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EXPERIMENT NO 1 

OBJECT:-Study filtration and treatment of transformer oil 

THEORY:-Oil, besides being a good insulating medium, it allow better dispersion of heat. It 

allows a transfer and absorption of water, air and residue streamed by the ageing of the solid 

insulation. In order to achieve requirement, it must be treated to attain high degree of purity, 

whatever be the nature of the impurities whatever solid, liquid and gaseous. These begin down 

the dielectric strength of oil material. The pressure of water in paper not only increases the loss 

angle tan δ. it accelerates the process of ageing. Similarly air dissolved oil produces a risk of 

forming bubble and reduces the dielectrics strength of the oil. 

AIR ABSORPTION:-The process of air absorption can be compared to a diffusing 

phenomenon in which a gaseous substance in the air is in contact with liquid. If the viscosity of 

the liquid is low, the convection movement bring about a continuous inter- mixing thereby a 

uniform concentration is achieved. This phenomenon can be checked in a tank where the air 

content or the water content, measured both at the top and the bottom are approximately equal.  

Let G (t) =Air content of oil after time t.  

Gm=Air content under saturation condition 

P= Probability of absorption for unit time 

S=Surface of oil  

V=Volume of Oil 

The absorption of air by oil can be given by the equation 

dG/dt= P.δ/V(Gm-G(t)) 

With boundary condition at t=0, G=Gᵒ 

Solving the above equation 

dG/(Gm-G(t))=p.(S/V)dT 
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or  ln{Gm-G(t)}=-p(S/V)t+A 

At t=0, G=Gᵒ 

Therefore A=ln[Gm-G(t)/Gm-Gᵒ]= -P[S/V]t 

Or Gm-G(t)=(Gm-Gᵒ)e-P(s/v)t 

Thus from shows the schematic for measurement of air absorption by insulating oil which is 

previously been diagramed    as a function of absorption time. The oil is digest and dried with the 

help of vacuum pump 

(1)and introduced into the insulating until the desired is absorbed by the oil, the pressure being 

maintain at constant value by reducing the volume in absorption in motor. 

(2) thus air content of oil by volume can be measured precision monometer  

(3) Is used calibrate the absorption meter  

Phosphorous penta oxide trap take in the reminder of water   vapor 

FILTRATION AND TREATMENT UNDER VACCUM:-Due to hygroscopic properties of 

paper, oil is predicted before filtering. Therefore this oil cannot be used for high voltage 

insulation subsequently, process of drying is carried out in specially designed tank under 

vaccum.The oil is distributed over large surface by so called “RASCLIN G –RING” 

The oil from transformer of storage tank is profiteered so as to protect the feeder pump,  in the 

oil is heated up and is allowed to flow for the filter into degassing tank. Is either connected with 

the gaseous tank in parallel with pump or can be used for evacuating the transformer tank which 

is to be heated. 

CEENTRIFUGAL METHOD:-The method is helpful partially extracting solid impurities and 

free water. It is totally ineffective as far as the removal of water and dissolved gases is concerted 

and oil treated in the banner is even oversaturated with as air is thoroughly mixed into it during 

the process. How ever if the centrifugal device is kept in the take kept under vaccume, partial 

improvement can be obtained. But the light increased in efficiency of oil achieved is out of 

proportion to the additional cost involved. 
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ABSORPTION COLOMNS:-Here the oil is May to flow through one or several column filled 

with and absorbing agent have been used:- 

FULLER EARTH:-activated fuller earth absorb carbonyl and hydroxyl group. Best result of oil 

treatment is obtained by the combination of fuller earth and subsequent drying under vacuum. 

SILICA GEL:-Silica gel and its particular series   diameter measure 4Aᵒ show a strong affinity 

for water. Molecular seines are capable of absorbing water 20% of its original weight at 25ᵒC 

and water vapor pressure 1tore  

MOLECULAR SILLUES:-It are synthetically product zeolites which are activated by removal 

of the crystallization water. Their absorption capacity remains constant up to saturation point. 

 

ELECTROSTATIC FILTER:-The oil to be treated is passed between the two electrode placed 

in a container. The electrostatic field charges the impurities and trace of water which are the 

attracted and retained by the foam coated electrode. This method of drying oil is foamed to be 

economical if the water contained of the oil is less than 2ppm.It is therefore essential  that the oil 

is dried before and  hand if the water contains large. 

