conditions in a single attempt. A time consuming iterative procedure being used earlier is thus

avoided and also with this a very high order of accuracy in the measurement is achieved. The

high accuracy is obtained as these null oscilloscopes are equipped with a y — .-j.t_;]ﬁj’w; u.lt“‘_' )

: . . Or. Ma :
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screen is used. For nearly obtained balance, it is still almost fully used. As Vab becomes
smaller, by approaching the balance point, the gain increases automatically only for deviations

very close to balance, the ellipse area shrinks to a horizontal line.

5. Automatic Guard Potential Regulator: While measuring capacitance and loss factors using
a.c. bridges, the detrimental stray capacitances between bridge junctions and the ground
adversely affect the measurements and are the source of error. Therefore, arrangements should
be made to shield the measuring system so that these stray capacitances are neutralized,
balanced or eliminated by precise and rigorous calculations. Fig. 9.2 shows various stray
Capacitances associated with High Voltage

Ca, Cb, Cc and Cd are the stray capacitances at the junctions A, B, C and D of the bridge. If
point D is earthed during measurement capacitance Cd is thus eliminated. Since Cc comes
across the power supply for earthed bridge, has no influence on the measurement. The effect of
other stray capacitances Ca and Cb can be eliminated by use of auxiliary arms, either guard
potential regulator or auxiliary branch as suggested by Wagner. Fig. 6.8 shows the basic

principle of Wagner earth to eliminate the effect of stray capacitances Ca and Cb.

In this arrangement an additional arm Z is connected between the low voltage terminal of the
four Arm Bridge and earth. The stray capacitance C between the high voltage terminal of the
bridge and the grounded shield and the impedance Z together constitute a six arm bridge and a
double balancing procedure is required.

Switch S is first connected to the bridge point b and balance is obtained. At this point a and b
are at the same potential but not necessarily at the ground potential. Switch S is now connected
to point C and by adjusting impedance Z balance is again obtained. Under this condition point
‘a’ must be at the same potential as earth although it is not permanently at earth potential.
Switch S is again connected to point b and balance is obtained by adjusting bridge parameters.
The procedure is repeated till all the three points a, b and c are at the earth potential and thus
Ca and Cb are eliminated.

Measurement of Large Capacitance

In order to measure a large capacitance, the resistance R1 should be able to carry large value of
current and resistance R1 should be of low value. To achieve this, a shunt of S ohm is

connected across R1 as shown in Fig. 9.3. It is desirable to connect a fixed resisfﬁ.-'-:‘g R S
\

.

. . . . . R Nl
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accidentally be set to a very low value. We know that under balanced condition for series

equivalent representation of specimen

Fie 9.3 Shaet A ccamecnveint Goer meesssoce el of laree capracitamen
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But here R1 is to be replaced by the equivalent of (R + R1) || S.

Therefore,
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If circuit elements of Schering bridge are suitably designed, the bridge principle can be used
upto

100 kHz of frequency. However, common Schering Bridge can be used upto about 10 kHz only.

DIELECTRIC LOSS AND EQUIVALENT CIRCUIT

In case of time varying electric fields, the current density Jc using Amperes law is given by
gD d £

.I__=I:SF—¥=1:IE—EI

For harmonically varying fields

E=E g™
d E _
— JoE — i
37 jE_we jwE
Therefore, J=0E+jweE

=(o+jwe)E
In general, in addition to conduction losses, ionization and polarization losses also occur and,
therefore, the dielectric constant € = €0 er is no longer a real quantity rather it is acomplex

quantity. By definition, the dissipation factor tan 0 is the ratio of real component of current l®

to the reactive component Ir

« Ly _ Paid
lan o = I, = P

Here 0 is the angle between the reactive component of current and the total current flowing
through the dielectric at fundamental frequency. When & is very small tan 6 = & when 9 is
expressed in radians and tan & = sin 6 = sin (90 — @) = cos ¢ i.e., tan J then equals the power

factor of the dielectric material.

dh.\. -\ - "
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As mentioned earlier, the dielectric loss consists of three components corresponding to the

three loss mechanism.

Pdiel = Pc + Pp + Pi

and for each of these an individual dissipation factor can be given such that tan 6 = tan o6c + tan
op + tan o1

If only conduction losses occur then

:

g1 r = -1 -

f T L™= oy e, (an 0 = E- (E,E, lan ¢
a”

]

or tan f= -
{IE, €,

This shows that the dissipation factor due to conduction loss alone is inversely proportional to
the frequency and can, therefore, be neglected at higher frequencies. However, for supply
frequency each loss component will have considerable magnitude.

In order to include all losses, it is customary to refer the existence of a loss current in addition

to the charging current by introducing complex permittivity.

g¥=¢
—je

14

and the total current I is expressed as

where Co is the capacitance without dielectric material. For the parallel circuit the dissipation

factor is given by

by e
L

and for tﬁe series circuit tan 6 = @ Cs Rs

- 'l. " .'l._ )
L P

For a fixed frequency, both the equivalents hold good and one can be obtained2L.: M@ Uﬁ'?ré"h ﬁ'?dpeh'f?
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However, the frequency dependence is just the opposite in the two cases and this shows the

limited validity of these equivalent circuits.

The information obtained from the measurement of tan d and complex permittivity is an

indication of the quality of the insulating material.

(1) If tan o varies and changes abruptly with the application of high voltage, it shows inception

of internal partial discharge.

(i) The effect to frequency on the dielectric properties can be studied and the band of
frequencies where dispersion occurs i.e., where that permittivity reduces with rise in frequency

can be obtained.

Result:- Study of Capacitance and Dielectric loss of an insulating material is done

successfully.

VIVA VOCE QUESTIONS

Q. 1The thickness of insulation provided on the conductor in the cable depends on which
among the following factor?

Q.2 what is the need of high voltage of Schering Bridge?

Q.3 what are the use of Polar dielectrics?

Q.4 which of the following is a polar dielectric?

Q.5 which of the following is a non-polar dielectric?

Q.6 which impurity in liquid dielectric which has significant effect in reducing the breakdown
strength?

Q.7 what is the relationship between the breakdown voltage V and gap d?

Q.8. what is the main drawback of using paper as the insulating material?

Q.9 On which factor does the capacitance of the cable depend upon?

Q.10Which variety of mica is hard and brittle?

P :
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EXPERIMENT NO. 4

Objective: - Study solid dielectrics used in power apparatus.
Theory:-
Main requirements of Solid Dielectrics Used in Power Apparatus

The main requirements of the insulating materials used for power
apparatus are:

1. High insulation resistance

2. High dielectric strength

3. Good mechanical properties i.e., tenacity and elasticity
4. It should not be affected by chemicals around it

5. It should be non-hygroscopic because the dielectric strength of any material goes very much

down with moisture content

Vulcanized rubber: Rubber in its natural form is highly insulating but it absorbs moisture readily
and gets oxidized into a resinous material; thereby it loses insulating properties. When it is
mixed with sulphur along with other carefully chosen ingredients and is subjected to a particular
temperature it changes into vulcanized rubber which does not absorb moisture and has better
insulating properties than even the pure rubber. It is elastic and resilient.

The electrical properties expected of rubber insulation are high breakdown strength and high
insulation resistance. In fact the insulation strength of the vulcanized rubber is so good that for
lower voltages the radial thickness is limited due to mechanical consideration.

The physical properties expected of rubber insulation are that the cable should withstand normal
hazards of installation and it should give trouble-free service. Vulcanized rubber insulated
cables are used for wiring of houses, buildings and factories for low-power work.

There are two main groups of synthetic rubber material:

(1) General purpose synthetics which have rubber-like properties and
(11) Special purpose synthetics which have better properties than the rubber e.g., fire resisting

and oil resisting properties.

The four main types are: (i) butyl rubber, (ii) silicon rubber, (iii) neoprene, and (iv) styrene

rubber.
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Butyl rubber: The processing of butyl rubber is similar to that of natural rubber but it is more
difficult and its properties are comparable to those of natural rubber. The continuous
temperature to which butyl rubber can be subjected is 85°C whereas for natural rubber it is
60°C. The current rating of butyl insulated cables is approximately same as those of paper or
PVC insulated cables. Butyl rubber compound can be so manufactured that it has low water
absorption and offers interesting possibilities for a non-metallic sheathed cable suitable for
direct burial in the ground.

Silicone rubber: It is a mechanically weak material and needs external protection but it has high
heat resistant properties. It can be operated at temperatures of the order of 150°C. The raw

materials used for the silicon rubber are sand, marsh gas, salt, coke and magnesium.

Neoprene: Neoprene is a polymerized chlorobutadiene. Chlorobutadiene is a colorless liquid
which is polymerized into a solid varying from a pale yellow to a darkish brown color.
Neoprene does not have good insulating properties and is used upto 660 V a.c. but it has very
good fire resisting properties and therefore it is more useful as a sheathing material.

Styrene rubber: Styrene is used both for insulating and sheathing of cables. It has properties

almost equal to the natural rubber.

Polyvinyl Chloride (PVC)

It is a polymer derived generally from acetylene and it can be produced in different
grades depending upon the polymerization process. For use in cable industry the polymer must
be compounded with a plasticizer which makes it plastic over a wide range of temperature. The
grade of PVC depends upon the plasticizer. PVC is inferior to vulcanized in respect of elasticity

and insulation resistance. PVC material has many grades.

General purpose type: It is used both for sheathing and as an insulating material. In this
compound monomer plasticizers are used. It is to be noted that a V.R. insulated PVC sheathed

cable is not good for use.

Hard grade PVC: These are manufactured with less amount of plasticizer as compared with
general purpose type. Hard grade PVC is used for higher temperatures for short duration of time
like in soldering and are better than the general purpose type. Hard grade can not be used for
low continuous temperatures.
Heat resisting PVC: Because of the use of monomer plasticizer which volatilizes at temperature
I C
\ ]
r
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80°C-100°C, general purpose type compounds become stiff. By using polymeric plasticizers it
is possible to operate the material continuously around 100°C.PVC compounds are normally
costlier than the rubber compounds and the polymeric plasticized compounds are more
expensive than the monomer plasticized ones. PVC is inert to oxygen, oils, alkalis and acids
and, therefore, if the environmental conditions are such that these things are present in the

atmosphere, PVC is more useful than rubber.

Polythene

This material can be used for high frequency cables. This has been used to a limited extent for
power cables also. The thermal dissipation properties are better than those of impregnated paper
and the

impulse strength compares favorably with an impregnated paper-insulated device. The

maximum operating temperature of this material under short circuits is 100°C.

