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Short Description

perform transformer maintenance...



Description


Maintenance Aintenance Of Transformers Routine preventive maintenance/inspection shall be done by the various officers/officials at desire frequencies. Detailed procedure of checking is given below :Daily Maintenance: SI. Item to be No. inspected 10-01D Oil level in conservator 10-02 Oil level in OLTC D year casing



Inspection Procedure Read magnetic oil level gauge on conservator Read the oil level in glass indicator after opening the OLTC control cubicle.



By whom to be insp. JE (M) ''



Action Required If indicator shows less, than take action for topping up. If level is above or below the red zone find out the cause and rectify.



10-03 Oil level in Read magnetic oil level gauge on diverter D diverter switch switch oil conservator compartment on main conservator tank. 10-04 Oil in breather Check the oil in oil cup of breather. D



''



If less find out cause and rectify



''



If colour of oil is brown or there is no oil, provide fresh oil in the oil cup.



10-05 Oil level D bushing



in Check the oil level of MV bushings and oil level in glass indicator



''



Check for any visual leakage of oil. If oil is leaking from the transformer, take action for stopping of leakage, replace bushing if necessary.



10-06 Oil leakage D



Visually observe the oil leakage all ar4oun the transformer



''



10-07 Silica jel colour D 10-08 AC Supply D



Inspect the colour of silica jel in dehydrating breather of transformers Check the visual indication provided on power receptacles near transformer



''



If oil leakage found, take action for stopping the oil leakage and top up oil. If colour of silica jel is whit or pink replace the silica jel. If all phase indicators not proper, check fuses & MCB etc. rectify.



10-09 Temperature D indicator



On the indicating type thermometers on transformers and on control panel.



''



10-10 Crack & dust on Visually check that there is no dust on D bushings bushings. Also visually observe any crack on bushings.



''



10-11 Noise D Vibration



''



Take action for normalizing the voltage/frequency. If loose parts, tighten then.



''



Investigate, replace if found broken.



''



If colour of oil is brownish



''



If any fan/pump in not running check the control circuit and AC supply to fan/pump and take action as given in trouble shooing. Lubricate the fan bearings. Replace wornout contacts.



10-12 Relief vent D



and Observe abnormal sound from transformers If sound is more check the frequency and voltage ratio i.e. V/F if voltage is too high and frequency too low. Observe if sound is from a loose part. Check the Relief vent diapharm to be in tact.



''



Ensure that the reading of the these two does not defter too much. In case of difference in temperature reading, should be recorded in Defect register. If dust deposited take shut down and clean the bushings. If cracks, repair of replace bushings.



QUARTERLY MAINTENANCE 10-13 Q Oil in cup of Check the oil in dehydrating breather dehydrating breather 10-14 Q Cooling fans and Open the cooler control cubicle and put the pumps auto/test manual switch on test and observe the pumps running which can be ascertained by checking the flow indicator (NOTE) : Do not operate all the pumps, only



10-15 Q Heaters



10-16 Q Earth connections



10-17 Q



one pump shall run at a time. put the switch on fan group (i) and (ii) on test and check visually that all fans are running. Normalize all switches in original position. Check that heaters are working. These heaters are provided in control cubicles of transformer Check bolts-nuts in each and every clamp of earth circuits. Check copper band used to connect the neutral bushing terminal to the riser from the earth mat. Check for dielectric strength and moisture containt.



''



If not working check supply and rectify. If heaters are burnt, replace the heater,



''



''



YEARLY MAINTENANCE



10-18 Y Connections of HV, MV & LV



Check the tightness of clamps on HV, MV & LV bushing top terminals.



JE(M)



Tighten if loose.



AE(M)



10-19 Y Neutral and earth connection



10-20 Y Buchholz relay (i) Main (ii) OLTC 10-21 Y Thermometer HVLV MV oil 10-22 Y Dial Glass of Thermo meter 10-23 Y Contact testing of thermometer



10-24 Y Oil



10-25 Y Oil level



Check the tightness of neutral connection of neutral bushing top and all earth strips i.e. from neutral of transformer and also from transformer body. The earth resistance of the solidly grounded neutral should be checked form the top of the neutral bushing terminal itself so that any loose or bad connection in the earth circuit is defected in the form of high earth resistance. Open the cover of main buchholz relay and press the push button provided to observe alarm and tripping. -doOpen the cap of thermometer pockets on the top of transformer tank and see that the oil in the pocket is available. The Glass cover of dial type thermometer mounted on transformer main tank may be checked. In the dial type thermometer on one side of thermometer a knob has been given for manually operating the thermometer, Operate the thermometer and read the temp of various settings i.e. alarm, fan, starting, pump start, trip etc. Note: Do not forget to reset the maximum temperature indicator. Take samples of oil about 1/2 lit. each from (i) bottom of tank (ii) bottom of radiator bank and (iii) from OLTC after opening the valves provided at these places. Note : The samples should be taken in a glass flask having air tight cork and two Nos. glass tubes fitted. The oil during sampling should not come in contact with atmosphere. (Detail procedure can be seen in instruction manual of transformer. (o) The oil level in conservator tank should



EE ''



"



" "



JE(M) AE(M)



If alarm and trip does not occur, check circuits of the relay and rectify the defect. -doIf no oil or less oil, pour transformer oil in the pocket and replace the cap of thermometer. Replace the glass of AE(M) thermometer cover, if broken.



"



If the setting are disturbed reset the temperature. If any contact elective, replace it.



"



if average BDV of the samples is less than 35 KV at 4.0 mm gap of 12.5 mm dia balls, then centrifuge the oil.



"



If there is substantial oil loss and



b. Quality oil (EHV oil) of inhibited type is compatible with inhibited type. c. Oil conforming to ISS-335 is not be treated as EHV oil and not suitable for topping up purpose in EHV transformers. TROUBLE SHOOTING : In case of emergency and breakdowns take action as below :Sl. No. 1.



Trouble



Problem Cause



Differential relay and Buchholz 1. Internal Fault in relay and/or pressure relief transformer device operates simultaneously



Action to be taken 1. Electrical tests : a. Insulation resistance. b. Voltage ratio. c. Exciting current. d. Winding resistance. 2. Gas analysis (trapped in buchholz, contact the manufacturer. 1. Electrical Tests :



2.



Buchholz relay and pressure relief device operate simultaneously.



1. Internal fault a. Insulation resistance. b. Voltage ratio. c. Exciting current. d. Winding resistance. 2. Gas Analysis (Trapped in Buchholz). IDENTIFICATION AND SIGNIFICANCE OF GASES : The nature of the fault could be judged with help of gas collected in the Buchholz relay. Following checks should immediately be done after detecting that the gas has collected in the Buchholz relay. (a) Colour of the Gas : This helps in finding materials being decomposed



Colour of Gas.



Identification



* Colour less



Air



* White



Gas due to decomposed pap insulation.



* Yellow



Gas due to decomposed wooden insulation.



To improve transformer oil, insulating oil dielectric strength, making less trace moisture content, gas content, dielectric loss factor and other indicators, before pumping transformer oil into the tank must be preceded by a rigorous treatment, the effective removal of oil in the water, gas and impurities. In practice applications, we have for different types of transformer oil, insulating oil using different forms of oil filter for targeted treatment, results were better. 1. For the general transformer are impurities, water and dust contaminated transformer oil, you can use the PF pressure transformer oil filter, through a series loop filter, is usually able to meet the requirements. Its principle is to use oil filtering paper to absorb moisture, filter impurities. Advantage is a subtle effect of impurity removal is good, its simple structure, convenient maintenance, reliable operation, easy handling, so widely used. The disadvantage is that water filters are not thorough; it only applies to low-voltage level of transformer oil, insulating oil filtration. 2. Now generally used a vacuum oil purifier (there are ZY single stage vacuum transformer oil purifier machine ZYD double stages vacuum transformer oil purifier), it can not only completely remove the oil water and gas, but also can effectively remove small impurities. The process is: when dealing with coarse filtration of transformer oil → → → heating oil fine filtration vacuum degassing → Absolute dehydration. Coarse metal mesh filter and strong magnets, fine filtration is usually 1 ~ μm micro-filter impurities. At present many different types of fine filters, sintered metal powder material, metal microporous materials, ceramic filter media and the use of special structure of filter paper filter core and so on.



Transformer oil heating degassing vacuum dehydration. The principle is that the vacuum inside the tank, the heating of transformer oil with the formation of oil mist spray approach, leaving the oil in the gas and water escape. Oil temperature around 60 ℃ in general, not too high so as to prevent aging of transformer oil. This approach dehydration degassing effect is better, is more commonly used methods. If the oil is sprayed into the oil has a certain diameter beads, the beads due to higher oil interfacial tension, making the oil water and gas within the beads difficult to bring into full play. To this end, the diameter of injection holes to choose appropriate, and generally taking the time to be in the tank set up with a few baffles the mouth to prevent the transformer oil is pumped vacuum. At present, foreign and domestic has also adopted a more advanced membrane dehydration degassing method is to make the oil into the tank, through a degassing components formed after the thin oil film, and has always been to film the entire process of degassing state of complete dehydration , thus making the water in oil and gas easier to remove. 3. Badly contaminated transformer oil filter/oil regeneration (Choose our BZ oil regeneration device). Contaminated transformer oil (commonly known as dirty oil), is being mixed with very small impurities and oil molecules combine to form a colloidal contaminated transformer oil, and after years of used transformer oil, the general product release for the repairing of oil (This oil has a very low pH value). Of such waste oil must be used in order to improve the absorption approach to oil targets. Were more commonly used silica (SiO2) or activated alumina (A12O3) as adsorbent. Waste oil processing system in order to ensure full access to silicone and transformer oil, and to facilitate replacement of silica gel, silica gel tank set up in a number of partitions, the silica gel into a small cloth bag within the rotation, not in bulk. After the heating of the transformer oil into the gel tank, do a certain time cycle to its full absorption effect, and then injected into the Absolute through the oil filter tank. In the process should be



regularly monitored to determine the absorption effect, when the absorption effect is not apparent that it should consider replacing the silica gel. General silicone oil consumption by weight or about 3% ~ 5%. Waste oil processing system with the new oil-processing systems should be separated to avoid cross-contamination. Loading used waste oil cans, containers, etc. must be thoroughly cleaned before be used for the normal production of the oil system.



Vacuum transformer oil treatment is mainly used for removing trace water,gas and impurities from insulating oil,improveing the insulating oil performance index.It is mainly applied to purification of 110KV,220KV,500KV,750KV,1000KV power transmission equipment insulating oil,also applied to treat low viscosity oils,like insulating oil,turbine oil,and hydraulic oil in the transmission equipment which is lower than 110KV. Meanwhile,Series ZYD oil purifier can be used as independent vacuum source with functions of vacuum drying and vacuum filling.Insulating oil performance mainly decided by oil's water content,If the water is not saturation in the oil,it appears as the molecular states;If the water is saturation in the oil,it appears as the liquid states and stay at the bottom of container. Under the vacuum states,because the less gas content,the water and gas in the oil will be escaped from the oil and evacuated by the vacuum pump.The higher vacuum value(Close to 0 Pa),the higher speed of water molecular volatilization(The latest technology,the vacuum oil purifier can reach to 1 Pa working vacuum value). The gas and water which dissolved in the oil will become gaseity and exhausted by vacuum pump.The oil temperature affect vacuum oil purifier working efficienecy,the higher temperature,the water molecular get more kinetic energy,so it is higher diffused speed of water molecular.But,exorbitant temperature will cause fracture of carbon chain for oil molecular,if that will make oil bad.So we don't suggest the oil temperature excess 80℃. Also the impurity will affect oil dielectric strength,so the vacuum oil purifier requires high filtration precision.



To improve transformer oil, insulating oil dielectric strength, making less trace moisture content, gas content, dielectric loss factor and other indicators, before pumping transformer oil into the tank must be preceded by a rigorous treatment, the effective removal of oil in the water, gas and impurities. In practice applications, we have for different types of transformer oil, insulating oil using different forms of oil filter for targeted treatment, results were better. 1. For the general transformer are impurities, water and dust contaminated transformer oil, you can use the PF pressure transformer oil filter, through a series loop filter, is usually able to meet the requirements. Its principle is to use oil filtering paper to absorb moisture, filter impurities. Advantage is a subtle effect of impurity removal is good, its simple structure, convenient maintenance, reliable operation, easy handling, so widely used. The disadvantage is that water filters are not thorough; it only applies to low-voltage level of transformer oil, insulating oil filtration. 2. Now generally used a vacuum oil purifier (there are ZY single stage vacuum transformer oil purifier machine ZYD double stages vacuum transformer oil purifier), it can not only completely remove the oil water and gas, but also can effectively remove small impurities. The process is: when dealing with coarse filtration of transformer oil → → → heating oil fine filtration vacuum degassing → Absolute dehydration. Coarse metal mesh filter and strong magnets, fine filtration is usually 1 ~ μm micro-filter impurities. At present many different types of fine filters, sintered metal powder material, metal microporous materials, ceramic filter media and the use of special structure of filter paper filter core and so on.



Transformer oil heating degassing vacuum dehydration. The principle is that the vacuum inside the tank, the heating of transformer oil with the formation of oil mist spray approach, leaving the oil in the gas and water escape. Oil temperature around 60 ℃ in general, not too high so as to prevent aging of transformer oil. This approach dehydration degassing effect is better, is more commonly used methods. If the oil is sprayed into the oil has a certain diameter beads, the beads due to higher oil interfacial tension, making the oil water and gas within the beads difficult to bring into full play. To this end, the diameter of injection holes to choose appropriate, and generally taking the time to be in the tank set up with a few baffles the mouth to prevent the



transformer oil is pumped vacuum. At present, foreign and domestic has also adopted a more advanced membrane dehydration degassing method is to make the oil into the tank, through a degassing components formed after the thin oil film, and has always been to film the entire process of degassing state of complete dehydration , thus making the water in oil and gas easier to remove. 3. Badly contaminated transformer oil filter/oil regeneration (Choose our BZ oil regeneration device). Contaminated transformer oil (commonly known as dirty oil), is being mixed with very small impurities and oil molecules combine to form a colloidal contaminated transformer oil, and after years of used transformer oil, the general product release for the repairing of oil (This oil has a very low pH value). Of such waste oil must be used in order to improve the absorption approach to oil targets. Were more commonly used silica (SiO2) or activated alumina (A12O3) as adsorbent. Waste oil processing system in order to ensure full access to silicone and transformer oil, and to facilitate replacement of silica gel, silica gel tank set up in a number of partitions, the silica gel into a small cloth bag within the rotation, not in bulk. After the heating of the transformer oil into the gel tank, do a certain time cycle to its full absorption effect, and then injected into the Absolute through the oil filter tank. In the process should be regularly monitored to determine the absorption effect, when the absorption effect is not apparent that it should consider replacing the silica gel. General silicone oil consumption by weight or about 3% ~ 5%. Waste oil processing system with the new oil-processing systems should be separated to avoid cross-contamination. Loading used waste oil cans, containers, etc. must be thoroughly cleaned before be used for the normal production of the oil system.



Degree of drying is directly affect insulation and other specifications of transformer. Therefore, drying insulation systems is the firstly factor to extending transformer life. After drying transformer which be affected by bump, somethings need to do firstly: 1) whether exposed time in air is over time; 2) whether the damp degree and insulation degree over the requirements; 3) how is color change of silicone air dryer; 4) does wind re-winding; 5) whether transformer oil excessive humidity; 6) whether oil leakage; If there is one of above problems, the on-site drying is needed. Drying methods are as follows: 1) hot oil circulation. It is more effective to less serious moisture. It use hot oil as medium, through eddy current, heating transformer then insulation fiber, make moisture evaporation. This method requires vacuum pumping every few hours. The vacuum level of tank should be under l33Pa. Temperture of circulating hot oil should maintain at 60 ~ 70 degree Celsius. 2) Drying by heat oil spray. It is a commonly method used for on-site drying, suitable for medium and large oil-immersed transformers. This method is to using a special nozzle, spraying atomization transformer oil which heating above temperature 1O0 degree Celsius, on body of transformer to make it heating. Then pumping vacuum to transpire the moisture on body. The needy devices are simple. The method has effective for large transformer on-site drying. 3) Field winding charged drying. It need short secondary winding of transformer, and energize the primary winding, to drying insulation systems by electricity heating effect through primary and secondary windings.



This method need use vacuum oil filtration machine to transpire moisture in oil. Comparing the ground insulation resistance from high, midium and low phrase, after drying, the dielectric loss and leakage current of insulation resistance are decrease obviously. 4) Vacuum drying by load on fuel tank and eddy current method. This method is energized field winding on tank to produce vortex of energy. This vortex of energy can increase the internal temperature of tank, so as to heating body. The turns per coil, current and power-on time are as to make temperature of tank at 90 ~ 100 degree Celsius. 5) Zero sequence current drying. It is to choose proper three-phase windings, connected in series or in parallel. The windings of other voltage level are open circuit. Adding zero sequence voltage to choosed winding, to generate zero sequence flux in iron core. The flux closed circuit through tank produces eddy current loss to drying the body. This method is suitable for medium and small distribution transformers drying. 5 the maintenance for large transformer windings on-site On-site repair for large transformer must ensure the following: 1) Keeping body of transformer from damp; 2) the winding and insulation devices need be placed in the vacuum container. Vacuum must be maintained at 133Pa; 3) If two phase windings need replacement or removal, the order of winding should be inside first then outside,to avoid wire insulation damaged, as well as to ensure the tight; 4) winding along each phase; 5) If winding need soking, the pure insulating oil is used. After that, using clean cloth to wipe impurity on upper and lower yoke, insulation tube, bracket on oil way; 6) After replacement, compressing 0.2Pa air to tank, which is to avoid moisture sucked; 7) To forced Oil Circulation Transformer , it need pump vacuum to transpire moisture after oil injection. Besides the fuel tank, other parts have same need are submersible pump, oil purifier, cooler, cooler group support, set tank, high pressure and neutral current transformer bushing elevated seat, gas following appliances, storage cabinets, pressure release valve, oil-load tap-room. On-site releasing and filling oil need assistance from vacuum oil filtration machine. Transformer oil after vacuum degassing re-fill into transformer, it is better to testing the specifications after a while. The purpose of testing is to know whether blinster resoled in oil. Cause it would be the hidden peril if corona discharge happened. The most important requirement to change windings of 220kV and 500kV such large transformer on-site, is quicker, quicker. The exposed air time of insulation paper must be less than 14hours. Cause during 12 ~ 14h, moisture usually entered limited on surface of paper, which is easy to transpire by vacuum. According maintenance experience, the time of pumping vacuumn is beeter longer than exposed time in air. Replacement of transformer windings are better with two steps: repair the windings in day time, suck vacuum of tank at night. It avoids humidity in to tank. After completion of maintenance, nitrogen or dry air should be immediately filled into the tank. In addition, other insulation components which will replaced on site should be kept dry. Leads must be properly placed, are not squeezed or damaged. After repair work done, partial discharge test is suggestted on-site. This is to ensure the re-running reliability of transformer



Transformer Oil Filteration TRANSFORMER OIL FILTRATION PROCEDURE:1. Check the insulation of HV and LV end. 2. Check the BDV of transformer oil and new oil from oil drum. 3. Filter the oil of new drum if oil BDV is low. 4. Check the oil conservator balloon pressure it should be 0.1 Kg/Cm 2 or 1.4 psi (2.0 psi max.). Otherwise bring the pressure up to desired level to avoid flattening of balloon. 5. Close the top balloon valve (which is connected with breather). 6. Check the pressure drop on pressure gauge. If there is no pressure drop, proceed for further action of oil filling. 7. Drain out all old oil of oil filtration machine. 8. Clean the filters of filter machine. 9. Connect the filter machine suction line at the top of transformer and discharge at bottom so that filtered hot oil will enter from the bottom of transformer for proper mixing. Air bubble from filter machine will also go towards the top. 10. Open the top side vents of oil conservator. Do not open balloon vents so that balloon remains pressurized. 11. Roll the new oil drums front and back approximately for 10 minutes to mix oil and any other contained evenly. 12. Open oil drum caps and connect the pipes of filter machine. 13. Set the oil temperature between 65-750C. 14. Start filter machine as per the procedure of filter machine and admit oil under slight pressure (max 0.3 Kg/Cm2) from lower part of transformer. Generally PRV is set at 0.5 Kg/Cm 2. 15. Vent air from Buckholtz vent as well as conservator vent. Close the vent valves when oil comes out. This air venting is to be done periodically during filtration. 16. Vent all entrapped air from conservator. Oil gauge glass should show full oil level. 17. Check the BDV periodically during filtration up to desired value. 18. Top up oil (up to 300C level) as per dial magnetic oil gauge (MOG). Gauge glass level will always show full. 19. Vent all entrapped air from Buckholtz, conservator and close all the valves. Little oil should come out from the top vents. 20. After achieving BDV value, stop the filter machine and close suction and discharge valves of filtration machine. Open balloon breather valve so that air inside balloon will come down to atmospheric pressure. 21. Keep transformer for 24 hours to settle down & entrapped air bubble will go up. Vent air again from Buchholtz and conservator. 22. Recheck IR value of transformer both HV and LV side. 23. Disconnect all connected pipes and charge transformer. NOTE: a) Transformer oil drums should be kept horizontally with both drum caps at horizontal position. If any spillage or leakage occurs, only few liters of oil will come out, not the full quantity. b) When conservator, provided with flexible separator (balloon / air cell / bladder type), is filled with oil, the top vent valves never be opened in normal situation. If opened by mistake, the air pressure acting on the separator will deflate the separator. c) OLTC oil chamber and main oil chamber are separate from inside the conservator.



Operation of the power transformer. CHAPTER 1 INTRODUCTION 1.1 Project Overview A factor of main economic importance and safety in electrical utilities and industrial customers of electricity is dependent on the operation of the power transformer. In the current economic situation, most of the supply utilities and industries tighten their control on production spending of capital and make savings in maintenance as well as ensuring the reliability of electricity supply. A power failure can increase the electrical loads. These loads will defer purchasing additional plant capacity and can cause the stress on the transformer increases. Thus, monitoring should be conducted to ensure the reliability of the net effect of the thermal voltage, electrical and mechanical service requirements brought about by the increase. Regular sampling and testing of insulation oil taken from the transformer is a valuable technique in the preventative maintenance program. The transformer can be used longer if a proactive approach undertaken based on the transformer oil's condition. During an operation of a power transformer, transformer oil is subject to form electrical and mechanical stresses. Besides that, there are also contaminations caused by chemical interaction with windings and other solid insulations, catalysed by high operating temperature. Consequently, the original chemical properties of transformer oil changes gradually, cause it no longer function effectively after many years. Therefore, this oil should be tested periodically to ascertain its basic electrical properties, and make sure it is suitable for further use or necessary actions like filtration has to be done. The details of conducting these test is available in the standards issued by the IEC, ASTM, IS, BS.



1.2 Background Problem The dielectric strength of insulating oil is the oils ability to withstand electrical stress without failure. This test is done by applying a controlled ac voltage to two electrodes which are immersed in the insulating oil. The gap between two electrodes placed in a specified distance. The voltage recorded when the current arc across this gap is the dielectric strength breakdown strength of the insulating liquid. Contaminants such as water, carbon, sediment and conducting particles can reduce the dielectric strength of insulating oil. Clean dry oil has an inherently high dielectric strength but this does not indicates the absence of all contaminates, it may indicate that the amount of contaminants present between the electrodes is not large enough to affect the average breakdown voltage of the liquid. Power transformers are often operated under aged conditions. Thus the moisture content in oil increases, aging products become dissolved and particles are dispersed. Besides that, transformers are operated under novel environmental conditions, were low or high pressures exist. A safe service necessitates the thorough investigation of these influences.



1.3 Problem Statement Monitoring system of transformer oil existing is usually done in periodically. Duration of each use of transformer oil has been established within a time period for the replacement of the new transformer oil. So, the used transformer oil



cannot be fully ensured in accordance with the standards set and this could cause a disruption in the operation of transformer. In addition, the monitoring system of transformer oil existing is expensive as well as the impact of waste oil is hazardous and cannot be disposed of. Thus, a permanent monitoring system of transformer oil with minimal costs should be established to ensure the transformer oil is always good quality to use.



1.4 Objectives The objectives of the project are important to ensure the research will fulfill the solution of the problem of the research. There are intentions conducting the research are shown below:a. To study on the transformer oil and the maintenance procedures. b. To design a dielectric test device for transformer oil with using commercial off-the-shelf (COTS) equipment.



1.5 Scopes The scopes of the project are important to ensure every step is followed in completing the research. The scopes also could be important reference to gain related data or information of the research. Those are the scopes of the project:a. b. c. d. e. f.



To study on the quality of transformer oil. To study on the dielectric strength of transformer oil. To study the maintenance of oil immersed distribution transformer. Literature research about the monitoring of Dielectric Breakdown of transformer oil. To design a Dielectric Strength testing circuit. To analyze the result of Dielectric Strength testing.



1.6 Thesis Outline In preparing this project, the development of any information obtained should be gathered and described in each chapter are contained in the project report. Each chapter will discuss some important issues. Through this project, Chapter 1 as an introduction to the project discuss on overview of the project, background problem and problem statement. The objectives and scopes of the project were also discussed in this chapter. Then, Chapter 2 will explain in an inclusive literature review of transformers, transformer oil, the methods of monitoring and maintenance of transformer oil, equipments or tools required and software programming suitable for design the Dielectric Strength testing circuit. Next, Chapter 3 will describe the methodology used in preparing this project. This chapter is important to ensure that methods and tools used systematically and effectively. Chapter 4 will give an explanation and analysis of the circuit to be designed. This chapter also includes the methods and results of tests carried out by using the circuit designed. Problems occur in doing this project and steps to overcome the problems also discussed in this chapter. Finally, Chapter 5 which is the last chapter in this project as the conclusion of the project and some suggestions for further research on this project.



CHAPTER 2 LITERATURE REVIEW 2.1 Introduction



Transformer is one of the most useful appliances ever invented. Transformer can raise or lower the voltage or current in alternating current (AC) network, the circuit can be isolated from one another, and to increase or decrease the apparent value of a capacitor, inductor, or resistor. Furthermore, the transformer allows us to transmit electricity long distances and to circulate safely in factories and homes. (Electrical Machines, Drives, and Power Systems, 6th Edition). The cost of a transformer is high. The failure of one transformer resulted in a loss in terms of the price of one transformer or in terms of energy supply disruptions to consumers. Therefore, to monitor the transformer oil is one the right way and good for detecting the causes of damage to transformers.



2.2 Transformer Transformer is one of the most important electrical devices. Transformer is widely used in power systems and electronic devices. Transformer can also raise and lower voltage levels and the alternating current to suit application. Transformer can transfer power from one section to another on the same frequency but different voltage levels and currents. Transformer basically consists of two coils of a conductor which acts as an inductor electrically separate but magnetically attached. Transformer consists of two loops wrapped around the core base, core and coil which are a part of the transformer structures. Figure 2.1 shows the general structure of a transformer. When alternating current connected to the transformer primary windings, current will flow through the primary winding. Alternating current flows will create an alternating magnetic flux in the transformer core. The magnetic flux can flow to the secondary winding of the transformer through the transformer core. According to the Faraday law, the electromotive force or voltage is induced in the coil-winding transformer when the flux is changes in value. Because of the magnetic flux in the transformer core is an alternating flux whose value is constantly changing over time, the electromotive force or voltage is always induced in the coil-winding transformer. Electromotive force in the primary winding is known as the self-induced electromotive force is due to the flux generated by the coil itself. While the electromotive force induced in the secondary winding is known as mutual induction electromotive force due to the induced electromotive force is caused by magnetic flux generated from the primary winding. In an ideal transformer, the induced voltage in the secondary winding (Vs) is comparable to the primary voltage (Vp), and is given by the ratio of the number of turns in the secondary (Ns) to the number of turns in the primary (Np) as follows: VsVp= NsNp (2.1) By the selection of the ratio of turns, a transformer thus allows an AC voltage to be "stepped up" by making Ns greater than Np, or "stepped down" by making Ns less than Np. There are many types of transformer are designed to meet the specific industrial applications. These include autotransformer, control, current, distribution, general-purpose, instrument, isolation, potential (voltage), power, stepup, and step-down. To avoid rapid damage of the insulating materials inside a transformer, sufficient cooling of the windings and the core must be provided. Indoor transformers below 200 kVA can be directly cooled by the natural flow of the surrounding air. The metallic housing is equipped with ventilating louvres so that the convection currents that can flow over the windings and



around the core. Large transformers can be constructed in the same way, but the forced circulation of fresh air must be provided. Such as a dry-type transformers are used inside the building, away from the hostile atmosphere. Distribution transformers below 200 kVA are usually immersed in mineral oil and sealed in a steel tank. Oil carries the heat away to the tank, which it is lost by radiation and convection to the outside air. Insulating oil is much better than air, consequently, it is often used in high voltage transformers. As the power rating increased, external radiators are added to increase cooling surface of the tank contains oil. Oil circulates around the transformer windings and moving through the radiator, where heat released into the surrounding air. For still higher levels, cooling fans blow air over the radiators. For transformers in the megawatt range, cooling can be effected by the oil-water heat exchanger. Hot oil drawn from the transformer tank is pumped into the heat exchanger where it flowing through the pipes that are in contact with cold water. Such as heat exchanger are very effective, but also very expensive, because water itself must continuously cool and recirculated. Some large transformers are designed to have multiple ratings, depending on the cooling method used. Thus, the transformer may have triple ratings depending on whether it is cooled by: a. the natural circulation of air (AO) for 18000 kVA, or b. forced-air cooling with fans (FA) for 24000 kVA, or c. the forced circulation of oil accompanied by forced-air cooling (FOA) for 32000 kVA. These elaborate cooling systems are nevertheless economical because they enable a much greater output from the transformer of a given size and weight. The type of transformer cooling is designated by the following symbols: AA - dry-type, self-cooled AFA - dry-type, forced-air cooled OA - oil-immersed, self-cooled OA/FA - oil-immersed, self-cooled/forced-air cooled AO/FA/FOA - oil-immersed, self-cooled/forced-air cooled/forced-air, forced-oil cooled The temperature rise by the resistance of oil-immersed transformers is either 55°C or 65°C. The temperature must be kept low to preserve the oil quality. By contrast, the temperature rise of dry-type transformer may be as high as 180°C, depending on the type of insulation used.