RESULT:-The filtration and treatment of oil has been studies successfully. 
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EXPERIMENT NO 2 

OBJECT: - To determine dielectric strength of transformer oil. 

THEORY: - The oil is poured in a container known as test cell which has internal dimension 

of 55* 40 * 100 mm. The electrodes are polished shores of 12.7 *13 mm diameter, preferably of 

brass, arranged horizontally with their axis not less than 40 mm the bottom of the cell. For the 

test of distance between the spheres shall be 410.02 mm. A suitable gauge is used to adjust the 

gap. 

                          Next the voltage is brought back to zero and started with 40% of the rapidly 

applied voltage and wait for a minute. It observes that if the gap is broken or not, the voltage and 

waited for 1 minute to fill the flashover in the MCB trips. Then again zero voltage is started to a 

value just obtain in the previous step  

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. 

8. Switch off the test kit. 

 

 

CIRCUIT DIAGRAM:- 
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FIGURE:-CIRCUIT DIAGRAM FOR TRANSFORMER OIL TEST 

 

 

RESULT: - The study of calculating dielectric strength of transformer oil had done 

successfully. 
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EXPERIMENT NO.3 

OBJECT: - Determine capacitance and dielectric loss of an insulating material using Schering 

Bridge 

 Apparatus: 
 

Semi Automatic Capacitance and Tan Delta Bridge. 

CIRCUIT DIAGRAM:- 

 

CIRCUIT DIAGRAM FOR MEASUREMENT OF CAPACITANCE 

 

THEORY:   High voltage schering bridge is widely used for capacity and dielectric loss 

measurement of all kind of capacitances, for instance cables, insulators and liquid insulating 

materials. The high voltage equipments have low capacitance and low power factor.  

The special features of bridge are  

1. High voltage supply, consists of transformer with regulation , protective circuitry and 

special screening. 

2. Screening standard capacitor of Cs of 100pF±5% 10RV max and dissipation factor 

tan𝛿 = 10^-5. It is gas filled capacitor having negligible loss factor over a wide range of 

frequency. 

3. The impedance of arms 1 and 2 are very large and therefore, the current drawn by these 

arms are small from the source and are sensitive detector is required for obtaining the 

balance. Also, since the impedance in arm 1 and 2 are very large as compared to 3 and 4, 
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the detector and the impedance of arm 3 and 4 are at a potential of only a few volts (10 to 

20 volts). Above the earth even when the voltage is 10 kv, except of course, in case of 

breakdown of one of the capacitors of arms 1 and 2. 

4. The null detector: an oscilloscope is used as a null detector. The gamma plates are 

supllies with the bridge voltage Vab and the x plate with the supply voltage v. however if 

the magnitude balance is not reached, an ellipse will appear on the screen. 

5. Automatic guard potential regulator is used to determine the stray capacitances between 

bridge junction and the ground adversely affect the measurement. 

 

Balancing the bridge:- 

The bridge is balanced by successive R1 and C2 until on the oscilloscope a horizontal 

straight line is observed: 

At balance  

𝑍𝐼

𝑍𝐼𝐼
=

𝑍𝐼𝐼𝐼

𝑍𝐼𝑣
 

Now,                                                           𝑍𝐼= 
𝑅𝑝

1+𝑗𝜔𝐶𝑃  𝑅   𝑝

 

                                                                   

                                                            𝑍𝐼𝐼= 
1

𝑗𝜔𝐶𝑠
 

                                                                               𝑍𝐼𝐼𝐼= 𝑅1 

                                                                               𝑍𝐼𝑉=
𝑅𝑝

1+𝑗𝜔𝐶2  𝑅   2

 

From balance equation we have  

    

𝑅𝑝

1+𝑗𝜔𝐶𝑃  𝑅   𝑝

𝑅1
 = 

1

𝑗𝜔𝐶𝑠
𝑅𝑝

1+𝑗𝜔𝐶2  𝑅   2

 

 

   Z1 = Rs –j/wsc 

And equation becomes  
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(Rs-j/wsc)/R1= (1+jwc2r2)/jw 

Rs

R1
−

j

wcsR1
=

−j

wc s
1R1

+
C2

Cs
′
 

Equating real part , we have 

Rs

R1
=

C2

Cs
′
 

Similarly equating imaginary part, we lane  

CS=Cs
’R2/R1 

 

Procedure for Ungrounded Specimen Test: 
1. Study the connection diagram with the help of set up manual and ensure that specimen is de-

energized and safe before making connections. 