Cross-linked polythene: The use of polythene for cables has been limited by its low melting
point. By cross-linking the molecules, in roughly the same way as vulcanizing rubber, a new
material is produced which does not melt but carbonizes at 250 to 300°C. By using chemical
process it has been made technically possible to cross-link polythene in conventional equipment
for the manufacture of rubber. This is why the product is said to be “vulcanized” or “cross-
linked” polythene. The polythene is inert to chemical reactions as it does not have double bonds
and polar groups. Therefore, it was thought that polythene could be cross-linked only through
special condition, e.g., by irradiating polythene with electrons, thereby it could be given
properties of cross-linking such as change of tensile strength and better temperature stability.
Many irradiation processes have been developed in the cable making industry even though large

amounts of high energy radiations are required and the procedure is expensive.

Polythene can also be irradiated with ultraviolet light, after adding to it a small quantity of ultra
violet sensitive material such as benzophenone. Under the influence of ultraviolet light on
benzophenone, a radical is formed of the same type as in the decomposition of peroxide by the
radical mechanism.Organic peroxides have also been used successfully to crosslink the

polythene.
Impregnated paper

A suitable layer of the paper is lapped on the conductor depending upon the operﬁ-ti-ﬁ | VAL =<
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hermetically sealed steam heated chamber. The temperature is 120°-130°C before vacuum is
created. After the device is dried, an insulating compound having the same temperature as that
of the chamber is forced into the chamber. All the pores of the paper are completely filled with
this compound. After impregnation the device is allowed to cool under the compound so that the

void formation due to compound shrinkage is minimized.

In case of pre-impregnated type the papers are dried and impregnated before they are applied on

the conductor. The compound used in case of impregnated paper is a semi fluid and when the

cables are laid on gradients the fluid tends to move from higher to lower gradient. This reduces
the compound content at higher gradients and may result in void formation at higher gradients.
This is very serious for cables operating at voltages higher than 3.3 kV. In many cases, the
failures of the cables have been due to the void formation at the higher levels or due to the
bursting of the sheath at the lower levels because of the excessive internal pressure of the head

of compound.

Insulating press boards. If the thickness of paper is 0.8 mm or more, it is called paper board.
When many layers of paper are laminated with an adhesive to get desired thickness, these are
known as press boards and are used in bushings, transformers as insulating barriers or
supporting materials. The electrical properties of press boards varies depending upon the resin
content. The application of these press boards depends upon the thickness and density of paper
used. For high frequency capacitors and cables usually low density paper (0.8 gm/cm3) is used
where medium density paper is used for power capacitors and high density papers are used in
d.c. machines and energy storage capacitors. The electric strength of press board is higher than
that of resins or porcelain. However, it is adversely affected by temperature above 20°C. The
loss angle tan 0 also decreases with increase in temperature. The main advantage of this material
is that it provides good mechanical support even at higher temperatures upto 120°C.Mica. Mica
consists of crystalline mineral silicates of alumina and potash. It has high dielectric strength,
low dielectric losses and good mechanical strength. All these properties make it useful for many
electrical devices e.g., commutator segment separator, armature windings, electrical heating and
cooling equipments and switchgear. Thin layers of mica are laminated with a suitable resin or
varnish to make thick sheets of mica. Mica can be mixed with the required type of resin to

obtain its application at different operating temperatures. Mica is used as a filler in i*.'s%latin"
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materials to improve their dielectric strength, reduce dielectric loss and improve heat resistance

property.

Ceramics. Ceramics materials are produced from clay containing aluminum oxide and other
inorganic materials. The thick parts of these substances is given the desired shape and form at
room temperature and then baked at high temperature about (1450°C) to provide a solid

inelastic final structure. Ceramics also known as porcelain in one of its forms have high
mechanical strength and low permittivity (er < 12) are widely used for insulators and bushings.
These have 40% to 50% of clay, 30-20% of aluminum oxide and 30% of feldspar. The ceramics

with higher permittivity are used in capacitors and transducers.

The specific insulation resistance of ceramics is comparatively low. The tan 6 of these materials
is high and increases with increase in temperature resulting in higher dielectric loss. The
breakdown strength of porcelain compared to other insulating material is low but it remains
unaffected over a wide range of temperature variation. Porcelain is chemically inserted to
alkalies and acids and, therefore, corrosion resistant and does not get contaminated. Alumina
(Al 203) has replaced quartz because of its better thermal conductivity, insulating property and
mechanical strength. It is used for

the fabrication of high current vacuum circuit breakers.

Glass. Glass is a thermoplastic inorganic material consisting of silicon dioxide (Si02), which is
available in nature in the form of quartz. Different types of metal oxides could be used for
producing different types of glasses but for use in electrical engineering only non-alkaline
glasses are suitable having alkaline content less than 0.8%. The dielectric constant of glass
varies between 3.6 and 10.0 and the density varies between 2000 kg/m3 and 6000 kg/m3. The
loss angle tan o is less than 10-3 and losses are higher for lower frequencies. Its dielectric
strength varies between 300 and 500 kV/mm and it decreases with increase in temperature.

Glass is used for X-ray equipment, electronic valves, electric bulbs etc.

Epoxy Resins. Epoxy resins are low molecular but soluble thermosetting plastics which exhibit
sufficient hardening quality in their molecules. The chemical cross-linking of epoxy resins is
normally carried out at room temperatures either by a catalytic mechanism or by bridging across
epoxy molecule through the epoxy or hydroxyl group. Epoxy resins have high dielP’.‘.ﬂ_:iC and
) 4 L ) ’
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highly elastic and it is found that when it is subjected to a pressure of 175000 psi, it returned to
its original shape after the load is removed. The dielectric constant varies between 2.5 and 4.0.
Epoxy resins basically being non-polar substances have high dc specific insulation resistance
and low loss tan & compared to polar materials like PVC. However, when the temperature
exceeds 100°C the specific insulation resistance begins to decrease considerably and tan 6
increases. Compared to porcelain the breakdown strength of epoxy resin is almost double at

temperatures upto 100°C but decreases rapidly at higher temperatures.

As filler materials, the inorganic substances like quartz powder (Si02) are used for casting
applications. In SF6 gas insulated systems having epoxy resin spacers, aluminum oxide and also
dolomite are used as filler materials. These are found to be more compatible to the decomposed

products of SF6 by partial discharge and arcing discharges.

It is to be noted that the cast or encapsulation should not contain voids or humidity especially in
high voltage applications and the material is desired to be homogeneous. It is, therefore,
desirable to dry and degas the individual components of the mixture and casting is preferably

carried out in vacuum.

The epoxy resins casts are inert to ether, alcohol and benzol. However, most of them are soluble
in mineral oils at about 70°C. It is for this reason that they are not found suitable for

applications in filled transformers.

There are certain applications which require insulating materials to operate between a high
ranges of temperature e.g., —270°C to 400°C. Some of the applications are space shuttle solar
arrays, capacitors, transformers high speed locomotive, microprocessor chip carriers, cryogenic
cables and other applications at cryogenic temperatures. For this some thermoplastic polymer
films are used which have unique combination of electrical, mechanical and physical quantities
and these materials are able to retain these properties over a wide range of temperatures where
other insulating materials may fail.

Perfluoro carbon films have high dielectric strength very low dielectric constant of 2 and low
dielectric loss of 2 X 10—4 at 100 Hz and 7.5 x 10—4 at 100 MHz. These films are used under

extreme conditions of temperature and environment. These films are used for insulation on high
g |'. " L. i
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temperature wires, cables,motor coils phase and ground insulation and for capacitors. This is

also used as a substrate for flexible printed circuits and flexible cables.

Another insulating film in which has the best thermal properties in this category of insulating
materials is polyimide film under the trade name of Kapton manufactured by DuPont of
America. These films can be used between a very wide range of temperature variation varying
between —

270°C and 350°C. Its continuous temperature rating is 240°C. It has high dielectric and tensile
strength. The disadvantages of the film are high moisture absorption rate and it is affected by
alkalies and strong inorganic acids.Kepton films can be used capacitors, transformers formed
coil insulation, motor state insulation and flexible printed circuits. The film is selectively
costlier and is mainly used where its unique characteristics makes it the only suitable insulation.
The use of this insulation for motors reduces the overall dimensions of the motors for the same
ratings. It is, therefore, used in almost all situations whose space is a serious problem and the

other nature insulation result in bigger dimension.

Another recently developed resins is poly carbonate (PC) which is good heat resistant; it is
flexible and has good dielectric characteristic. It is not affected by oils, fats and dilute acids but
is adversely affected by alkalies, esters and aromatic hydrocarbons. The film being cost
effective and fast resistant, it is used for coil insulation, slot insulation for motors and for
capacitor insulation. This is known as the lexon polymer. General Electric Co. of USA has
developed a film under the trade name Ultimo which is a poly ether mine (PEI) film which has
dielectric strength comparable to that of polyimide film and has higher thermal conductivity and
lower moisture absorption and is relatively less costlier. It is used as insulation for transformers

and motors.

Result:- Study of Various Solid Dielectric used in power apparatus is done successfully.

*.t" ) 'y .
A —
L .
DOr. Mahesh Bundesla
B.E., ME., Ph.D.

Poor rmiractor
rmima Collage of i i
36 818, FUICO Inatidioren oo
ce tution: ea
SEUrS, JAajirue



VIVA VOCE QUESTIONS
Q1- Give the five examples of the solid dielectric materials?

Q2- How can find the dielectric strength of the solid material?
Q3-What is the use of solid dielectric materials in high voltage engineering?

Q4- What is the properties of solid dielectric materials?

Q5- What are the various breakdown mechanism for solid dieclectric materials?
Q6- What is the types of solid dielectric materials?

Q7- What is the usual mechanism of breakdown in solid dielectric materials?
Q8- What is mean by intrinsic strength of solid dielectric materials?

Q9- What is the cause of long term breakdown solid dielectric?

Q10-What is freeing in solid dielectric materials?
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EXPERIMENT NO. 5

Objective: - Study applications of insulating materials.
Theory:-

Application  of Insulating
Materials

Insulating fluids (gases and liquids) provide insulation between phases and between phase and
grounded parts of electrical equipments. These also carry out heat from the windings of the
electrical equipments. However, solid insulating materials are used only to provide insulation
only.

International Electro technical Commission has categories various insulating materials
depending upon the temperature of operations of the equipments under the following
categories.

Class Y 90°C Natural rubber, PVC, paper cotton, silk without
impregnation.

Class A 105°C Same as class Y but
impregnated

Class E 120°C Polyethylene, terephthalate, cellulose tricetrate, polyvinyl acetate
enamel

Class B 130°C Bakelite, bituminised asbestos, fibre glass, mica, polyester
enamel

Class F 155°C As class B but with epoxy
based resin

Class H 180°C As class B with silicon resin binder silicone rubber, aromatic polyamide

(nomex paper and fiber), polyimide film (enamel, varnish and film) and esteemed enamel

Class C Above 180°C, as class B but with suitable non-organic binders, teflon and other high

temperature polymers.