2.3 Transformer Oil Transformer oil or insulating oil is usually a highly refined mineral oil that is stable at high temperatures and has excellent electrical insulating properties. It is used in oil-filled transformers. Transformer oil is like the blood in the body of transformer. It must be periodically tested to monitor condition of the transformer. Transformer oil serves three basic functions which are to insulate, to cool and maintain the transformer functions at all times. To keep these functions the industry has agreed on certain standards. The two leading transformer oil specifications in the world are IEC 60296 and ASTM D 3487. In these standards there are many specific requirement and limits based on physical and chemical properties. Many of these properties and their limitations derived from the chemistry of refined mineral oils in combination with application specific requirements of electrical insulation. In an age when alternative to mineral oil being developed, it



is important both to know what is desirable and what is likely to achieved in technical terms. Whereas some brands of transformer oil could only meet the specifications, the others excel. In the end, transformer oil consumers should decide which properties are most important to their intended use. Technical specifications also have an impact on issues such as asset management, maintenance planning and investment budget. To help make decisions in these areas it is helpful to have a basic understanding of the science underlying specifications and limitations. In Malaysia, mostly used transformer oil is mineral crude oils (uninhibited mineral oils) which contains Paraffic, Naphteric or mixed. It is supplied by Hyrax Oil Sdn. Bhd.



2.3.1 Transformer Oil Properties The main function of transformer oil is insulating and cooling of the transformer. Thus, it should have the following properties: a. b. c. d. e. f. g. h. i. j. k. l.



High dielectric strength and good dielectric properties resulting in minimum power loss. Low viscosity improves cooling. Freedom from inorganic acids, alkali, and corrosive sulphur. Resistant to emulsification. Rapid settling of arc products. Low pour point. High flash point resulting in low evaporation losses due to high thermal stability. High resistivity gives better insulation values between windings. Excellent interfacial tension for quick water separation. Proven resistance to electrical stresses. High electrical strength. Remarkably low sludge and acidity formation in both ageing and oxidation tests gives longer life to oil and equipment during storage and service.



2.3.2 Theory of Transformer Oil Parameters a) Water Content The standard for measuring water content in oil is IEC 60814. (Marcel Dekker, 1990). The important function in transformer oil is to provide electrical insulation. When oil has higher moisture content, it can reduce the insulating properties of the oil, which can cause dielectric breakdown. This is the particular importance with fluctuating temperatures because, transformer will cools down if any dissolved water will become free and this oil become poor insulating power and fluid degradation. (Azliza binti Mohd Jelan,2009).



b) Breakdown Voltage Dielectric strength is one of the important characteristic in insulation field. Breakdown voltage of the insulating material is the maximum electric field strength that it can be withstand intrinsically without breaking down and without failure of its insulating properties, dielectric strength also means that a certain configuration and electrode dielectric material that produces minimal damage to the electric field. (Rohaina bt Jaafar, 2003). Breakdown strength in liquid according to various factors influenced in the experiment which is electrode material and surface state, geometry electrode, the presence of chemical pollutants, the presence of physical pollutants, oil molecular structure, temperature and pressure. There also various factors in the theory of voltage breakdown which is like electronic theory, suspended particle theory, cavitations theory and bubble theory were postulated. (Olive Oil from the Tree to the Table).



Dielectric strength also depends on the time and method of tension, purity materials, the type of tension as well as experimental and environmental parameters, until set of dielectric strength unique to the specific material is difficult, a range of values can be found and used for application purposes. (Noraniza binti Toriman, 2003).



2.3.3 Types of Transformer Oil a) Mineral Transformer Oil (Mineral Based Oil) A mineral oil is a liquid by product of the petroleum refineries to produce gasoline and other petroleum based products from crude oil. A mineral oil in this sense is transparent and colourless oil composed mainly of alkenes and cyclic paraffin, related to. Mineral oil is a substance of relatively low value, and it is produced in very large amounts. Mineral oil is available in light and heavy grades, and can often be found in drug stores. There are three basic classes of refined mineral oils: i. ii. iii.



Paraffinic oils, based on n-alkenes. Naphthenic oils, based on cycloalkanes. Aromatic oils, based on aromatic hydrocarbons.



Table 2.1 Properties of Mineral Transformer Oil (http://www.substech.com) Property



Value in metric unit Value in US unit



Density at 60°F (15.6°C)



0.880 *10³



kg/m³



54.9



lb/ft³



Kinematic viscosity at 68°F (20°C)



22



cSt



22



cSt



Kinematic viscosity at 212°F (100°C)



2.6



cSt



2.6



cSt



Fire point



170



ºC



338



ºF



Pour Point



-50



ºC



-58



ºF



Flash point



160



ºC



320



ºF



Auto ignition point



280



ºC



536



ºF



Specific heat capacity



1860



J/(kg*K) 0.444



BTU/(lb*ºF)



Thermal conductivity at 20ºC (68ºF)



0.126



W/(m*K)0.875



BTU*in/(hr*ft²*ºF)



Thermal expansion at 20ºC (68ºF)



7.5*10-4 ºCˉ¹



4.2*10-4 in/(in* ºF)



Breakdown strength



min.70



min.70



kV



Dielectric dissipation factor at 90ºC (194ºF) max.0.002



max.0.002



Permittivity at 20ºC (68ºF)



2.2



2.2



b) Silicon Transformer Oil (Polydimethylsiloxane based fluid)



kV



Polydimethylsiloxane (PDMS) belongs to a group of polymeric organosilicon compounds that is often referred to as silicones. PDMS is the most widely used silicon-based organic polymer, and is known for its unusual rheological properties. PDMS is optically clear, and, in general, is considered to be inert, non-toxic and non-flammable. It is called dimethicone and is one of several types of silicone oil (polymerized siloxane). Its applications range from contact lenses and medical devices to elastomers; it is present, also, in shampoos, caulking, lubricating oils, and heatresistant tiles.



Table 2.2 Properties of Silicon Transformer Oil (http://www.substech.com) Property



Value in metric unit Value in US unit



Density at 60°F (15.6°C)



0.960 *10³



kg/m³



59.9



lb/ft³



Kinematic viscosity at 68°F (20°C)



55



cSt



55



cSt



Kinematic viscosity at 212°F (100°C)



15



cSt



15



cSt



Fire point



min.350



ºC



min.662 ºF



Pour Point



max.-50 ºC



max.-58 ºF



Flash point



min.300



ºC



min.572 ºF



Auto ignition point



435



ºC



815



Specific heat capacity



1510



J/(kg*K) 0.360



BTU/(lb*ºF)



Thermal conductivity at 20ºC (68ºF)



0.15



W/(m*K)1.019



BTU*in/(hr*ft²*ºF)



Thermal expansion at 20ºC (68ºF)



10.4*10-4 ºCˉ¹



5.8*10-4 in/(in* ºF)



Breakdown strength



50



50



kV



Dielectric dissipation factor at 90ºC (194ºF) max.0.001



max.0.001



Permittivity at 20ºC (68ºF)



2.7



2.7



ºF



kV



c) Synthetic Transformer Oil (Organic Esters Based Fluid) Synthetic oil is a lubricant consisting of chemical compounds which are synthesized using chemically modified petroleum components rather than whole crude oil. Synthetic oil is used as a substitute for lubricant refined from petroleum when operating in extremes of temperature, because it generally provides superior mechanical and chemical properties than those found in traditional mineral oils.



Table 2.3 Properties of Synthetic Transformer Oil (http://www.substech.com) Property



Value in metric unit Value in US unit



Density at 60°F (15.6°C)



0.970 *10³



kg/m³



60.6



lb/ft³



Kinematic viscosity at 68°F (20°C)



70



cSt



70



cSt



Kinematic viscosity at 212°F (100°C)



5.3



cSt



5.3



cSt



Fire point



322



ºC



612



ºF



Pour Point



-60



ºC



-76



ºF



Flash point



275



ºC



527



ºF



Autoignition point



438



ºC



820



ºF



Specific heat capacity



1880



J/(kg*K) 0.448



BTU/(lb*ºF)



Thermal conductivity at 20ºC (68ºF)



0.144



W/(m*K)0.98



BTU*in/(hr*ft²*ºF)



Thermal expansion at 20ºC (68ºF)



7.5*10-4 ºCˉ¹



4.2*10-4 in/(in* ºF)



Breakdown strength



min.75



min.75



kV



Dielectric dissipation factor at 90ºC (194ºF) max.0.006



max.0.006



Permitivity at 20ºC (68ºF)



3.2



3.2



kV



2.3.4 Transformer Oil Testing Regular sampling and testing of insulation oil taken from the transformer is a valuable technique in the preventative maintenance program. The transformer can be used longer if a proactive approach undertaken based on the transformer oil's condition. Hence, transformer oil must be periodically tested to ensure its basic electrical properties. These tests can be divided into:



a) Liquid Power Factor The IEC standard method for this test is IEC 247. This involves measuring the power loss through a thin film of liquid test. Water, contamination, and the decay products of oil oxidation tend to increase the power factor of oil. (A Guide to Transformer Oil Analysis, by I.A.R. GRAY)



b) Dielectric Breakdown Strength The dielectric breakdown voltage is a measure of the ability of the oil to withstand electric stress. Dry and clean oil showed the inherent high breakdown voltage. Free water and solid particles, especially the latter in combination with high levels of dissolved water, tend to migrate to areas of high electric stress and dramatically reduce the breakdown voltage. The measurement of breakdown voltage, therefore, serves primarily to indicate the presence of contaminants such as water or conducting particles. A low breakdown voltage can be indicating that one or more of these are present. However, a high breakdown voltage does not necessarily indicate the absence of all contaminants. This test was conducted in accordance with IEC 156. (A Guide to Transformer Oil Analysis, by I.A.R. GRAY)



c) Moisture The purpose of dielectric tests are conducted is to ensure the monitoring moisture can be done directly. IEC 733 is a well established and can measure the moisture down to the low part of the million levels. While the acceptable values have been set by the voltage class for moisture, these are somewhat misleading. A truer picture of moisture in the transformer must be taken into account so that percentage saturation of the oil by moisture and percentage moisture by dry weight of the solid insulation can be calculated. (A Guide to Transformer Oil Analysis, by I.A.R. GRAY)



d) Neutralization Number (Acidity) This value, measured by IEC standard method IEC 1125A reported as mg KOH / g sample, reports the relative amount of oil oxidation products, especially acids, alcohol and soap. As oil continues to oxidize, the acid increased gradually, generally over the years. Running the acid number regularly provides guidance as to how far oxidation of the oil has proceeded. The acceptable limit by the test is usually used as general guidelines to determine when the oil should be replaced or reclaimed. (A Guide to Transformer Oil Analysis, by I.A.R. GRAY)



e) Interfacial Tension The test methods for interfacial tension (IFT), IEC 6295, measuring the strength in mN/m from the interface that will form between service aged oil and distilled water. Because the decay products of oil oxidation are oil and water soluble, their presence would tend to weaken the interface and reduce the interfacial tension value. (A Guide to Transformer Oil Analysis, by I.A.R. GRAY)



f) Colour/Visual Field inspection of liquid insulation (IEC 296) includes examination for the presence of cloudy or sediment and the general appearance as well as a colour inspection. As oil ages, it will be darken gradually. Very dark oil or oil that changes drastically over a short period of time may indicate a problem. Any cloudiness or sediment indicates the presence of free water or particles that may be harmful to continued the equipment operation. Taken alone, without considering the past history or other test parameters, the colour is not very important to diagnose transformer problems. If the oil has an acrid or unusual odor, consideration should be given to carrying out further tests. (A Guide To Transformer Oil Analysis, by I.A.R. GRAY)



g) Sludge/Sediment The IEC 296 test distinguishes between the sediment and sludge. Sediment is an insoluble substance present in the oil. Sediment may consist of insoluble oxidation or degradation products of solid or liquid materials, solid products such as carbon or metallic oxide and fibres or other foreign matter. Sludge is polymerized oxidation products of solid and liquid insulating material. Sludge is soluble in oil up to a certain limit. At sludge levels above this, the sludge comes out of the solution contributing an additional component to the sediment. The presence of sludge and sediment can change the electrical properties of the oil and prevent the exchange of heat, so encouraging damage to the insulating material. (A Guide to Transformer Oil Analysis, by I.A.R. GRAY)



h) Inhibitor Content Inhibited oil deteriorates more slowly than uninhibited oil so long as active oxidation inhibitor is present. However, after the oxidation inhibitor is consumed, the oil can be oxidized at a higher level. Determination of oxidation inhibitor remaining in the in-service transformer oil is based on IEC 666. (A Guide to Transformer Oil Analysis, by I.A.R. GRAY)



i) Dissolved Gas Analysis



The purpose and functions of the DGA is to provide an indication as to whether there may be an active or incipient transformer fault affecting the operation and continued health of the equipment. DGA is used to detect and measure nine of dissolved gases which are Hydrogen, Oxygen, Nitrogen, Methane, Carbon Monoxide, Carbon Dioxide, Ethan, Ethylene, and Acetylene. (A Guide To Transformer Oil Analysis, by I.A.R. GRAY)



j) Dissolved Metals Analysis Analysis of dissolved metals can be used in further identifying the location of transformer faults discovered by dissolved gas analysis. For example, the dissolved metal analysis indicating the presences of conductor metals may indicate a fault is occurring in the winding or at a connection while the presence of iron indicates involvement of the core steel. (A Guide To Transformer Oil Analysis, by I.A.R. GRAY)



k) Furanic Compounds When paper breaks down, the cellulose chains are broken and glucose molecules (which serve as the “building blocks” of the cellulose) are chemically changed. Each of the glucose monomer molecules that are removed from the polymer chain becomes one of a series of related compounds called “furans” or “furanic compounds”. Because these furanic compounds are partially soluble in oil, they are present in both the oil and the paper. Measuring the concentration of the oil can tell us a little more about the paper. The standard method typically tests for five compounds that are normally only present in the oil as a result of the paper breaking down. (A Guide To Transformer Oil Analysis, by I.A.R. GRAY)



2.3.4Instrument / Device for Transformer Oil Testing a) Oil Test Set (Megger OTS 60 PB) The OTS 60PB is a 0 - 60 kV, battery powered portable dielectric strength oil test set. Its size and weight make it suitable for on-site assessment of insulating oil quality. The dielectric strength test it performs is an important deciding factor in knowing whether to retain or replace the oil. Breakdown voltage is measured, averaged and displayed under the control of built-in programmed sequences. Go/no-go testing is available. OTS 60PB follows the oil testing sequences described in many national and other specifications among which are: British BS 148, BS 5730a (automatic proof testing), BS 5874; International IEC 156, American ASTM D877 ASTM D1816, German VDE 0370, French NFC 27, Spanish UNE 21, Italian CEI 10-1, Russian GOCT 6581, South African SABS 555, Australian AS 1767 and Institute of Petroleum IP 295. Two types of withstand (proof) testing of an oil sample are available. The principle with these tests is to subject the oil sample to a specified voltage for a defined length of time (1 minute) to see if it will withstand that voltage. In one of the tests the voltage is removed after a minute, in the other test, the voltage continues to rise after the minute until breakdown or the maximum value is reached. Withstand (proof) tests can be set up to the user's own requirements, and then repeatedly called up to quickly test oil under known fixed conditions. The OTS 60PB is used for determining the dielectric strength of liquid insulants such as insulating oils used in transformers, switchgear, cables and other electrical apparatus. It is portable and suitable for testing on site as well as in the laboratory. The test set is fully automatic. The operator has only to prepare the test vessel, load it with sample oil, place it in the test chamber, select the appropriate specification for the tests and then start the test sequence. The test set carries out automatically (and if necessary unattended) the sequence of tests as defined by the pre-selected national specification. Oil testing specifications, for which the set is pre-programmed, are as follows:A 5 minute test sequence is also provided so that the operator may quickly obtain an idea of the breakdown value of an oil sample. Two types of semi automatic withstand (proof) testing of an oil sample are available. The principle with these tests is to subject the oil sample to a specified voltage for a defined length of time (1 minute) to see if it will withstand that voltage. In one of the tests the voltage is removed after a minute, in the other test the voltage continues to rise after passing for one minute until breakdown or the maximum value is reached. Withstand (proof)



tests can be set up to the user's own requirements, and then repeatedly called up to quickly test oil under known fixed conditions. The test results can be reviewed on the LCD or printed via the RS232 interface. An optional, battery operated printer is available to obtain a hard copy of the results. The safety features incorporated in the test set's design include two forced break switches used as described in BS 5304. These are interlocked with the oil vessel loading door.



b) Volumetric titration system Metrohm Titrino SM 702 An automatic potentiometric titration system “Titrino SM 702 with Exchange Unit 806” made by Metrohm measured the acidity of the oils. Here the Total Acid Number (TAN) was determined by a volumetric titration with potash to neutralize the carboxylic acids. The titration took place as follows: At first 10 g of the oil were dissolved in 40 ml of solvent toluene / ethanol in a ratio of 5 to 4. Potash (KOH, 0.1 mol/l) was added as titre with volume increments of 0.001 ml or 0.005 ml depending on the expected acidity. The system detects, when the acid-base-equivalence-point EP is reached by a voltage measurement in the solution. From the volume of potash at the EP equation below calculates the acidity as TAN: TAN= EP1-C31.C01.CO2.CO3CO0 (2.2) TAN - total acid number EP1 - equivalent point C31 - blind value of the solvent toluene/ethanol CO1 - 0.1 mol/L, concentration of titre CO2 - 1 CO3 - 56106 g/mol, molar mass of titre CO0 - weight of the oil sample



c) Kelman TRANSPORT X Portable DGA Unit And Moisture In Oil Dissolved Gas Analysis (DGA) is recognised as the most important test in monitoring power transformers. It is now being successfully extended to other oil filled equipment such as tap changers and circuit breakers. The TRANSPORT X unit has been designed to be very rugged and user friendly with an emphasis placed on field operation. The unit is used by over 200 companies and utilities and has sold in excess of 600 units worldwide. The TRANSPORT X test uses state of the art infrared measurement technology to give accurate, reliable results in a matter of minutes. The TRANSPORT X product represents an invaluable tool for Asset Management and will increase the power of any DGA program. Extensive field and laboratory use worldwide has proven that the TRANSPORT X test gives highly reliable results and that it is genuinely suitable for field conditions. The TRANSPORT X equipment minimizes the risk of carryover between tests. With the ability to go from high gassed samples (such as tap changers) to subsequent low gassed samples (such as main tanks) with no contamination of results the user can confidently test all types of oil filled equipment. Internal diagnostic software helps to translate ppm data into valuable information by employing standard DGA interpretation rules e.g. Duval's triangle, key gas analysis etc. These established algorithms assist the user to analyse the condition of the transformer. The accompanying TransportPro PC software allows the user to download records to a PC database for export to Kelman PERCEPTION software or Excel.



2.4 Monitoring Method Basically, there are two method of monitoring transformer oil which is on-line monitoring and off-line monitoring.



2.4.1 On-Line Monitoring On-line monitoring and predictive technologies that have been used can reduce the inherent deficiencies in many current maintenance practices. Many of these technologies have become more intelligent so that it requires less expertise in interpreting the results. It is not always valid, and difficult for companies to hire enough qualified workers in each location to understand the various kinds of data from any types of equipment. More information provided by many monitors than the normal end user can understand, but is available to members for additional diagnostics and prognostics. A new acronym has emerged to Intelligent Electronic Devices (IED). Unfortunately there is no technology that is the "Holy Grail" for the assessment of electrical equipment. In many cases, several technologies must be used to perform a complete diagnosis. Most of the monitoring system designed to warn the user or unusual problems and provide more diagnostic data. Most of these technologies have been built in communications capability that allows you to forecast long-distance monitoring through Ethernet, serial communications such as Modbus, DNP 3.0 or customized data streams and wireless modems, and analog. Remote monitoring allows companies to streamline forecasting expertise in centralized locations or outsourcing to the right experts. This can be done continuously or periodically or event driven. Event driven systems send out reminders via, pager, phone, e-mail or fax to the right person, and then communicate back to the monitor for further analysis and recommendations. Most industrial facilities do little monitoring of their Power Transformers. Nowadays systems can control and monitor all aspects of a transformer including temperatures, loads, cooling systems, pressures, bushings and windings. Four great examples include: a. The monitoring of the loads on the cooling fans and pump circuits to indicate abnormal conditions such as locked rotor or loss of cooling capacity. b. Monitoring the temperature differential across the connection board between the main tank and the load tap changer compartment c. Continuous monitoring of the power factor and capacitance of High Voltage Bushing d. Central data concentrator and communication RTU for all third parties monitors such as Partial Discharge (PD) and DGA.



2.4.2 Off-Line Monitoring Off-line tests are “go/no go” tests. Most of the techniques whether electrical or chemical methods, and destructive or non-destructive methods, only provide partial information about the state of the insulation condition of power transformers. More advanced condition monitoring or condition assessment techniques have been developed and are now starting to come into more general use. They have been developed in response to the need for new materials assessment methods. However, in some advanced diagnostics tools are still in the developmental stage, either in the technical development or, more likely, in the methods of analysis and interpretation of the test data. Examples of OffLine Monitoring: a. b. c. d. e. f.



Recovery Voltage Measurement (RVM) Polarization and Depolarization Current Measurement (PDC) Frequency Domain Dielectric Spectroscopy (FDS) Frequency Response Analysis (FRA) PD Measurement RVM, PDC & FDS are based on the use of the dielectric response of insulating materials to the application of electric fields - Conductivity, Polarization & Dielectric Response.



2.4.3Monitoring Method of Dielectric Breakdown There are several existing methods for measuring the dielectric strength of such interference, ASTM D877 ASTM D1816 and IEC 60156 method. . While these methods can often be performed on-site with portable equipment and are valuable laboratory tests, they suffer from poor repeatability, and due to their destructive nature, cannot be used online. Progress has been made in controlling the destructive energy released by the test device (American Society for Testing and Materials (ASTM), West Conshohocken, PA, 1999), but not to the level or the payment to be suitable for use on-line. Like the arcs produced in contacting equipment, the arcs produced in the test instruments degrade the breakdown strength of the oil. Since the dielectric breakdown strength is the quantity under measurement, this limits the number of successive tests that can be run on a given sample. In the ASTM method, five-shot test performed on the samples provided before should be discarded. With only five samples, it may be difficult to obtain statistically valid representation of oil and, in fact, the ASTM standard allows the range of 92% of means a five-shot test will be valid. (ASTM International, West Conshohocken, PA, 2005) With some kind of chemistry and physical particulate contaminants are generally present, the oil can be a homogeneous media. Temperature variations can locally influence the relative saturation of moisture; turbulence of flow and proximity to sources of pollution can influence the type and concentration of particulate contaminants. So, it may be difficult to obtain a representative sample of the actual state of the oil with a small sample size used in the existing instruments and the limited number of test specimens to be drawn from the size of the oil compartment. The inhomogeneity of oil, combine with the fact that the number of test shots that can be restricted more to reduce the ability of existing test methods. It is not surprising that while the dielectric breakdown strength are important, lack of faith is placed on the ability of standard test methods to measure accurately. The key to both improving the accuracy of laboratory test methods and enabling on-line testing is the reduction of energy dissipated during the breakdown of the oil. If the shot did not damage the oil test, more test sample shots can be done and more accurate statistics can be developed. Traditionally, the test method is to use a big scheme, but simply to generate the high voltage necessary to break down the oil. This device comprises essentially a variable autotransformer which is used to increase tension in the cell test until damage occurs, at which point the relay to close off the current transformers. With all the energy stored in magnetic and capacitance of the transformer, the energy released into the cell into the test after the relay shut off (assuming that the relay works in real time) to several tens of joules. Many cheaper dielectric breakdown test set available today is still depending on the approach of the variable autotransformer. Recently, efforts have been made to reduce the energy lost during the damage even by using a resonant test set. These test sets limit the stored energy available during a breakdown event and can very quickly detect a breakdown and de-energize the test set. Such sets are capable of limiting the energy dissipated during a breakdown to a mere 20 mJ (American Society for Testing and Materials, West Conshohocken, PA, 1999). Unfortunately, this advanced capability comes at a price of complexity and cost, making this device a laboratory test device which is very good, but not suitable for use on-line.



2.5 National Instrument Company and Products National Instruments, NI is an American company with approximately 5,000 employees and does direct operations in 41 countries all over the world. The company‘s headquarter is in Austin, Texas and it is a producer of virtual instrumentation software and automated test equipment. The software products include LabVIEW, a graphical development environment, LabWindows/CVI, which provides VI, tools for C, TestStand, a test sequencing and management environment, and Multisim, which is formerly Electronics Workbench is an electrical circuit analysis program. Hardware products is including the VXI, VMEbus, and PXI frames and modules, as well as interfaces for GPIB, I²C, and other industrial automation standards. The company also sell real-time embedded controllers,



including CompactRIO and Compact FieldPoint. Applications which commonly used are data acquisition, instrument control and machine vision. National Instrument also is in the list of 100 best companies in the world (National Instruments, 2009).



2.5.1 NI USB - TC01 Thermocouple Measurement Device The NI USB-TC01 thermocouple measurement device with NI InstantDAQ technology features so that can directly take temperature measurements with the personnel computer (PC). Just plug in the device and it automatically loads the built-in software for viewing and logging data. No driver installation required. Connect to any USB port to use the PC as a display and monitor data in real time. The device is compatible with J, K, R, S, T, N, and B thermocouples, uses a standard miniplug so it easy to connect the device with the thermocouple. More applications for alarming, triggering, and scheduled data logging are available as free downloads. It also can build the applications with NI LabVIEW graphical programming and NI-DAQmx driver software for the further customization. (http://sine.ni.com/ds/app/doc/p/id/ds-215/lang/en).



2.5.1.1 NI InstantDAQ Technology The USB-TC01 with NIInstantDAQ technology features is automatically loads software for viewing and logging data after connecting the device to the computer. There is no previous driver installation required. The device simply plugs into the USB port, and loaded the USB-TC01 launch screen from built-in memory on the device. The current thermocouple reading will display at the launch screen so that the thermocouple type and temperature units can be configured. It can log data with the temperature logger application, open and customize the temperature logger source code inLabVIEW. (http://sine.ni.com/ds/app/doc/p/id/ds-215/lang/en).



2.5.1.2 Built-In Temperature Logger The USB-TC01 temperature logger can load directly from the USB-TC01 launch screen. It can graph live measurements with the temperature logger and log data with timestamps to a text file. (http://sine.ni.com/ds/app/doc/p/id/ds-215/lang/en).



2.5.1.3 Taking Measurements with Software a) Logging Temperature From the NI USB-TC01 Launch Screen, click “Temperature Logger”.In the NI USB-TC01 Temperature Logger window that opens, select the “Thermocouple Type”and “Temperature Units”. If want to capture, or log, the temperature readings, select “Log Data”. Click “Start” to acquire NI USB-TC01 and graphs the temperature until click “Stop”. Click “View Log”to open the log file. (USER GUIDE AND SPECIFICATIONS; NI USB-TC01 Single Channel Thermocouple Input Module).



b) Downloading Additional Application Additional ready-to-run applications that provide added functionality for the NI USB-TC01 is available as free download. It can access these applications by selecting “Do More with your NI USB-TC01”from the NI USB-TC01 Launch Screen. (USER GUIDE AND SPECIFICATIONS; NI USB-TC01 Single Channel Thermocouple Input Module).



c) Creating Custom Software In addition to taking measurements with the NI USB-TC01 Launch Screen, it can also build with LabVIEW and NIDAQmx driver software for the NI USB-TC01. Graphical icons and wires that resemble a flowchart in LabVIEW can graphically wire together function blocks to create own applications for logging data, alarming, triggering, reporting,



and performing real-time data analysis. (USER GUIDE AND SPECIFICATIONS; NI USB-TC01 Single Channel Thermocouple Input Module).