2. Keep ‘POWER ON’ switch in ‘OFF’ position and set voltage control to zero. 

3. Set the Bridge controls to following initial settings: 

C Multiplier SHORT 

C dials 5,5,5,5 

Test Polarity Forward 

Suppressor Range LO 

Suppressor C&DF Dials Midway 

Sync. Switch INT-CAP 

4. Energize the test set by ‘TNY TRIP MCB’ ON. Carefully observe five indicators at left hand 

side of the Power Source. Then turn ON the Power Switch. And close the Foot-switch. Then turn 

HV switch ON. 

5. Turn capacitance multiplier dial in counter clockwise direction until null inductor swings to 

the left, then increase setting of ‘C’ measuring dials starting with highest value dial to bring null 

inductor to zero. 

6. Set Sync. Switch of Interference Suppression block to INT.SYNC.INTR and adjust ‘C’ & 

‘DF’ dial for nullify the respective meters at the setting of the 

voltage control to ‘0’ (with out setting HV OFF). 

7. Advance voltage control knob to obtained desired test voltage. 

8. Set Sync. Switch of Interference Suppression block to INT.SYNC.CAP. 

9. Again null the C meter using ‘C’ measuring dials. The sum of capacitance dials multiplied by 

the setting of the multiplier dial gives the capacitance value of the test specimen. 

10. Read the ‘DF’ on the DFM with “DF/Watt” Switch in the DF position. 

11. When test is completed gradually reduces test voltage to Zero, open Foot-switch,then turn 

Power OFF with TINY TRIP Switch. 

12. Repeat the same procedure for different Cores of cables at different voltage levels. 

 

To find out tans δ, we draw the phasor diagram of the bridge ckt. 
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RESULT: - study of calculation and dielectrically loss of an insulating material using bridge 

has been done successfully 
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Experiment no.4 

OBJECT: - To study solid dielectric used power apparatus. 

THEORY: - The majority of insulating system used in practice are solids. They can be 

broadly classified in three groups 

• Organic material 

• Inorganic material 

• Synthetic material 

                       Organic materials are those produced animal matter. They are good insulators. 

Mechanical and electrical properties dielectric when temperature exceeds 100 C . Inorganic 

materials are glasses and ceramic. Electrical and mechanical properties do not get deteriorate till 

250 C. 

                        Synthetic polymers posses excellent insulating properties. Classified into two 

types 

• Thermoplastic 

• Thermosetting 

 

Some dielectric materials are: 

1. PAPER AND BOARDS:-  Paper used known as tissue paper or kraft papers. Paper or 

paper boards used for dielectric are produced from cotton, organic fibre, mica, glass and 

ceramic. Paper hygroscopic in nature. Therefore, has to be dried and impregnated with 

mineral oil, vegetable oil etc.  

2. FIBRES:- It has th ability to combine strength and durability with extreme fitness and 

flexibility. Fibres used are between natural and manmade. Example cotton, flax, wool, 

silk, nylon etc. 

3. MICA AND ITS PRODUCTS:-  Mica is a name of a class of crystalline mineral silicate 

of alumina and potash, Classified into: 
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• Muscovite  

• Phlogopite 

• Fibiolite 

• Lipidoloite   

Mica properties are : 

• High dielectric strength  

• Low dielectric losses  

• Resistance to high temperature  

• Good mechanical strength  

 

4. GLASS:-  It is thermoplastic inorganic material comprising complex system of oxide 

(SiO2) . Glass used for cover and for internal supports in electrical bulbs, x-ray 

equipments etc. 

5. CERAMIC:- Inorganic produced by consolidating into monolithic bodies by high 

temperature, heat treatment, low permittivity. Ceramic used as insulators high permittivity 

in capacitors and transducers.  

6. RUBBER:- It is natural and synthetic vulcanizable high polymer having high elastic 

properties. General impurities chemical changes due to aging, moisture variation etc. In 

temperature and frequency effects electrical properties of rubber. 