While describing the dielectric and other properties of various insulating materials, their
application for various electrical apparatus has also been mentioned in the previous
paragraphs. However, a reverse process i.e., what insulating materials are used for a particular
apparatus depending upon its ratings and environmental condition where the apparatus is
required to operate, is also desirable and a brief review is given here.

PowerTransformers. For small rating, the coils are made of super-enameled cop:icy 'L:" LIor‘“: _

layer to layer, coil to coil and coil to ground (iron core) craft paper is used. HE Méhéﬁé‘r Bund=sle
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size transformers paper or glass tape is rapped on the rectangular conductors whereas for coil
to coil or coil to ground, insulation is provided using thick radial spacers made of press board
or glass fiber.

In oil-filled transformers, the transformer oil is the main insulation. However between various
layers of low voltage and high voltage winding oil-impregnated press boards are placed. SF6
gas insulated power transformers make use of sheet aluminum conductors for windings and
turn to turn insulation is provided by a polymer film. The transformer has annular cooling
ducts through which SF6 gas circulates for cooling the winding. SF6 gas provides insulations
to all major gaps in the transformer. This transformer is used where oil filled transform is not
suitable e.g., in cinema halls, high rise buildings and some especial circumstances: The end
turns of a large power transformer are provided with extra insulation to avoid damage to coil
when lighting or switching surges of high frequency are incident on the transformer

winding.

The terminal bushings of large size power transformer are made of condenser type bushing.
The terminal itself consists of a brass rod or tube which is wound with alternate layers of
treated paper and tin foil, so proportioned, as to length, that the series of condensers formed by
the tin foil cylinders and the intervening insulation have equal capacitances, thereby the
dielectric stress is distributed uniformly.

Circuit Breakers. The basic construction of any circuit breaker requires the separation of

contacts in an insulating fluid which serves two functions here:

(1) It extinguishes the arc drawn between the contacts when the CB,
opens.

(i1) It provides adequate insulation between the contacts and from each contact
to earth

Many insulating fluids are used for arc extinction and the fluid chosen depends upon the rating

and type of C.B. The insulating fluids commonly used for circuit breakers are:

(1) Air at atmospheric pressure: Air break circuit breaker upto
11kV.

(i1) Compressed air (Air blast circuit breaker between 220 kV and 400
kV) (ii1) Mineral oil which produces hydrogen for arc extrictrion
(transformer oil) (a) Plain break oil, C.B. 11 kV-66 kV

(b) Controlled break oil C.B. or bulk oil C.B. between 66 kV—

220 kV (¢) Minimum oil C.B. between 66 kV and 132 kV.
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(iv) Ultra high vacuum C.B. upto
33 kV. (v) SF6 circuit breakers
above 220 kV.

The controlled break and minimum oil circuit breakers enclose the breaker contacts in an
arcing chamber made of insulating materials such as glass fibre reinforced synthetic resins
etc.Rotating Machines. For low voltage a.c. and d.c. machines, the winding wire are super
enameled wire and the other insulation used are vulcanized rubber and varnished cambric and
paper. For high voltage and large power capacity machines, the space limitations demand the
use of insulating materials having substantially greater dielectric strength. Mica is considered
to be a good choice not only due to space requirements but because of its ability to withstand
higher temperatures. However, the brittleness of mica makes it necessary to build up the
required thickness by using thin flakes cemented together by varnish or bakelite generally with
a backing of thin paper or cloth and then baking it under pressure.

Epoxy resin bounded mica paper is widely used for both low and high voltage machines.
Multilayer slot insulation is made of press board and polyester film. However, for machines
with high operating temperatures kapton polymide is used for slot insulation. Mica has always
been used for stator insulations.

In addition to mica, conducting non-woven polyesters are used for corona protection both
inside and at the edges of the slots. Glass fibre reinforced epoxy wedge profiles are used to
provide support between the winding bars, slots and the core laminations.

Power Cables. The various insulating materials used are vulcanized rubber, PVC, Polyethylene
and impregnated papers .Vulcanised rubber, insulated cables are used for wiring of houses,
buildings and factories for low power work. PVC is inert to oxygen, oils, alkalies and acids
and therefore, if the environmental conditions are such that these things are present in the
atmosphere, PVC is more useful than rubber.Polyethylene is used for high frequency cables.
This has been used to a limited extent for power cables also. The thermal dissipation properties
are better than those of impregnated poper. The maximum oprating temperature of this cable
under short circuits is 100°C. In case of impregnated paper, a suitable layer of the paper is
lapped on the conductor depending upon the operating voltage. It is then dried by the
combined application of heat and vacuum. The compound used in case of impregnated paper is
semifluid and when the cables are laid on gradients the fluid tends to move from higher to
lower gradients which reduces the compound content at higher gradients and may result in
void formation at higher gradients. For this reason, impregnated paper cables are used upto 3.3
kV.

Following methods are used for elimination of void formation in the
cables:

1.The use of low viscosity mineral oil for the impregnation of the dielectric and the inclusion
of oil channels so that any tendency of void formation (due to cyclic heating and cooling of
impregnate) is eliminated.

2.The use of inert gas at high pressure within the metal sheath and indirect contact with the
dielectric.
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Because of the good thermal characteristics and high dielectric strength of the gas SF6, it is
used for insulating the cables also. SF6 gas insulated cables can be matched to overhead lines
and can be operated corresponding to their surge impedance loading. These cables can be used
for transporting thousands of MVA even at UHV, whereas the conventional cables are limited
to 1000 MVA and 500 kV.

Power Capacitors. Capacitor design economics suggests the use of individual unit assembled
in appropriate series and parallel connected groups to obtain the desired bank voltage and
reactive power ratings both in shunt and series capacitor equipments. Series capacitor duty
usually requires that a unit designated for a series application be more conservatively rated
than a shunt unit. However, there is no basic difference in the construction of the two
capacitors.

The most commonly used capacitor for the purpose is the impregnated paper capacitor. This

consists of a pair of aluminium foil electrodes separated by a number of Kraft paper tissues
which are impregnated with chlorinated diphenyl and has a higher permittivity and results in
reduction in the quantity of materials required for a given capacitance and the cost.

The working stress of an impregnated paper is 15 to 25 V/u and papers of thickness 6—12p are
available and hence depending upon the operating voltage of the capacitor, a suitable thickness
of the paper can be selected. Because of imperfection involved in the manufacturing process of
the dielectric paper it is desirable to use at least two layers of tissues between metal foils so
that the possibility of coincidence of weak spots is avoided.

The effective relative permittivity depends upon the paper and the impregnate. For chlorinated

biphenyl impregnate the relative permittivity lies between 5 and 6. Normally through past

experience, the area of the plate for a particular material of paper and impregnate per

microfarad of

capacitance is known and hence it is possible to obtain the number of turns of paper to be
wound on a given diameter of mandrel for a specified foil width and for the particular lay-up of
foil and paper.

The method of laying up the paper and metallic foil and the connection of lugs is shown in Fig.
Two layers of dielectric are used as without it rolling would short circuit the plates. As a result
of this, two capacitors in parallel are formed by the roll. The foil and the paper interleaved in
this fashion are wound on to a mandrel which is split to allow easy removal of the finished roll.
If the section of the container is same as that of the roll, minimum overall value for the
capacitor is obtained. As a result of this, quantity of free impregnate is a minimum thereby the
risk of leakage of impregnate with variation in temperature is reduced. Sometimes a high
resistance (for discharge) is connected across the terminals of the capacitor for safety reasons.

2 L
The replacement of linen by the Kraft paper and oil by askarel made it possi: IV e —
esh Bundsale

individual unit ratings up to 15 kVAr by 1930. After making some costly refmerr‘hehr"fﬁfilﬁ UEg.E.. ME. PhD

Poor rmiractor
rmima Collage of i i
41 18108, RGO Taativ toro o
FUICC tution: a
WEPLUrS, JAarue



paper/askarel dielectric 100 kVAr rating capacitor were manufactured by 1960. General
Electric Company designed a 150 kVAr unit using a paper/poly propylene film/askarel
dielectric. Further advances in the manufacture of dielectric materials led to single unit of 600
kVAr even though the rating of a single unit based on economy ranges between 200 and 300
kVAr. Replacement of askarel with non- PCB fluids did not have much effect on unit sizes or
ratings. The newer all polypropylene film dielectric units offer distinct advantages in reduced
losses and probability of case rapture as well as improvement in unit ratings. The large size
units have made it possible to reduce the physical equipment size and the site area
requirements.

With further development, it has now been possible to have series and shout capacitor rating
upto

550 kV and bank rating of upto 800 MV Ar. The average price of smaller units in terms of 100
kVAr is Rs. 100 per kVAr or $2 per kVAr. It is to be noted that aluminium foil are used in
these capacitors as it has high thermal and electrical conductivity, has high tensile strength,
high melting point, is light in weight, low cost and is easily available.

There are three types of papers used as insulating materials for capacitor bushings; oil
impregnated paper, resin bonded paper and resin impregnated paper. The oil impregnated paper
bushing is made by wrapping untreated paper after inserting foil sheets at the appropriate
position and then impregnating with transformer oil after vacuum drying. Before impregnation,

it is ensured that

moisture and air voids are avoided. This bushing can work at a radial stress of 40
kV/cm.

In case of resin impregnated bushing creped paper tape is wrapped round the conductor and
then dried in an autoclave under controlled heat and vacuum. Epoxyresin is then sprayed to fill
the winding. The permissible radial stress in this case is 30 kV/cm.

In case of resin bonded paper bushing, the paper is first coated with epoxyresin and wrapped
round a cylinderical form under heat and pressure after inserting foil sheets at appropriate

position. The permissible radial stress in this case in 20 kV/cm.

Result:- Study of Various Insulating Materials is done successfully.

VIVA VOCE QUESTIONS
Q.1 which material is commonly used for HV insulation?
Q.2 where and why Resins and varnishes are used?

Q.3 why we use resin bonded paper bushings?
Q.4 what is the typical value of dielectric constant and dielectric loss factor in paper based
laminated construction?
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Q.5 what the most commonly used insulating materials for low and medium voltage cables?
Q.6 what is the suitable material for insulators and bushings of power transformers, circuit
breakers and instrument transformers?

Q.7 what are the types of insulating material according to temperature?

Q.8 what is the temperature limit for class F insulation?