2.5.1.4 Connecting Input The NI USB-TC01 provides connections for one thermocouple. Thermocouple types J, K, R, S, T, N, E, and B are supported. The NI USB-TC01 has a two-prong uncompensated thermocouple input that accepts a standard two-prong male mini thermocouple connector. Connect the positive lead of the thermocouple connector to the TC+ terminal, and the negative lead of the thermocouple connector to the TC- terminal. Figure 2.13 shows the NI USB-TC01 terminal assignments. If it is unsure which of the thermocouple leads is positive and which is negative, check the thermocouple documentation or the thermocouple wire spool. For best results, NI recommends the use of insulated or ungrounded thermocouples when possible. If need to increase the length of the thermocouple, use the same type of thermocouple wires to minimize the error introduced by thermal EMFs. Temperature measurement errors depend in part on the thermocouple type, the temperature being measured, the accuracy of the thermocouple, and the cold-junction temperature. Error graphs for each thermocouple type connected to the NI USB-TC01 are shown in the specificationssection. (USER GUIDE AND SPECIFICATIONS; NI USB-TC01 Single Channel Thermocouple Input Module).



2.5.1.5NI USB-TC01 Circuitry The NI USB-TC01 device's thermocouple channel passes through a differential filter and is sampled by a 20-bit analog-to-digital converter (ADC), as shown in Figure 2.13. (USER GUIDE AND SPECIFICATIONS; NI USBTC01 Single Channel Thermocouple Input Module).



2.6 Discharge Circuit 2.6.1 High Voltage Zappers A high voltage can be generated using circuit shown in figure 2.14 by discharging the energy stored in a large-value capacitor through the primary winding of a high-turns-ratio step-up transformer. This is known a Capacitor-Discharge (CD) system. It is the same concept used by many of the high-performance auto-ignition systems to produce a superhot spark and used by some of the top of the line electric fence chargers. CD ignition coil should be selected and use a 440uF, 75-100V DC electrolytic capacitor for C1 used to achieve a maximum spark. The voltage across C1 monitored using a DC voltmeter. R4 is adjusted so that the Q3 fires when the charging voltage across C1 reaches between 50-55 volts. It should produce a spark 1.25 to 1.5 inches long every second or so with that setting. C1 changed to a 10uF, 220VAC motor capacitor to obtain a faster pulse rate, with some reduction in the output. Experiment repeat with different component values to obtain the desired results.



2.6.2Vacuum Discharge Driven by a Magnetic Pulse Compression Circuit Low pressure discharges in a compact coaxial geometry were produced by applying either positive or negative high voltage pulses delivered by a three-stage magnetic pulse compression circuit. The driver provided repetitive pulses of up to 15 kV and 20 J maximum transferred energy per pulse. The inner electrode was a rod having either a pointed or flat end with sharp edges. When using the negative flat-end electrode, the breakdown occurred down to lower pressures (about 2.5mPa).The discharge was continued inside the inter electrode gap, and the discharge current had higher values (around 4 kA), the discharge characteristics being very reproducible. The measurements suggested that the field effect was responsible for the discharge onset in this configuration.



On the other hand, low pressure discharges are interesting from the point of view of plasma radiation sources (e.g. lasers, electron sources, flash X-ray sources). For such radiation sources, it is important to have very reproducible breakdown, plasma development and emission parameters. Ahigh-power low-pressure discharge can be also used as fast switch or astriggering means for more powerful discharge configurations. This circuit concern on the breakdown and discharge characteristics for a large range of working power.



2.6.4Charge/Discharge Equalization Management Circuit Figure 2.18 shows a circuit is composed by one switch pipe Q, one diode D and one inductance L. The connection mode is that after Q and D is parallel connected, they are connected with L in series, and then respectively connected with the anode and the cathode of the battery, where, the cathode of D connects the anode of the battery and L connects the cathode of the battery. In the automatic equalization equipment of series-wound storage battery pile, various equalization circuits are series-wound. `This circuit can be used with charge management and discharge management at the same time, and they are independent each other, and the equalization manager can be started in any stage of charge/discharge. The equalization voltage management of charge/discharge enhances the coherence of the single battery, reduces the accumulated influences of disequilibrium factors, and better solves the problem of a great lot of battery discarding induced by hybrid series-wound batteries with differences in the electrical cars.



CHAPTER 3 METHODOLOGY 3.1 Introduction This project is a software and hardware development which is applied as testing equipment in monitoring transformer oil. To build this test circuit, some research must be done and planning should be made. These studies must be done in stages to facilitate the implementation of project work undertaken. In addition, the design and use of proper methods also need to ensure that the project is successfully implemented.



3.2 Project Activity In order to completing this project, every step taken must be organized and structured. This is to ensure that projects run according to proper procedure and follow the schedule before the deadline. This would avoid the duplication of the work when problems occur. Thus, a flow chart of the project should be created to help develop the work in order to complete this project. The first step to be taken is to obtain and review the information and data related to this project. Next is to identify tools and equipment needed to design a dielectric breakdown test circuit. The most important step in doing this project is to design a dielectric breakdown test circuit and doing the actual testing using the circuit which has designed to prove it can be used as a one of testing device for transformer oil.



3.3 Design the Dielectric Strength Test Circuit The circuit designed will be run automatically using Temperature Logger NI USB-TC01. Temperature Logger NI USB-TC01 is a software programme that contains data of temperature reading and can shows in form of a graph. This project begins from a small circuit that will flows the electricity and inject the voltage at the same time in the pure transformer oil. Then, the temperature of the oil will be taken using the thermocouple and NI USB-TC01. The temperature that has been measured will compare to the dielectric breakdown of transformer oil as in a theory. This procedure repeated for the mixture of pure oil and water.



3.4 Discharge Circuit Chosen



After doing some research, the circuit as in Figure 3.3 has been chosen as most suitable circuit for this project. This circuit is cheap and efficient for 8-20 kHz flyback driver. The components needed to design this circuit are also easily obtained. This circuit use 12V DC voltage as the input and the flyback transformer (with ratio 1:100) which is connected to the circuit will step up the voltage so that the spark can be generated. The output voltage is about 1200V according to the ratio of the flyback transformer.



3.5 Monitoring Method In this project, a dielectric strength test done by using off-line monitoring. This test is conduct to determine the resistance of the insulation oil high-voltage AC flow (inject) before it was broken-dam (breakdown). This test can determine the moisture content, dust or other foreign objects such as objects "fibrous". This test can be performed by taking samples of oil the former consisting of two probes. High voltage passes from the circuit built to the two probes and adjusted so that the two probes generate "spark”. Then, temperature reading of the transformer oil which is increase by time measured.



3.6 Testing Measures The test measures to be taken can be divided into two stages as follows:



a) Testing function of the circuit i. ii. iii. iv. v. vi. vii.



Components are arranged as in the circuit diagram and soldered. Circuit is connected to a 12V power supply and switched on. Output voltage reading of the circuit is measured using a voltmeter. The circuit is turned off and then the flyback transformer is connected to the output point of the circuit. Two wires connected to the output point of the flyback transformer to be used as a substitute for probes. Then the distance between the two ends of the wire is adjusted to produce a spark. This step is repeated until the spark that gets clearer.



b) Testing dielectric strength of transformer oil i. ii. iii. iv. v. vi.



The testing container must be clean by two or three times with the oil to be tested. The oil samples filling up to the level indicated at the testing container and set up for testing. The test equipment set up as in Figure 3.7. The circuit switched on, the probes immersed in the oil and adjusted until it generate spark. The thermocouple also immersed in the oil to take the temperature readings. Then, the temperature of the transformer oil measure and the readings recorded. The results obtained compare to the standard data.



CHAPTER 4 RESULTS AND DISCUSSIONS 4.1 Introduction This chapter will discuss all the results and findings that were obtained after several tests done. Then, the results compared to the relevant theory. All the problems and difficulties encountered during testing done were also discussed in this chapter.



4.2 Testing Function of the Circuit



Prior to testing transformer oil, the circuit was built to be tested firstly to determine whether it can function properly or not. Initially, the circuit tested without a flyback transformer. The output voltage of the circuit was measured and it shows that the output voltage of the circuit is equal to the input voltage. This means that the components in the circuit to function properly. Later, the flyback transformer is connected to the circuit. Purpose of using the flyback transformer is to increase the input voltage with a high ratio that spark can be generated. In this case, the output voltage cannot be measured by common voltmeter because theoretically the output voltage produced by the flyback transformer is large and exceeds the limit that can be used by ordinary voltmeter. It only can measure the voltage output from the flyback transformer by using a special voltage meters and high voltage probes. However, as in theory it would be spark only happens when high voltage is passed through the two sources are brought closer. This can be proven when the two ends of the wire that serves as a replacement to the probes are placed within a certain distance, the spark can be generated.



4.3 Testing Transformer Oil Usually, transformer oil dielectric strength test is performed by using a special tool that can "inject" a high voltage in oil through two high voltage probes. This tool is too expensive. In this project, a short circuit with the use of flyback transformers designed to work as a special tool as in the theory. This project carried out tests and measurements methods slightly modified from the original method of taking temperature readings of oil after the oil is "inject" with the high voltage. The original method is by measuring the breakdown voltage. As all know, equipment for high voltage measurement is expensive. So, the measurement method was modified to achieve the objectives of this project. Modifications made are based on theories that have been studied. These tests performed on the original oil and mixed oil and moisture. After doing testing, the oil temperature was found that take too long time to increase and this causes make it less efficient. This is caused by the flyback transformer output voltage is small and the resulting spark is also small and not sufficient to heat the oil in a beaker. So, a little more varied testing method has be done to make oil temperature readings increase more easily. The oil is heated by using a solder that is based on the theory of the heaters warming. This method is effective enough to get a reading of the oil temperature rise for determine the oil dielectric strength test. The following are the results of tests conducted: Based on the two graphs obtained, it can found that the pure oil temperature increased sharply compared to the mixture of oil and moisture which has a lower increasing temperature rate. Theoretically, a mixture of oil and water are two different forms of chemical properties. So, the dielectric strength of the two liquids is different and causing the temperature increase rate of the mixture is slow. Thus, the dielectric strength can determine by this test. Hence, it also can determine that the transformer oil is purely substance or mix with other properties.



CHAPTER 5 CONCLUSION AND RECOMMENDATIONS 5.1 Introduction This chapter discusses the conclusions that can be made based on the results obtained and the method of solution which has been done to solve the problems faced in completing this project. Some suggestions are also described in this chapter for continued research on this project in future.



5.2 Conclusion In conclusion, this project partially achieves the objectives and scopes of the project. From this project, a small circuit with suitable electronic components can be designed to generate the output voltage higher than the input voltage by generate the spark and the reading of the measurement system can also be done using commercial off-the-shelf (COTS) equipments. This shows that a measuring instrument for dielectric strength of transformer oil can be designed with more simple and cheaper than existing equipments. However, there are some constraints and limitations of the



circuit that have been built as a means of testing such as producing a small spark as the small output voltage and the electronic component parts can not last long and become hot due to the feedback response voltage of the flyback transformer. Measurement of temperature readings is also unstable, while the reading for high-voltage output cannot be taken with common measuring tools. Later in, some of suggestions and recommendations to be considered to improve this project that has been carried out for the further research.



5.3 Recommendations Some recommendations can be given to meet the needs for further research on this project in the future. The recommendations are as follows:



a) Produce greater spark The circuit has been designed in this project can be improved further by using electronic components that are better suited to produce a larger spark as the output voltage is more higher. The use of flyback transformer also must being suitable to the circuit that will be designed for the great ratio.



b) Good electronic components The electronic components that will being use in the circuit for the future research must have a good quality and can function longer due to the feedback response of flyback transformer. The most important thing is the use of electronic components used must be in accordance with the proper values.



c) Transformer oil testing equipment A dynamic testing device can be designed and not just focus on the measurement of oil temperature and dielectric strength tests where the results of the oil quality is more precise and clear.



d) Appropriate measurement tools Appropriate measurement tools should be used to facilitate the taking of appropriate reading can be done while ensuring that the readings taken are accurate and stable



e) Equipment and laboratory facilities Equipment and laboratory facilities are based is crucial for carrying out project work related to the high voltage and electrical power. This is very important to ensure personal safety and equipment while doing the work of testing and training.



Getting the most from your transformer installation When your transformer arrives on-site, various assembly and testing procedures must be carried out before placing the unit in service.Your large MVA-sized transformer arrives on-site with its radiators and bushings in separate boxes and its tank empty. What should you know about assembling these parts? What about transferring the dielectric fluid; are there certain filling requirements and precautions Advertisement



When your transformer arrives on-site, various assembly and testing procedures must be carried out before placing the unit in service. Your large MVA-sized transformer arrives on-site with its radiators and bushings in separate boxes and its tank empty. What should you know about assembling these parts? What about transferring the dielectric fluid; are there certain filling requirements and precautions that must be addressed? These and many more questions will be answered in our discussion here. Different configurations of unassembled transformers When unassembled liquid-filled transformers are shipped to the installation site, they may come in the following configurations: * Tank with transformer filled with liquid and additional fluid shipped separate. * Tank with transformer charged with dry air or dry nitrogen and fluid shipped separate. * Other components, such as the radiators, bushings (made of porcelain, epoxy, or a polymer), auxiliary cooling equipment (fans), arresters, and accessory devices shipped separately and noted on the bill of lading as separate items. As the radiators are demounted for shipment, the tank, if containing a dielectric liquid, may be overfilled with insulating fluid. Tank openings are sealed with gasketed plates. After installation, radiators are to be filled with the provided fluid. Components requiring special inspection You should carefully check the following items for shipping damage. * Tank should be inspected for leaks, dents, scratches, and other signs of rough handling, such as load shifting and broken bonds or broken welds of attachments that secure the transformer. * All external accessories should be checked for breakage, loss, and leaks. * Paint should be inspected as scratched paint can indicate other damage. * If the transformer tank is filled with liquid, readings should be taken of the pres-sure-vacuum gauge, liquid level gauge, and top liquid temperature gauge. Also note the ambient temperature when the above measurements are taken. When there is external damage, it may be an indication of internal damage. If damage is indicated, immediately file a claim with the carrier and contact the manufacturer. If an internal inspection is necessary, coordinate it with the manufacturer. When there is evidence of mistreatment, take precaution to prevent further damage or contamination of the insulating liquid. Ground the lank Once the transformer is permanently placed, before further inspection is carried out, and before assembling the unit, the tank should be permanently grounded with a correctly sized and properly installed permanent ground. Plan for the prevention of contaminants When you're inspecting the transformer and installing accessories, take steps to prevent tools, hardware, or other foreign matter from falling into the tank. Some transformers have failed due to such items falling on coils or in ducts



and being forgotten. Develop a procedure for inventory of all tools, hardware, and any other objects used in the inspection, assembly, and testing of the unit. A checklist should be used to record all items. If there's evidence of damage that warrants inspection of the tank's inside, it's very important that you do not remove any component from the transformer tank or open any handhole or manhole cover or other plates until the tank is at atmospheric pressure (0 psi gauge). Sudden release of pressure can dislodge an unsecured cover or plate, causing serious injury or even death. Relieve the tank pressure (or vacuum) by slowly loosening a manhole cover, shipping plate, or plug, whichever is most convenient to vent the transformer. You should also not open the liquid-filled compartment when it's raining or if there is excessive humidity. Dry air should be pumped continuously into the gas space if the transformer is opened under conditions of humidity exceeding 70%. Liquid-filled transformers are often shipped with nitrogen in the gas space. To avoid possible suffocation, you must arrange for the nitrogen to be purged by pumping dry air into the gas space for a half hour before anyone enters the tank. Pure nitrogen will not support life and should not be inhaled. The oxygen content should be checked and is acceptable with a concentration level of 19.5% to 23.5%. If you have to draw down the insulating liquid for inspection, make sure you have equipment for clean and dry storage of the liquid during inspection and for filtering the liquid prior to refilling the tank. It's very important all associated equipment used in the handling of the fluid (hoses, pumps, etc.) are also very clean and dry. If this equipment was used before with a different type of fluid, clean all contaminated items. When you remove the liquid, its level should not get below the top of windings. Storage Liquid-filled transformers may be stored outdoors upon delivery. Sufficient gas pressure must be maintained to allow a positive pressure of 1 psi to 2 psi at all times, even at low ambient temperature. The pressure-vacuum gauge, if supplied with the transformer, will show pressure variations with ambient temperature. Pressure and ambient temperature readings should be recorded regularly. Refer to manufacturer's instructions for storage of accessories. If possible, cabinet heaters should be energized to prevent condensation. Attaching the accessories All items removed from the transformer for shipment will be noted on the bill of lading. Inspect these items. The reassembly should be done in the order noted below. Radiator inspection and installation. 1. Inspect the radiator(s) and flange mating surfaces for shipping damage. The radiators dissipate heat to the air and are usually relatively flat panels with a number of hollow ridges that serve as internal passageways for the fluid to travel. Occasionally, you will find some radiators comprised of vertical tubing with headers on top and on bottom, with the end of the headers serving as attachment points to the tank. 2. Make sure valves on tank flanges are closed, and remove blank shipping plates. 3. Remove blank shipping plates on radiator flanges, and inspect for moisture or contamination inside radiator headers. If the radiators are contaminated, flushing will be necessary (cleanliness and dryness are very important). If flushing is required, do not open the tank flange valves that open to the radiator(s) prior to the flushing operation. The radiator(s) should be placed at a clean, convenient location. Then, remove the top and bottom pipe plugs from the radiator headers and circulate clean insulating fluid through the radiator's main header tubes. It's best if you use a high volume pump and filter system (capacity of 40 to 200 gpm). Reverse the flushing procedures so the radiators are flushed top to bottom and then bottom to top.



4. Clean all mating surfaces on the tank and radiator flanges. Apply a small amount of rubber cement to hold gaskets in place during installation of the radiators. Inspect and reuse "O" ring gaskets on valves. Replace any that have nicks or tears. 5. Using the lifting eye(s) at the top of the radiator, attach it to the tank. Do not rest the radiator on the drain plug, as this may cause damage. If there is more than one radiator, match the numbers on each radiator with those on the tank flanges to assure proper installation. Attach radiators with mounted fans first and then the remaining radiators. Attach nuts and spring washers to the bolts and tighten them evenly, alternating across comers top and bottom until the specified torque value is obtained. 6. For transformers shipped with fluid, after removing a manhole cover, shipping plate, or plug (whichever is most convenient), vent the tank. This opening must be above oil level. Then, based on discussions with transformer manufacturers, you should open first the top and then the bottom flange valve on each radiator in succession until all valves are open. This procedure will prevent the trapping of gases or air pockets in the radiators. (Note: Some transformer manufacturers recommend the reverse sequence.) Do not allow the oil level to fall below the top of the coil clamping ring. If there is insufficient oil in the transformer, stop the radiator filling process and add oil before completing this step. After all radiators have been filled, adjust the liquid level to the proper position. 7. If the transformer is shipped dry, it will be filled with either dry air or nitrogen. With this situation, leave the radiator valves closed until the transformer is ready to be filled with fluid. Based on this condition, you should open the valves during a vacuum cycling and the filling of the liquid. Bushing inspection and handling. Bushings are the means for allowing current to flow into and out of the transformer. They are insulators with internal conductors, and they are fragile. You should always use extra care when handling bushings. 1. Remove the cover of the bushing crates, taking care not to chip the porcelain (or epoxy or polymer) skirts on the bushings. Check the condition of all bushings. For larger, higher voltage transformers, the bushings will be made of porcelain. Lower voltage bushings, when used for indoor installations, are usually made from epoxy or polymer. If the bushing is chipped or cracked, or if there is any other apparent damage, contact the manufacturer. 2. Some oil-filled bushings should remain at a minimum of about 10 [degrees] above horizontal. This is because there is usually a nitrogen blanket above the oil that serves as a pressure buffer to compensate for changes in oil volume during temperature variations. As such, it's important to keep the nitrogen at the top of the bushing. If the angle above the horizontal is not maintained during handling, storage, or installation, refer to the bushing manufacturer's instruction manual for corrective action. 3. Remove the bushings from the crate using a sling, lifting them in the same position. Place the bushings on a suitable surface for cleaning. (The cover that was removed from the packing crate is a good base.) Use rags to cushion the bottom threads. Never rest the porcelain section of a bushing on anything. Use the bushing flange to provide support. 4. Carefully clean the bushing using a rag dampened with a fast drying solution, such as denatured alcohol. You should check with the bushing manufacturer prior to using any solvent. All bushing surfaces that will be inside the tank should be wiped clean and then dried to prevent contamination of the oil in the transformer. Do not use solvent on the sight glass, as this may damage the material. 5. Bushings with tubular stems for conductors (draw lead bushings) leave the factory with the lower stems loosely sealed. Dust, dirt, and moisture may accumulate in the conductor tube. To clean the conductor tube, draw a cloth saturated with the cleaning solvent mentioned above through the hollow conductor. Make several passes until the rag comes out clean. 6. If the bushing has a corona shield, make sure you don't dent this shield; it must be smooth and highly polished to be effective. If possible, the corona shield should also be removed and cleaned.



Draw lead bushing installation. Draw lead bushings are low ampere devices having a flexible conductor that is pulled up the tube at installation. Because these bushings are made by different manufacturers with various features, it's important to refer to the manufacturer's instructions, which are usually supplied with the transformer for additional information. A generic draw lead bushing is shown in Fig. 1. 1. Remove the bushing shipping plates, using care not to damage the gasket. The draw leads will be attached to the underside of the shipping plate. 2. Inspect the gasket and replace it if damaged. Clean the transformer bushing mounting boss and install the bushing gasket, using a small amount of petroleum jelly to prevent damage to the gasket. 3. Pass a pull wire or cord through the center tube of the bushing and attach it to the small hole in the top of the cable terminal stud. (Serving as a fish tape, this cord or wire should be at least 12 in. longer than the bushing.) Lower the bushing into the transformer opening, taking care not to scrape or damage the current transformer. Do not allow slack in the pull wire or cord, as it may allow the lead to become kinked below the end of the bushing. 4. Install the locking pin at the top of the bushing, and remove the pull wire or cord. Thread the terminal cap into position, making sure the gasket is in place. Apply a small amount of petroleum jelly to the gasket to prevent damage. Tighten the terminal cap to seal against the gasket. Torque the stud nut and cap as directed by the manufacturer's installation instruction leaflet. 5. Install and tighten the bushing flange hardware, applying even pressure to the flange. Hardware should be tightened alternating across the flange until the recommended torque value is reached. (Refer to manufacturer's torque values.) 6. Check all leads to maximize clearance to ground and to other electrical parts. Fixed conductor bushing installation. Fixed conductor bushings have high ampere ratings. With these devices, the tube and/or rod is the conductor. As each firm's product has different features, you should refer to the bushing manufacturer's instructions for additional information. 1. Remove the bushing shipping plates, using care not to damage the gasket. Inspect the gasket and replace if damaged. 2. To install this type of bushing, if needed, lower the oil level. Do not drain oil below the top clamping ring. 3. If the transformer is shipped without oil, start flowing dry air through the unit. 4. Clean the transformer bushing mounting boss with a solvent such as denatured alcohol. Check with the bushing manufacturer before using any solvent. Contact the transformer manufacturer if there is any damage to the mounting boss. 5. Place the bushing into correct position on top of the transformer. After confirming there is breathable air inside the tank, enter the unit, or provide access to the bottom of the bushing through access covers on the sidewall of the transformer. (It may be necessary to lower the liquid level to do this.) If applicable, first install the lower bushing terminal. Then, make the lead connection to the bushing, and be sure the other end of the lead is appropriately connected to the correct winding. Check all the leads to maximize clearances to ground and electrical parts. Secure the bushing on the transformer tank by tightening all bolts uniformly in several steps. Do not attempt to pull the bolts down to the final setting on the first tightening. Allow time between each tightening to allow the gasket to seat properly. All nuts on the bushing flanges and manhole or handhole covers should be torqued to the manufacturer's recommended levels. Installation of other accessories



Pressure-vacuum gauge. This is usually installed by the transformer manufacturer. If not, remove the 1/4-in. pipe plug located on the tank front and about 5 in. below the top cover. Install the gauge and tighten using Teflon sealing tape or equivalent. Fans. Sometimes the fans are already attached to some of the radiators, in which case these radiators should be at the end of the series of radiators. If this is not the case, attach the fans to the radiators. Usually, instructions for doing this are provided as is the necessary hardware. Fans must be located on a radiator at the end of a series of parallel radiator panels. When the fans are connected to the control circuit, make sure you check the direction of the fan blades for correct air flow. Rapid pressure rise relay. One of two types is provided. If a gas space pressure relay is to be used, it's normally mounted on top of the tank. If an under oil relay is used for this purpose, it is usually mounted on a side wall at about eye level. Attach the flexible lead connector to the terminals of the rapid pressure rise relay and to the control box (connections at both ends of the lead must be completed). Lightning arresters. For installations that may expose equipment to switching or lighting impulses, lightning arresters should be used. These arresters are mounted using brackets usually provided along with instructions. Arrange to have all ground connections securely made in accordance with the NEC and applicable local codes. Conservator tanks. Sometimes liquid-filled transformers have conservator tanks, which are auxiliary tanks on top of large units. These tanks allow the dielectric liquid to flow into and out of this reservoir as the fluid in the main tank expands and contracts. Conservator tanks are used when the main transformer tank is completely filled with liquid. Prior to assembling the conservator per manufacturer's instructions, the bladder should be checked carefully for any contamination or defects, such as a rip in the air bag. Also, proper operation of the oil level float should be verified. Inspection and filling You should make a final inspection of the transformer before it's energized, particularly if any work has been done inside the tank. All electrical connections should be checked for tightness. All bushings should be checked for tightness of gaskets, and all draw lead connections should be checked. Electrical clearances inside the tank should be checked. One final check should be made to ensure all tools have been removed. After inspection, close the tank. Reinstall all hand hole (and/or man hole) covers that have been removed. All gasket groves should be cleaned, with all gaskets in the correct position. All nuts on the bushing flanges and handhold covers should be torqued to appropriate values. Testing for leaks The simplest method of testing for leaks is by gas pressure. The gas space in the unit should be pressurized at 5 psi with dry nitrogen with the pressure monitored for approximately 24 hrs. A change in pressure does not necessarily indicate a leak. Any temperature increase or decrease in the transformer will result in a subsequent increase or decrease of the gas pressure in the unit. Ambient temperatures and tank pressure should be monitored for the 24-hr period. If there is a significant drop in pressure during the 24-hr period without an accompanying decrease in ambient temperature, you must check the tank for leaks. Then, repressurize the tank at 5 psi. Using a solution of liquid soap and soft water, brush all weld joints above the oil level, bushing gasket flanges, and handhold cover gaskets. Any leaks in the gas space above the liquid will appear in the form of soap bubbles. Use chalk dust below the liquid level to check for leaks of liquid from the tank. All of the soap solution must be rinsed or wiped off with a clean wet rag before removing pressure. If the oil level has been lowered for inspection and/or insertion of bushings, etc., or if the transformer was shipped without being completely filled with oil, the unit must be filled to the proper level before energizing. Manufacturers



usually have their own procedures for proper filling and handling techniques. Carefully follow these instructions for best results. Determining dryness When a liquid-filled transformer is shipped to the designated site by the manufacturer, it's almost always shipped thoroughly "dry." That is, the tank, core, and coils have very little water or moisture in them, even though the assembly may be filled with a dielectric heat transfer medium, such as mineral oil, or a fluid classified as a "lessflammable, or a high fire point liquid." Every precaution is taken to ensure dryness is maintained during shipment. However, due to mishandling or other causes, moisture may enter the transformer and be absorbed by the dielectric fluid and insulation system. Because this potential problem may exist, you should determine the dielectric fluid and insulation are dry before energizing the transformer. For transformers shipped with the core and coils immersed in a dielectric fluid, samples of the fluid should be drawn from the bottom sampling valve and tested for dielectric strength. There are different passable voltage levels depending upon the type of test done and the fluid used. (One transformer manufacturer recommends that the sample pass a test at 26kV or more for an oil-based fluid.) If the test of the dielectric strength is acceptable, if there's no evidence of free water in the oil at the bottom of the transformer, and if the insulation resistance readings are satisfactory, you can assume the insulation is dry and the transformer can be energized. If the tests indicate low dielectric strength, an investigation should be made to determine the cause before the transformer is energized. At this point, you should take measurements of the insulation resistance level and insulation power factor and submit them to the transformer manufacturer for recommendations. A high power factor reading means there is moisture or other contamination in the fluid. In order to obtain a uniform insulation temperature, the transformer oil should be at normal ambient temperature when the insulation resistance and the power factor measurements are made. The liquid dielectric test should use samples of the fluid taken at both the top and the bottom of the tank, and the results should accompany the power factor reading. If the tests or visual inspection indicate the presence of moisture, the core and coils must be dried before voltage is applied to the transformer. It's recommended that various tests of the transformer, such as insulation resistance level and insulation power factor, be taken periodically during the life of the transformer for comparison purposes. You often can discover helpful trends for planning maintenance programs this way. Final external inspection All external surfaces of the transformer and accessories should be examined for damage that may have occurred during installation of equipment. The liquid level gauge, temperature indicators, pressure-vacuum gauge, tap changer, and other accessories should be checked for proper operation. Bushings should be checked for cleanliness and, if necessary, cleaned with Xylene or another non-residual solvent. (Xylene, a type of solvent, as well as some other types of solvents, such as alcohol, are effective cleaners. Whatever solvent is used, its toxic qualities should be considered. Check with the bushing manufacturer if you are not sure of the characteristics of a solvent.) All liquid levels should be checked, including those in any oil-filled switches or conservator tanks, if used. The conservator tank should also be properly vented. All electrical connections to the bushings should be checked for tightness. Proper external electrical clearances should be checked. All cables or bus connected to the transformer bushings should be checked to avoid strain on the porcelain insulators. All winding neutral terminals should be checked to assure they are properly grounded or ungrounded, according to the system operation. All tank grounds should be checked. All current transformer secondaries should be checked to assure they are either loaded or short circuited. You should use caution here. The secondaries of current transformer with open circuits can achieve dangerously high potentials. Study the transformer's nameplate data and compare it with the planned application of the unit to assure proper usage.