7. PLASTICS:- Plastics used consists of long chain macro molecules with separating 

monomers unit. Examples of polymers are: 

• Polyethylene 

• PTFE 

• PVC 

• Polypropylene  

• Polystyrene 

• Polyisobutane 

• Polyester 
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• Polybutadin\ 

RESULT: - The study of solid dielectric used in practice has been done successfully  
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EXPERIMENT NO .5 

OBJECT:  Study application of insulating materials. 

THEORY: - There is piece of electrical equipment that does not depend on electrical 

insulating in one form or other to maintain the flow of electrical current in desired paths or 

circuits, of due to some response the current deviates from the desired path, the potential  will 

drop . An example of this is a short ckt and this wound always be avoided. This is done by 

proper application of insulating wherever there is a potential difference betweesn neighbouring 

conducting bodies that carry current. 

As we Know , there are three broad categories of insulating materials , gas , liquids and solids. 

The insulating materials are classified mainly based on the thermal. The insulating is primarily 

meant to electrical strees. 

Fortunately many superb and inexpensive materials are available and the final choice may be 

somewhat arbitrary and the designer is advised to obtain samples of several candidates before 

making a final decision. Trade names do not represent a particular brand preference but are 

included for clarity. 

 

INSULATING MATERIALS 

 

A.B.S.: Acrylonitrile, butadiene, and styrene combine to form this common plastic often used to 

make housings or other mechanical parts. 

 

ACETATE: Acetates have good electrical insulating properties and is the material used to 

make movie and microfilm. 

 

ACRYLIC: Lucite and Plexiglass are trade names for acrylic which has widespread use where 

toughness and transparency are required. Solvent cement is quite effective for welding pieces 

together. 

 

BERYLLIUM OXIDE: A hard white ceramic-like material used as an electrical insulator where 

high thermal conductivity is required. Beryllium oxide is highly toxic in powder form and should 
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never be filed or sanded and consequently has fallen out of common use. Power semiconductor 

heat sinks can still be found with beryllium oxide spacers for electrical insulation. 

 

CERAMIC: Ceramics are used to fabricate insulators, components, and circuit boards. The good 

electrical insulating properties are complemented by the high thermal conductivity. 

 

DELRIN: This Dupont acetal resin is made from polymerized formaldehyde and finds uses 

similar to nylon. The material is rigid and has excellent mechanical and electrical properties 

making its use common in appliances and electronics. 

 

EPOXY/FIBERGLASS: This laminate is quite common due to its superior strength and excellent 

electrical properties even in humid environment. Most modern circuit boards are made from a 

grade of epoxy/fiberglass. (Grades include G10/FR4 and G11/FR5 extended temperature grade.) 

 

GLASS: Glass insulation comes in a wide variety of forms including solid glass, fiber tapes, 

fiberglass sheets and mats, woven tubing and cloth, and various composites. High temperature 

operation is a key feature. 

 

KAPTON: Polyimide film has exceptionally good heat resistance and superb mechanical and 

electrical properties. Kapton tapes are fairly expensive but often indispensable. 

 

KYNAR: As is Teflon, Kynar is a floropolymer with excellent chemical and abrasion resistance. 

It is readily machined and welded. 

 

LEXAN and MERLON: These polycarbonates have excellent electrical insulating properties. 

Optical grades are available and the material is so tough that it meets U.L. requirements for 

burglaryresistance. Non-transparent grades are machined to make strong insulators, rollers, and 

other mechanical parts. 
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MELAMINE: Melamine laminated with woven glass makes a very hard laminate with good 

dimensional stability and arc resistance. (Grades G5 is the mechanical grade and G9 is the 

electrical grade.) 

 

MICA: Mica sheets or "stove mica" is used for electrical insulation where high temperatures 

are encountered. Thermal conductivity is high so mica insulators are useful for heatsinking 

transistors or other components with electrically conductive cases. Puncture resistance is good 

but the edges of the mica should be flush against a flat surface to prevent flaking. Mica finds 

uses in composite tapes and sheets which are useful to 600 degrees centigrade with excellent 

corona resistance. Sheets and rods of mica bonded with glass can tolerate extreme temperatures, 

radiation, high voltage, and moisture. This rather expensive laminate may be machined and it 

will not burn or outgas. 