Procedure:

1. Connect the test gap (A) to the transformer as shown in the circuit diagram.
2. Adjust the gap distance to an initial value of 10mm.
3. Close the circuit breaker S1.

4. Slowly raise the till faint hissing audible sound is heard. Note the reading on the Analog
multimeter and actual value from the calibration chart provided. This is the beginning of
corona. Hence the corona Inception Voltage.

5. Raise the Voltage further till such time there is a faint visible glow at the high voltage
electrode. This is the Visible Corona Inception level. Note the value.

6. Then slowly reduce voltage further till such time the hissing sound subside i.e., dies down or
becomes extinct. Note this value as Corona Extinction Voltage.

7. Once again raises the voltage till such time there is a Break Down. Note this value as break
down Voltage.

8. Reduce the voltage completely and open the circuit breaker.

9. Increase the gap distance by Smm and repeat steps 3 to 8.

10. Repeat step 9 for 6 (six) different gap distances.

11. Repeat the experiment for test Gap (B).

12. Correct the observed values for standard atmospheric conditions and plot the gap distance
Vs Breakdown voltage for each gap.

Introduction

Rod Gap apparatus can be used to study the flashover

characteristics between different types of electrodes.

1. Plate to Plate (Uniform gap)

2. Point to Point (Non uniform gap)

3. Square to square

Studies can also made by using different combinations of the electrodes. The effect of polarity on

the flashover between different types of electrodes can also be studied in case of D.C. Volt9{!eﬁs.
| b
r

¢ — .
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The rod gap apparatus is a mobile unit. The main frame stand structure is made using epoxy
fiberglass tubes. These tubes are painted using the anti tracking paints to avoid any tracking on the
insulators supports due to dust and moisture. On one side of the apparatus hand wheel has been
provided for easy operation of the equipment. The moving system on the hand wheel side has built-
in micrometer scale, with the help of which, the electrode gap can be controlled within +or —
0.Imm. Other side of the stand contains the lead screw with the nuts. The lead screw is used to
adjust zero reading between the electrodes. Different type of electrodes are used to conduct the
experiments at various voltage levels.

Method

One set of electrodes is cleaned properly (It should be free form dust and moisture) and is fixed to
the rod gap apparatus. One end of the rod gap is grounded to the base of the apparatus and in turn the
base is grounded to the mother ground. With the help of the lead screw, zero adjustment is made on
the micrometer scale. Now, the gap is increased slowly step by step and high voltage is applied to it.
The gap and the flashover readings are noted down and graph is drawn between the gap and the
voltage. Experiment can be repeated using reverse polarity and after drawing another graph the
effect of polarity on the flashover between different types of electrodes can be studied.

Precautions

1. Ignore the first one or two readings, as the air between the electrodes may not ionize.

2. The equipment must be grounded firmly.

3. The electrodes must be cleaned properly before and after the use.

4. Do not touch the equipment without grounding it with the grounding rod.
5. Before starting the experiment, make sure the electrodes are properly aligned and zero reading
is adjusted.

Result: Breakdown studies of uniform field and non-uniform field gaps under A.C. excitation is

successfully done.
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EXPERIMENT NO. 6

Objective:-Study direct testing and indirect testing of circuit
breakers. Apparatus required:-Circuit Breaker kit, MCB testing
unit.

Technical specification:

Input voltage :230 Vac.

Output current : 50A ac MAX.

(Intermittent) Output current ranges: 1A,

2A,5A,10A,20A,50A Zero current
detector: .<300ma
Theory:-

Testing of Circuit Breakers

Equipment when designed to certain specification and is fabricated, needs testing for its
performance. The general design is tried and the results of such tests conducted on one selected
breaker and are thus applicable to all others of identical construction. These tests are called the

type tests. These tests are classified as follows:
(1) the dielectric tests or

overvoltage tests, (2) the

temperature rise tests,

(3) the mechanical

tests, and (Iv) the

short circuit tests

Short Circuit Tests

The most important 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 consist 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 o= ..ltw“‘h T *;A,L

limited purpose to determine their capacity to carry the rated short circuit c1|:}rn|'.,.,-"‘§;I hEE'.-h Bun dele

duration; and no breaking or making current test is done.

B.E., M.E., Ph.D.
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The different methods of conducting short circuit tests are
(D) Direct Tests

(a) Using a short circuit generator as the source

(b) Using the power utility system or network as the

source. (II) Synthetic Tests (Indirect test)

(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:

(1) The circuit breaker is tested under actual conditions like those that occur in a given
network.

(2) 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.

(3) 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:

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

(2) The necessity to interrupt the normal services and to test only at light load
conditions.

(3) Extra inconvenience and expenses in installation of controlling and measuring equipment in

(b) 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. 7.1. It consists of a

- .t" Y “ .
L —
DOr. Mahesh Bundesla
" B.E.,ME., Ph.D.
Director——

Poornima Collage of i J
46 18108, RGO Taativ toro o
EUIEG futional Area

SEUrS, JAajirue



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.

(c) Synthetic Testing of Circuit Breakers Due to very high interrupting capacities of circuit
breakers, it is not economical to have a single source to provide the required short circuit and
the ratedvoltage. Hence, the effect of a short circuit is obtained as regards to the intensity of the
current and the recovery voltage as a combination of the effects of two sources, one of which
supplies the a.c. current and the other the high voltage.

In the initial period of the short circuit test, the a.c. current source supplies the heavy current at
a low voltage, and then the recovery voltage is simulated by a source of comparatively high
voltage of small current capacity. A schematic diagram of a synthetic testing station is shown
in Fig.
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With the auxiliary breaker (3) and the test breaker (T) closed, the closing of the making switch
(1) causes the current to flow in the test circuit breaker. At some instant say to, the test circuit
breaker (T) begins to operate and the master circuit breaker (1) becomes ready to clear the
generator circuit. At some times t\, just before the zero of the generator current, the trigger gap
(6) closes and the higher frequency current from the discharging capacitor Cv also flows
through the arc. At time, when the generator current is zero, the circuit breaker (1) clears that
circuit, leaving only the current from Cv which has the required rate of change of current at its
zero flowing in the test circuit breaker. At the zero of this current/full test voltage will be
available. The closing of gap (6) would be a little earlier in time than shown in Fig. 7.2, but it
has been drawn as shown for clarity at current
zeros. It is important to see that the high-current source is disconnected and a high-voltage

source applied with absolute precision (by means of an auxiliary circuit breaker) at the instant
of circuit breaking.

MCB Test: -
Introduction
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MCB & Fuse testing unit — 50A for to determine the characteristic of mcb & fuse wire
constant length or constant current and also determine the fuse constant and fusing factor.
Equipments can deliver 50A ac source.

Proce

dure:-

I. Connect as per interconnection diagram

2. connect the
MCB

3. MCB is ON condition. (any one of the
MCB)

4. Time interval meter selection switch in TIM
position.

5. Connect the power
card.

6. Bring dimmer to zero
position.

7. Put on the mains using Mains on switch.(ROCKER). results ( Mains on
indicator, ammeter display and Timer display will glow.)

8. Select the current range, ranges available
1A,2A,5A,10A,25A,50A.
0. Short switch position in short

conditions.

10.  Push TEST START
BUTTON

11. Adjust the dimmer ammeter shows current greater than approx 1.3 times the rated current
of

MCB.

12. Push TEST STOP/ RESET
BUTTON.

13.  Don’t disturb the
dimmer.

14. Bring the short switch in “OPEN”
position.2
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15. Push TEST START BUTTON .results ammeter shows the current, Time interval

starts counting.

16. The time taken for the TRIP the MCB is

noted.

17. Similarly repeat the above procedure for different values of current ratings of MCB /

fuse wire and also for different lengths.

18. Plot the

graphs.

Note: 1. please give some time to MCB cool after

trip.

2. The equipment is short time and intermittent duty pure sine wave output

wave output.

Observation Table:-

CB-2A CB4A CB-6A
S.No.| Current in Trip Time | Current in Trip Time | Current in Trip Time
Amp. Amp. Amp.
- .L" ™ <~
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Ideal graphs.
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LogeK

Load current in Amps Loged
Precautions:-

1. Select the position of dimmer carefully for each MCB.

2. Don’t change the position of short switch from close to open while Test Start Button
is ON.

3. Equipment under test should be grounded properly.

4. Only the MCB under test should be at ON position and other should be at OFF position.

Results:- Testing of MCBs of Various ratings for their trip time is done successfully.

VIVA VOCE QUESTIONS
Q.1 what is the difference between isolator and circuit breaker?
Q.2 what is the function of protective relay in a circuit breaker?

Q.3 what is restriking voltage?

Q.4 what is the fault clearing time of a circuit breaker?

5. What is the medium employed for extinction of arc in air circuit breaker?
6. Which of the following circuit breakers is preferred for EHT application?
7. What is current chopping?

8. Which of the following is not a type of the contactor for circuit breakers?
9. What is arc quenching?

10. What is recovery voltage?
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EXPERIMENT NO. 7

Objective:-Study high voltage testing of electrical equipment: line insulator, cable, bushing,

power capacitor, and power transformer.
Apparatus required: suspension, pin type insulator, transformer and cable.
Theory:-

Transmission at extra high voltages and the erection of systems which may extend over whole
continents has become the most urgent problems to be solved in the near future. The very fast
development of systems is followed by studies of equipment and the service conditions they
have to fulfill. These conditions will also determine the values for testing at alternating, impulse
and d.c. voltages under specific conditions.

Testing of Overhead Line Insulators
Various types of overhead line insulators are:

Pin type

Post type

String insulator unit
Suspension insulator string

MY e

Tension insulator.
Arrangement of Insulators for Test

String insulator unit should be hung by a suspension eye from an earthed metal cross arm. The
test voltage is applied between the cross arm and the conductor hung vertically down from the
metal part on the lower side of the insulator unit.

Suspension string with all its accessories as in service should be hung from an earthed metal
cross arm. The length of the cross arm should be at least 1.5 times the length of the string being
tested and should be at least equal to 0.9 m on either side of the axis of the string. No other
earthed object should be nearer to the insulator string then 0.9 m or 1.5 times the length of the
string whichever is greater. A conductor of actual size to be used in service or of diameter not
less than 1 cm and length

1.5 times the length of the string is secured in the suspension clamp and should lie in a

horizontal plane.

The test voltage is applied between the conductor and the cross arm and connection from the
impulse generator is made with a length of wire to one end of the conductor. For higher
operating voltages where the length of the string is large, it is advisable to sacrifice the length
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of the conductor as stipu- lated above. Instead, it is desirable to bend the ends of the conductor
over in a large radius.