Surge arresters, when used, must be installed and connected to the transformer bushings/terminals with shortest possible leads. These arresters may be necessary to protect the equipment from line switching surges and lightning. A suitable HV disconnect means must be available to deenergize the transformer in order to operate the no-load tap changer, if used. The tap changer position must match the incoming line voltage as closely as possible. The tap changer should be padlocked in the correct position for operation. Valves should be checked for proper operation and position. Radiator valves should be open. If a conservator tank is supplied, the connection between it and the main tank should be open. The upper filter press valve should be closed. This valve is to be opened when connection is made to it via use of temporary piping or tubing that goes to an external filter press, which is a pump and filter. It maintains flow of the dielectric fluid while passing the fluid through the filter to remove impurities, including finely divided carbon and small deposits of moisture. When filling, use filtered liquid When filling a transformer with liquid, filtering with a filter press is recommended to prevent foreign material and moisture from entering the tank. Begin the filtering process with new filter elements and replace them frequently, depending upon the amount of moisture removed. Filter elements must be thoroughly dried and kept warm until the time used. Liquid filling procedure Check the dielectric strength of the liquid while it is still in containers. If free water is present, drain off the water before putting the liquid through the filter press. Continue passing the liquid through the filter press until a passable dielectric strength is reached. (One manufacturer recommends 26kV or higher for oil.) The transformer should be filled with its dielectric liquid on a reasonably clear day when the humidity does not exceed 70%. The fluid temperature must be 0 [degree] C or higher. A high-voltage static charge can develop when oil flows in pipes, hoses, and tanks. Therefore, ground all metal surfaces, including bushings, fluid hoses (which should be conductive), and the pump during the filling procedure. As manufacturer's recommendations for filling transformers differ, it's best to follow the guidelines provided with the unit. Also, recognize that transformers equipped with a conservator require special filling techniques. Non-vacuum filling Where vacuum filling is not required, the tank should be filled through the upper filter press connection (the filter press valve), at the top of the tank. A second opening above the oil level should be provided to relieve the air being displaced. Full voltage should not be applied to the transformer for 48 hrs after filling. Vacuum filling Entrapped air is a potential source of trouble in transformers. In general, it's desirable to fill transformers with liquid under as high a vacuum as conditions permit. The transformer tank must be airtight except for the vacuum and oil connections. If it has a conservator, be careful because it will not withstand a full vacuum. After obtaining a vacuum as high as the tank construction will permit, this vacuum should be maintained by continuous pumping for at least 4 hrs to 8 hrs. The filling may then begin. The liquid line should be connected to the upper filter press connection or other suitable connection on top of the tank, as shown in Fig. 2. The filtered liquid is admitted through the connection, with the rate of flow being regulated by a valve at the tank so the vacuum does not fall below 90% of the original value. (This value changes per manufacturer.) Any air bubbles in the liquid will explode in the vacuum, and the air will be drawn out by the vacuum pump. The vacuum should be maintained for 1 hr to 4 hrs (again, this can change per manufacturer) after the transformer is full.



The equipment needed to fill transformers under vacuum includes a vacuum pump (approximately 150 cfm, two-stage type) capable of 200 microns in the blanked off condition. (Check for proper rotation of the pump.) This will be suitable for most transformers. A booster will be helpful on large transformers. Also a filter press (approximately 30 gpm) should be used. You'll find it advisable to have extra sets of filters. Other equipment should include a vacuum gauge, vacuum pipes or flexible hoses (2 in. dia minimum), oil supply lines and a vacuum valve (for connection at top of the transformer), and either a supply of dry air or dry nitrogen, depending upon which manufacturer you've used. The hoses should be flushed with liquid through the filter press, filled with liquid, and connected to the top filter press connection. This is to allow as little air as possible to enter the transformer. It's recommended you arrange for some visual means to observe the fluid level so you'll know when the oil is approximately 8 in. to 12 in. from the top of the tank. This could be done by installing a sight glass at a valve near the top of the tank or by using Tygon tubing (which is transparent) from a top valve to the drain valve. Note: Should the fluid be pulled into the vacuum pump, it can cause serious damage to the pump. Follow these precautions: * Never apply voltage to a transformer under vacuum. A 500V insulation resistance tester may cause damage to insulation and result in a failure. * Never leave a transformer unattended while under vacuum. A positive pressure must be applied if it must be unattended. * Never stand or walk on the transformer tank when the unit is under vacuum. Loading After applying full voltage, the transformer should be kept under observation during the first few hours of operation under load. After several days, check the oil for oxygen content and dielectric strength. All temperatures and pressures should be checked in the transformer tank during the first week of operation. Except for special designs, transformers may be operated at their rated kVA if the average ambient temperature of the cooling air does not exceed 30 [degrees] C in any 24-hr period, and the altitude does not exceed 3300 ft. Safety precautions are essential Lethal voltages will be present inside all transformer tanks, enclosures, and at all external connection points. Make sure installation and maintenance are performed by experienced and qualified personnel. Deenergize the transformer before performing any maintenance or service work. And remember, the secondary may be alive through feedback circuits, so it's also advisable it also be disconnected. FOLLOW MANUFACTURER'S INSTRUCTION Each transformer manufacturer produces products that have differences from units built by competing manufacturers. And they have their own instructions for installing and testing their transformers. Such instructions should be carefully followed. This is vital to assure adequate safety to personnel and equipment. The purpose of this article is to provide general guidelines for installing and testing liquid-filled transformers for placing them in service. The article will be helpful to the reader by describing the procedures used for meeting this objective. The article is not meant to supersede manufacturer's instructions. Each manufacturer has specific warranty requirements for its transformers. For this warranty to be valid, it's important you have a complete understanding of the conditions called for and follow the requirements. When your transformer arrives on site, various procedures should be carried out to assure successful operation.The successful operation of a transformer is dependent on proper installation as well as on good design and manufacture.



An article on how to choose a transformer based on the latter criteria appeared in the May '96 issue of EC&M. The article in this issue covers installation procedures you Advertisement When your transformer arrives on site, various procedures should be carried out to assure successful operation. The successful operation of a transformer is dependent on proper installation as well as on good design and manufacture. An article on how to choose a transformer based on the latter criteria appeared in the May '96 issue of EC&M. The article in this issue covers installation procedures you should consider to help assure your transformer will function properly and safely, and it's focused on installation practices that are common for both dry-type and liquid-filled transformers. When viewing transformer product literature, you'll probably find that one manufacturer's units will have differences from that of a competing manufacturer. And, each manufacturer will have its own instructions for installing and testing its transformers. Regardless of manufacturer, you should carefully follow these instructions to ensure adequate safety to personnel and equipment. And its important that you follow current NEC practice and applicable local codes. This material will provide additional general guidelines for installing and testing both dry-type and liquid-filled transformers for placement into service. A note of caution: The information presented here is not meant to supersede any manufacturer's instructions. Acceptance testing requirements Before your transformer is scheduled to be shipped to its designated site, it's important that you coordinate with the manufacturer what acceptance tests should be carried out. Each test has a particular objective that helps determine a transformer's suitability for use. A number of these tests are done on the plant floor, while other tests are conducted usually after delivery is made. Two good references to dry-type transformer requirements are ANSI/IEEE C57.12.01-1989, IEEE Standard General Requirements for Dry-Type Distribution and Power Transformers Including Those With Solid Cast and/or ResinEncapsulated Windings, which addresses general requirements, and C57.12.91-1995, IEEE Test Code for Dry-Type Distribution and Power Transformers, which addresses testing. (Most of the information in these standards also can be applied to liquid-filled transformers.) Small transformers, arguable those below 400kVA, usually don't have extensive testing as they are often installed far downstream in a power system; as such, their importance is not as vital as compared with larger units. Also, it's a matter of cost. The expense associated with testing represents a larger portion of a small transformer's cost compared with the testing cost of a large kVA unit. It's recommended that all conducted tests comply with applicable ANSI/IEEE and NEMA standards. Should a transformer be built to meet special requirements, however, then some additional testing is recommended to ensure that the unit operates as called for. Sometimes, when testing is carried out at the manufacturer's plant, the manufacturer will also allow a purchaser or a representative, such as a consulting engineer, to witness the tests. Standard transformer tests performed for each unit include the following: * Ratio, for voltage relationship; * Polarity for single- and 3-phase units (because single-phase transformers are sometimes connected in parallel and sometimes in a 3-phase bank); * Phase relationship for 3-phase units (important when two or more transformers are operated in parallel);



* Excitation current, which relates to efficiency and verifies that core design is correct; * No-load core loss, which also relates to efficiency and correct core design; * Resistance, for calculating winding temperature and [I.sup.2]R component of winding losses (usually not required on 600V class units); * Impedance (via short circuit testing), which provides information needed for breaker and/or fuse sizing and interrupting rating and for coordinating relaying schemes; * Load loss, which again directly relates to the transformer's efficiency; * Regulation, which determines voltage drop when load is applied; and * Applied and induced potentials, which verify dielectric strength. There are additional tests that may be applicable, depending upon how and where the transformer will be used. Usually, additional testing means there will be an increase in transformer cost. Before specifying any additional tests, you should contact the manufacturer to find out what data it has accumulated from testing essentially duplicate units. If this data can be used, the extra cost to carry out tests can be avoided without sacrificing the quality of the transformer. The additional tests that can be conducted include the following: * Impulse (where lightning and switching surges are prevalent); * Sound (important for applications in residential and office areas and that can be used as comparison with future sound tests to reveal any core problems); * Temperature rise of the coils, which helps ensure that design limits will not be exceeded; * Corona for medium voltage (MV) and high-voltage (HV) units, which helps determine if the insulation system is functioning properly; * Insulation resistance (megohmmeter testing), which determines dryness of insulation and is often done after delivery to serve as a benchmark for comparison against future readings; and * Insulation power factor, which is done at initial installation and every few years thereafter to help determine the aging process of the insulation. Site considerations When planning the installation, you should select a location that complies with all safety codes yet does not interfere with the normal movement of personnel, equipment, and material. The location should not expose the transformer to possible damage from cranes, trucks, or moving equipment. Other site considerations require closer analysis. Foundations. Foundation preparation usually includes an evaluation of soil characteristics and concrete work. For transformers placed outside that are 2000kVA and above, you may wish to have the soil examined. Clay soils are compressible and can cause problems that may require stabilizing back-fill. Most soils are able to withstand a bearing pressure of 2500 lbs/sq ft. The foundation should be constructed of reinforced, air entrained concrete having at least 3000 psi compressive strength at 28 days after pouring. For pad mount transformers with ratings 75kVA through 500kVA, a typical concrete base would be 5 1/2 by 6 1/2 ft and 10 in. thick with chamfered edges on top of the base and footings



extending 20 in. down from each of the ends of the long sides. For units with ratings above 500kVA to 2500kVA, a typical concrete base would be 8 ft by 9 ft and 10 in. thick with chamfered edges on top of the base and footings extending 20 in. down from each of the ends of the long sides. [ILLUSTRATION FOR FIGURE 1 OMITTED]. In addition, to avoid problems, a civil engineer should be consulted for guidance on the above matters. Structural support. When placed inside or on top of a building, you must consider structural capabilities because a transformer represents a highly concentrated load. For new buildings, you should work with the structural engineers so that the transformer's placement is included in the building plans. Installing transformers in existing structures may require an analysis of the building for structural support capability since the original structural information may not be available. Structurally speaking, it's generally wiser to place a transformer as close as possible to a column. This may call for compromises regarding the length of the conductors going to and/or from the transformer. In seismic areas, the stability of the unit with respect to turning over must be evaluated, whether placed outside or in a building, because a transformer usually has a relatively high center of gravity. Usually, lateral bracing and/or an extra solid anchorage will be required. Therefore, it's advisable that you seek guidance on this matter from an engineer knowledgeable in seismic supports and the associated code requirements. To simplify installation, you should request from the manufacturer a simplified outline drawing of the transformer. By studying the overall mounting and terminal dimensions, it's possible to plan the installation with an orderly arrangement of connections. Also, with this information, it will be easier to plan site arrangements. Preliminary inspection upon receipt of transformer When received, a transformer should be inspected for damage during shipment. Examination should be made before removing it from the railroad car or truck, and, if any damage is evident or any indication of rough handling is visible, a claim should be filed with the carrier at once and the manufacturer notified. Subsequently, covers or panels should be removed and an internal inspection should be made for damage or displacement of parts, loose or broken connections, dirt or foreign material, and for the presence of water or moisture. If the transformer is moved or if it is stored before installation, this inspection should be repeated before placing the transformer in service. Handle and lift with care Transformers are designed with provisions for lifting, jacking, and/or rolling. These provisions will vary depending upon the weight, size, and mechanical configuration of the unit. The weight distribution should be studied by examining the inside of the transformer enclosure for dry-type units. If appropriate, supports should be used so that the transformer enclosure is not crushed when the unit is lifted. You may lift transformers with enclosures having lifting lugs by using appropriate slings or chains. Larger units will have provisions for lifting from the base frame or from clamps at the top of the core. Make sure the rigging crew is experienced in lifting and moving heavy delicate equipment. Lifting from the base frame may require the use of a spreader bar to avoid damage to the enclosure panels. [ILLUSTRATION FOR FIGURE 2 OMITTED]. Units lifted from the top core clamps will sometimes require that the top cover or part of the cover be removed. Transformers should be maintained in an upright position when being moved. There should be no attempt to handle a transformer in any other position. If this isn't possible, you first should contact the manufacturer to explore other options. Exercise care during handling to prevent equipment damage and/or personnel injury. If the transformer can't be lifted by a crane, it can be skidded or moved on rollers, as shown in Fig. 3, on page 42. Take care not to damage the base or tip it over. When rollers are used on transformers without a structural base, you should use skids to distribute the stress over the base. Large enclosed units with base frame type enclosures may be jacked using the base frame angles. The transformer should be jacked evenly on all four corners to prevent warping or tipping over.



Plan for the prevention of contaminants Develop a procedure for inventory of all tools, hardware, and any other objects used in the inspection, assembly, and testing of the transformer. A check sheet should be used to record all items, and verification should be made that these items have been properly accounted for upon completion of work. Making connections that work When you start making the connections between the transformer's terminals and the incoming and outgoing conductors, carefully follow the instructions given on the nameplate or on the connection diagram. Check all of the tap jumpers for proper location and for tightness. Re-tighten all cable retaining bolts after the first 30 days of service. Before working on the connections make sure all safety precautions have been taken. As appropriate, you should make arrangements to adequately support the incoming/outgoing connecting cables to ensure that there is no mechanical stress imposed on transformer bushings and connections. Such stress could cause a bushing to crack or a connection to fail. Transformers are usually designed and built to provide good electrical connections using either copper or aluminum cable. A protective plating or compound that prevents surface oxidation on the aluminum terminals is usually applied at the factory. You should not remove this coating from tap and line terminals. Also, when aluminum conductors are used, give them a protective compound treatment at the terminal as specified by the cable manufacturer. Representative torque requirements for making connections using steel nuts/bolts are shown in Table 1, on page 42. Some equipment could have a different torque requirement than shown. This is especially true if bronze or other type material is used for the nuts/bolts. To avoid problems, you should follow the instructions provided by the transformer manufacturer. Torque specifications are sometimes listed on the hardware. After applying proper torque, you should wait a minute or so, and then re-tighten all bolts to the specified torque. You should use commercially available, properly sized, UL-listed mechanical- or compression-type lugs. These terminations should be attached to the cables as specified by the termination or cable manufacturer. Such terminations are available from electrical distributors. Do not install washers between the terminal lugs and the termination bus bar as this will introduce an added impedance and will cause heating and possible connection failure. Some transformer manufacturers recommend that the cable size be based on an ampacity level of 125% of nameplate rating. When speaking to consulting engineers on this topic, we've found that they recommend the cable be sized for the transformer's nameplate rating. You take your choice; extra safety and extra cost or regular-sized cables. Whatever the choice, the cable insulation rating must be adequate for the installation. The cables you install must be kept as far away as possible from coils and top blades. If in doubt about clearances, do not hesitate to call the transformer manufacturer. Information on minimum wire bending space clearances at terminals for conductors is found in NEC Sec. 373-6, Deflection of Conductors, and referenced in Sec. 450-12 on Terminal Wiring Space. Controlling sound level When testing a transformer for sound level, you should recognize that all transformers, when energized, produce an audible noise. Although there are no moving parts in a transformer, the core does generate sound. In the presence of a magnetic field, the core laminations elongate and contract. These periodic mechanical movements create sound vibrations with a fundamental frequency of 120 Hz and harmonics derivatives of this fundamental. The location of a transformer relates directly to how noticeable its sound level appears. For example, if the transformer is installed in a quiet hallway, a definite hum will be noticed. If the unit is installed in a location it shares with other equipment such as motors, pumps, or compressors, the transformer hum will go unnoticed. Some applications require a reduced sound level, such as a large unit in a commercial building with people working close to it. Occasionally, the installation of some method of sound abatement will be called for. You should consider this when planning the unit's installation.



Often the location and the method in which a transformer is placed have much to do with the perceived sound as does the actual decibels generated. Locating a unit at the end of a long, narrow room, or in the corner of a room can cause a megaphone effect and amplify the transformer's sound. Mounting the unit on a platform that has less mass than the transformer will make the platform serve as a sounding board, just like the body of a violin. Even mounting the unit a distance that is an exact multiple of the 120 Hz wavelength from a solid reflective surface may reinforce the sound waves, causing the transformer to seem louder than it actually is. These considerations should be taken into account, as well as the use of sound absorbing materials on walls (for low frequency sound) and vibration isolation pads under the unit. A transformer is designed to produce a minimum sound level when the connections to primary and secondary terminals are made with flexible connectors, when all transit bolts and shipping braces are loosened so the unit will float on rubber isolation pads, as shown in Fig. 4, on page 44, and when all enclosure hardware is tightened so panels do not vibrate. Some manufacturers in the industry have extensive data on sounds produced by their transformers, and they usually can determine the sound level for a particular design quite accurately. You should note, though, that transformers serving large harmonic loads can produce a higher audible noise. There are NEMA standards for transformer sound and depending upon the kVA rating of a unit, the sound it produces must be under a certain decibel level. The usual sound levels for liquid-filled transformers range from 40 dB to 60 dB for units below 500kVA, about 65 dB for units between 4000kVA to 5000kVA, 73 dB for transformers with ratings between 6000kVA to 7500kVA, and 76 dB for units between 8000kVA and 10,000kVA. Dry-type transformers have sound levels that are somewhat higher. Sound levels associated with certain kVA ratings will vary depending upon the type of transformer and manufacturer. Make sure the transformer is grounded Grounding is necessary to remove static charges that may accumulate and also is needed as a protection should the transformer windings accidentally come in contact with the core or enclosure (or tank for wet types). Before applying any voltage to the transformer, you should make sure that the tank for wet-types, or the enclosure and core assembly for dry-types, is permanently and adequately grounded. You should ground the transformer as per NEC Sec. 450-10 and check the grounding of the neutral as applicable per NEC. Note that for MV transformers, the secondary neutral is sometimes grounded through an impedance. Ensure that all grounding or bonding systems meet NEC and local codes. Final inspection and testing Once the transformer has been located on its permanent site, a thorough final inspection should be made before any assembly is accomplished and the unit is energized. Before energizing the unit, it's very important that you alert all personnel installing the transformer that lethal voltages will be present inside the transformer enclosure as well as at all connection points. The installation of conductors should be performed only by personnel qualified and experienced in high-voltage equipment. Personnel should be instructed that should any service work be required to the unit, the lines that power the transformer must be opened and appropriate safety locks and tags applied. A careful examination should be made to ensure that all electrical connections have been properly carried out and that the correct ratio exists between the low and high-voltage windings. For this test, apply a low-voltage (240V or 480V) to the high-voltage winding and measure the output at the low-voltage winding. However, for low-voltage (600V and below) transformers, this is not practical. Here, a transformer turns ratio indicator should be used to measure the ratio.



Any control circuits, if any, should be checked to make sure they function correctly. These include the operation of fans, motors, thermal relays, and other auxiliary devices. Correct fan rotation should be visually verified as well as by checking indicator lights if they are installed. Also, you should arrange for a one-minute, 1200V insulation resistance test of the control circuits. (If the power transformer has CT circuits, they should be closed.) But be careful here: Before applying this voltage, check with the manufacturer's manuals. Some microprocessor-based electronic devices may not be able to withstand the voltage. As prescribed by NEMA standards, transformers are shipped with both high and low-voltage windings connected to their highest rated voltage (except transformers that have taps above the rated voltage, in which case they will be shipped connected for rated voltage). You should check the internal connections with the diagram on the nameplate to make sure they are correct for the application. The tap setting should also be verified for the proper voltage. All windings should be checked for continuity. You should arrange for an insulation resistance test to be carried out to make certain that no windings are grounded. You will find it beneficial to carry out this testing for future comparative purposes, and also for determining the suitability of the transformer for energizing or application of a high potential test. It's important that you have an understanding of the manufacturer's warranty. A number of manufacturers require that insulation resistance testing be successfully completed prior to the transformer being placed in service for the warranty to be valid. Some manufacturers require that the megohmmeter readings and date of energizing be sent to them within a specified time after the transformer is placed in service for the warranty to be valid. The insulation resistance test should be conducted immediately prior to energizing the transformer or the beginning of the dielectric test. Caution is required when operating in parallel When transformers are installed for parallel operation, their rated voltages, impedances, and turn ratios ideally should be the same and their phasor relationships identical. If these parameters are different, circulation current will exist in the circuit loop between these units. The difference in impedance should not exceed 7.5%. The greater the differences in these parameters, the greater the magnitude of the circulating current. When specifying a transformer to be operated in parallel with existing units, all these parameters should be discussed with the transformer manufacturer. Applying the load Before energizing a 3-phase transformer, you should arrange to monitor the voltages and currents on the low-voltage side. Then, without connecting the load, energize the transformer. The magnitude of the voltages shown (line-toground and line-to-line) should be very similar. If this is not the case, deenergize the transformer and contact the manufacturer before proceeding further. Next, connect the load and energize the transformer. While monitoring the voltages and currents, gradually increase the load in a stepped or gradual application until full load is reached. If you cannot gradually increase the load, then full load may be applied. Both the voltages and currents should change in a similar fashion. If this does not happen, de-energize the transformer and contact the manufacturer. The maximum continuous load a transformer can handle is indicated on its nameplate. However, a specially designed unit may have specific load capabilities not indicated on the nameplate. If you have some doubt as to the load capability of the unit, contact the manufacturer. Adjustment for correct tap setting After installation, you should check the output voltage of the transformer. This should be done at some safe access point near or at the load. Never attempt to check the output voltage at the transformer. Dangerous high voltage will be present within the transformer enclosure.



When changing taps, the same changes must be made for all phases. Consult the transformer diagrammatic nameplate for information on what tap must be used to correct for extra high or extra low incoming line voltage. The same adjustment should be made to compensate for voltage drop in the output due to long cable runs. When the load-side voltage is low, tap connections below 100% of line voltage must be used to raise the load voltage. If the load-side voltage is high, tap connections above 100% of line voltage must be used to lower the load voltage. This article will continue in subsequent issues of EC&M. Part 2 will address installation procedures for dry- and wettype transformers, the latter being fully assembled. Part 3 will cover installation procedures for liquid-filled transformers that are shipped unassembled



The successful operation of a transformer is pendent on proper installation as well as on proper design and manufacture. Part 1 of this article, which addressed installation procedures that are common to both dry- and wet-type units, appeared in the June '96 issue of EC&M. This article covers installation procedures peculiar to dry-type transformers as well as those relating to fully assembled liquid-filled The successful operation of a transformer is pendent on proper installation as well as on proper design and manufacture. Part 1 of this article, which addressed installation procedures that are common to both dry- and wet-type units, appeared in the June '96 issue of EC&M. This article covers installation procedures peculiar to dry-type transformers as well as those relating to fully assembled liquid-filled units. Each transformer manufacturer produces equipment having differences from competing manufacturers. And, each manufacturer has its own instructions for installing and testing their transformers. Such instructions should be carefully followed to assure adequate safety to personnel and equipment. And, it's important that you follow current NEC practice and applicable local codes. The purpose of this article is to provide general installation guidelines for placing transformers in service. It is not meant to supersede manufacturer's instructions. Dry-type transformers Additional site considerations. The location where a transformer is to be placed should not expose the unit to possible damage from moving equipment. Remember, damage to the enclosure of a dry-type transformer may reduce insulation clearances to an unsafe level. As an added safety precaution, you should keep in mind the possibility of children inserting rods, wire, etc. through an enclosure's ventilation openings of a dry-type transformer, thus coming into contact with live parts. Transformer ventilation openings are designed in accordance with NEMA and ANSI standards, which require that a 1/2-in. diameter rod cannot be inserted through the openings. The transformer enclosure is designed to prevent the entrance of most small animals and foreign objects. In some locations, however, you may have to consider additional protection. Transformers installed in public areas must be constructed to be impenetrable to foreign objects or the units must be protected by a fence in a manner that would prevent accessibility by the public and animals. For dry-type transformers, the core/coil assembly (without enclosure) will usually have mounting and terminal dimensions to suit your enclosure requirements. The enclosure should give protection to the coils and have adequate clearance and sufficient ventilation openings. The manufacturer should always be consulted to determine these requirements. Top covers may be designed for cable entry or exit with bolt-on cover plates. However, because heat rises, the insulation of cables placed above a transformer may age prematurely. Therefore, side and bottom cable entry and exit



are recommended. Note that conduit, bus duct, etc. must be independently supported as the top cover is not designed for these loads. Minimum electrical clearances regarding the installation of lugs and cables must be observed per NEC Sec. 373-11. Ventilated dry-type transformers can be designed for installation indoors or outdoors. They will operate successfully where the humidity is high, but under this condition, it may be necessary to take precautions to keep them dry if they are shut down for appreciable periods. When operating, you should take steps to arrange frequent inspection to ensure that there is no surface contamination on live parts of dry-type transformers. Caution: Make sure you deenergize the unit first. Excess contamination can cause problems and may even result in transformer failure. For locations where severe atmospheric conditions prevail, it may be better to use a liquid-filled transformer. However, if a dry-type is still preferred, you should consider using a totally enclosed, non-ventilated unit; sealed coil unit; or cast coil transformer. Locations where there is dripping water should always be avoided. If this is not possible, suitable protection should be provided to prevent water from entering the transformer case. Precautions should be taken to guard against accidental entry of water, such as might be obtained from an open window, by a break in a water or steam line, or from use of nearby water. Adequate ventilation is a must. Adequate ventilation is essential for the proper cooling of dry-type transformers. And the use of clean dry air is desirable for these types of units. It's highly advisable that you take steps to install ventilated dry-type transformers in locations free from unusual dust or chemical fumes. If such conditions exist, a wet-type unit, or another form of dry-type should be employed. Filtered air may reduce maintenance if the location has a contamination problem. When transformers are installed in vaults or other restricted spaces, you should provide sufficient ventilation to hold the air temperature within established limits when measured near the transformer inlets. For dry-type transformers, this usually will require approximately 100 cu ft of air per minute per kW of transformer loss. The area of ventilation openings required depends on the height of the vault, location of openings, and maximum loads to be carried by the transformers. For self-cooled transformers, the required area of ventilation should be at least one sq ft each of inlet and outlet openings per 100 kVA of rated transformer capacity, after deduction of the area occupied by screens, gratings, or louvers. This is approximately equivalent to the requirements of NEC Sec. 450-45(c). High-efficiency, low-loss designed transformers may lead to reduced ventilation requirements. Transformers should be located at least 12 in. to 18 in. away from walls and other obstructions that might prevent free circulation of air through and around each unit, unless the unit is designed for wall mounting and installed per the manufacturer. Units rated for 600V operation and used for lighting are labeled for minimum distance, usually between 3 in. and 12 in. (6 in. for most units). This varies among manufacturers, and it's recommended that you follow such instructions. Also, accessibility for maintenance should be taken into account before locating the transformer. If it's to be located near combustible materials, the minimum separations established by the NEC, and local fire ordinances must be maintained. Handling and lifting. Because of a dry-type transformer's high center of gravity, the unit is subject to tipping over during handling. It's wiser to apply force for moving such units at the bottom rather than near or at the top of the transformer. When lifting the unit by the core/coil assembly, only use the lifting devices/holes provided on the core clamps. Make sure you take care to prevent damage to bus work, wiring, and termination assemblies during lifting. When lifting, you should increase tension gradually; do not jerk, jar, or move the transformer abruptly.