 

NEOPRENE: Neoprene rubber is the material used for most wet suits. This black rubber is 

commonly used for gaskets, shock absorbers, grommets, and foams. 

 

NOMEX: Nomex is a Dupont aromatic polyamide with an operating temperature range over 220 

degrees centigrade and with superb high voltage breakdown. It is an excellent choice for 

standardization since it outperforms many other materials. 

 

NYLON: Nylon has good resistance to abrasion, chemicals, and high voltages and is often used 

to fashion electro-mechanical components. Nylon is extruded and cast and is filled with a variety 

of other materials to improve weathering, impact resistance, coefficient of friction, and stiffness. 

 

P.E.T.: Polyethylene terephthalate is a highly dimensionally stable thermoplastic with good 

immunity to moisture. This excellent insulator has a low coefficient of friction and is excellent 

for guides and other moving parts. 

 

P.E.T.G.: A clear, tough copolyester commonly used for durable "bubble-packs" or food 

containers. 
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PHENOLICS: Phenolic laminated sheets are usually brown or black and have excellent 

mechanical properties. Phenolics are commonly used in the manufacture of switches and similar 

components because it is easily machined and provides excellent insulation. Phenolic laminates 

are widely used for terminal boards, connectors, boxes, and components. (Grades x, xx, xxx are 

paper/phenolic and grades c, ce, l, le are cotton/phenolic which is not the best choice for 

insulation. Grade N-1 is nylon/phenolic and has good electrical properties even in high humidity 

but exhibits some cold flow.) 

 

POLYESTER (MYLAR): A strong material often used in film sheets and tapes for graphic arts 

and electronics. Those shiny balloons and "space blankets" are usually made from metalized 

Mylar. Mylar is also used as a dielectric in capacitors. 

 

POLYOLEFINS: Polyethylene is the white Teflon-like material used for food cutting board. 

Different densities are available with the ultra-high molecular weight grade at the top offering 

toughness outlasting steel in some applications. Polypropylene is another widely used polyolefin. 

 

POLYSTYRENE: A clear insulator with superb dielectric properties. Polystyrene capacitors 

exhibit little dielectric adsorption and virtually no leakage. Liquid polystyrene or Q-dope is a 

low-loss coil dope used to secure windings and other components in RF circuits. 

 

POLYURETHANE: Polyurethane is another common polymer which features abrasion and tear 

resistance along with a host of desirable characteristics. Degrading little over time or 

temperature, polyurethane is popular in both commercial and consumer applications. 

 

 PVC: Polyvinylcloride or PVC is perhaps the most common insulating material. Most wiring 

is insulated with PVC including house wiring. Irradiated PVC has superior strength and 

resistance to heat. PVC tapes and tubing are also quite common. Electrical and electronic 

housings are commonly molded from PVC. 

 

SILICONE/FIBERGLASS: Glass cloth impregnated with a silicone resin binder makes an 

excellent laminate with good dielectric loss when dry. (Grades include G7.) 
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SILICONE RUBBER: A variety of silicone foam rubbers are available for insulating and 

cushioning electronic assemblies. Silicone rubbers exhibit a wish list of characteristics including 

superb chemical resistance, high temperature performance, good thermal and electrical 

resistance, longterm resiliency, and easy fabrication. Liquid silicone rubbers are available in 

electrical grades for conformal coating, potting, and gluing. Silicone rubbers found in the 

hardware store should be avoided in electronic assemblies because they produce acetic acid. 

Silicone rubbers filled with aluminum oxide are available for applications requiring thermal 

conductivity. 

 

TFE (TEFLON): Teflon is an excellent high temperature insulation with superb electrical 

properties. Teflon tubing and wire insulation comes in a variety of colors and typically feels 

slippery. 

 The insulation is impervious to the heat and chemicals normally encountered in 

electronics manufacturing but the material will "cold flow" so Teflon insulation is avoided where 

sharp corners or points are encountered. Laminated TFE circuit boards take advantage of 

Teflon's excellent microwave characteristics. 

Teflon emits a dangerous gas when exposed to extreme heat. White Teflon terminals are 

commonly used where extremely good insulation is required. The slick surface repels water so 

the insulation properties are fantastic even in high humidity. High quality I.C. sockets are made 

from Teflon to reduce leakage currents. Teflon and Teflon composite tapes with adhesive are 

available. FEP is a lower temperature Teflon. 