For tension insulators the arrangement is more or less same as in suspension insulator except
that it should be held in an approximately horizontal position under a suitable tension (about
1000 Kg.).

For testing pin insulators or line post insulators, these should be mounted on the insulator pin
or line post shank with which they are to be used in service. The pin or the shank should be
fixed in a

vertical position to a horizontal earthed metal cross arm situated 0.9 m above the floor of the

laboratory. A conductor of 1 cm diameter is to be laid horizontally in the top groove of the
insulator and secured by at least one turn of tie-wire, not less than 0.3 cm diameter in the tie-
wire groove. The length of the wire should be at least 1.5 times the length of the insulator and
should over hang the insulator at least 0.9 m on either side in a direction at right angles to the
cross arm. The test voltage is applied to one end of the conductor.

High voltage testing of electrical equipment requires two types of tests: (i) Type tests, and (ii)
Routine test. Type tests involves quality testing of equipment at the design and development
level i.e. samples of the product are taken and are tested when a new product is being
developed and designed or an old product is to be redesigned and developed whereas the
routine tests are meant to check the quality of the individual test piece. This is carried out to
ensure quality and reliability of individual test objects.

High voltage tests include (i) Power frequency tests and (ii) Impulse tests. These tests are

carried out on all insulators.

(1) 50% dry impulse flash over test.

(ii) Impulse withstand test.

(ii1) Dry flash over and dry one minute test.
(iv) Wet flash over and one minute rain test.
(v) Temperature cycle test.

(vi) Electro-mechanical test.

(vil) Mechanical test.
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(viii) Porosity test.

(ix) Puncture test.

(x) Mechanical routine test.

The tests mentioned above are briefly described here.

(1) The test is carried out on a clean insulator mounted as in a normal working condition. An
impulse voltage of 1/50 p sec. wave shape and of an amplitude which can cause 50% flash
over of the insulator, is applied, i.e. of the impulses applied 50% of the impulses should cause
flash over. The polarity of the impulse is then reversed and procedure repeated. There must be
at least 20 applications of the impulse in each case and the insulator must not be damaged. The
magnitude of the impulse voltage should not be less than that specified in standard
specifications.

(i1) The insulator is subjected to standard impulse of 1/50 p sec. wave of specified value under
dry conditions with both positive and negative polarities. If five consecutive applications do
not cause any flash over or puncture, the insulator is deemed to have passed the impulse
withstand test. If out

of five, two applications cause flash over, the insulator is deemed to have filed

the test.

(ii1) Power frequency voltage is applied to the insulator and the voltage increased to the
specified value and maintained for one minute. The voltage is then increased gradually until
flash over occurs.

The insulator is then flashed over at least four more times, the voltage is raised gradually to
reach flash over in about 10 seconds. The mean of at least five consecutive flashes over
voltages must not be less than the value specified in specifications.

(iv) If the test is carried out under artificial rain, it is called wet flash over test. The insulator is

subjected to spray of water of following characteristics:
Precipitation rate 3 + 10% mm/min. Direction 45° to the vertical
Conductivity of water 100 micro siemens + 10% Temperature of water Ambient +15°C

The insulator with 50% of the one-min. rain test voltage applied to it, is then sprayed for two
minutes, the voltage raised to the one minute test voltage in approximately 10 sec. and
maintained there for one minute. The voltage is then increased gradually till flash over occurs
and the insulator is then flashed at least four more times, the time taken to reach flash over
voltage being in each case about 10 sec. The flash over voltage must not be less than the value
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specified in specifications.

(v) The insulator is immersed in a hot water bath whose temperature is 70° higher than normal
water bath for T minutes. It is then taken out and immediately immersed in normal water bath
for T minutes. After T minutes the insulator is again immersed in hot water bath for T minutes.
The cycle is repeated three times and it is expected that the insulator should withstand the test
without damage to the insulator or glaze. Here T = (15 + W/1.36) where W is the weight of the
insulator in kgs.

(vi)The test is carried out only on suspension or tension type of insulator. The insulator is
subjected to a 2 times the specified maximum working tension maintained for one minute.
Also, simultaneously 75% of the dry flash over voltage is applied. The insulator should
withstand this test without any damage.

(vil) This is a bending test applicable to pin type and line-post insulators. The insulator is
subjected to a load three times the specified maximum breaking load for one minute. There
should be no damage to the insulator and in case of post insulator the permanent set must be
less than 1%. However, in case of post insulator, the load is then raised to three times and there
should not be any damage to the insulator and its pin.

(viii) The insulator is broken and immersed in a 0.5% alcohol solution of fuchsin under a
pressure of
13800 kN/m2 for 24 hours. The broken insulator is taken out and further broken. It should not

show any sign of impregnation.

(ix) An impulse over voltage is applied between the pin and the lead foil bound over the top
and side grooves in case of pin type and post insulator and between the metal fittings in case of
suspension type insulators. The voltage is 1/50 p sec. wave with amplitude twice the 50%
impulse flash over voltage and negative polarity. Twenty such applications are applied. The
procedure is repeated for

2.5, 3, 3.5 times the 50% impulse flash over voltage and continued till the insulator is
punctured. The insulator must not puncture if the voltage applied is equal to the one specified
in the specification.

(x) The string in insulator is suspended vertically or horizontally and a tensile load 20% in
excess of the maximum specified working load is applied for one minute and no damage to the
string should occur.
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Procedure:

1. Place the test frame (or stand) at suitable position.

2. Hang the disc with frame hanger as shown in circuit.

3. Clamping the GI wire clip at the bottom of disc properly.

4. Complete the connection from HV transformer to ball pin of disc insulator and earthed the
frame properly with earth pit.

5. First, test the insulator at dry conditions (including correction factor) but at wet condition
water arrangement should be checked as it works fines.

6. Close the circuit breaker S1

7. Slowly raise the voltage till faint hissing sound is audible. This is the beginning of corona.

8. Slowly raise the voltage till such time that flashover at dry state is occurred. Reduce the
voltage completely and open CB.

9. Repeat the step 6 to 8 by increase the number of disc insulator.

10. Similarly, for wet test, first start water shower at disc insulator through nozzles. Then repeat
the step from 6 to 9 and observed the values.

Tasting of Cables

High voltage power cables have proved quite useful especially in case of HV d.c. transmission.

Underground distribution using cables not only adds to the aesthetic looks of a metropolitan

city but it provides better environments and more reliable supply to the consumers.

Preparation of Cable Sample

The cable sample has to be carefully prepared for performing various tests especially electrical

tests. This is essential to avoid any excessive leakage or end flash overs which otherwise may
occur during testing and hence may give wrong information regarding the quality of cables.
The length of the sample cable varies between 50 cms to 10 m. The terminations are usually
made by shielding the ends of the cable with stress shields so as to relieve the ends from

excessive high electrical stresses.
A cable is subjected to following tests:
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(i) Bending tests.

(i1) Loading cycle test.

(i11) Thermal stability test.

(iv) Dielectric thermal resistance test. (v) Life expectancy test.

(vi) Dielectric power factor test.

(vil) Power frequency withstand voltage test. (viii) Impulse withstand voltage test.
(ix) Partial discharge test.

(1) It is to be noted that a voltage test should be made before and after a bending test. The cable
is bent round a cylinder of specified diameter to make one complete turn. It is then unwound
and rewound in the opposite direction. The cycle is to be repeated three times.

(i1) A test loop, consisting of cable and its accessories is subjected to 20 load cycles with a
minimum conductor temperature 5°C in excess of the design value and the cable is energized
to 1.5 times the working voltage. The cable should not show any sign of damage.

(i11) After test as at (i1), the cable is energized with a voltage 1.5 times the working voltage for
a cable of 132 kV rating (the multiplying factor decreases with increases in operating voltage)
and the loading current is so adjusted that the temperature of the core of the cable is 5°C higher
than its specified permissible temperature. The current should be maintained at this value for
six hours.

(iv) The ratio of the temperature difference between the core and sheath of the cable and the
heat flow from the cable gives the thermal resistance of the sample of the cable. It should be
within the limits specified in the specifications.

(v) In order to estimate life of a cable, an accelerated life test is carried out by subjecting the
cable to a voltage stress higher than the normal working stress. It has been observed that the
relation between the expected life of the cable in hours and the voltage stress is given by

where K is a constant which depends on material and n is the life index depending again on the

material.

(vi) High Voltage Schering Bridge is used to perform dielectric power factor test on the cable
sample. The power factor is measured for different values of voltages e.g. 0.5, 1.0, 1.5 and 2.0
times the rated operating voltages. The maximum value of power factor at normal working
voltage does not exceed a specified value (usually 0.01) at a series of temperatures_rangine
] (o} . -\| =
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The difference in the power factor between rated voltage and 1.5 times the rated voltage and
the

rated voltage and twice the rated voltage does not exceed a specified value. Sometimes the
source is not able to supply charging current required by the test cable, a suitable choke in
series with the test cable helps in tiding over the situation.

(vil) Cables are tested for power frequency a.c. and d.c. voltages. During manufacture the
entire cable is passed through a higher voltage test and the rated voltage to check the continuity
of the cable. As a routine test the cable is subjected to a voltage 2.5 times the working voltage
for 10 min without damaging the insulation of the cable. HV d.c. of 1.8 times the rated d.c.
voltage of negative polarity for 30 min. is applied and the cable is said to have withstood the
test if no insulation failure takes place.

(viii) The test cable is subjected to 10 positive and 10 negative impulse voltage of magnitude
as specified in specification, the cable should withstand 5 applications without any damage.
Usually, after the impulse test, the power frequency dielectric power factor test is carried out to
ensure that no failure occurred during the impulse test.

(ix) Partial discharge measurement of cables is very important as it gives an indication of

expected life of the cable and it gives location of fault, if any, in the cable.

When a cable is subjected to high voltage and if there is a void in the cable, the void breaks
down and a discharge takes place. As a result, there is a sudden dip in voltage in the form of an

Impulse. This impulse travels along the cable as explained in detail in Chapter VI. The
duration between the normal pulse and the discharge pulse is measured on the oscilloscope and
this distance gives the location of the void from the test end of the cable. However, the shape
of the pulse gives the nature andintensity of the discharge.

In order to scan the entire length of the cable against voids or other imperfections, it is passed
through a tube of insulating material filled with distilled water. Four electrodes, two at the end
and two in the middle of the tube are arranged. The middle electrodes are located at a
stipulated distance and these are energized with high voltage. The two end electrodes and cable
conductor are grounded. As the cable is passed between the middle electrode, if a discharge is
seen on the oscilloscope, a defect in this part of the cable is stipulated and hence this part of the
cable is removed from the rest of the cable.