When moving transformers, avoid contamination by foreign objects. This is especially true for dry-type units as tools or other objects may be dropped into the air passages of the coils. It's important to instruct your work crews to take steps to prevent any foreign material from falling into or onto the coils, terminals, and insulators. Hardware, connecting parts, tools, or any foreign material should not be allowed on top of the core and coil assembly. Foreign material lodged in a coil duct can cause electrical failure or overheating. Remove shipping supports. For dry-type transformers, after the transformer has been placed in its permanent location, you should arrange to have the bold-down bolts securing the core and coil assembly to the base or enclosure loosened but left in the holes to act as horizontal restraints. This loosening releases the sound isolation pads for maximum effectiveness. Also remove any shipping braces on the core and coil busses or the enclosure. For easy identification, these braces are usually painted a different color from the remaining assembly parts, made of wood, or left unpainted. Should it be necessary to move the transformer, replace the hold-down bolts and braces for the moving operation. Because each manufacturer uses different shipping procedures, you should carefully follow the specific instructions provided by the firm. Extra grounding provisions. Make sure that the flexible grounding jumper between the core-and-coil assembly and the enclosure is intact, or that the core-and-coil assembly is directly grounded from the core clamp by a flexible means. Insulation resistance testing. Variable factors affecting the construction and use of dry-type transformers make it difficult to set limits for this test. Experience indicates that for some transformers (manufacturers' guidelines may differ, and they should be followed), a minimum of 2 megohms (1 min reading at approximately 25 degrees C) per 1000V of nameplate voltage rating, but in no case, less than 2 megohms total, may be a satisfactory value of insulation resistance (IR) for the application of the high-potential test. If the IR is less than the above minimum values, do not energize the transformer. When this condition exists, the next step is to dry out the transformer and then do another IR test. Section 6.4.1 of the ANSI/IEEE Standard C57.94-1982, IEEE Recommended Practice for Installation, Application, Operation, and Maintenance of Dry-Type General-Purpose Distribution and Power Transformers, states that should the manufacturer's recommended values not be available, the readings as shown in the Table (above) may be used. If the IR is less than the minimum values stated in the above paragraph or in Table 1, do not energize the transformer. When the latter condition exists, the next step is to dry out the transformer and then do another IR test. Other recommended on-site tests for dry-type units include the following: * Winding resistance measurements, * Polarity verification, * Insulation power factor, and * High potential (hi-pot) test to 75 % of factory test level, per ANSI C57.12.911995, IEEE Test Code for Dry-Type Distribution and Power Transformers, providing the transformer was not subjected to severe dielectric tests before this. It's preferable that the dielectric tests (i.e., power factor and hi-pot) be done last. Note that the value of the power factor tests on dry-type transformers will be higher than on liquid units because the air is measured as a dielectric. Drying varnish-insulated transformers. If the megohmmeter readings are low, it's an indication that the transformer needs to be dried. In fact, megohmmeter readings are of value in determining the status of drying. Measurements should be taken before starting the drying process and at 2-hr intervals during drying. The initial value, if taken at ordinary temperatures, may be high even though the insulation may not be dry. Because IR varies inversely with temperature, the transformer temperature should be kept approximately constant during the drying period to obtain comparative readings.



As a transformer is heated, the presence of moisture will be evident by the rapid drop in resistance measurement. Following this period, the IR will generally increase gradually until near the end of the drying period, when it will increase more rapidly. Sometimes, it will rise and fall through a short range before reaching a steady state because moisture in the interior of the insulation is working its way out through the initially dried coils. A curve, with time plotted on the X-axis (horizontal axis) and resistance on the Y-axis (vertical axis), should be plotted, and the run should be continued until the resistance levels off and remains relatively constant for a period extending 3 to 4 hrs. Use caution when testing the insulation. The IR readings should be taken from each winding to ground, with all windings grounded except the one being tested. Before taking IR measurements, the winding should be grounded for at least 1 min to drain off any static charge. All readings should be for the same time of application of the test voltage, preferably 1 min. Drying of the core/coil assembly. When it's necessary to dry out a transformer before installation (or after an extended shutdown under relatively high humidity conditions), one of the following methods may be used. (Before applying any of these methods, free moisture should be blown or wiped off of the windings to reduce the time of the drying period.) When providing external heat, it's important that most of the heated air passes through the winding ducts, not around the sides. Three options are available here. * Directing heated air into the bottom air inlets of the transformer enclosure. * Placing the core and coil assembly in a nonflammable box with openings at the top and bottom through which heated air can be circulated. (By not using the transformer's enclosure, you avoid possible damage to gauges, gaskets, etc.) * Placing the core and coil assembly in a suitable ventilated oven. With either of the first two external heating methods, you can use resistance grids or space heaters. These may be located inside the case or box, or placed outside and the heat blown into the bottom of the case or box. A couple notes of caution here: The core and coil assembly should be carefully protected against direct radiation from the heaters, and the air temperature should not exceed 110 [degrees] C. Drying by internal heat is relatively slow and should be used only when the other two methods are unavailable. The transformer should be located to allow free circulation of air through the coils from the bottom to the top of the enclosure. One winding should be short-circuited, and sufficient voltage at normal frequency should be applied to the other winding to circulate approximately 75 % of normal current. The winding temperature should not exceed 100 [degrees] C as measured by resistance or by thermometers placed in the ducts between the windings. The thermometers used should be of the alcohol type or thermocouples. Take care to protect the operator from dangerous voltage. Drying by external and internal heat is a combination of the two methods previously described and is, by far, the quickest method. The transformer core and coil assembly should be placed in a nonflammable box, or kept in its own case when suitable, and external heat applied (as described in the first method) as current is circulated through the windings (as described in the second method). The current required will be considerably less than when no external heating is used, but should be sufficient to produce the desired temperature in the windings. However, the temperature attained should not exceed that stated in the foregoing paragraphs. Applying load. Before applying load to a dry-type unit, you may wish to review ANSI/IEEE Standard C57.96-1989, Guide for Loading Dry-Type Distribution and Power Transformers. You will observe vapor or smoke when initially applying a load to a varnish-insulated transformer. Do not be concerned. As the unit is brought up to full load, some temporary vapor or smoke may be given off from the unit's



coil/core assembly. This is not an uncommon occurrence. It's due to the heating of residual varnish in the coils. This condition will disappear in a few hours after stabilizing at normal operating temperature. Special procedures for tap selling. For dry-type transformers, after the correct tap connection has been determined from the nameplate, use the following procedure to change taps. * Deenergize the transformer. Safety is of the utmost importance here. Make sure there is no back feed from a lowvoltage tie breaker. Verify that the transformer is de-energized by testing. * Remove front access panels from the transformer enclosure. * When the output voltage requires adjustment, either up or down, you should change the percentage tap jumpers found on the front surface of the coils. * Change the tap jumper on each phase to the correct tap connection. The tap jumper must be on the same tap position on all phases. * The tap jumper must be installed on the upper side of the coil tap, with lugs on the ends of the cable tap jumpers positioned for maximum electrical clearances from the ground and other live parts. Be sure all bolts are tightened as described elsewhere. * Replace the front access panel. * Energize the transformer and recheck the output voltage. Fully assembled liquid-filled transformers External inspection. This inspection calls for different criteria than for drytype units. One of the first things you should check upon receipt and placement of the transformer is its fluid level. This is done by inspecting the liquid level gauge. If such a gauge is not used, check the level by opening the fill plug. Be careful when doing this. You should take steps to prevent the entrance of moisture or foreign objects. Moisture, dirt, and foreign objects can weaken the insulation level of the transformer fluid and greatly shorten the transformer's life. Any unit that doesn't have the proper fluid level should be checked for leaks and topped off. When adding fluid to the transformer, use only quality oil, or if applicable, the appropriate fire-resistant fluid. Transformers with liquid level gauges will have an indicator for the minimum allowed fluid level as well as a minimum 25[degrees]C level. Transformers without such a gauge must have the liquid level checked by removing the 25 [degrees] C level plug. If the liquid level is more than 1/2 in. below the 25 [degrees] C line, consult the manufacturer before energizing the transformer. Presently, all transformers are filled or processed at the factory with dielectric fluid containing no detectable PCBs, in accordance with Federal Polychlorinated Bi-phenyl (PCB) Regulations. The presently accepted limit for PCBs in dielectric fluid is 1 ppm as based upon the latest detection capability. You should take precautions so that PCB contamination is not introduced during field filling or maintenance of a transformer. The use of old pumping equipment and old hoses that were at one time used for servicing transformers that contained PCB dielectric fluid is one of the main culprits for introducing PCBs into new transformers. And when storing dielectric fluid, you should make sure that the container being used is extremely clean and dry. Testing the dielectric fluid. Upon receipt of the transformer, you should carry out certain tests using a sample of the dielectric fluid. These tests include dielectric withstand (per ASTM D1816 or D877), and dissipation (power) factor (per ASTM D924). The primary purpose of the tests is to confirm that the properties of the dielectric fluid meet the conditions established by the appropriate standards. But, the tests also set benchmark values for comparison with periodic testing done while the transformer is in use.



Standard dielectric fluid test procedures are found in ASTM D3487 for conventional mineral oil, ASTM D5222 for fire-resistant hydrocarbon fluids, and ASTM D4559 and D4652 for fire-resistant silicone liquids. If analysis of dissolved gases in the dielectric fluid is to be performed as part of a preventive maintenance program, it's also advisable to set benchmark data for the new fluid. Fire-resistant (less-flammable) fluids also should be tested per ASTM D92 to confirm a minimum 300 [degrees] C fire point, which is required by the NEC for this class of fluid. ANSI/IEEE is the best source for required acceptance tests for various fluid properties. Such applicable standards are C57.106-1991, IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment, for conventional mineral oil; C57.121-1988, IEEE Guide for Acceptance and Maintenance of Less Flammable Hydrocarbon Fluid in Transformers, for fire-resistant hydrocarbon fluid; and C57.111-1989, IEEE Guide for Acceptance of Silicone Insulating Fluid and Its Maintenance in Transformers, for fire-resistant silicone fluids. Internal tank inspection Fully assembled liquid-filled transformers are usually shipped ready for installation and do not require internal inspection. However, if the transformer's tank must be opened, you should prevent the entrance of moisture, dirt, and foreign objects. Mounting. It's important that you mount a liquid-filled transformer on a flat level pad strong enough to support the weight of the transformer (Part 1 of this article, in the June '96 issue, contained information on concrete bases for transformers). When supplied, hold-down cleats or brackets, as shown in the Figure (above), should be used to bolt the transformer securely to the pad. The unit should not be tilted in any direction greater than 1.5 degrees, as a greater tilt will cause deviations in the liquid level near fuses, pressure relief devices, and/or other accessories specifically located at or near the 25 [degrees] C liquid level. The result of a deviation in the liquid level can increase the possibility of a disruptive failure. Locating the transformer. Since a conventional oil-filled transformer contains a combustible insulating fluid, transformer failure can cause fire and/or explosion. Alternatives, such as NEC compliant fire-resistant fluids (which have a reduced fire and/or explosion potential) should be considered when locating this type of transformer in buildings, or in close proximity to buildings or public thoroughfares. You should refer to the latest edition of the NEC for guidance in locating liquid-filled transformers and be guided by local codes. (Refer to the article "Knowing Liquid-Filled Transformer Installation Requirements" in the June '96 issue.) Another consideration is that all indoor liquid-filled transformers require containment to control possible leaks of the fluid. Outdoor liquid-filled transformers containing more than 660 gal of fluid must meet the EPA's requirement for use of some type of containment to control possible leaks. Local codes may also have containment requirements. Venting. Before accessing the inside of a transformer's tank, you must vent the unit by manually operating the pressure relief device normally provided, or by removing the vent plug. The transformer should be vented before it's energized if it has been pressurized for a leak test, since pressure will increase as the transformer reaches its operating temperature. Treatment of bushings. Remove dirt and foreign material from all bushings. Carefully inspect the bushings for cracks or other damage before placing the transformer in service. If there are problems, contact the manufacturer and do not energize the transformer. Also, do not energize the transformer with the shipping caps on the bushings or inserts. High-voltage porcelain bushings (when provided) are externally clamped gasketed bushings with eyebolt-type terminals. The primary cables enter the compartment from below and attach to the bushing terminals. The terminals will accommodate No. 8 through 250 kcmil cable. Separable insulated connectors. Separable insulated connectors may be universal bushing wells, integral bushings, or bushing wells with inserts installed. They may be either loadbreak or nonload break. All connectors must be dry and



clear of any contamination before installation. Unused terminals should be properly terminated to prevent possible contamination. Follow the manufacturer's instructions and warnings relating to the use of these terminations. During installation, the recommended sequence of connections is to first make all ground connections, then the lowvoltage (secondary) connections, and finally the high-voltage (primary) connections. Caution: Before making any connections, verify that all safety precautions have been taken in assuring that all conductors (both high-and lowvoltage, the latter possible having back feed) not be energized. A transformer should be removed from service by reversing the above sequence of connections. Carefully check the transformer nameplate for its rating and the connections that can be made to it. Avoid excessive strain on the bushing terminals or insulators; this could loosen the contact joints or damage the insulators. Remote energizing of a transformer, at a minimum using a hot stick, is recommended as a routine procedure. Adjustments to the top changer. The tap changer provides a means of changing the voltage ratio of a transformer. These units serve a useful role to helping assure that the load receives the called-for voltage. Many transformers are supplied with an externally operated high-voltage tap changer, located near the high-voltage bushing. To change tap connections, use the instructions provided by the manufacturer. Dual-voltage transformers, according to ANSI recommendations, should not have tap changes. For dual-voltage transformers that have tap changes, consult the name-plate to determine the proper tap changer setting for each voltage option. Cabinet security. Before leaving the site of an energized transformer, you should make sure that all protective or insulating barriers are in place, the cabinet is completely closed, and all locking provisions are properly installed. Accessories and their function. It's important that you're aware of the following accessories and their function. Pressure relief device. A standard pressure relief device, located on the tank above the liquid level, relieves excessive internal tank pressure automatically and reseals at a lower positive pressure. It can be manually operated by grasping the end-cap (or ring, if provided) and slowly pulling it away from the tank until pressure is relieved. Thermometer. When supplied, a thermometer indicates the liquid temperature near the top of the tank. The temperature-sensitive element is mounted in a leakproof well, permitting removal of the device without lowering the liquid level. These devices are usually furnished with an additional pointer, red in color, to show the highest temperature attained since last reset. Liquid level gauge. When supplied, this gauge is located in the low-voltage compartment and indicates liquid level variation from the liquid level at a temperature of 25[degrees]C. This component is a readily available accessory and allows the fluid level to be easily checked without exposing the dielectric fluid to the atmosphere. You should make sure your transformer has one. Pressure-vacuum gauge. When supplied, a pressure gauge is located in the low-voltage compartment above the bushings in the air space. The gauge indicates whether the gas space in the tank is under a positive or negative pressure. Nameplate. A nameplate is supplied on each transformer according to Section 5.12 of ANSI Standard C57.12.001993, IEEE Standard General Requirements for Liquid-Immersed Distribution, Power, and Regulating Transformers. You should refer to the nameplate for transformer ratings and for proper connections of the transformer to the system. No internal connections should be made inside the transformer other than those shown.



Correct interpretation of maintenance data from transformers is vital for increased reliability, long life, and advanced information on possible need of replacement.Information accumulated through routine inspections and periodic tests on transformers in operation will usually provide you with a warning of approaching service problems. Then corrective measures can be taken. More importantly, if the Correct interpretation of maintenance data from transformers is vital for increased reliability, long life, and advanced information on possible need of replacement. Information accumulated through routine inspections and periodic tests on transformers in operation will usually provide you with a warning of approaching service problems. Then corrective measures can be taken. More importantly, if the available transformer maintenance records are effectively interpreted, it's not unusual for an impending failure to be predicted. This, in turn, allows appropriate replacement measures, alleviating the impact of a sudden loss. Recognizing the warnings of impending failure requires careful surveillance of the records to seek out significant trends or aberrant behavior. Persistence and a basic knowledge of a transformer's expected operational characteristics will help you realize the full benefit of a maintenance program. Importance of variations in sound level The audible sound level of a transformer, either dry-type or liquid-filled, is largely dependent on the ratio of the applied voltage to the number of active turns in the primary winding (volts per turn) or on the degree of distortion in the load current. To a lesser degree, it's dependent on the tightness of core and coil clamping components and the external tank structure. If a noticeable change in sound level is detected that cannot be explained by changes in loading practices, your first check should be the input or output voltage on the transformer because its sound level is very sensitive to changes in voltage. If the voltage increases, the sound level will also increase. As such, you should verify that the measured voltage is within the nameplate rating for the tap setting on the transformer. If it consistently exceeds the tap voltage by more than 5%, the transformer is over-excited and should be deenergized and a tap selected that is within 5% of the applied voltage. Transformers designed to existing standards can be safely operated at overvoltages of up to 5%, but the sound level will increase noticeably. If the applied voltage is within the range of the tap setting on the transformer, and there is an unexplained increase in sound level, there could be internal damage that has shorted one or more winding turns in the primary winding. This would reduce the effective number of turns and increase the volts per turn and the sound level. If this problem is suspected, the transformer should be removed from service for acceptance tests. For liquid-filled transformers, if these tests are inconclusive and the unit is to remain in service, oil samples should be taken for gas-in-oil analysis on at least a monthly basis until the analyses refute or confirm the internal winding problems. An increase in sound level can also be the result of load current distorted by harmonics. Check the connected load for any changes. There may possibly be a developing problem with a load component that has introduced load distortion on the transformer. As various load segments are switched in and out, listen to the sound level for any abrupt changes. Load current with a high harmonic content can cause higher temperatures than the designer anticipated in the magnet core or in the windings. If any noticeable increase in sound level is caused by load harmonics, you should take steps to minimize or eliminate the additional loading on the transformer. Evaluating tank heating Hot spots on the tank surfaces of liquid-filled transformers, or enclosures of dry-types, that are severe enough to blister or discolor the paint may indicate the existence of open or shorted internal lead connections. These deficiencies



may create changes in the current paths, resulting in induced currents in the tank wall. When tank heating occurs, the transformer should be deenergized as soon as possible and electrical tests performed. Winding resistance and impedance measurements are especially important when tank heating is observed, as changes in these characteristics will indicate changes in the internal connections. For liquid-filled transformers, an oil sample should be taken for gas-in-oil analysis. If tank heating persists, or a gasin-oil analysis indicates an increase in combustible gas above the limits shown in Fig. 1, an internal inspection should be made to observe any evidence of irregularities in the internal connections. If a defective connection is identified, an experienced repair organization may be able to make a field repair and recondition the transformer. The surface of the oil should be examined for evidence of carbon or burnt insulation. If the oil is discolored to the point that the internal parts cannot be seen, the transformer should be removed to a repair facility for untanking and examination. First, when reference is made to oil (askarel), this is done in a generic sense and the term relates to a group of synthetic, fire-resistant, chlorinated, aromatic hydrocarbons used as electrical insulating liquids.These liquids serve as a heat transfer medium. If a liquid-filled transformer is equipped with a pressure gauge, pressure readings should be taken during those times when top-oil temperature readings are taken. Comparison of the pressure readings should be noted on a regular basis and correlated to the temperature readings. Whether a transformer has a pressure gauge or not depends on the type of oil preservation system. The general types of oil preservation systems are as follows. * Free Breathing. These transformers have vents above the oil that allow air to enter and exit as the oil expands and contracts due to variations in the operating temperature. * Sealed. A sealed transformer does not have vents but is designed to withstand the internal pressure variations resulting from the compression of the gas space above the oil as the oil volume changes due to thermal expansion and contraction. * Conservator. These type transformers have a main tank that is completely filled with the insulating liquid and a separate external reservoir. This external tank is provided with a quantity of fluid slightly greater than that displaced by the expansion and contraction of the insulating fluid in the main tank. The external tank is mounted above the main tank and is connected by a short pipe that allows the insulating liquid to flow back and forth. * Automatic gas seal. Transformers of this type have a space filled with nitrogen above the liquid. The open space is connected to a nitrogen bottle and a regulator. The regulator bleeds off nitrogen from the transformer tank when the liquid rises and adds nitrogen when the liquid falls. This procedure maintains the internal gas pressure within an allowable range. In addition to the above types, there are other variations. Most transformers in commercial applications are either free breathing or sealed. A sealed unit will usually have a pressure gauge. But, a free breathing unit will not. A sealed transformer with a welded-on cover should maintain a consistent relationship between top-oil temperature and pressure. If a review of the maintenance record indicates that periods of maximum temperature do not have correspondingly high pressure readings (with minimum pressure readings at lowest temperatures), a leak in the gas space should be suspected. If the peaks and valleys of the pressure readings do correspond to similar peaks and valleys in the temperature readings but the values of the pressure readings are declining over time, you should check the liquid level for loss of fluid and inspect the transformer for fluid leaks. Many sealed units with bolted-on covers and gasket seals will lose gas pressure if a positive pressure is maintained for an extended period of time. These same units may allow the entrance of air if a negative pressure is maintained over an extended period. Concern in regard to this condition should depend on the ambient weather conditions (humidity, precipitation, and airborne contamination), and the degree of cyclic variations in oil temperature. Be careful not to create conditions that will draw moisture or other contaminants into the transformer through a leak. When conditions exist that would tend to allow the entrance of contaminants, and the pressure readings indicate a leak, the transformer should be deenergized and a pressure test performed. Most leaks can be found and effectively



sealed; however, large gasket areas, especially those using cork or composition gaskets, will often allow the gradual decline of gas pressure, even though an identifiable leak cannot be found. When operating transformers with minor gas leaks, you should closely monitor oil tests of the fluid dielectric and water content. If there is no noticeable deterioration, the concern for a gradual loss of gas pressure should be minimal. Significance of liquid level For liquid-filled transformers, the liquid level should vary with the top-oil temperature, as the tank pressure varies with a sealed transformer. If the indicated liquid level pattern does not follow the rise and fall of the top oil temperature, you should investigate for oil leaks. If none can be found, you should check the liquid level gauge's operation at a convenient outage. The liquid level should not descend below the minimum indication on the gauge or rise above the maximum indication during extremes of operating conditions. If these limits are exceeded, you should consult the manufacturer or instruction book to establish the proper oil level and the existing level should be checked at the earliest available outage. If the oil level is consistently below the minimum indication, the transformer should not be operated until the internal level is checked to ensure that no live parts are exposed above the fluid and that the minimum oil level reaches the upper tank opening of any existing external cooling radiators. You should carefully follow the manufacturers' instructions when adding oil to a transformer. If the instruction book cannot be located, the manufacturer should be contacted as there are often critical variations in the replenishment fluids used, and the manner in which they are introduced to the fluid already in the transformer. Oil temperature interpretation For liquid-filled transformers, an operating temperature above normal limits can be indicative of internal problems with the core and coil components, or with the normal exchange of heat from the core and coil assembly to the surrounding air. However, an understanding of what should be the normal operating temperature of a transformer often leads to confusion. Most liquid-filled transformers are rated with a temperature rise of either 55 [degrees] C or 65 [degrees] C. This rated temperature rise will be printed on the nameplate and is defined in various standards as the average winding temperature rise above ambient. The temperature rise must therefore be added to the ambient or surrounding air temperature to arrive at the expected full-load temperature for existing conditions. Even with the understanding that the nameplate temperature rating is an average winding temperature rise above ambient, there is no gauge on a transformer that measures the average winding temperature because it cannot be directly measured. It can only be measured through a series of tests that would be impractical to make outside a factory test installation. The temperature measured on the gauge is the top-oil temperature and sometimes a simulated winding temperature. Both of these measurements will indicate the temperature rise plus the ambient. The important point to note here is that the nameplate temperature rise is not the temperature one sees on the temperature gauge of a transformer when operating at full load. The rise in gauge temperature cannot be precisely correlated to the nameplate temperature rise with the information available to most users. But, this correlation can be approximated if the transformer is operating correctly. The relationship between the measured top-oil temperature and the average winding temperature varies somewhat from design to design but usually the top oil-temperature will be 5 [degrees] C to 10 [degrees] C lower than the average winding temperature. The winding temperature indicator, if one is provided, will usually read the winding's hottest spot temperature, which is from 5 [degrees] C to 10 [degrees] C higher than the average winding temperature. Remember that all measured temperatures must have the ambient temperature subtracted to come up with the temperature rises referred to on the nameplate and in the standards. Another variable that confounds analysis of temperature readings is the time delay experienced between a change in load, or a change in ambient temperature, and the eventual transformer temperature change. The time to reach a



temperature equilibrium following a change in either or both of these conditions can be 4 hrs or more for a typical transformer in a commercial application. Therefore, you should compare temperature readings at the same time of day. If done, the variables will be minimized, assuming that the patterns for load variations and changes in ambient temperature are somewhat consistent for corresponding time periods. The effect of varying ambient temperature over long time spans can be eliminated in large part if the ambient temperature is recorded so that it may be subtracted from the temperature values read on the gauges. If temperatures under similar load conditions are showing an increase when ambient temperatures are subtracted, you may have thermal problems developing in the transformer and acceptance tests, including winding resistance measurements and dissolved gas analysis, should be performed and compared with prior tests. Performing oil tests Oil tests can be separated into two general categories; those that assess the immediate serviceability of the oil and those that assess the degree of aging. To evaluate the immediate serviceability of the oil, two important tests are carried out: determination of dielectric strength and determination of water content. You should review these test measurements to verify no sudden changes that would indicate the possibility of the entrance of moisture or other contaminants. If there is a sudden change, the transformer should be carefully inspected for leaks and the oil processed if the dielectric is below the 28kV level, or water content is above 30 ppm (parts per million). You should refer to the manufacturer's instructions for oil processing practices appropriate for the transformer. The principal indicators to assess the degree of aging of the insulation system (lead conductor insulation, winding insulation, core insulation, and the fluid insulation) are interfacial tension, color, and acidity. These indicators should be reviewed for any abrupt changes as they would normally change very little from year to year. A significant change in these values may indicate overheating of all or part of the insulation system. If there is an interfacial tension decrease of 20% or more, or an acidity increase of 25% or more (with a change in the color of at least one full point on the ASTM-D1500 color scale between annual readings), the oil should be resampled and tested for confirmation of the results. These abrupt changes denote an accelerated aging of the insulation system, which would be indicative of overheating of the insulation. The transformer should be scheduled for acceptance tests as soon as possible if these results are verified. Gas-in-oil analysis As a liquid-filled transformer insulation system ages, the oil and paper gradually deteriorate, producing combustible gases that are dissolved in the oil. Study of these gases has led to the recognition of the products of normal aging as well as certain combinations of gases that, in sufficient quantities, can provide warning of developing problems. Performing a gas-in-oil analysis provides a valuable maintenance tool, especially if done on a regular basis, so that normal trends for each transformer can be established. The laboratory report of the test results will list the key combustible gases detected and their quantities expressed in ppm. Fig. 1 (see page 54), taken from the Guide for Interpretation of Gases Generated in Oil-Immersed Transformers (ANSI/IEEE C57.104), lists the 90% probability norms of combustible gas levels for transmission rated transformers (normally 115kV and higher). These values should be used as a guide only. There is no universal agreement among experts on limits for particular gases; as such, it's important to establish normal trends for individual transformers. Similar norms have not been established for lower voltage transformers as a separate category. However, experience is accumulating that indicates the limits shown in Fig. 1 are suitable guidelines that may be used for lower voltage transformers (4.16kV to 34kV).