 

THERMOPLASTICS: Other thermoplastics include Polysulfone, Polyetherimide, 

Polyamideimide, and polyphenylene with trade names like Noryl, Ultem, Udel, Vespel, and 

Torlon. These materials are grouped here for completeness and are not particularly similar. For 

example Vespel is SP polyimide with amazing properties but commanding an equally amazing 

price- a 10 inch sheet could cost thousands of dollars, whereas Polysulfone (Udel) is a rather 

good engineering material with a cost for the same 10 inch sheet near thirty dollars. 
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ELECTRICAL INSULATING PAPERS 

A variety of insulating papers are available specifically designed for insulating electrical circuits. 

Rag and craft paper often called Transformer Paper is often used to separate windings in 

transformers or in applications where no sharp edges might poke through the relatively weak 

paper. 

Grey and tan are common colors. Fishpaper is a curious name referring to a grey cotton rag paper 

usually vulcanized and often laminated with Mylar. The Mylar may have paper on one or both 

sides and many thickness grades are available. Tear and puncture resistance are excellent and the 

thinner grades are easily cut with scissors. 

Other "sandwich materials" are available including 100% polyester laminates and are usually a 

distinct color. The paper/Mylar laminates resist soldering heat better since the paper doesn't melt 

and the Dacron/Mylar laminates resist moisture best. Laminates with thicker polyester centers 

are fashioned into insulating plates in many electro-mechanical devices. A typical application 

may be observed inside most older electrical timers where a printed and folded piece of 

laminated paper keeps the user's fingers away from the high voltage when adjusting the position 

of the on and off trippers. Papers made with temperature resistant nylon and/or glass weaves 

have excellent electrical properties and good temperature resistance. 

Thin sheets of epoxy-fiberglass usually green in color are commonly used for insulating PCB's 

and electronic assemblies with potentially sharp projections. Puncture resistance is superb even 

for sheets thin enough to be quite flexible. 

A simple clear polyester sheet is sometimes used for insulation but is offers far less puncture and 

temperature resistance than the laminates. The ordinary appearance may prove to be a liability 

also: one computer maker uses such a sheet to insulate the motherboard from the chassis and 

many novices have left this critical insulator out when reassembling their computer with 

disastrous results. Die-cut laminates look important and are easily printed. 

 

TAPES:-Tapes are made from many of the above materials. Vinyl tapes are commonly used for 

wire insulation and are available in all the colors necessary for color coding. Mylar tapes are 

common in electronics: film capacitors often have a final wrap of yellow Mylar tape. Acetate 

tapes are used where good conformability is desired as when covering coils as is white cotton 

cloth tape. Glass cloth electrical tape with thermosetting adhesive (adhesive that permanently 
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sets with temperature) is used to secure and protect heater windings or insulate components 

exposed to heat. Kapton, Teflon, and other insulators from the above list are used to make high 

performance specialty tapes for harsh temperature or chemical environment. 

 

FOAMS Foams are available for both thermal insulation and mechanical / acoustical insulation. 

Choosing a foam for vibration damping can prove difficult. Many foams become stiff at cold 

temperatures and will "take a set" at elevated temperatures. Some foams may have excellent 

temperature characteristics but exhibit too much "spring" giving the assembly an unacceptable 

resonance. Evaluate several materials before choosing- foams are made from many of the 

insulating materials mentioned above. Some of the more common foams are listed below. 

 

NEOPRENE: Neoprene foam (black) is often used for shock absorbing and vibration damping. 

 

POLYSTYRENE: Styrofoam is the white foam used in inexpensive ice chests and packing  

peanuts. It is an excellent insulator but cannot tolerate elevated temperatures. 

 

POLYURETHANE: Urethane foams are available in both rigid and flexible forms. The 

insulating properties are excellent and elevated temperature tolerance is good. Machined pieces 

of rigid polyurethane are often used as thermal insulators in electronic equipment. The soft 

foams are good for vibration and sound attenuation and are available with a wide variety of 

properties. 

 

SILICONE: Silicone foams provide excellent vibration damping characteristics and excellent 

high temperature performance and chemical resistance. 