Testing of Bushings

Bushings are an integral component of high voltage machines. A bushing is used to bring high
voltage conductors through the grounded tank or body of the electrical equipment without
excessive potential gradients between the conductor and the edge of the hole in the body. The
bushing extends into the surface of the oil at one end and the other end is carried above the
tank to a height sufficient to prevent breakdown due to surface leakage.

Following tests are carried out on bushings:
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(1) Power Factor Test: The bushing is installed as in service or immersed in oil. The high
voltage terminal of the bushing is connected to high voltage terminal of the Schering Bridge
and the tank or earth portion of the bushing is connected to the detector of the bridge. The
capacitance and p.f. of the bushing is measured at different voltages as specified in the relevant
specification and the

capacitance and p.f. should be within the range specified.

(i) Impulse Withstand Test: The bushing is subjected to impulse waves of either polarity and
magnitude as specified in the standard specification. Five consecutive full waves of standard
wave form (1/50 p sec.) are applied and if two of them cause flash over, the bushing is said to
be defective. If only one flash over occurs, ten additional applications are made. If no flash
over occurs, bushing is said to have passed the test.

(ii1)) Chopped Wave and Switching Surge Test: Chopped wave and switching surge of
appropriate duration tests are carried out on high voltage bushings. The procedure is identical
to the one given in (ii) above.

(iv) Partial Discharge Test: In order to determine whether there is deterioration or not of the
insulation used in the bushing, this test is carried out. The procedure is explained in detail in
Chapter-VI. The shape of the discharge is an indication of nature and severity of the defect in

the bushing. This is considered to be a routine test for high voltage bushings.

(v) Visible Discharge Test at Power Frequency: The test is carried out to ascertain whether the
given bushing will give rise to ratio interference or not during operation. The test is carried out
in a dark room. The voltage as specified is applied to the bushing (IS 2099). No discharge
other than that from the grading rings or arcing horns should be visible.

(vi) Power Frequency Flash Over or Puncture Test (Under Oil): The bushing is either
immersed fully in oil or is installed as in service condition. This test is carried out to ascertain
that the internal breakdown strength of the bushing is 15% more than the power frequency
momentary dry withstand test value.

Testing of Power Capacitors

Power capacitor is an integral part of the modern power system. These are used to control the
voltage profile of the system. Following tests are carried out on shunt power capacitors (IS
2834):

(1) Routine Tests: Routine tests are carried out on all capacitors at the manufacturer’s premises.
During testing, the capacitors should not breakdown or behave abnormally or show any visible

deterioration.

(i1) Test for Output: Ammeter and Voltmeter can be used to measure the kVAr and capacitance
of the capacitor. The kVAr calculated should not differ by more than —5 to +10% of the
specified value for capacitor units and 0 to 10% for capacitors banks.
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The a.c. supply used for testing capacitor should have frequency between 40 Hz to 60 Hz,

preferably as near as possible to the rated frequency and the harmonics should be minimum.

(i11)) Test between Terminals: Every capacitor is subjected to one of the following two tests for
10 secs:

(a) D.C. test; the test voltage being Vt =4.3 VO (b) A.C. test Vt =2.15 V0,

where VO is the rms value of the voltage between terminals which in the test connection gives
the same dielectric stress in the capacitor element as the rated voltage Vn gives in normal
service.

(iv) Test between Line Terminals and Container (For capacitor units): An a.c. voltage of value
specified in column 2 of Table 5.1 is applied between the terminals (short circuited) of the
capacitor unit and its container and is maintained for one minute, no damage to the capacitor
should be observed. Figures with single star represent values corresponding to reduced
insulation level (Effectively grounded system) and with double star full insulation level (non-
effectively grounded system).

(v) IR Test: The insulation resistance of the test capacitor is measured with the help of a
megger. The megger is connected between one terminal of the capacitor and the container. The
test voltage shall be d.c. voltage not less than 500 volts and the acceptable value of IR is more
than 50 megohms.

(vi) Test for efficiency of Discharge Device: In order to provide safety to personnel who
would be working on the capacitors, it is desirable to connect very high resistance across the
terminals of the capacitor so that they get discharged in about a few seconds after the supply is
switched off. The residual capacitor voltage after the supply voltage is switched off should
reduce to 50 volts in less than one minute of the capacitor is rated upto 650 volts and 5 minutes
if the capacitor is rated for voltage more than 650 volts. A d.c. voltage 2 X rms rated voltage of
the capacitor is applied across the parallel combination of R and C where C is the capacitance
of the capacitor under test and R is the high resistance connected across the capacitor. The
supply is switched off and the fall in voltage across the capacitor as a function of time is
recorded. If C is in microfarads and R in ohms, the time to discharge to 50 volts can be
calculated from the formula

t=2.3%x10-6 CR (logl0 V —1.7) secs
where V is the rated rms voltage of the capacitor in volts.
Type of Tests

The type tests are carried out only once by the manufacturer to prove that the design of

capacitor complies with the design requirements:

(1) Dielectric Loss Angle Test (p.f. test)

i i
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be more than 10% the value agreed to between the manufacturer and the purchaser and it
should not exceed
0.0035 for mineral oil impregnates and 0.005 for chlorinated impregnates.

(i1) Test for Capacitor loss

The capacitor loss includes the dielectric loss of the capacitor and the V2/R loss in the
discharge resistance which is permanently connected. The dielectric loss can be evaluated from
the loss angle as obtained in the previous test and V2/R loss can also be calculated. The total
power loss should not be more than 10% of the value agreed to between the manufacturer and
consumer.

(ii1) Stability Test:The capacitor is placed in an enclosure whose temperature is maintained at
+2°C above the maximum working temperature for 48 hours. The loss angle is measured after
16 hours, 24 hours and 48 hours using High voltage Schering Bridge at rated frequency and at
voltage 1.2 times the rated voltage. If the respective values of loss angle are tan 81, tan 62 and

tan 03, these values should satisfy the following relations (anyone of them):
(a) tan 61 + tan 62 <2 tan 62 < 2.1 tan 81 or (b) tan 81 > tan 62 > tan 63
(iv) Impulse voltage test between terminal and container

The capacitor is subjected to impulse voltage of 1/50pu sec. Wave and magnitude as stipulated
in column 3 of Table 5.1. Five impulses of either polarity should be applied between the
terminals (joined together) and the container. It should withstand this voltage without causing
any flash overs.

Testing of Power Transformer

Transformer is one of the most expensive and important equipment in power system. If it is not
suitably designed its failure may cause a lengthy and costly outage. Therefore, it is very
important to be cautious while designing its insulation, so that it can withstand transient over
voltage both due to switching and lightning. The high voltage testing of transformers is,
therefore, very important and would be discussed here. Other tests like temperature rise, short
circuit, open circuit etc. are not considered here. However, these can be found in the relevant
standard specification.

Partial Discharge Test

The test is carried out on the windings of the transformer to assess the magnitude of

discharges. The transformer is connected as a test specimen similar to any other equipment as
discussed in Chapter- VI and the discharge measurements are made. The location and severity
of fault is ascertained using the travelling wave theory technique as explained in Chapter VL.
The measurements are to be made at all the terminals of the transformer and it is estimated that
if the apparent measured charge exceeds 104 picocoulombs, the discharge magnitude is
considered to be severe and the transformer insulation should be so designed that ﬂ‘.c}‘ lisd e ot

. ¥ -l ’ » ) |
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Impulse Testing of Transformer

The impulse level of a transformer is determined by the breakdown voltage of its minor
insulation (Insulation between turn and between windings), breakdown voltage of its major
insulation (insulation between windings and tank) and the flash over voltage of its bushings or
a combination of these. The impulse characteristics of internal insulation in a transformer
differs from flash over in air in two main respects. Firstly the impulse ratio of the transformer
insulation is higher (varies from

2.1 to 2.2) than that of bushing (1.5 for bushings, insulators etc.). Secondly, the impulse
breakdown of transformer

LTS

— ' L |
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Fig 5.2 Volt time curve of Typical Major Insulation in Transformer

insulation in practically constant and is independent of time of application of impulse voltage.
Fig.

5.2 shows that after three micro seconds the flash over voltage is substantially constant. The
voltage stress between the turns of the same winding and between different windings of the
transformer depends upon the steepness of the surge wave front. The voltage stress may further
get aggravated by the piling up action of the wave if the length of the surge wave is large. In
fact, due to high steepness of the surge waves, the first few turns of the winding are
overstressed and that is why the modern practice is to provide extra insulation to the first few
turns of the winding. Fig. 5.3 shows the equivalent circuit of a transformer winding for impulse
voltage.

I_.

Fig 5.3 Equivalent Circuit of a Transformer for Impulse v oltage

Here C1 represents inter-turn capacitance and C2 capacitance between winding and the ground

(tank). In order that the minor insulation will be able to withstand the impulse voltage, the

winding is subjected to chopped impulse wave of higher peak voltage than the fill ;:uv”f\ -
A
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voltage is applied between one phase and ground, high voltages would be induced in the
secondary of the transformer. To avoid this, the secondary windings are short-circuited and
finally connected to ground. The short circuiting, however, decreases the impedance of the
transformer and hence poses problem in adjusting the wave front and wave tail timings of
wave. Also, the minimum value of the impulse capacitance required is given by

£x10°
. = AT
¥ £ ¥

where P = rated MVA of the transformer Z = per cent impedance of transformer. V = rated

voltage of transformer.

Fig. 5.4 shows the arrangement of the transformer for impulse testing. CRO forms an integral
part of the transformer impulse testing circuit. It is required to record to wave forms of the

applied voltage and current through the winding under test.

Impulse testing consists of the following steps:

(i) Application of impulse of magnitude 75% of the Basic Impulse Level (BIL) of the

transformer under test.
(i1) One full wave of 100% of BIL.

(ii1) Two chopped wave of 115% of BIL. (iv) One full wave of 100% BIL and
(v) One full wave of 75% of BIL.

During impulse testing the fault can be located by general observation like noise in the tank or
smoke or bubble in the breather. If there is a fault, it appears on the Oscilloscope as a partial of
complete collapse of the applied voltage.

Study of the wave form of the neutral current also indicated the type of fault. If an arc occurs
between the turns or form turn to the ground, a train of high frequency pulses are seen on the
oscilloscope and wave shape of impulse changes. If it is a partial discharge only, high
frequency oscillations are observed but no change in wave shape occurs. The bushing forms an
important and integral part of transformer insulation. Therefore, its impulse flash over must be
carefully investigated. The impulse strength of the transformer winding is same for either
polarity of wave whereas the flash over voltage for bushing is different for different polarity.
The manufacturer, however, while specifying the impulse strength of the transformer takes into
consideration the overall impulse characteristic of the transformer.