The most important gas to note is acetylene ([C.sub.2][H.sub.2]). This gas requires arcing for its production and levels above 35 ppm should be investigated. Ethane and ethylene are next in order of concern and indicate an intense hot spot. If an elevated level of carbon monoxide is also detected, paper insulation is involved in the hot spot. Elevated levels of methane without correspondingly high values of ethylene and ethane indicate a hot spot of less intensity. The presence of a high level of carbon monoxide would again indicate that paper insulation was involved. Hydrogen indicates that corona is present in the oil. Corona results from the partial breakdown of oil when it is electrically stressed to a critical value. Hydrogen theoretically should be a key gas in maintenance analysis but, in practice, the level of hydrogen varies so widely from test to test that its usefulness is obscure. If the limits in Fig. 1 are exceeded, or if established trends for a particular transformer suddenly change, the transformer should be acceptance tested. ANSI/IEEE C57.104 and its references give complete information on interpreting gas analysis data and should be consulted for more information on this subject. Another useful document is Guide for Failure Investigation, Documentation, and Analysis for Power Transformers and Shunt Reactors, ANSI/IEEE C57.125, which gives diagnostic test recommendations for various combinations of detected combustible gas levels. Insulation resistance measurements Insulation resistance tests taken with a megohm meter are valuable maintenance measurements since they are easy to make with portable instruments and may be effective in finding defective insulation. However, on liquid-filled transformers, these readings are often erratically variable from test to test. There may be a measurement range as much as 50%. The variations are due in large part to the nature of the insulating oil that takes into solution substances that tend to polarize under the application of the DC voltage stresses produced by the megohm meters. Insulation resistance measurements on dry-type units are usually more consistent, and therefore, more useful than on liquidfilled transformers. Another significant factor affecting megohm readings of liquid-filled units is that there are various combinations of solid and liquid insulations that are used in transformer construction. An additional factor to consider when measuring insulation resistance is the temperature of the transformer because heat affects each material differently. Insulation resistance is usually measured when the transformer is cooling down. But when doing so, a problem exists in that each material cools at a different rate. The dual uncertainty of the exact temperature of each insulation component, and the degree to which its resistance variation affects the overall reading, makes temperature correction of the megohm values very imprecise. Because of these variations, trends in insulation resistance readings within [+ or -]50% are seldom significant and should always be supported with other tests such as dissolved gas analysis, measurement of oil dielectric strength, and determination of water content. Meaning of changes in power factor Power factor measurements are not usually recommended for dry-type transformers. If insulation power factor measurements are carried out for a liquid-filled transformer, and corrections are made for temperature according to the instructions for the particular test set, the measurements should show little variation over long periods of time. If there is a sudden increase in the reading, or if it exceeds 2%, obtain an oil sample for water content measurement, dielectric strength measurement, and color evaluation. High power factor readings are usually caused by moisture in the insulation system. If oil tests indicate the water content is less than 30 ppm, the color of the sample is acceptable, and the dielectric strength is good, a high water content in the insulation system is unlikely. Clean the external bushing surfaces and check for cracks or other defects. If no bushing defects are identified, take an oil sample for dissolved gas analysis and review the results for any abnormality. If the above steps do not give an explanation for the high power factor, return the transformer to service. Then, sample the oil for dissolved gas analysis on a monthly basis until the absence of increasing combustible gas indicates the transformer is performing normally. At that point take a careful reading of the power factor and suspend testing



until the next periodic maintenance is scheduled. At that time take another reading of the power factor to see what change has taken place. Because transformers are usually very reliable, it's easy to forget to carry out routine maintenance procedures. But recognizing that a transformer can represent a relatively sizable capital expenditure, that these units are a critical component in providing dependable electrical service, and that a safe electrical system includes transformers operating correctly, it's important to take the time and effort to properly maintain this type equipment. The full value of a maintenance program can be realized by reviewing accumulated maintenance data with the above guidelines in mind. Simple routine observations and measurements, which should be made and recorded on a regular basis, can provide valuable insights into the internal operation of most transformers. The disciplined review of these observations along with periodic tests such as oil evaluation, insulation resistance measurements, and sometimes dissolved gas analysis, can give optimum assurance that a transformer is not being allowed to fail due to a correctable defect. These measures will also increase the likelihood of recognizing the inevitable approach of a failure due to a cause that might not be correctable. This knowledge will allow preparation for a scheduled changeout of the defective transformer and eliminate the chaos and expense that usually accompany an unplanned outage. Charles T. Raymond, P.E. is an Engineering Consultant located in Ballston Spa, N. Y. He recently retired as Manager of Transformer Services for G.E. Co. in Schenectady, N.Y.



Following specific checking and maintenance guidelines as well as conducting routine inspections will help ensure the prolonged life and increased reliability of a dry-type transformer.Because dry-type transformers are used so extensively in industrial, commercial, and institutional power distribution systems, their maintenance should be a top priority. As such, you should have a thorough knowledge Advertisement Following specific checking and maintenance guidelines as well as conducting routine inspections will help ensure the prolonged life and increased reliability of a dry-type transformer. Because dry-type transformers are used so extensively in industrial, commercial, and institutional power distribution systems, their maintenance should be a top priority. As such, you should have a thorough knowledge of their maintenance requirements, which are similar to liquid-filled units in many ways but differ enough to warrant separate coverage. The following detailed discussion will help you attain the required knowledge. Dry-type transformer classifications Dry-type transformers are classified as ventilated, nonventilated, and sealed units, with each type detailed in the ANSI/IEEE C57.12.01-1989 standard, General Requirements for Dry-Type Distribution and Power Transformers. Because there are significant differences among these three groups and because some of these differences have an impact on maintenance procedures, it's important that you know the key aspects of each transformer type. A ventilated dry-type transformer is constructed so that ambient air can circulate through vents in the surrounding enclosure and cool the transformer core and coil assembly. A nonventilated transformer operates with air at atmospheric pressure in an enclosure that does not allow ambient air to circulate freely in and out. A sealed transformer is self-cooled, with the enclosure sealed to prevent any entrance of ambient air. These transformers are filled with an inert gas and operate at a positive pressure. While construction varies per transformer type, inspection and maintenance guidelines are somewhat similar.



Maintenance guidelines As with liquid-filled transformers, a maintenance program for dry-type units should include routine inspections and periodic checks. Acceptance tests should be performed when new units are delivered as well as when the need is indicated by review of maintenance data and operating history. The frequency for these inspections and checks will depend on the transformer classification as well as the operating environment, load conditions, and requirements for safety and reliability. A valuable reference source for maintenance procedures is the ANSI/IEEE C57.94-1982 Standard, Recommended Practice for Installation, Application, Operation, and Maintenance of Dry-Type General Purpose Distribution and Power Transformers, which covers many of the maintenance aspects that should be considered. The frequency of periodic checks will depend on the degree of atmospheric contamination and the type of load applied to the transformer. This is especially true for nonsealed transformers since ambient air and any contaminant dust or vapors it carries can contaminate the internal, electrically-stressed components. As routine inspections are made, the rate of accumulation of dust and moisture on the visible surfaces should serve as a guide for scheduling periodic maintenance. Thus, ventilated transformers will require more frequent periodic checks than nonventilated units. Sealed transformers will require less frequent periodic checks than either type, because of their construction. Routine checks and resultant maintenance Neither nonventilated nor ventilated dry-type transformers have indicating gauges, as are needed on liquid-filled transformers, to monitor temperature, pressure, and liquid level. Thus, routine checks are more subjective and consist mainly of visual and audible observations. Sealed dry-type transformers do have pressure gauges and these should be routinely checked. Also, a complete checklist should be developed for each transformer and should include essential observations, with data recorded and preserved. A program recommending various type checks and their frequency is shown in the Table on page 86. Dust accumulation. Visual inspections should cover louvers, screens, and any visible portions of internal coil cooling ducts for accumulated dust. Do not remove any panel or cover unless the transformer is deenergized. If dust accumulation is excessive, you should deenergize the transformer in accordance with established safety procedures, remove its side panels, and vacuum away as much of the dust as possible. Then, clean with lint free rags or soft bristled brushes. Do not use any solvents or detergents as these may react with the varnishes or insulating materials and lead to accelerated deterioration. They may also leave residues that will enhance future accumulation of dust and various contaminates. If dust accumulation remains in inaccessible areas after vacuuming, you can blow dry air into the unit to clear ducts. You should use air or nitrogen that has a dew point of -50 [degrees] F or less and regulate the pressure at or below 25 psi. Checks during deenergization. The following items should be done while the transformer is deenergized. * When access panels are removed for cleaning, all insulation surfaces should be inspected for signs of discoloration, heat damage, or tree-like patterns etched into the surface that are characteristic of corona damage. The core laminations should be inspected for signs of arcing or over-heating. * All accessible hardware should be checked for tightness. * Isolation dampeners between the base of the transformer and the floor should be checked for deterioration. * Cooling fans or auxiliary devices should be inspected and cleaned.



If the transformer is deenergized long enough so that it can cool to ambient temperature, make sure that the unit is kept dry. If the ambient air is very humid, you may have to heat the transformer with electrical strip heaters to avoid condensation of moisture on the winding insulation. This is very important because a large percentage of dry-type transformer failures occur after extended shutdowns, when the insulation is allowed to cool and moisture in the ambient air condenses on the insulation. Checks with transformer energized. The following items should be done with the transformer energized. * Pressure readings should be checked and recorded for transformers with sealed [TABULAR DATA OMITTED] tank construction. The ambient temperature, time of day, and loading conditions should be recorded along with the pressure. * Audible sound should be monitored, concentrating on the sound's characteristics as well as its level. Any noticeable change in the sound level or characteristics should be recorded. Significant changes could be indicative of loose clamping hardware, defective vibration isolators, over excitation, or possibly damage to the primary winding insulation. * Proper ventilation should be verified. Although few dry-type transformers are equipped with temperature gauges, the effectiveness of ventilation can be verified by measuring the air temperature at the inlet (which should be near the floor) to an enclosed room and then measuring either the ambient temperature of the air in the enclosed space or the temperature of the air at the exhaust (which should be in the upper part of the room). The average temperature of the room should not increase more than 40 [degrees] F over the incoming air and the exhaust should not increase more than 60 [degrees] F. Additional details on ventilation requirements will be found in ANSI/IEEE C57.94. Periodic tests You should conduct periodic testing as often as needed. The frequency is usually dependent on the transformer's operating environment. If routine inspections indicate that cleaning is required, periodic tests should be made at the shutdown for the cleaning operation, after the transformer is thoroughly cleaned. The nominal period between scheduled tests is one year but this may be longer or shorter, depending on the observed accumulation of contamination on the cooling vents. Sealed units should be opened only when the need is indicated by loss of pressure, operating abnormalities, or at intervals as recommended in the manufacturer's instructions. With these units, periodic tests should be confined to external inspections of the bushings and the enclosures. Also, readings at external terminals should be taken of insulation resistance (IR), power factor (PF), and turns ratio. Section 6 (Testing) of ANSI/IEEE C57.94 states that induced or applied voltage tests also may be done periodically. These are overvoltage tests; as such, they are not necessarily nondestructive, even when skilled operators use the proper equipment. Damage may occur to the insulation, which would otherwise be serviceable at normal operating voltage levels. Therefore, these tests should not be considered as appropriate maintenance tests, which are by definition nondestructive. IR testing. The IR of each winding should be measured using a megohmmeter in accordance with Sections 10.9 through 10.9.4 of the ANSI/IEEE C57.12.91-1979 Standard, Test Code for Dry-Type Distribution and Power Transformers. The transformer should be deenergized and electrically isolated with all terminals of each winding shorted together. The windings not being tested should be grounded. The megohmmeter should be applied between each winding and ground (high voltage to ground and low voltage to ground) and between each set of windings (high voltage to low voltage). The megohm values along with the description of the instrument, voltage level, humidity, and temperature should be recorded for future reference. The minimum megohm value for a winding should be 200 times the rated voltage of the winding divided by 1000. For example, a winding rated at 13.2kV would have a minimum acceptable value of 2640 megohms ([13,200V x 200]



/ 1000). If previously recorded readings taken under similar conditions are more than 50% higher, you should have the transformer thoroughly inspected, with acceptance tests performed before reenergizing. Turns ratio testing. The transformer turn ratio is the number of turns in the high voltage winding divided by the number of turns in the low voltage winding. This ratio is also equal to the rated phase voltage of the high voltage winding being measured divided by the rated phase voltage of the low voltage winding being measured. Transformer turns ratio measurements are best made with specialized instruments that include detailed connection and operating instructions. ANSI/IEEE Standard C57.12.91 describes the performance and evaluation of these tests. The measured turns ratio should be within 0.5% of the calculated turns ratio. Ratios outside this limit may be the result of winding damage, which has shorted or opened some winding turns. Insulation PF testing. Insulation PF is the ratio of the power dissipated in the resistive component of the insulation system, when tested under an applied AC voltage, divided by the total AC power dissipated. A perfect insulation would have no resistive current and the PF would be zero. As insulation PF increases, the concern for the integrity of the insulation does also. The PF of insulation systems of different vintages and manufacturers of transformers varies over a wide range (from under 1% to as high as 20%). As such, it's important that you establish a historic record for each transformer and use good judgment in analyzing the data for significant variations. ANSI/IEEE Standard C57.12.91 describes the performance and evaluation of insulation PF testing. Acceptance testing Acceptance tests (defined in Part 1, June 1994 issue, which concentrated on liquid-filled transformers) are those tests made at the time of installation of the unit or following a service interruption to demonstrate the serviceability of the transformer. This testing also applies to dry-type units. The acceptance tests should include IR testing, insulation PF measurement, and turns ratio testing, all as described under periodic tests. In addition, winding resistance measurements should be made and excitation current testing done. If you have a particular cause for concern, say a significant fault in the secondary circuit or a severe overload, you should make an impedance measurement and possibly an applied voltage test. Winding resistance measurement. Accurate measurement of the resistance between winding terminals can give you an indication of winding damage, which can cause changes to some or all of the winding conductors. Such damage might result from a transient winding fault that cleared; localized overheating that opened some of the strands of a multistrand winding conductor; or short circuiting of some of the winding conductors. Sometimes, conductor strands will burn open like a fuse, decreasing the conductor cross section and resulting in an increase in resistance. Occasionally, there may be turn-to-turn shorts causing a current bypass in part of the winding; this usually results in a decrease of resistance. To conduct this test, you should de-energize the transformer and disconnect it from all external circuit connections. A sensitive bridge or micro-ohmmeter capable of measuring in the micro-ohm range (for the secondary winding) and up to 20 ohms (for the primary winding) must be used. These values may be compared with original test data corrected for temperature variations between the factory values and the field measurement or they may be compared with prior maintenance measurements. On any single test, the measured values for each phase on a 3-phase transformer should be within 5% of the other phases. Excitation on current measurement. The excitation current is the amperage drawn by each primary coil, with a voltage applied to the input terminals of the primary and the secondary or output terminals open-circuited. For this test, you should disconnect the transformer from all external circuit connections. With most transformers, the reduced voltage applied to the primary winding coils may be from a single-phase 120V supply. The voltage should be applied to each phase in succession, with the applied voltage and current measured and recorded. If there is a defect in the winding, or in the magnetic circuit that is circulating a fault current, there will be a noticeable increase in the excitation current. There is normally a difference between the excitation current in the primary coil on



the center leg compared to the that in the primary coils on the other legs; thus, it's preferable to have established benchmark readings for comparison. Variation in current versus prior readings should not exceed 5%. On any single test, the current and voltage readings of the primary windings for each of the phases should be within 15% of each other. Applied voltage testing. The applied voltage test is more commonly referred to as the "hi-pot test." This test is performed by connecting all terminals of each individual winding together and applying a voltage between windings as well as from each winding to ground, in separate tests. Untested windings are grounded during each application of voltage. Although ANSI/IEEE C57.94 lists the applied voltage test as an optional pre-service or periodic test, this test should be used with caution as it can cause insulation failure. It should be regarded as a proof test to be conducted when there has been an event or pattern in the transformer's operating history that makes its insulation integrity suspect. ANSI/IEEE C57.94 states that either AC or DC voltage tests are acceptable for applied potential testing but that the DC applied voltage should not exceed the rms value of the standard test level. AC voltage rms values are limited by C57.94 to 75% of the original test levels (these levels range from 2 to 4 times the operating voltage) for initial installation tests and 65% of the original test levels for routine maintenance tests. The original or factory test levels are specified in ANSI/IEEE C57.12.01 and the tests are described in ANSI/IEEE C57.12.91. You should review these standards carefully before conducting any applied potential tests. If the original factory test reports are available, you should consult them to determine the original factory test levels. DC applied voltage tests are often conducted in the field because DC test sets are smaller and more readily available than AC applied voltage sets. With DC tests, the leakage current can be measured and is often taken as a quantitative measure. However, DC leakage current can vary considerably from test to test because of creepage across the complex surfaces between windings and between windings and ground. The use of AC voltage is preferable since the transformer insulation structures were designed, constructed, and tested with the application of AC voltage intended. Impedance testing. An impedance test may be useful in evaluating the condition of transformer windings, specifically for detecting mechanical damage following rough shipment or a service fault on the output side that caused high fault currents to flow through the transformer windings. Mechanical distortion of the windings will cause a change in their impedance. To maximize the effectiveness of this test, you should take a measurement during the transformer's initial installation to establish a benchmark value. An impedance test is performed by electrically connecting the secondary terminals together with a conductor capable of carrying at least 10% of the line current and applying a reduced voltage to the primary windings. This is easily accomplished by applying a single-phase voltage to each phase in succession. The applied voltage is measured at the primary terminals and the current measured in each line. You should record these values and then calculate the ratio of voltage to current for each phase. This ratio should be within 2% for each phase and should not vary more than 2% between tests. A variation of more than 2% indicates the possibility of mechanical distortion of the winding conductors, which should be investigated as soon as possible. Forensic investigators continually encounter instances where transformers have failed following an extended period of proper maintenance. Some of these failures were unpredictable but many could have been prevented if available data had been carefully reviewed and results properly interpreted. The final section of this article, scheduled for a future issue, will address the interpretation of maintenance records and how to use recorded data to identify trends that may indicate developing problems with any specific transformer. SUGGESTED READING



EC&M Books: Practical Guide to Applying, Installing, and Maintaining Transformers. For ordering information, call 800-654-6776. EC&M Articles: "Sensible Transformer Maintenance - Part 1" June '94 issue. For copies, call 913-967-1801. Standards: ANSI/IEEE C57.12.01, General Requirements for Dry-Type Distribution and Power Transformers ANSI/IEEE C57.94, Recommended Practice for Installation, Application, Operation, and Maintenance of Dry-Type General Purpose Distribution and Power Transformers ANSI/IEEE C57.12.91, Standard Test Code for Dry-Type Distribution and Power Transformers For ordering information, call 800-678-IEEE. Charles T. Raymond is a professional engineer registered in N.Y. and is manager of transformer services for G.E. Co. in Schenectady, N.Y.



Guidelines for transformer application designs. You must evaluate various factors when choosing a transformer so that it meets both the needs of the load and the application.The time you spend in selecting a transformer seems to be in direct proportion to the size of the unit. All too often, small transformers are selected with just a cursory look at the connected loads, and frequently a decision is made to choose one with the next larger kVA rating Advertisement You must evaluate various factors when choosing a transformer so that it meets both the needs of the load and the application. The time you spend in selecting a transformer seems to be in direct proportion to the size of the unit. All too often, small transformers are selected with just a cursory look at the connected loads, and frequently a decision is made to choose one with the next larger kVA rating than the anticipated load. Conversely, large transformers, such as those used in electric utility applications, are closely evaluated because they represent large investments. Most transformers used in commercial and industrial facilities fall in the middle ground, and they usually have ratings between 250kVA and 1000kVA. On larger projects, they can go up to 10MVA. Because these transformers represent the majority, you should evaluate them carefully before choosing a unit for a specific project and/or application. Selection process There are three main parameters in choosing a transformer: * That it has enough capacity to handle the expected loads (as well as a certain amount of overload); * That consideration be given to possibly increasing the capacity to handle potential load growth; and



* That the funds allocated for its purchase be based on a certain life expectancy (with consideration to an optimal decision on initial, operational, and installation costs.) Both capacity and cost relate to a number of factors that you should evaluate. These include: * Application of the unit; * Choice of insulation type (liquid-filled or dry type); * Choice of winding material (copper or aluminum); * Possible use of low-loss core material; * Regulation (voltage stability); * Life expectancy; * Any overloading requirements; * Basic insulation level (BIL); * Temperature considerations; * Losses (both no-load and operating losses); * Any non-linear load demand; * Shielding; and * Accessories. Application of the unit The type of load and the transformer's placement are two key considerations that must be understood. For example, if the unit will be used for heavy welding service, such as in an automotive plant, very rigid construction will be called for because the coils will experience very frequent short-circuit-type loads; thus, good short-term overload capability may be required. You'll find that sizing a transformer for a particular application with regard to the unit's life expectancy requires a good understanding of its insulation characteristics and the winding temperature due to loading. This, in turn, requires a careful analysis of the load profile (covering amplitude, duration, and the extent of linear and non-linear loads). The standard parameters for transformers operating under normal conditions include: * Nominal values of input voltage and frequency; * Approximately sinusoidal input voltage; * Load current with a harmonic factor not exceeding 0.05 p.u.; * Installation at an altitude of less than 1000 m (3300 ft); * No damaging fumes, dust, vapors, etc. in installed environment;



* An ambient temperature that does not exceed 30 [degrees] C as a daily average or 40 [degrees] C at any time, and which does not fall below - 20 [degrees] C; and * Overloads within acceptable levels of ANSI/IEEE loading guidelines (dry or liquid). If some of the above conditions can't be met in a particular application, then you should work closely with the manufacturer so that the selected transformer's operating characteristics and/or size will compensate for the particular situation. For example, if the ambient temperature will exceed standard conditions or if the unit will be installed at a high elevation, then an appropriate solution might be to specify a transformer that's rated higher than what the load requires, in effect under utilizing the unit to compensate for the local conditions. Choice of liquid-filled or dry type Information on the pros and cons of the available types of transformers frequently varies depending upon which manufacturer you're talking to and what literature you're reading. Nevertheless, there are certain performance and application characteristics that are almost universally accepted. Basically, there are two distinct types of transformers: Liquid insulated and cooled (liquid-filled type) and nonliquid insulated, air or air/gas cooled (dry type). Also, there are subcategories of each main type. Liquid-filled. For liquid-filled transformers, the cooling medium can be conventional mineral oil. There are also wettype transformers using less flammable liquids, such as high fire point hydrocarbons and silicones. Liquid-filled transformers are normally more efficient than dry-types, and they usually have a longer life expectancy. Also, liquid is a more efficient cooling medium in reducing hot spot temperatures in the coils. In addition, liquidfilled units have a better overload capability. There are some drawbacks, however. For example, fire prevention is more important with liquid-type units because of the use of a liquid cooling medium that may catch fire. (Dry-type transformers can catch fire, too.) It's even possible for an improperly protected wet-type transformer to explode. And, depending on the application, liquid-filled transformers may require a containment trough for protection against possible leaks of the fluid. Because of the above reasons, and because of the ratings, indoor-installed distribution transformers of 600V and below usually are dry-types. Arguably, when choosing transformers, the changeover point between dry-types and wet-types is between 500kVA to about 2.5MVA, with dry-types used for the lower ratings and wet-types for the higher ratings. Important factors when choosing what type to use include where the transformer will be installed, such as inside an office building or outside, servicing an industrial load. Dry-type transformers with ratings exceeding 5MVA are available, but the vast majority of the higher-capacity transformers are liquid-filled. For outdoor applications, wet-type transformers are the predominate choice. Dry-type. Dry-type transformers come in enclosures that have louvers or are sealed. Here, subcategories include different methods of insulation such as conventional varnish, vacuum pressure impregnated (VPI) varnish, epoxy resin, or cast resin insulation systems. Liquid-filled insulation systems The insulation system for liquid-filled distribution transformers is typically composed of enameled wire, cellulose paper impregnated with a dielectric liquid, and the liquid itself. The dielectric grade paper most often used is derived from sulfate (kraft) wood pulp from softwoods. With the introduction of dicydianamid to the paper making process, the standard temperature winding rise is now 65 [degrees] C.



The ambient temperature base in the United States is a 30 [degrees] C average over a 24-hr period with a 40 [degrees] C maximum. The present allowable hot spot temperature (the difference between the average winding temperature rise and the hottest spot in the windings) is 15 [degrees] C. Thus, the permitted operating hot spot temperature, based on an average ambient temperature of 30 [degrees] C, is 110 [degrees] C. New synthetic insulating materials are leading to even higher permitted hot spots. These materials include polyester, fiber glass, and more commonly, aramid paper. "Aramid paper" is a term applied generically for wholly aromatic polymide paper. To keep costs reasonable while still achieving gains in acceptable hot spot temperature limits, both aramid and thermally upgraded kraft paper are used together in a hybrid insulation system. As of this writing, new type liquid-filled transformers, called High Temperature Transformers (HTTs) are being built using this technology. The temperature rise of HTTs is an average winding rise of 115 [degrees] C over a 30 [degrees] C average ambient. Factoring in the temperature difference (20 [degrees] C) between the average winding temperature (145 [degrees] C) and the hot spot temperature, the maximum temperature (165 [degrees] C) will be at a level that is higher than the fire point of conventional transformer oil (mineral oil). For this reason, it's recommended that fire-resistant fluids be used for HTTs. The process of proper impregnation of the paper with a liquid is a standard manufacturing operation. The core/coil assembly is mounted in the tank, lead assemblies attached, and the filling process begins. A partial vacuum is produced while the secondary leads circulate current to heat the coils and drive out any excess moisture. Later, while still under vacuum, heated degassified and filtered dielectric liquid is introduced. After filling and additional vacuum time, the tank cover is sealed in place. The head space between the liquid surface and the tank cover, which allows for the expansion and contraction due to thermal cycling, can be specified to be dry nitrogen gas in larger units. Environmental concerns For liquid-filled transformers containing more than 660 gal, the Environmental Protection Agency (EPA) requires some type of containment be used to control possible leaks of the liquid. Environmentally unfriendly fluids, such as polychlorinated biphenyls (PCBs) and chlorofluorocarbons (CFCs), have been banned or are severely restricted, replaced for the most part by nontoxic, nonbioaccumulating, and nonozone depleting fluids, such as fire-resistant silicones and fire-resistant hydrocarbons. These fluids are not covered by the Resource Conservation and Recovery Act (RCRA); however, they are covered by the Clean Water Act (CWA). Some transformer liquids (known as nonflammable-type fluids) are covered under both the RCRA and the CWA, and certain requirements may be called for regarding special handling, spill reporting, disposal procedures, and record keeping. These fluids also require provisions for special transformer venting. As such, the above factors can have an effect on installation costs, long-term operating costs, and maintenance procedures. Liquid dielectric selection factors The selection of which liquid dielectric coolant to use is driven primarily by economics and codes. Conventional mineral oil is most often specified as it is very economical and, unless it's subject to unusual service, maintains acceptable performance for decades. As it's possible that a high-energy arc can occur in a transformer, fire safety becomes an important issue. When conventional mineral oil is restricted (usually due to fire code requirements), less-flammable fluids often are used. The most popular are fire-resistant hydrocarbons (also known as high-molecular weight hydrocarbons) and 50 cSt (a viscosity measurement unit) silicone fluids. Other fluids include high fire point polyol esters and polyalpha olefins. In addition to safety considerations, you should also evaluate performance factors for liquid-filled transformers in regard to dielectric strength and heat transfer capabilities of the fluid. The fire resistant hydrocarbon fluids have been widely used in power-class transformations though 60MVA and have over a 500kV BIL. At one time, askarel fluid, a generic term for a group of certain fire-resistant electrical insulating liquids, including often used PCBs, represented the standard for fire safety in liquid dielectrics. But, PCBs were banned because of toxicity and environmental concerns.