VINYL: Vinyl foam has very little "spring" and is useful for vibration damping. 

LAMINATES: Various foams are often laminated with a heavy centre layer to create a sound 

and vibration barrier. Lead has been used as the massive layer but the obvious concerns have led 

to different materials such as metal oxide filled plastics. 

The complete list of foam rubbers, plastics, and other foam materials could fill a bookshelf so 

this partial list should not confine the imagination. The yellow pages of any large city will yield 

the names of plastic companies which usually carry the solid insulating materials mentioned. 



 
 

21 
 

Gasket suppliers will have a surprising assortment of sheets and foams including specialty 

electronic materials. The manufacturers can often supply the name of distributors but if they 

don't it doesn't mean that local suppliers aren't there. Check thoroughly before buying some huge 

minimum quantity from the factory almost all of the materials mentioned are available from 

distributors in small quantities. Industry directories will supply the name of material suppliers if 

the local distributors cannot. Used bookstores often have old copies of "E.E.M.", "Goldbook" or 

"Thomas Register" which can give you a list of manufacturers. Ask for the name of the local 

factory representative since he will probably know the names of local suppliers in his territory 

since he probably visits them on sales calls. 

 

RESULT :- Thus we have study the application of insulating materials 
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EXPERIMENT NO.6 

OBJECT:-Study direct testing and indirect testing of circuit breakers. 

THEORY:- 

All circuit breakers have common features in their operation, although details vary substantially 

depending on the voltage class, current rating and type of the circuit breaker. 

The circuit breaker must detect a fault condition; in low-voltage circuit breakers this is usually 

done within the breaker enclosure. Circuit breakers for large currents or high voltages are usually 

arranged with pilot devices to sense a fault current and to operate the trip opening mechanism. 

The trip solenoid that releases the latch is usually energized by a separate battery, although some 

high-voltage circuit breakers are self-contained with current transformers, protection relays, and 

an internal control power source. 

Once a fault is detected, contacts within the circuit breaker must open to interrupt the circuit; 

some mechanically-stored energy (using something such as springs or compressed air) contained 

within the breaker is used to separate the contacts, although some of the energy required may be 

obtained from the fault current itself. Small circuit breakers may be manually operated; larger 

units have solenoids to trip the mechanism, and electric motors to restore energy to the springs. 

The circuit breaker contacts must carry the load current without excessive heating, and must also 

withstand the heat of the arc produced when interrupting (opening) the circuit. Contacts are made 

of copper or copper alloys, silver alloys, and other highly conductive materials. Service life of 

the contacts is limited by the erosion of contact material due to arcing while interrupting the 

current. Miniature and molded case circuit breakers are usually discarded when the contacts have 

worn, but power circuit breakers and high-voltage circuit breakers have replaceable contacts. 

When a current is interrupted, an arc is generated. This arc must be contained, cooled, and 

extinguished in a controlled way, so that the gap between the contacts can again withstand the 

voltage in the circuit. Different circuit breakers use vacuum, air, insulating gas, or oil as the 

medium in which the arc forms. Different techniques are used to extinguish the arc including: 

▪ Lengthening / deflection of the arc 

▪ Intensive cooling (in jet chambers) 

▪ Division into partial arcs 

▪ Zero point quenching (Contacts open at the zero current time crossing of the AC waveform, 

effectively breaking no load current at the time of opening. The zero crossing occurs at twice 

http://en.wikipedia.org/wiki/Relay
http://en.wikipedia.org/wiki/Solenoid
http://en.wikipedia.org/wiki/Solenoid
http://en.wikipedia.org/wiki/Electric_arc
http://en.wikipedia.org/wiki/Vacuum
http://en.wikipedia.org/wiki/Insulating_gas
http://en.wikipedia.org/wiki/Transformer_oil
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the line frequency i.e. 100 times per second for 50 Hz and 120 times per second for 60 Hz 

AC) 

▪ Connecting capacitors in parallel with contacts in DC circuits 

Finally, once the fault condition has been cleared, the contacts must again be closed to restore 

power to the interrupted circuit. 