Precautions:

1. No one is allowed to go inside the room where the kit is kept, while the testing is being
performed.

2. Nobody should go near the H.T. bushing when the test being conducted.
3. The equipment must be grounded firmly.
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4. After the experiment performed, do not touch the equipment without grounding it with the
grounding rod.
Result: High Voltage testing of electrical equipment is done successfully.

VIVA VOCE QUESTIONS

Q.1 what are the name of materials which can store electrical energy?
Q.2 why we use ACSR (Aluminum Conductor Steel Reinforced)?
Q.3 which element is use for making brass?

Q.5 which impurity is added in n type semiconductor?

Q.6 which material is used for covers of electrical machines?

Q.7 what is the practical value dielectric constant of air?

Q.8 why secondary always kept short during testing?

Q.9 what is loss of excitation?
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EXPERIMENT
NO. 8

Objective: - Design an EHV transmission line.
Theory:-

The transmission line Simulator with protection is designed to demonstrate the fault clearing
process on transmission line using distance relay. The protection of transmission lines is usually
done by distance protections schemes. The principle of operation of these relays depends on the
ratio of voltage to current changes & is depends on the fault current and its power factor under
the fault conditions. As a matter of fact such relays are designed to operate according to the
impedance of the line upto the fault point or the ratio of voltage to current under fault condition.
As the fault impedance is proportional to the distance of line, relay indicates the distance over

which the fault has been occurred. The impedance relays known as distance relay.

A transmission line demo panel comprises a line model per phase basis having the length 400
KM & voltage of 220KV is designed for demonstration purposes. The lumped parameter line
model with five cascaded networks each of them is designed for 80 KM parameters. Fault
simulating switches are provided to create the fault condition. The switches are used to short live
part of line to ground through some fault impedance at different locations. The impedance relay
senses the fault current, voltage and gives trip signal to the circuit breaker if fault impedance is

less than set value. The circuit breaker isolates the transmission lines from the supply.

The solid state impedance relay with single element is designed to measure the fault impedance
with magnitude, compare it with set point value and give the trip signal to circuit breaker. The
solid state over current Relay with single element is designed to measure the current in
Transmission line. If current is more than set current value, relay gives trip signal to Circuit

breaker.

The transmission line demo panel also comprises digital voltmeters, ammeters, push buttons,
indicating lamps, hooter and accessories. A digital timer is used to measure time required for the

detection & clearance of the fault.

The demo panel provided with protective devices i.e. MCB & HRC fuses to give h;‘n{’ectir‘“

from any abnormal condition occurring during the actual demonstration & experimer” |
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Specifications:

Over Current Relay-up
BASED

5. Panel Control Supply

6. Protection CT

7. Switching Devices

Panel Input Supply : 1 Ph, 230V, 50Hz
AC supply
Transmission line model : Transmission line

model for 400 km, 220KV transmission line with
five m models cascaded each for 80 km line
length having the lumped parameters.
R=2,C=1pF, L =25mH. Current capacity of
model is 5 Amp.

Protective Relay
Solid state Impedance Relay :  PT voltage=220V,
CT current=1A, Aux. supply 230V AC.

CT Current 1A, over current range
0-5A settable ,

Aux. supply -230V AC

1-ph, 230V, 50Hz, AC supply.

a) SE CT 5/1A, 5 VA, class-1 - 2 no.

b) SE CT 10/1, 10VA class-1 — 3 no.

a) 2 Pole, 6 A MCB for mains 2A for control

b) 3 Pole, 16 A, Power contactor, Coil
voltage 230V AC, as SE CB

¢) 3 Pole, 16 A, Power contactor, Coil

*,L" ) “ .
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8 Panel Protection

PVC terminals are provided on screen-printed front panel for transmission line model,
Impedance relay, Current Transformer and load. The interconnection between protective CT &
solid state impedance relay are done internally as per connection diagram. The 3 core x 1.5 sq.

mm. Flexible copper cable is used for input supply connections. The earth terminals are

provided on panel to connect permanent earth connection to panel after installation.

Panel Meter

The digital panel meters are provided to measure Line voltage and Line current of transmission
line at sending end and receiving end. The voltmeters are 0-300V, 3% digits, 96 X

96 sq. mm. digital with 1-phase, 230V AC auxiliary supply. AC Ammeters are used to
measure line currents at sending end and receiving end. The Ammeters are 0-5A, 3’2 digits, 96
X 96 sq. mm. digital with 1-phase, 230V AC auxiliary supply. Power analyzers 96X96sqmm
with 1-phase, 230V AC auxiliary supply.

Digital

Timer

The 0 -199.999 seconds, 6 digit, 96 X 96 sq. mm. digital timer with 1-phase, 230V AC
auxiliary supply is used to measure time delay required to clear the fault. The timer will start
time counting on closing of any fault simulating switch and it will stop when protective relay

operates & gives signal to open the circuit breakers.

On-Off Switches & Indications
To switch on/off the input supply, 10A, DP MCB is used. A MAIN ON is indicated by green

indicating lamp. Luminous push button PB1 is used to switch on the input contactor C1
[Sending end circuit breaker]. Push button PB2 is used to switch off the contactor C1. Red
luminous push button PB5 [LOAD ON] is used to switch on output contactor C2 [Receiving
end circuit breaker]. Push Button PB6 [Red] is used to switch OFF contactor C2 [for isolating
load from transmission line]. The two pole, 10A, rotary switches are used as fault simulating

switches. The switches SW1, SW2 and SW3 are used to simulate the phase to earth fault in
o’ |'. " L. i
e
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Km, 320 Km, 400 Km from sending end. RED indicating lamp indicates FAULT situation.
When

fault occurs, the relay sense the fault impedance and if fault impedance is less than set value,
relay gives trip signal to circuit breaker control circuit & hooter gives audio alarm. Push

buttons PB3 [Yellow] and PB4 [Red] are used to accept and reset the annunciation system.

Transmission Line Model

Transmission line model is designed for 400 km, 220KV transmission line with five models
cascaded each for 80 km line length having the lumped parameters. R=2, C=1p F,L =

25mH. Current capacity of model is 1 Amp. The transmission line model diagram is printed on

front
panel & terminals are provided for every m model so that the connections & checking is

easily possible.

Protective Relay

A solid state Impedance relay is used to sense the fault impedance. The inputs from protection
CT connected to relay Depending on fault current & voltage at sending end, the relay
calculates the impedance. The digital display on relay gives percentage value of ratio of
voltage & CT current (Percentage value of fault impedance). Under normal working condition
the value of impedance is too high. But under the fault condition line current increases
considerably high value & sending end voltage drops down slightly, so that the impedance

value decreases suddenly. The value of percentage impedance will be 100% when CT

secondary current is 1A and voltage is 220V.

When the PRESS TO SET button is pressed, the digital display will show the set point value of
percentage impedance. The set point value of percentage impedance can be adjusted to any
point (within range 0-180%) with set point pot by pressing the button. The solid state relay will
be active, when percentage impedance sense by relay reduces less than set point value and
relay will gives trip signal if fault condition remains for certain time delay. The time delay
between activation of relay and tripping of relay will be inversely proportional to the difference
between actual percentage impedance sense by relay and set value of percentage impedance.
As the difference is very high relay will trip fast after activation. The impedance relay yvorks

on single phase, 230V AC auxiliary supply. The relay can be designed to operate ¢ G}' 2l iV
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Protection Current Transformer

The wound primary, round core current transformer at sending end of transmission line is sense
the sending current of line. The sending end current transformers are 5/1A, 5 VA. The signals

from CT connected to impedance relay.

Loads

Loads are in built with the panel. RLC variable load is fitted inside the panel. Resistive load is
variable pot of 0-50 Q and 100watts. Three pots are provided.

Inductive load is also variable with the help of selector switch this can be varied in steps of 2.5,
5, 10pH. Maximum of 5A current capacity three inductors are provided.

Capacitive load is fixed 10u F capacitors are fitted inside. Three capacitors can be turned on or
off with the help of three selector switches.

Procedure:-

> Connect mains cable to 230V, single phase, AC supply with proper earth connection.
> Keep SW1, SW2, SW3, MCB and all switches OFF position.
> Switch on input MCB. Check MAINS ON indication and voltage at sending end is

*,L" ) “ .
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displayed on input side digital voltmeter.

> Check impedance relay supply & its DPM should be ON indicating maximum value of
Impedance.

Y

Check the over current relay, & its DPM should indicate minimum value of current.

> Press Push button PB1, sending end contactor (C1) gets energized & gives on Indication
and the supply is connected to line model.

> Press Push Button PB5, contactor C2 gets energized & gives LOAD ON indication and
Load gets connected to transmission line model. Voltage and current at load end and
current at sending end is displayed. Adjust sending end current about 1 Ampere.

> Adjust set value of impedance on solid state relay. Note down set point value of
Percentage impedance.

> Adjust the Set value of over current relay. Note down the set point value of set current.

Create the phase to earth fault with the help of SW1, SW2 and SW3 one by one starting

from switch SW3.

> When the fault is created, impedance relay will calculate percentage fault impedance &

Y

it will be displayed on relay DPM. Note down percentage fault impedance. If fault
Impedance is less than set point value, the relay ACTIVE indication will be ON. If Fault
current is more than set value of over current relay, Relay will Active & give Active
indication ON.

> The timer will start time counting, if fault condition remains for specific time delay the
FAULT indication is ON & relay gives trip signal to circuit breaker control circuit.

> The trip circuit energizes contactor Aland also to hooter coil. Hooter gives an audio
alarm. The contactor C1 is de-energized and line is opened from supply.

> Repeat the procedure with different fault locations with different set point values and
find the impedance relay response.

Transmission Line Model 400 km

Line voltage assumed = 220v = 220kva

Sending end transformer = 1kva

Sending end current = 4.54A

So full load current = 4.54A

Total Impedance of transmission line = 220v/4.5A =
48.9Q Total no of section = 5

Now for each section =48.9/5=9.78 Q
Xv=2nfL

9.78Q=2mn L

L=31mH

Taking L= 25 mH

Now indicator value for each section = 25mH

As per standard R=0.0312 (0.031 €/Km) . 1-' 3 L —
L
As 1 st section = 400/5 = 80Km DOr. Mahesh Bundesla
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R for each section = 80 x 0.0312 Q =2.496 Q

Taking R=2 Q& capacitor C= 15 x 10_9 x80=12uF=1pF
Relay setting range : 0 — 200%

PT =220v

CT=4.5=5A220/5A =44 Q

Fault switches are off — swl, sw2 & sw3

Adjust 220v at SE

Connect upto 1 A load at RE

Now s/w on sw3 with at 100% distance — 400km

Sw3 line = R=2 Ohms, L=25mH,C=1pF

Therefore = 9.78 ohms per section x 5 section =48.9 Ohms
400km =4.89 A =100%

Switch 3 is 9.780hms x 5 section = 48.9 ohms

220v/4.5 Ohms= 4.89A

(220/4.54A)/48.9 x 100 = 100% impedance

Sw2

9.78o0hms x 4 section = 39.120hms

Per section is 80km x 4 = 320kms
Therefore

220v/39.120hms =5 .6A

((220/5.6)/ 48.9)x 100 = 80% impedance
Swl at section 3

9.78 Ohms x 3 =29.010hms
Line 220/29.01 Ohms = 7.5A Line current is 7.5

A, So % is 220/7.5)/48.9 x 100 = 60% impedance

Over Current Protection

Switch off Impedance relay.