Cost coil insulation systems Dry-type transformers can have their windings insulated various ways. A basic method is to preheat the conductor coils and then, when heated, dip them in varnish at an elevated temperature. The coils are then baked to cure the varnish. This process is an open-wound method and helps ensure penetration of the varnish. Cooling ducts in the windings provide an efficient and economical way to remove the heat produced by the electrical losses of the transformer by allowing air to flow through the duct openings. This dry-type insulation system operates satisfactorily in most ambient conditions found in commercial buildings and many industrial facilities. When greater mechanical strength of the windings and increased resistance to corona (electrical discharges caused by the field intensity exceeding the dielectric strength of the insulation) is called for, VPI of the varnish forces the insulation (varnish) into the coils by using both vacuum and pressure. Sometimes, for additional protection against the environment (when the ambient air can be somewhat harmful), the end coils are also sealed with an epoxy resin mixture. A cast coil insulation system, another version of the dry-type transformer, is used when additional coil strength and protection are advisable. This type of insulation is used for transformers located in harsh environments such as cement and chemical plants and outdoor installations where moisture, salt spray, corrosive fumes, dust, and metal particles can destroy other types of dry-type transformers. These cast coil units are better able to withstand heavy power surges, such as frequent but brief overloads experienced by transformers serving transit systems and various industrial machinery. Cast coil units also are being used where previously only liquid-filled units were available for harsh environments: They can have the same high levels of BIL while still providing ample protection of the coils and the leads going to the terminals. Unlike open-wound or VPI transformers, cast coil units have their windings completely cast in solid epoxy. The coils are placed into molds and cast, usually under vacuum. The epoxy is a special type that keeps the coils protected from corrosive atmospheres and moisture as well as keeping the coils secure from the high mechanical forces associated with power surges and short circuits. Mineral fillers and glass fibers are added to the pure epoxy to give it greater strength. Flexibilizers are also added to improve its ability to expand and contract with the coil conductors for proper operation of the transformer under various load conditions. Different manufacturers use different epoxy filling material and in different amounts. Important factors that manufacturers must consider when choosing filler material and the proportion to use include: * Temperature rating of the transformer; * Mechanical strength of the coils; * Dielectric strength of the insulation; * Expansion rate of the conductors under various loadings; and * Resistance to thermal shock of the insulation system. Cast coil transformers consist of separately wound and cast high- and low-voltage coils. During manufacture, the high voltage coil winding wires are placed in a certain pattern using preinsulated wire. The completely wound coil is then placed in a mold designed to form a heavy coating of epoxy around the coil. After vacuum filling of the epoxy, the mold is placed in an oven for a number of hours to allow the epoxy to cure and achieve full hardness and strength. There are two types of low-voltage windings available, both of which provide protection from hostile environments. One type is vacuum cast like the high-voltage winding. The other type uses a "nonvacuum" technique of epoxy application to achieve strength. Sheet insulation, such as Nomex or fiberglass, is impregnated with uncured epoxy, then interleaved on the heavy low-voltage conductors to literally "wind-in" the epoxy. During oven curing of the lowvoltage coil, the epoxy flows onto the conductor and cures into a solid cylinder of great strength. These "non-vacuum"



coils are then fully sealed by pouring epoxy into the "margins" or ends of the windings. Both procedures provide good protection from hostile environments. Because of the additional materials and procedures associated with manufacturing cast coil transformers, they cost more. However, cast coil transformers are designed to operate with lower losses, require less maintenance than regular types, and effectively operate in environments that may cause early failure with conventional dry-types. Also, cast coil transformers, if operated properly, will normally have a longer life expectancy than other dry-type transformers. Choice of winding material A transformer's coils can be wound with either copper or aluminum conductors. For equivalent electrical and mechanical performance, aluminum-wound transformers usually cost less than copper-wound units. Because copper is a better conductor, a copper-wound transformer can be at times slightly smaller than its aluminum counterpart, for transformers with equivalent electrical ratings, because the copper conductor windings will be smaller. However, most manufacturers supply aluminum and copper transformers in the same enclosure size. Aluminum-wound transformers are by far the majority choice in the United States. With both materials, the winding process and the application of insulation are the same. Connections to the terminals are welded or brazed. Coils made of copper wires have slightly higher mechanical strength. You should determine the transformer manufacturer's experience in building its products and that the firm has a proven record in using both types of conductors. This is especially true of manufacturers of dry-type units. Use of low-loss core material Choice of metal is critical for transformer cores, and it's important that good quality magnetic steel be used. There are many grades of steel that can be used for a transformer core. Each grade has an effect on efficiency on a per-pound basis. The choice depends on how you evaluate nonload losses and total owning costs. Almost all transformer manufacturers today use steel in their cores that provides low losses due to the effects of magnetic hysteresis and eddy currents. To achieve these objectives, high permeability, cold-rolled, grain-oriented, silicon steel is almost always used. Construction of the core utilizes step lap mitered joints and the laminations are carefully stacked. Amorphous cores A new type of liquid-filled transformer introduced commercially in 1986 uses ultra low-loss cores made from amorphous metal; the core losses are between 60% to 70% lower than those for transformers using silicon steel. To date, these transformers have been designed for distribution operation primarily by electric utilities and use wound-cut cores of amorphous metal. Their ratings range from 10kVA through 2500kVA. The reason utilities purchase them, even though they are more expensive than silicon steel core transformers, is because of their high efficiency. U.S. utilities placed more than 400,000 amorphous steel core transformers in operation through 1995. The use of amorphous core liquid-filled transformers is now being expanded for use in power applications for industrial and commercial installations. This is especially true in other countries such as Japan. Amorphous metal is a new class of material having no crystalline formation. Conventional metals possess crystalline structures in which the atoms form an orderly, repeated, three-dimensional array. Amorphous metals are characterized by a random arrangement of their atoms (because the atomic structure resembles that of glass, the material is sometimes referred to as glassy metal). This atomic structure, along with the difference in the composition and thickness of the metal, accounts for the very low hysteresis and eddy current losses in the new material. Cost and manufacturing technique are the major obstacles for bringing to the market a broad assortment of amorphous core transformers. The price of these units typically ranges from 15% to 40% higher than that of silicon steel core



transformers. To a degree, the price differential is dependent upon which grade of silicon steel the comparison is being made. (The more energy efficient the grade of steel used in the transformer core, the higher the price of the steel.) At present, amorphous cores are not being applied in dry-type transformers. However, there is continuous developmental work being done on amorphous core transformers, and the use of this special metal in dry-type transformers may become a practical reality sometime in the future. If you're considering the use of an amorphous core transformer, you should determine the economic tradeoff; in other words, the price of the unit versus the cost of losses. Losses are especially important when transformers are lightly loaded, such as during the hours from about 9 p.m. to 6 a.m. When lightly loaded, the core loss becomes the largest component of a transformer's total losses. Thus, the cost of electric power at the location where such a transformer is contemplated is a very important factor in carrying out the economic analyses. Different manufacturers have different capabilities for producing amorphous cores, and recently, some have made substantial advances in making these cores for transformers. The technical difficulties of constructing a core using amorphous steel have restricted the size of transformers using this material. The metal is not easily workable, being very hard and difficult to cut, thin and flimsy, and difficult to obtain in large sheets. However, development of these types of transformers continues; you can expect units larger than 2500kVA being made in the future. Protection from harsh conditions For harsh environments, whether indoor or outdoor, it's critical that a transformer's core/coil, leads, and accessories be adequately protected. In the United States, almost all liquid-filled transformers are of sealed-type construction, automatically providing protection for the internal components. External connections can be made with "dead front" connectors that shield the leads. For high corrosive conditions, stainless steel tanks can be employed. Dry-type transformers are available for either indoor or outdoor installation. Cooling ducts in the windings allow heat to be dissipated into the air. Dry-types can operate indoors under almost all ambient conditions found in commercial buildings and light manufacturing facilities. For outdoor operations, a dry-type transformer's enclosure will usually have louvers for ventilation. But, these transformers can be affected by hostile environments (dirt, moisture, corrosive fumes, conductive dust, etc.) because the windings are exposed to the air. However, a dry-type can be built using a sealed tank to provide protection from harmful environments. These units operate in their own atmosphere of nonflammable dielectric gas. Other approaches to building dry-type transformers for harsh environments include cast coil units, cast resin units, and vacuum pressure encapsulated (VPE) units, sometimes using a silicone varnish. Unless the dry-type units are completely sealed, the core/coil and lead assemblies should be periodically cleaned, even in nonharsh environments, to prevent dust and other contaminant buildup over time. Insulators Dry-type transformers normally use insulators made from fiber glass reinforced polyester molding compounds. These insulators are available up to a rating of 15kV and are intended to be used indoors or within a moisture-proof enclosure. Liquid-filled transformers employ insulators made of porcelain. These are available in voltage ratings exceeding 500kV. Porcelain insulators are track resistant, suitable for outdoor use, and are easy to clean. High-voltage porcelain insulators contain oil impregnated paper insulation, which acts as capacitive voltage dividers to provide uniform voltage gradients. Power factor tests must be performed at specific intervals to verify the condition of these insulators.



Regulation The difference between the secondary's no-load voltage and full-load voltage is a measure of the transformer's regulation. This can be determined by using the following equation: Regulation (%) = (100)([V.sub.nl] - [V.sub.fl]) / ([V.sub.fl]), where [V.sub.nl] is the no-load voltage and [V.sub.fl] is the full-load voltage. Poor regulation means that as the load increases, the voltage at the secondary terminals drops substantially. This voltage drop is due to resistance in the windings and leakage reactance between the windings. However, good regulation may offer some other problems. Voltage regulation and efficiency are improved with low impedance but the potential for serious damage also goes up. Sometimes manufacturers, in order to meet demands for good regulation, design transformers with leakage reactance as low as 2%. A transformer so designed is liable to be severely damaged if a short circuit occurs on the transformer's secondary, especially if the total power on the system is large (a stiff source with low impedance). The mechanical stresses in a transformer vary approximately as the square of the current. Stresses in a transformer resulting from a short circuit could be approximately six times as great in a transformer having 2% impedance as they would be in one having 5% impedance (where reactance is the major component of the impedance voltage drop). Of course, a good circuit protection scheme can address this problem. Short circuit integrity is readily available if you wish to include in your transformer specifications that it follow the ANSI/IEEE Guide for Short Circuit Testing; C57.12.90-1993 for wet units and C57.12.91-1995 for dry units. Voltage taps Even with good regulation, the secondary voltage of a transformer can change if the incoming voltage changes. Transformers, when connected to a utility system, are dependent upon utility voltage; when utility operations change or new loads are connected to their lines, the incoming voltage to your facility may decrease, or even perhaps increase. To compensate for such voltage changes, transformers are often built with load tap changers (LTCs), or sometimes, no-load tap changers (NLTCs). (LTCs operate with the load connected, whereas NLTCs must have the load disconnected.) These devices consist of taps or leads connected to either the primary or secondary coils at different locations to supply a constant voltage from the secondary coils to the load under varying conditions. Tap changers connected to the primary coils change the connections from the incoming line to various leads going to the coils. When tap changers are connected to the secondary coils, the changing of connections is made from the coils to the output conductors. Tap changers can be operated by either manual switching or by automatic means. Transformers with tap changers usually have a tap position indicator to allow you to know what taps are being used. Life expectancy There's a common presumption that the useful life of a transformer is the useful life of the insulating system, and that the life of the insulation is related to the temperature being experienced. You should recognize that the temperature of the windings vary; there are so-called hot-spots usually at an accepted maximum 30 [degrees] C above average coil winding temperature for dry-type transformers. The hot-spot temperature is the sum of the maximum ambient temperature, the average winding temperature rise (where the winding refers to the conductor), and the winding gradient temperature (the gradient being the differential between the average winding temperature rise and the highest temperature of the winding).



The nameplate kVA rating of a transformer represents the amount of kVA loading that will result in the rated temperature rise when the unit is operated under normal service conditions. When operating under these conditions (including the accepted hot-spot temperature with the correct class of insulation materials), you should achieve a "normal" life expectancy for the transformer. Information on dry-type transformer loading from ANSI/IEEE C57.96-1989 indicates that you can have a 20-yr life expectancy for the insulation system in a transformer. However, due to degradation of the insulation, a transformer might fail before an elapse of 20 yrs. For dry-type transformers having a 220 [degrees] C insulating system and a winding hot-spot temperature of 220 [degrees] C, and with no unusual operating conditions present, the 20-yr life expectancy is a reasonable time frame. (The 220 [degrees] C represents a transformer used in a location with a 40 [degrees] C [104 [degrees] F] maximum ambient temperature, an average 150 [degrees] C rise in the conductor windings, and a 30 [degrees] C gradient temperature.) Most 150 [degrees] C rise dry-type transformers are built with 220 [degrees] C insulation systems. Operating such a transformer at rated kVA on a continuous basis with a 30 [degrees] C average ambient should equate to a "normal" useful life. (Note: 40 [degrees] C maximum ambient in any 24-hr period with 30 [degrees] C as the 24-hr average is considered a standard ambient.) When based solely on thermal factors, the life of a transformer increases appreciably if the operating temperature is lower than the maximum temperature rating of the insulation. However, you should recognize that the life expectancy of transformers operating at varying temperatures is not accurately known. Fluctuating load conditions and changes in ambient temperature make it difficult, if not impossible, to arrive at such definitive information. Overloading For effective operation of an electrical system, transformers are sometimes overloaded to meet operating conditions. As such, it's important that you have an understanding with the transformer manufacturer as to what overloading the unit can withstand without causing problems. The main problem is heat dissipation. If a transformer is overloaded by a certain factor, say 20% beyond kVA rating for a certain period of time, depending upon that period of time, it's probable that any heat developed in the coils will be transferred easily to the outside of the transformer tank. Therefore, there's a reasonable chance that the overloading will not cause a problem. However, when longer time periods are involved, heat will start to build up internally within the transformer, possibly causing serious problems. An effective way of removing this heat is to use built-in fans; this way, the load capability can be increased without increasing the kVA rating of the transformer. Dry-type transformers typically have a fan-cooled rating that is 1.33 times the self-cooled rating. Some transformer designs can provide ratings of 1.4 to 1.5 times self-cooled units. If you have such requirements, you should prepare a carefully written specification. Liquid-filled transformers, because of their double heat-transfer requirement (core/coil-to-liquid and liquid-to-air), have a lower forced air rating. Usually, the increased rating is 1.15 times the self-cooled rating for small units and 1.25 times self-cooled rating for larger "small power transformers." When above 10MVA, the ratio may be as high as 1.67 to 1. You should recognize two distinct factors when forced cooling is used. First, the concept is used to obtain a higher transformer capacity; but when doing so, losses are increased substantially. A dry-type transformer operating at 133% of its self-cooled rating will have conductor losses of nearly 1.8 times the losses at the self-cooled rating. And, there will be some losses in the form of power to operate the fan motors. The normal no-load losses remain constant regardless of the load. The other liability is that when additional equipment is used, such as fans, the chance of something malfunctioning increases.



Table 1, on page 50, lists the loading capability for liquid-filled, 65 [degrees] C rise transformers, based on normal loss of life. This information is from Table 5 in ANSI/IEEE C57.91-1981, Guide for Loading Mineral Oil Immersed Power Transformers Rated 500kVA and Less. Table 2, on page 50, lists the loading capability for 200 [degrees] C dry-type insulation system transformers, based on normal loss of life. This information is from Table 6 in ANSI/IEEE C57.96-1989, Guide for Loading Dry-Type Transformers. Insulation level The insulation level of a transformer is based on its basic impulse level (BIL). The BIL can vary for a given system voltage, depending upon the amount of exposure to system overvoltages a transformer might be expected to encounter over its life cycle. ANSI/IEEE Standards C57.12.00-1993 and C57.12.01-1989 indicate the BILs that may be specified for a given system voltage. You should base your selection on prior knowledge with similar systems, or on a system study such as performed by a qualified engineering firms or by selecting the highest BIL available for the system's voltage. If the electrical system in question includes solid-state controls, you should approach the selection of BIL very carefully. These controls, which when operating chop the current, may cause voltage transients. Liquid-filled temperature considerations Liquid-type transformers use insulation based on a cellulose/fluid system. The fluid serves as both an insulating and cooling medium. Forms are used (which are rectangular or cylindrical shaped) when constructing the windings and spacers are used between layers of the windings. The spacing is necessary to allow the fluid to flow and cool the windings and the core. For cooling, fluid flows in the transformer through ducts and around the coil ends within a sealed tank that encompasses the core and coils. Removal of the heat in the fluid takes place in external tubes, usually elliptical in design, welded to the outside tank walls. When transformer ratings begin to exceed 5MVA, additional heat-transfer is required. Here, radiators are used; they consist of headers extending from the transformer tank on the bottom and top, with rows of tubes connected between the two headers. The transformer fluid, acting as a cooling medium, transfers the heat picked up from the core and coils and dissipates it to the air via the tubes. The paper insulation used today in liquid-filled transformers is thermally upgraded, allowing a 65 [degrees] C average winding temperature rise as standard. Until the '60s, 55 [degrees] C rise was the standard. Sometimes, transformer specifications are written for a 55 [degrees]/65 [degrees] C rise. This provides an increase in the operating capacity by 12% since the kVA specified is based on the old 55 [degrees] C rise basis but the paper supplied is thermally upgraded kraft type. For both wet- and dry-type units, a key factor in transformer design is the amount of temperature rise that the insulation can withstand. Lower temperature rise ratings of transformers can be achieved in two ways: By increasing the conductor size of the winding (which reduces the resistance and therefore the heating) or by derating a larger, higher temperature rise transformer. Be careful when using the latter method; since the percent impedance of a transformer is based on the higher rating, the let-through fault current and startup inrush current will be proportionately higher than the rating at which it is being applied. Consequently, downstream equipment may need to have a higher withstand and interrupting rating, and the primary breaker may need to have a higher trip setting in order to hold in on startup. The lower temperature rise transformers are physically larger and, therefore, will require more floor space. On the plus side, a lower temperature rise transformer will have a longer life expectancy. The latest energy codes recommend



selecting transformers to optimize the combination of no-load, part-load, and full-load losses without compromising the operational and reliability requirements of the electrical system. Dry-type temperature considerations Dry-type transformers are available in three general classes of insulation. The main features of insulation are to provide dielectric strength and to be able to withstand certain thermal limits. Insulation classes are 220 [degrees] C (Class H), 185 [degrees] C (Class F), and 150 [degrees] C (Class B). Temperature rise ratings are based on full-load rise over ambient (usually 40 [degrees] C above ambient) and are 150 [degrees] C (available only with Class H insulation), 115 [degrees] C (available with Class H and Class F insulation) and 80 [degrees] C (available with Class H, F, and B insulation). A 30 [degrees] C winding hot spot allowance is provided for each class. The lower temperature rise transformers are more efficient, particularly at loadings of 50% and higher. Full load losses for 115 [degrees] C transformers are about 30% less than those of 150 [degrees] C transformers. And 80 [degrees] C transformers have losses that are about 15% less than 115 [degrees] C transformers and 40% less than 150 [degrees] C transformers. Full load losses for 150 [degrees] C transformers range from about 4% to 5% for 30 kVA and smaller to 2% for 500 kVA and larger. When operated continuously at 65% or more of full load, the 115 [degrees] C transformer will pay for itself over the 150 [degrees] C transformer in 2 yrs or less (1 year if operated at 90% of full load). The 80 [degrees] C transformer requires operation at 75% or more of full load for a 2-yr payback, and at 100% load to payback in 1 yr over the 150 [degrees] C transformer. If operated continuously at 80% or more of full load, the 80 [degrees] C transformer will have a payback over the 115 [degrees] C transformer in 2 yrs or less (1.25 years at 100% loading). You should note that at loadings below 50% of full load, there is essentially no payback for either the 115 [degrees] C or the 80 [degrees] C transformer over the 150 [degrees] C transformer. Also, at loadings below 40%, the lower temperature rise transformers become less efficient than the 150 [degrees] C transformers. Thus, not only is there no payback, but also the annual operating cost is higher. Losses Because the cost of owning a transformer involves both fixed and operating costs, and because the cost of electric power is constantly on the rise, the cost of energy lost over a period of time due to a transformer's losses can substantially exceed the purchase price of a unit. As such, it's important that you evaluate transformer no-load and load losses carefully. No-load losses consist of hysteresis and eddy currents in the core, copper loss due to no-load current in the primary winding, and dielectric loss. The core losses are the most important. Load losses include FR loss in the windings, FR losses due to current supplying the losses, eddy current loss in the conductors due to leakage in the field, and stray losses in the transformer's structural steel. Specifying higher efficiency requires larger conductors for the coils to reduce FR losses. This means added cost, but the payback may be significant. k-factor Some transformers (liquid- and dry-type) are now being offered with what is called a k-factor rating. This is a measure of the transformer's ability to withstand the heating effects of nonsinusoidal harmonic currents produced by much of today's electronic equipment and certain electrical equipment. Because of the problems created by harmonics, ANSI/IEEE, in the late 1980s, formulated the C57.110-1986 standard, Recommended Practice for Establishing Transformer Capability When Supplying Nonsinusoidal Load Currents. It applies to transformers up to 50MVA maximum nameplate rating when these units are subject to nonsinusoidal load currents having a harmonic factor exceeding 0.05 per-unit (pu), the percent value of the base unit. (Harmonic factor is defined as the ratio of the effective value of all the harmonics to the effective value of the fundamental 60-Hz frequency.)



In December, 1990, UL announced listings for dry-type general purpose and power transformers affected by nonsinusoidal currents in accordance to the above ANSI/IEEE C57.110-1986. The "listing investigation" is directed to submitting transformers for testing to certain factors relating to rms current at certain harmonic orders in a specified way that correlates with heating losses. The factors involved in the tests are collectively called the k-factor. Transformers meeting k-factor requirements also address the need for providing for high neutral currents. Because the neutral current may be considerably greater than the phase current, the neutral terminal of the transformer is sometimes doubled in size for additional customer neutral cables. It's important that you recognize the impact caused by harmonic currents. Oversized primary conductors are used to compensate for circulating harmonic currents. The secondary is also given special consideration. As the frequency increases to 180 Hz (as in the case with the 3rd harmonic), and greater, the skin effect (where current begins to travel more on the circumference of the conductor) becomes more pronounced. To compensate for this, the windings are composed of several smaller sizes of conductor, with the circumference of the total conductors being greater. The transformer design also incorporates a reduction in core flux to compensate for harmonic voltage distortion. For help in determining what k-factor to use when you specify a transformer while designing an electrical system for a facility, identify what harmonic producing equipment is going into the system. Then, obtain information on the harmonic spectrum and the associated amplitudes produce by the offending apparatus from the manufacturer of the equipment. Cautionary note: Be careful when using k-rated transformers having abnormally low impedance, particularly those units with ratings of k-20 and higher. Such low impedance transformers can actually increase harmonics neutral current problems and even cause some loads to malfunction or cause damage to equipment! Use of abnormally low impedance transformers will act to significantly increase the neutral current and, therefore, negate some of the benefits of doubling the neutral conductors. It's important that isolation transformers be used for high harmonic loads having normal (3% to 6%) impedance. Some highly knowledgeably engineers believe that it's wrong to specify transformers with ratings k-20 and higher for commercial office loads. If the harmonics are of such high magnitude and it's believed a transformer with a rating of k-20 or higher should be used, then careful attention should be given to make sure that the impedance of the unit be at least 3%. Shielding Depending upon the loads being served, the ability of a transformer to attenuate electrical noise and transients would be a helpful attribute. While what is commonly referred to as "dirty power" possibly can't be stopped at the source causing the noise, corrective measures can be taken, including the application of a shield between the primary and secondary of a transformer. This type of construction is usually considered when a distribution transformer is serving solid-state devices such as computers and peripheral equipment. There are two types of noise and voltage transients: common mode noise and transients and normal or transverse mode noise and transients. Common mode power aberrations are disturbances between the primary lines and the ground (phase-to-ground); transverse mode power aberrations are line-to-line disturbances. It is important to recognize this difference because an electrostatic shield will not reduce transverse disturbances. However, transverse disturbances are slightly reduced by a transformer's impedance, and this is true whether or not a transformer has a shield. To substantially reduce transverse mode power aberrations, surge suppressors are used to handle the transients, and filters are used to handle the noise. Some literature show voltage sine curves with disturbances imposed on the curve as well as clean voltage sine curves, and information is included to the effect that an electrostatic shield is responsible for reducing or eliminating the disturbances. This is incorrect because the voltage sine curve portrays line-to-line characteristics, and shielding has no effect upon such disturbances.



An electrostatic shield is a grounded metal barrier between the primary and secondary that filters common mode noise, thus delivering cleaner power and reducing the spikes caused by common mode voltage transients. The shield takes most of the energy from the voltage spike and delivers it to the ground. A number of authorities agree that transformers built to deliver a 60 decibel (dB) (a 1000-to-1 ratio) reduction in common mode disturbances (noise and voltage transients) will help solve or prevent such power aberrations from causing problems. Some transformers are built with the ability to provide a 100 dB (100,000-to-1 ratio) attenuation, and even larger ratios. If poor power quality may be a problem on a system where you plan to install a transformer, get information on the unit's attenuation ratio and verify that the power problem stems from common mode disturbances. An example of the effect of attenuation would be a lightning strike that induces a 1000V spike on a power line connected to the primary of a transformer. A shield would take most of this energy to ground, and if the attenuation is 60 dB (1000-to-1 ratio), an approximate a IV "bump" will be passed to the secondary and onto the feeder or branch circuit. A number of loads can take a "bump" of this magnitude without damage. If there's a branch circuit and another shielded transformer ahead of a load, the "bump" will be further reduced by the second transformer. This type of reduction is caused by an effect called transformer cascading. Placing transformers near the load Locating a transformer indoors, on the rooftop, or adjacent to a building in order to minimize the distance between the unit and the principal load results in reducing energy loss and voltage reduction. It also reduces the cost of secondary cable. On the other hand, such placements of high-voltage equipment require closer consideration of electrical and fire safety issues. These conflicting goals can be satisfied by using transformers permitted by Code and insurance companies. When liquid-filled transformers are preferred, less-flammable liquids are widely recognized for indoor and close building proximity installations. Wet-type transformers using less-flammable, or high fire point liquids, have been recognized by the NEC since 1978 for indoor installation without the need for vault protection unless the voltage exceeds 35kV. Based on this type of transformer's excellent fire safety record, Code and insurance restrictions have become minimal. Conventional mineral oil units are allowed indoors, but only if they are installed in a special 3-hrrated vault (with a few exceptions) per the construction requirements of NEC Article 450, Part C. There's a requirement for liquid containment when wet-type transformers are used, regardless of the type fluid employed. When dry-type units are preferred, they have fewer code restrictions. Obviously, these types of transformers do not need liquid containment. Per the requirements listed in NEC Sec. 450-21, there are minimum clearances that you must observe, and units over 112.5kVA require installation in a transformer room of fire-resistant construction, unless they are covered by one of two listed exceptions. As with liquid units, dry transformers exceeding 35kV must also be located in a 3-hr-rated vault. A liquid-filled transformer may experience leakage around gaskets and fittings; however, if the installation was carried out correctly, this should not be a problem. Major maintenance procedures may require inspection of internal components, meaning that the coolant will have to be drained. Coils in liquid-type units are much easier to repair than coils in dry-type transformers. Cast coils are not repairable; they must be replaced. Accessories Accessories are usually an added cost, and sometimes they are installed while the transformer is being bulk. Therefore, you should have some knowledge of accessories and incorporate in the transformer specification those accessories that, when installed, would be beneficial to the transformer's performance. Some of the accessories available include the following: * Stainless steel tank and cabinet for extra corrosion protection (liquid-filled only);



* Special paint/finishes for corrosive atmospheres and ultraviolet light (liquid-filled only); * Weather shields for outdoor units, protective provisions for humid environments, and rodent guards (dry-type only); * Temperature monitors. There are a number of options available from simple thermometers to more extensive singleor 3-phase temperature monitoring as well as options for contacts to initiate alarms and/or trip circuits as well as starting cooling fans; * Space heaters to prevent condensation during prolonged shutdown (usually with thermostats); * Optional location of openings for primary and secondary leads; * Special bushings for connecting primary to right-angle feeders; * Loadbreak switches installed in transformer cabinet or a closely coupled cabinet; * Tap changing control apparatus (usually a nonload device that can change the output voltage by about 5%); * Internal circuit protection devices to open primary line when there-are short circuits and severe overloads; * Equipment such as liquid level gauges, drain valves, radiator guards, sampling devices, and pressure relief valves (for liquid-filled transformers only); * Internal lightning arresters; * Internal surge arresters for protection against line or switching surges; * Provisions for current and potential transformers and metering; * Future fan provision for such installation at a later date; * Key interlocks or padlocks to coordinate opening of enclosure panels with operation of HV switch; * Provisions for ground fault detection; * Installation of small control power transformers in cabinet to operate various 120/240V accessories for mediumvoltage transformers; and * Seismic bracing for units installed at locations subject to earthquakes.



Detecting moisture in dry type transformers. Resistance testing verifies moisture presence; simple dryout methods eliminate the problem.Failure of dry type transformers can occur during operation when moisture is present in the windings. Experience has shown this to be a particular problem in transformers ranging in size from 500kVA and larger; and with a primary voltage greater than 600V. As such, you should test these transformers before energizing Advertisement Resistance testing verifies moisture presence; simple dryout methods eliminate the problem.