CIRCUIT DIAGRAM OF TESTING OF CIRCUIT BREKER:- 

 

Direct testing:-In direct testing, the circuit breaker is tested under the condition actually exit on 

power system. It is subjected to re-striking voltage which is expected in practical situations. The 

important indirect methods of testing are: 

1) test for breaking capacity 

2) test for making capacity  

3) duty cycle test 

 

Indirect Testing:-The indirect testing of hv circuit breakers of  large capacity also requires very 

large capacity of the testing station, which is uneconomical. It is also not practical to increase the 

short circuit capacity of the testing station. Therefore indirect method of testing of testing is used 

for the testing of circuit breakers. The important direct methods of testing are: 

1) Unit test 

2) Synthetic testing     

http://en.wikipedia.org/wiki/Capacitor
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EXPERIMENT NO.7 

OBJECT: - Testing of overhead line insulators, cable, power capacitor and power 

transformer. 

Theory: Various type of line insulators:- 

1. Pin type  

2. Post type  

3. String insulator unit  

4. Suspension type 

5. Tension 

 

Arrangement of insulators for tests:- 

String insulators hung by a suspension eye from earthed metal cross arm. Test voltage 

applied between the cross arms and conductor vertically from metal part on lower side of 

insulator unit 

      Suspension string hung from an earthed metal cross arms conductor of actual size to 

be used in service of diameter not less than 1 cm and length 1.5 limits the length of string 

secured in the suspension damp and should lie in horizontal plane. 

       High voltage testing of electrical equipments requires 2 types of tests:- 

1. Type test  

2. Routine test 

      Type test involves quality testing of equipment at the design and development level 

of the product are taken and are tested when anew a product is being developed and 

designed or an old products is to be designed and developed whereas the routine tests are 

meant to check the quantity of the individual test place. 

      High voltage test includes  

1. Power frequency tests  

2. Impulse tests 

Testing of cables: following tests are there:- 
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1. Bending test: - voltage test should be made before a bending test. Cable bent 

around a cylinder of specified diameters to make 1 complete turn. 

2. Loading cycle test: test loop consisting cable and its accessories subjected to 20 

load cycle with minimum conductor temperature 5 degree centigrade. 

3. Thermal stability test: after test cable energized with voltage 1.5 times working 

voltage for cable of 132 kv rating. 

4. Dielectric thermal resistance test: ratio of temp. Differentiate between the core 

and sheet of cable and the heat flow from cable gives thermal resistance of sample 

of cable. 

Testing of circuit breakers: 

1. Short circuit test: 

a. Making capacity test 

b. Braking capacity test 

c. Operating duty test 

d. Short time current test 

2. Dielectric test 

A. Power frequency test 

a. One minimum wet withstand test 

b. One minimum dry withstand test 

c. Impulse voltage drive instant test 

 

RESULT: Testing of high voltage of electrical equipment insulator, cables, bushing, power 

capacitor and power transformer 
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EXPERIMENT NO.8 

OBJECT:  Design of E.H.V transmission line  

THEORY: - Apply Kelvin’s law to determine the economic cross- section for the conduction 

of a 3-10 km long 33kv overhead lines . the line constant can be taken as rs 500+2000a per km 

length of line where the area of cross section nm2 . 

 

Solution: - let the area of cross – section be a nm2 resistance 1 km length of live. 

   =
0.0286

a
× 100 

   
0.0286

a
 ohm per phase 

For 4 MW load- 

 

=87.48A 

 

Energy loss in one day due to cross section and current 1, in , 1 km length of line. 

=3(87.48)2 (
28.6

a
) (

10

1000
) 

=
6566.1

a
Kwh 

For 2 MW load  

=43.74A 

Energy loss in one day 

=3(43.74)2 (
28.6

a
) (

6

1000
) 

=
984.9

a
Kwh 

 

For 1mw load the current  

=21.87A 

Total cost per Km of line  

=8500+1000a+2300726.4/a 

A2+ 
2300726.4

2000
 = 1150.36 
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A= 33.91 sq nm 

 

 

Programming in C language:- 

 

#inclued<stdio.h> 

#inclued<conio.h> 

#inclued<main.h> 

Float load [555],P[555],t[585],curr[555],energy loss[555]; 

Void main () 

{int i,n; 

Float R, area , total =0.00; 

Clrscr(); 

Print f “enter”. 

 

 

Result:- Thus we have study the transmission line 

 