Set V = at sending end = 220v
Set I on O/C relay = 2A ( 0-5A)
Keep t at max.

Connect load 1 amp.

Increase the load above 2A- 2.5A
Relay will get active & trip.

Time measure approx. 10sec.

Then 3A load- time will be approx.7 sec
Then 4A load — measure the trip time

If the load increases trip time will be less (inverse
characteristic) Transmission model with RLC
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S L

DOr. Mahesh Bundesla

" B.E.,ME., Ph.D.

Director

72

p?&{’g”}*ﬂ 5_:“-“'_‘.‘?!3 of Enginaer
 F .tl-' r".t rﬂstm_rr_[rm.-.ﬂ Area
SEUrS, JAajirue



loading. Switch off OC relay & Impedance relay.
Adjust sending end voltage =220v

Connect resistive load of 1 -2 A

Now measure receiving end voltage and current.
R & L with series connect and observe.

R & L series and across connect capacitance and observe, note down the readings.
Resistive load.

Voltage is 220v/4.5A=48.40hms

7=48.4 ohms for 400km/5 section
400km/5section = 80km per section.

48.9 ohms/5section = each section is 9.78 Ohms.
Therefore, 9.78x 4.54A = 44.4V across each
section. Voltage at 80km = 220v-(voltage drop)
Vdrop=7Zx1=9.78 x4.54=44.4V AT 80KM
AT 160KM = 134V

AT 240KM = 88.8V

AT 320KM = 44.4V

AT 400KM = 0V

Load Unit.
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L=2.5,5,10mH, 5 Amp. Capacity — 3 nos.

C= 10uf /440V — 3 nos.
R =0-50 Ohms — 3 nos.

Ferranti effect

Line Capacitance

Sending end Voltage

Receiving end Voltage

6X1p F=6p F

«IL-' b « I
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Precaution:

1. Keep all switches off before connecting all the wires.
2. Be careful, CT secondary should never be open circuited.
3. The equipment must be grounded firmly.

4. don’t change the value of voltage suddenly. Adjust it through dimmer slowly.

Result: Study of transmission line panel is done successfully by realizing impedance relay, over

current relay and Ferranti effect.

VIVA VOCE QUESTIONS

Design an EHV transmission line.

Q.1 Who provide the protection against direct lightening strokes and high voltage steep waves?
Q.2 What is the value of voltages under Extra High Voltage?

Q.3 The lightening arresters is placed nearer to which equipment in outdoor substation?

Q.4 What is range of voltage in EHV line?

Q.5 Give any two advantages of EHV line?

Q.6 What is the problem associated with EHV transmission?

Q.7 What is corona?

Q.8 What are the advantages of corona?

Q.9 What is bundled conductor and its uses in EHV line?

Q.10 What is surge impedance loading?
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EXPERIMENT NO. 9

Objective: -Breakdown studies of uniform field and non-uniform field gaps under A.C. excitation:

(1)Sphere to sphere (ii) Sphere to plane (ii1) Sphere to point

Apparatus

The rod gap apparatus is a mobile unit. The main frame stand structure is made using epoxy fiber glass
tubes. These tubes are painted using the anti tracking paints to avoid any tracking on the insulators
supports due to dust and moisture. On one side of the apparatus hand wheel has been provided for easy
operation of the equipment. The moving system on the hand wheel side has built-in micrometer scale,
with the help of which, the electrode gap can be controlled within +or — 0.1mm. Other side of the stand
contains the lead screw with the nuts. The lead screw is used to adjust zero reading between the

electrodes. Different type of electrodes are used to conduct the experiments at various voltage levels.

Method

One set of electrodes is cleaned properly (It should be free form dust and moisture) and is fixed to the
rod gap apparatus. One end of the rod gap is grounded to the base of the apparatus and in turn the base
is grounded to the mother ground. With the help of the lead screw, zero adjustment is made on the
micrometer scale. Now, the gap is increased slowly step by step and high voltage is applied to it. The
gap and the flashover readings are noted down and graph is drawn between the gap and the voltage.
Experiment can be repeated using reverse polarity and after drawing another graph the effect of polarity

on the flashover between different types of electrodes can be studied.

Procedure:

1. Connect the test gap (A) to the transformer as shown in the circuit diagram.

2. Adjust the gap distance to an initial value of 10mm.

3. Close the circuit breaker S1.
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4. Slowly raise the till faint hissing audible sound is heard. Note the reading on the Analog
multimeter and actual value from the calibration chart provided. This is the beginning of

corona. Hence the corona Inception Voltage.

5. Raise the Voltage further till such time there is a faint visible glow at the high voltage

electrode. This is the Visible Corona Inception level. Note the value.

6. Then slowly reduce voltage further till such time the hissing sound subside i.e., dies down or

becomes extinct. Note this value as Corona Extinction Voltage.

7. Once again raises the voltage till such time there is a Break Down. Note this value as break

down Voltage.

8. Reduce the voltage completely and open the circuit breaker.

9. Increase the gap distance by Smm and repeat steps 3 to 8.

10. Repeat step 9 for 6 (six) different gap distances.

11. Repeat the experiment for test Gap (B).

12. Correct the observed values for standard atmospheric conditions and plot the gap distance Vs

Breakdown voltage for each gap.

Precautions

1. Ignore the first one or two readings, as the air between the electrodes may not ionize.

2. The equipment must be grounded firmly.

3. The electrodes must be cleaned properly before and after the use.

4. Do not touch the equipment without grounding it with the grounding rod.
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5. Before starting the experiment, make sure the electrodes are properly aligned and zero

reading is adjusted.

Result: Breakdown studies of uniform field and non-uniform field gaps under A.C. excitation is

successfully done.

VIVA VOCE QUESTIONS

Q.1 What is the rating of one disk in string of insulator disk?

Q.2 Why cascading of transformer is done?

Q.3 What is the role of time in testing of electrical equipment?
Q.4 Whatis CVT ?

Q.5 What is rating of power transformer used in H.V. lab?
Q.6 What is corona?

Q.7 What is charging current?

Q.8 Why bushing is used in transformer?

Q.9 How corona is depend on supply frequency?

Q.10 What is the role of bundle conductors?
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EXPERIMENT NO. 10

Objective: -Breakdown studies of uniform field and non-uniform field gaps under A.C. excitation:

(1) Plane to plane (ii) Plane to Point (iii) Point to Point.

Apparatus

The rod gap apparatus is a mobile unit. The main frame stand structure is made using epoxy fiber glass
tubes. These tubes are painted using the anti tracking paints to avoid any tracking on the insulators
supports due to dust and moisture. On one side of the apparatus hand wheel has been provided for easy
operation of the equipment. The moving system on the hand wheel side has built-in micrometer scale,
with the help of which, the electrode gap can be controlled within +or — 0.1mm. Other side of the stand
contains the lead screw with the nuts. The lead screw is used to adjust zero reading between the

electrodes. Different type of electrodes are used to conduct the experiments at various voltage levels.

Method

One set of electrodes is cleaned properly (It should be free form dust and moisture) and is fixed to the
rod gap apparatus. One end of the rod gap is grounded to the base of the apparatus and in turn the base
is grounded to the mother ground. With the help of the lead screw, zero adjustment is made on the
micrometer scale. Now, the gap is increased slowly step by step and high voltage is applied to it. The
gap and the flashover readings are noted down and graph is drawn between the gap and the voltage.
Experiment can be repeated using reverse polarity and after drawing another graph the effect of polarity

on the flashover between different types of electrodes can be studied.

Procedure:

1. Connect the test gap (A) to the transformer as shown in the circuit diagram.

2. Adjust the gap distance to an initial value of 10mm.

3. Close the circuit breaker S1.
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4. Slowly raise the till faint hissing audible sound is heard. Note the reading on the Analog
multimeter and actual value from the calibration chart provided. This is the beginning of

corona. Hence the corona Inception Voltage.

5. Raise the Voltage further till such time there is a faint visible glow at the high voltage

electrode. This is the Visible Corona Inception level. Note the value.

6. Then slowly reduce voltage further till such time the hissing sound subside i.e., dies down or

becomes extinct. Note this value as Corona Extinction Voltage.

7. Once again raises the voltage till such time there is a Break Down. Note this value as break

down Voltage.

8. Reduce the voltage completely and open the circuit breaker.

9. Increase the gap distance by Smm and repeat steps 3 to 8.

10. Repeat step 9 for 6 (six) different gap distances.

11. Repeat the experiment for test Gap (B).

12. Correct the observed values for standard atmospheric conditions and plot the gap distance

Vs Breakdown voltage for each gap.

Precautions

1. Ignore the first one or two readings, as the air between the electrodes may not ionize.

2. The equipment must be grounded firmly.

3. The electrodes must be cleaned properly before and after the use.

4. Do not touch the equipment without grounding it with the grounding rod.
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5. Before starting the experiment, make sure the electrodes are properly aligned and zero

reading is adjusted.

Result: Breakdown studies of uniform field and non-uniform field gaps under A.C. excitation is

successfully done.

VIVA VOCE QUESTIONS

Q.1 What is the rating of one disk in string of insulator disk?

Q.2 Why cascading of transformer is done?

Q.3 What is the role of time in testing of electrical equipment?
Q.4 Whatis CVT ?

Q.5 What is rating of power transformer used in H.V. lab?
Q.6 What is corona?

Q.7 What is charging current?

Q.8 Why bushing is used in transformer?

Q.9 How corona is depend on supply frequency?

Q.10 What is the role of bundle conductors?

*,L" ) “ -
LS _.f" L—

DOr. Mahesh Bundesla

" B.E.,ME., Ph.D.

Director

P?Errwﬂin}al (;:ulh_me of Enginaer
 F .tl-' ﬁ H"IE‘-‘I“’I._IT_!_!’.‘['I-‘-'H Areq
SEUrS, JAajirue