Failure of dry type transformers can occur during operation when moisture is present in the windings. Experience has shown this to be a particular problem in transformers ranging in size from 500kVA and larger; and with a primary voltage greater than 600V. As such, you should test these transformers before energizing to verify that windings are dry. This is especially important for units that have been stored and/or deenergized in locations with high humidity, dampness, or wide temperature fluctuations. If this testing is not done, catastrophic failure may occur. Testing for moisture presence The test method used in determining whether or not windings have taken on moisture is relatively simple. All you have to do is test for resistance between individual windings and between each winding and ground. (On existing transformers that are connected, make sure to disconnect primary and secondary leads from everything, including feeders, secondary bus, lightning arresters, etc. before beginning this test.) This should be done for both the primary and secondary windings. The test voltage should be a maximum of 1kV above the rated winding voltage, unless other voltage limits are recommended by the transformer manufacturer. The minimum resistance readings taken should be as recommended by the manufacturer before energizing the transformer. If manufacturer recommendations are unavailable, the minimum resistance readings at 68 [degrees] F should at least be 20,000 ohms per volt for the rated voltage of the transformer coils being tested. If any of the tests result in a reading less than these recommendations, the transformer should be dried out and retested before being energized and put into service. For example, on the primary side of a 13.8kV/480V transformer, the test voltage should be a maximum of 14,800V and the minimum acceptable resistance readings should be at least 13,800V x 20,000 ohms, or 276 megohms. The recommended resistance readings are very dependent on the ambient temperature during testing. Correction factor tables are available for other ambient temperatures. One source for these tables is the InterNational Electrical Testing Association's (NETA's) MTS-1993 standard, Maintenance Testing Specification for Electrical Power Distribution Equipment and Systems. (Call 1-303-697-8441.) A resistance reading less than 20,000 ohms per volt would suggest moisture in the windings, unless the reading is extremely low (less than 100 ohms per volt), which could suggest a short circuit. If a short circuit is suspected, further testing should be done. The above testing can be done with a megohmmeter or a high potential (hi-pot) tester. A hi-pot, with a knowledgeable individual running the tests, is the safest due to the controlled rate of increase in voltage. For reference, the voltage (applied volts) divided by the microamps (leakage current read from hi-pot tester) is approximately equal to megohms. Leakage current should remain constant over time at any constant voltage or the test should be immediately discontinued to avoid a failure. If test results are OK, you should energize the unit as soon as possible. If the results of the tests are marginally less than these readings, it may be possible to energize without drying out the transformer, but an electrical engineer or trained testing technician should be consulted to make such a decision. Drying out a transformer Drying out a transformer should be done as per the manufacturer's recommendations. If no recommendations are available, you can use either of the following methods. Method 1. Place a 60W to 100W incandescent lamp under the front and back of each coil and leave them on for a minimum of two weeks if possible. Then, retest as per above and decide whether or not more drying out is required.



Method 2. Disconnect the primary and secondary leads from everything, including feeders, bussing, lighting arresters, etc. Then, short all the load ends of the secondary windings together but not to ground. If you have to use a shorting jumper, the calculation below will help you determine its size. If you can, just bolt all the secondary leads together. Connect the primary leads to a voltage source as determined by the calculations below. If possible, the drying out period should be one week at a minimum. The transformer should then be retested as noted above. The resultant resistance readings will determine whether or not more drying out is required. This method is probably more reliable than Method I in uniformly drying out the entire transformer. Voltage source calculation Step 1. Determine maximum primary dryout voltage with secondary shorted. The maximum primary dryout voltage with secondary shorted ([V.sub.MPDV]) is found by using the following equation. [V.sub.MPDV] = [V.sub.p] X Z (eq. 1) where [V.sub.p] = primary voltage (volts). Z = transformer impedance/100 Step 2. Determine connected primary dryout voltage. The connected primary dryout voltage ([V.sub.CPDV]) must be equal to or less than [V.sub.MPDV]. Therefore, depending on the available voltages at the respective site, a choice is made. Step 3. Determine primary amps with connected primary dryout voltage applied. First, calculate the primary amps with the normal application voltage applied ([I.sub.P]) using the following equation. [I.sub.P] = VA / ([V.sub.P] 1.732) (Eq. 2) Next, calculate the transformer's primary with [V.sub.CPDV] applied ([I.sub.CPDA]) using the following equation. [I.sub.CPDA] = ([V.sub.CPDV] X [I.sub.P]) / [V.sub.MPDV] (Eq. 3) This value is then used to determine appropriate circuit overcurrent protection and feeder sizing. Step 4. Determine the magnitude of current flowing in the secondary jumper. The current in the secondary jumper ([I.sub.SJ]) must be equal to or greater than the secondary amps with [V.sub.CPDV] applied. To determine [I.sub.SJ], we use the following equation. [I.sub.SJ] = ([V.sub.P] X [I.sub.CPDA]) / [V.sub.S] (Eq. 4) where [V.sub.S] = secondary voltage. This looks complicated but really isn't. Let's do a sample calculation to see how easy it is. Sample calculation



Suppose we have a 1500kVA, 13.8kV-480/277V transformer with an impedance of 8% that needs drying out. What is the maximum primary dryout voltage (with secondary shorted) needed? What is the magnitude of current the secondary jumper will have to conduct? Step 1. Determine maximum primary dryout voltage with secondary shorted. Using Equation 1, we have: [V.sub.MPDV] = [V.sub.P] X Z = 13,800 x 0.08 = 1104V Step 2. Determine connected primary dryout voltage. Since [V.sub.MPDV] is 1104V, the next lower readily available voltage is 480V. Therefore, [V.sub.CPDV] is 480V. Step 3. Determine primary amps with connected primary dryout voltage applied. First, we have to find the transformer's primary current with normal application voltage applied ([I.sub.P]) by using Equation 2. [I.sub.P] = VA / ([V.sub.P] x 1.732) = 1,500,000 / (13,800 x 1.732) = 62.8A We then insert this value into Equation 3 and solve for [I.sub.CPDA]. [I.sub.CPDA] = ([V.sub.CPDV] X [I.sub.P]) / [V.sub.MPDV] = (480 x 62.8) / 1104 = 27.3A Therefore, we should connect the primary windings to a 480V, 35A, 3P breaker (or fuse) for dry out. Step 4. Determine the magnitude of current flowing in the secondary jumper. We insert [I.sub.CPDA] as determined from Step 3 into Equation 4 and calculate the amount of current that will flow in the shorting jumper ([I.sub.SJ]) as follows. [I.sub.SJ] ([V.sub.P] X [I.sub.CPDA]) / [V.sub.S] = (13,800 X 27.3) + 480 = 785A Therefore, we need a jumper of 785A minimum capacity to short the secondary windings of the transformer to each other (but not to ground). We strongly recommended that you check with the transformer manufacturer for methods, voltage levels, resistance readings, dryout procedures; etc.



Getting the most from your transformer installation When your transformer arrives on-site, various assembly and testing procedures must be carried out before placing the unit in service.Your large MVA-sized transformer arrives on-site with its radiators and bushings in separate boxes and its tank empty. What should you know about assembling these parts? What about transferring the dielectric fluid; are there certain filling requirements and precautions Advertisement When your transformer arrives on-site, various assembly and testing procedures must be carried out before placing the unit in service. Your large MVA-sized transformer arrives on-site with its radiators and bushings in separate boxes and its tank empty. What should you know about assembling these parts? What about transferring the dielectric fluid; are there certain filling requirements and precautions that must be addressed? These and many more questions will be answered in our discussion here. Different configurations of unassembled transformers When unassembled liquid-filled transformers are shipped to the installation site, they may come in the following configurations: * Tank with transformer filled with liquid and additional fluid shipped separate. * Tank with transformer charged with dry air or dry nitrogen and fluid shipped separate. * Other components, such as the radiators, bushings (made of porcelain, epoxy, or a polymer), auxiliary cooling equipment (fans), arresters, and accessory devices shipped separately and noted on the bill of lading as separate items. As the radiators are demounted for shipment, the tank, if containing a dielectric liquid, may be overfilled with insulating fluid. Tank openings are sealed with gasketed plates. After installation, radiators are to be filled with the provided fluid. Components requiring special inspection You should carefully check the following items for shipping damage. * Tank should be inspected for leaks, dents, scratches, and other signs of rough handling, such as load shifting and broken bonds or broken welds of attachments that secure the transformer. * All external accessories should be checked for breakage, loss, and leaks.



* Paint should be inspected as scratched paint can indicate other damage. * If the transformer tank is filled with liquid, readings should be taken of the pres-sure-vacuum gauge, liquid level gauge, and top liquid temperature gauge. Also note the ambient temperature when the above measurements are taken. When there is external damage, it may be an indication of internal damage. If damage is indicated, immediately file a claim with the carrier and contact the manufacturer. If an internal inspection is necessary, coordinate it with the manufacturer. When there is evidence of mistreatment, take precaution to prevent further damage or contamination of the insulating liquid. Ground the lank Once the transformer is permanently placed, before further inspection is carried out, and before assembling the unit, the tank should be permanently grounded with a correctly sized and properly installed permanent ground. Plan for the prevention of contaminants When you're inspecting the transformer and installing accessories, take steps to prevent tools, hardware, or other foreign matter from falling into the tank. Some transformers have failed due to such items falling on coils or in ducts and being forgotten. Develop a procedure for inventory of all tools, hardware, and any other objects used in the inspection, assembly, and testing of the unit. A checklist should be used to record all items. If there's evidence of damage that warrants inspection of the tank's inside, it's very important that you do not remove any component from the transformer tank or open any handhole or manhole cover or other plates until the tank is at atmospheric pressure (0 psi gauge). Sudden release of pressure can dislodge an unsecured cover or plate, causing serious injury or even death. Relieve the tank pressure (or vacuum) by slowly loosening a manhole cover, shipping plate, or plug, whichever is most convenient to vent the transformer. You should also not open the liquid-filled compartment when it's raining or if there is excessive humidity. Dry air should be pumped continuously into the gas space if the transformer is opened under conditions of humidity exceeding 70%. Liquid-filled transformers are often shipped with nitrogen in the gas space. To avoid possible suffocation, you must arrange for the nitrogen to be purged by pumping dry air into the gas space for a half hour before anyone enters the tank. Pure nitrogen will not support life and should not be inhaled. The oxygen content should be checked and is acceptable with a concentration level of 19.5% to 23.5%. If you have to draw down the insulating liquid for inspection, make sure you have equipment for clean and dry storage of the liquid during inspection and for filtering the liquid prior to refilling the tank. It's very important all associated equipment used in the handling of the fluid (hoses, pumps, etc.) are also very clean and dry. If this equipment was used before with a different type of fluid, clean all contaminated items. When you remove the liquid, its level should not get below the top of windings. Storage Liquid-filled transformers may be stored outdoors upon delivery. Sufficient gas pressure must be maintained to allow a positive pressure of 1 psi to 2 psi at all times, even at low ambient temperature. The pressure-vacuum gauge, if supplied with the transformer, will show pressure variations with ambient temperature. Pressure and ambient temperature readings should be recorded regularly. Refer to manufacturer's instructions for storage of accessories. If possible, cabinet heaters should be energized to prevent condensation. Attaching the accessories All items removed from the transformer for shipment will be noted on the bill of lading. Inspect these items. The reassembly should be done in the order noted below.



Radiator inspection and installation. 1. Inspect the radiator(s) and flange mating surfaces for shipping damage. The radiators dissipate heat to the air and are usually relatively flat panels with a number of hollow ridges that serve as internal passageways for the fluid to travel. Occasionally, you will find some radiators comprised of vertical tubing with headers on top and on bottom, with the end of the headers serving as attachment points to the tank. 2. Make sure valves on tank flanges are closed, and remove blank shipping plates. 3. Remove blank shipping plates on radiator flanges, and inspect for moisture or contamination inside radiator headers. If the radiators are contaminated, flushing will be necessary (cleanliness and dryness are very important). If flushing is required, do not open the tank flange valves that open to the radiator(s) prior to the flushing operation. The radiator(s) should be placed at a clean, convenient location. Then, remove the top and bottom pipe plugs from the radiator headers and circulate clean insulating fluid through the radiator's main header tubes. It's best if you use a high volume pump and filter system (capacity of 40 to 200 gpm). Reverse the flushing procedures so the radiators are flushed top to bottom and then bottom to top. 4. Clean all mating surfaces on the tank and radiator flanges. Apply a small amount of rubber cement to hold gaskets in place during installation of the radiators. Inspect and reuse "O" ring gaskets on valves. Replace any that have nicks or tears. 5. Using the lifting eye(s) at the top of the radiator, attach it to the tank. Do not rest the radiator on the drain plug, as this may cause damage. If there is more than one radiator, match the numbers on each radiator with those on the tank flanges to assure proper installation. Attach radiators with mounted fans first and then the remaining radiators. Attach nuts and spring washers to the bolts and tighten them evenly, alternating across comers top and bottom until the specified torque value is obtained. 6. For transformers shipped with fluid, after removing a manhole cover, shipping plate, or plug (whichever is most convenient), vent the tank. This opening must be above oil level. Then, based on discussions with transformer manufacturers, you should open first the top and then the bottom flange valve on each radiator in succession until all valves are open. This procedure will prevent the trapping of gases or air pockets in the radiators. (Note: Some transformer manufacturers recommend the reverse sequence.) Do not allow the oil level to fall below the top of the coil clamping ring. If there is insufficient oil in the transformer, stop the radiator filling process and add oil before completing this step. After all radiators have been filled, adjust the liquid level to the proper position. 7. If the transformer is shipped dry, it will be filled with either dry air or nitrogen. With this situation, leave the radiator valves closed until the transformer is ready to be filled with fluid. Based on this condition, you should open the valves during a vacuum cycling and the filling of the liquid. Bushing inspection and handling. Bushings are the means for allowing current to flow into and out of the transformer. They are insulators with internal conductors, and they are fragile. You should always use extra care when handling bushings. 1. Remove the cover of the bushing crates, taking care not to chip the porcelain (or epoxy or polymer) skirts on the bushings. Check the condition of all bushings. For larger, higher voltage transformers, the bushings will be made of porcelain. Lower voltage bushings, when used for indoor installations, are usually made from epoxy or polymer. If the bushing is chipped or cracked, or if there is any other apparent damage, contact the manufacturer. 2. Some oil-filled bushings should remain at a minimum of about 10 [degrees] above horizontal. This is because there is usually a nitrogen blanket above the oil that serves as a pressure buffer to compensate for changes in oil volume during temperature variations. As such, it's important to keep the nitrogen at the top of the bushing. If the angle above the horizontal is not maintained during handling, storage, or installation, refer to the bushing manufacturer's instruction manual for corrective action.



3. Remove the bushings from the crate using a sling, lifting them in the same position. Place the bushings on a suitable surface for cleaning. (The cover that was removed from the packing crate is a good base.) Use rags to cushion the bottom threads. Never rest the porcelain section of a bushing on anything. Use the bushing flange to provide support. 4. Carefully clean the bushing using a rag dampened with a fast drying solution, such as denatured alcohol. You should check with the bushing manufacturer prior to using any solvent. All bushing surfaces that will be inside the tank should be wiped clean and then dried to prevent contamination of the oil in the transformer. Do not use solvent on the sight glass, as this may damage the material. 5. Bushings with tubular stems for conductors (draw lead bushings) leave the factory with the lower stems loosely sealed. Dust, dirt, and moisture may accumulate in the conductor tube. To clean the conductor tube, draw a cloth saturated with the cleaning solvent mentioned above through the hollow conductor. Make several passes until the rag comes out clean. 6. If the bushing has a corona shield, make sure you don't dent this shield; it must be smooth and highly polished to be effective. If possible, the corona shield should also be removed and cleaned. Draw lead bushing installation. Draw lead bushings are low ampere devices having a flexible conductor that is pulled up the tube at installation. Because these bushings are made by different manufacturers with various features, it's important to refer to the manufacturer's instructions, which are usually supplied with the transformer for additional information. A generic draw lead bushing is shown in Fig. 1. 1. Remove the bushing shipping plates, using care not to damage the gasket. The draw leads will be attached to the underside of the shipping plate. 2. Inspect the gasket and replace it if damaged. Clean the transformer bushing mounting boss and install the bushing gasket, using a small amount of petroleum jelly to prevent damage to the gasket. 3. Pass a pull wire or cord through the center tube of the bushing and attach it to the small hole in the top of the cable terminal stud. (Serving as a fish tape, this cord or wire should be at least 12 in. longer than the bushing.) Lower the bushing into the transformer opening, taking care not to scrape or damage the current transformer. Do not allow slack in the pull wire or cord, as it may allow the lead to become kinked below the end of the bushing. 4. Install the locking pin at the top of the bushing, and remove the pull wire or cord. Thread the terminal cap into position, making sure the gasket is in place. Apply a small amount of petroleum jelly to the gasket to prevent damage. Tighten the terminal cap to seal against the gasket. Torque the stud nut and cap as directed by the manufacturer's installation instruction leaflet. 5. Install and tighten the bushing flange hardware, applying even pressure to the flange. Hardware should be tightened alternating across the flange until the recommended torque value is reached. (Refer to manufacturer's torque values.) 6. Check all leads to maximize clearance to ground and to other electrical parts. Fixed conductor bushing installation. Fixed conductor bushings have high ampere ratings. With these devices, the tube and/or rod is the conductor. As each firm's product has different features, you should refer to the bushing manufacturer's instructions for additional information. 1. Remove the bushing shipping plates, using care not to damage the gasket. Inspect the gasket and replace if damaged. 2. To install this type of bushing, if needed, lower the oil level. Do not drain oil below the top clamping ring. 3. If the transformer is shipped without oil, start flowing dry air through the unit.



4. Clean the transformer bushing mounting boss with a solvent such as denatured alcohol. Check with the bushing manufacturer before using any solvent. Contact the transformer manufacturer if there is any damage to the mounting boss. 5. Place the bushing into correct position on top of the transformer. After confirming there is breathable air inside the tank, enter the unit, or provide access to the bottom of the bushing through access covers on the sidewall of the transformer. (It may be necessary to lower the liquid level to do this.) If applicable, first install the lower bushing terminal. Then, make the lead connection to the bushing, and be sure the other end of the lead is appropriately connected to the correct winding. Check all the leads to maximize clearances to ground and electrical parts. Secure the bushing on the transformer tank by tightening all bolts uniformly in several steps. Do not attempt to pull the bolts down to the final setting on the first tightening. Allow time between each tightening to allow the gasket to seat properly. All nuts on the bushing flanges and manhole or handhole covers should be torqued to the manufacturer's recommended levels. Installation of other accessories Pressure-vacuum gauge. This is usually installed by the transformer manufacturer. If not, remove the 1/4-in. pipe plug located on the tank front and about 5 in. below the top cover. Install the gauge and tighten using Teflon sealing tape or equivalent. Fans. Sometimes the fans are already attached to some of the radiators, in which case these radiators should be at the end of the series of radiators. If this is not the case, attach the fans to the radiators. Usually, instructions for doing this are provided as is the necessary hardware. Fans must be located on a radiator at the end of a series of parallel radiator panels. When the fans are connected to the control circuit, make sure you check the direction of the fan blades for correct air flow. Rapid pressure rise relay. One of two types is provided. If a gas space pressure relay is to be used, it's normally mounted on top of the tank. If an under oil relay is used for this purpose, it is usually mounted on a side wall at about eye level. Attach the flexible lead connector to the terminals of the rapid pressure rise relay and to the control box (connections at both ends of the lead must be completed). Lightning arresters. For installations that may expose equipment to switching or lighting impulses, lightning arresters should be used. These arresters are mounted using brackets usually provided along with instructions. Arrange to have all ground connections securely made in accordance with the NEC and applicable local codes. Conservator tanks. Sometimes liquid-filled transformers have conservator tanks, which are auxiliary tanks on top of large units. These tanks allow the dielectric liquid to flow into and out of this reservoir as the fluid in the main tank expands and contracts. Conservator tanks are used when the main transformer tank is completely filled with liquid. Prior to assembling the conservator per manufacturer's instructions, the bladder should be checked carefully for any contamination or defects, such as a rip in the air bag. Also, proper operation of the oil level float should be verified. Inspection and filling You should make a final inspection of the transformer before it's energized, particularly if any work has been done inside the tank. All electrical connections should be checked for tightness. All bushings should be checked for tightness of gaskets, and all draw lead connections should be checked. Electrical clearances inside the tank should be checked. One final check should be made to ensure all tools have been removed. After inspection, close the tank. Reinstall all hand hole (and/or man hole) covers that have been removed. All gasket groves should be cleaned, with all gaskets in the correct position. All nuts on the bushing flanges and handhold covers should be torqued to appropriate values. Testing for leaks



The simplest method of testing for leaks is by gas pressure. The gas space in the unit should be pressurized at 5 psi with dry nitrogen with the pressure monitored for approximately 24 hrs. A change in pressure does not necessarily indicate a leak. Any temperature increase or decrease in the transformer will result in a subsequent increase or decrease of the gas pressure in the unit. Ambient temperatures and tank pressure should be monitored for the 24-hr period. If there is a significant drop in pressure during the 24-hr period without an accompanying decrease in ambient temperature, you must check the tank for leaks. Then, repressurize the tank at 5 psi. Using a solution of liquid soap and soft water, brush all weld joints above the oil level, bushing gasket flanges, and handhold cover gaskets. Any leaks in the gas space above the liquid will appear in the form of soap bubbles. Use chalk dust below the liquid level to check for leaks of liquid from the tank. All of the soap solution must be rinsed or wiped off with a clean wet rag before removing pressure. If the oil level has been lowered for inspection and/or insertion of bushings, etc., or if the transformer was shipped without being completely filled with oil, the unit must be filled to the proper level before energizing. Manufacturers usually have their own procedures for proper filling and handling techniques. Carefully follow these instructions for best results. Determining dryness When a liquid-filled transformer is shipped to the designated site by the manufacturer, it's almost always shipped thoroughly "dry." That is, the tank, core, and coils have very little water or moisture in them, even though the assembly may be filled with a dielectric heat transfer medium, such as mineral oil, or a fluid classified as a "lessflammable, or a high fire point liquid." Every precaution is taken to ensure dryness is maintained during shipment. However, due to mishandling or other causes, moisture may enter the transformer and be absorbed by the dielectric fluid and insulation system. Because this potential problem may exist, you should determine the dielectric fluid and insulation are dry before energizing the transformer. For transformers shipped with the core and coils immersed in a dielectric fluid, samples of the fluid should be drawn from the bottom sampling valve and tested for dielectric strength. There are different passable voltage levels depending upon the type of test done and the fluid used. (One transformer manufacturer recommends that the sample pass a test at 26kV or more for an oil-based fluid.) If the test of the dielectric strength is acceptable, if there's no evidence of free water in the oil at the bottom of the transformer, and if the insulation resistance readings are satisfactory, you can assume the insulation is dry and the transformer can be energized. If the tests indicate low dielectric strength, an investigation should be made to determine the cause before the transformer is energized. At this point, you should take measurements of the insulation resistance level and insulation power factor and submit them to the transformer manufacturer for recommendations. A high power factor reading means there is moisture or other contamination in the fluid. In order to obtain a uniform insulation temperature, the transformer oil should be at normal ambient temperature when the insulation resistance and the power factor measurements are made. The liquid dielectric test should use samples of the fluid taken at both the top and the bottom of the tank, and the results should accompany the power factor reading. If the tests or visual inspection indicate the presence of moisture, the core and coils must be dried before voltage is applied to the transformer. It's recommended that various tests of the transformer, such as insulation resistance level and insulation power factor, be taken periodically during the life of the transformer for comparison purposes. You often can discover helpful trends for planning maintenance programs this way. Final external inspection All external surfaces of the transformer and accessories should be examined for damage that may have occurred during installation of equipment. The liquid level gauge, temperature indicators, pressure-vacuum gauge, tap changer,



and other accessories should be checked for proper operation. Bushings should be checked for cleanliness and, if necessary, cleaned with Xylene or another non-residual solvent. (Xylene, a type of solvent, as well as some other types of solvents, such as alcohol, are effective cleaners. Whatever solvent is used, its toxic qualities should be considered. Check with the bushing manufacturer if you are not sure of the characteristics of a solvent.) All liquid levels should be checked, including those in any oil-filled switches or conservator tanks, if used. The conservator tank should also be properly vented. All electrical connections to the bushings should be checked for tightness. Proper external electrical clearances should be checked. All cables or bus connected to the transformer bushings should be checked to avoid strain on the porcelain insulators. All winding neutral terminals should be checked to assure they are properly grounded or ungrounded, according to the system operation. All tank grounds should be checked. All current transformer secondaries should be checked to assure they are either loaded or short circuited. You should use caution here. The secondaries of current transformer with open circuits can achieve dangerously high potentials. Study the transformer's nameplate data and compare it with the planned application of the unit to assure proper usage. Surge arresters, when used, must be installed and connected to the transformer bushings/terminals with shortest possible leads. These arresters may be necessary to protect the equipment from line switching surges and lightning. A suitable HV disconnect means must be available to deenergize the transformer in order to operate the no-load tap changer, if used. The tap changer position must match the incoming line voltage as closely as possible. The tap changer should be padlocked in the correct position for operation. Valves should be checked for proper operation and position. Radiator valves should be open. If a conservator tank is supplied, the connection between it and the main tank should be open. The upper filter press valve should be closed. This valve is to be opened when connection is made to it via use of temporary piping or tubing that goes to an external filter press, which is a pump and filter. It maintains flow of the dielectric fluid while passing the fluid through the filter to remove impurities, including finely divided carbon and small deposits of moisture. When filling, use filtered liquid When filling a transformer with liquid, filtering with a filter press is recommended to prevent foreign material and moisture from entering the tank. Begin the filtering process with new filter elements and replace them frequently, depending upon the amount of moisture removed. Filter elements must be thoroughly dried and kept warm until the time used. Liquid filling procedure Check the dielectric strength of the liquid while it is still in containers. If free water is present, drain off the water before putting the liquid through the filter press. Continue passing the liquid through the filter press until a passable dielectric strength is reached. (One manufacturer recommends 26kV or higher for oil.) The transformer should be filled with its dielectric liquid on a reasonably clear day when the humidity does not exceed 70%. The fluid temperature must be 0 [degree] C or higher. A high-voltage static charge can develop when oil flows in pipes, hoses, and tanks. Therefore, ground all metal surfaces, including bushings, fluid hoses (which should be conductive), and the pump during the filling procedure. As manufacturer's recommendations for filling transformers differ, it's best to follow the guidelines provided with the unit. Also, recognize that transformers equipped with a conservator require special filling techniques. Non-vacuum filling Where vacuum filling is not required, the tank should be filled through the upper filter press connection (the filter press valve), at the top of the tank. A second opening above the oil level should be provided to relieve the air being displaced. Full voltage should not be applied to the transformer for 48 hrs after filling.



Vacuum filling Entrapped air is a potential source of trouble in transformers. In general, it's desirable to fill transformers with liquid under as high a vacuum as conditions permit. The transformer tank must be airtight except for the vacuum and oil connections. If it has a conservator, be careful because it will not withstand a full vacuum. After obtaining a vacuum as high as the tank construction will permit, this vacuum should be maintained by continuous pumping for at least 4 hrs to 8 hrs. The filling may then begin. The liquid line should be connected to the upper filter press connection or other suitable connection on top of the tank, as shown in Fig. 2. The filtered liquid is admitted through the connection, with the rate of flow being regulated by a valve at the tank so the vacuum does not fall below 90% of the original value. (This value changes per manufacturer.) Any air bubbles in the liquid will explode in the vacuum, and the air will be drawn out by the vacuum pump. The vacuum should be maintained for 1 hr to 4 hrs (again, this can change per manufacturer) after the transformer is full. The equipment needed to fill transformers under vacuum includes a vacuum pump (approximately 150 cfm, two-stage type) capable of 200 microns in the blanked off condition. (Check for proper rotation of the pump.) This will be suitable for most transformers. A booster will be helpful on large transformers. Also a filter press (approximately 30 gpm) should be used. You'll find it advisable to have extra sets of filters. Other equipment should include a vacuum gauge, vacuum pipes or flexible hoses (2 in. dia minimum), oil supply lines and a vacuum valve (for connection at top of the transformer), and either a supply of dry air or dry nitrogen, depending upon which manufacturer you've used. The hoses should be flushed with liquid through the filter press, filled with liquid, and connected to the top filter press connection. This is to allow as little air as possible to enter the transformer. It's recommended you arrange for some visual means to observe the fluid level so you'll know when the oil is approximately 8 in. to 12 in. from the top of the tank. This could be done by installing a sight glass at a valve near the top of the tank or by using Tygon tubing (which is transparent) from a top valve to the drain valve. Note: Should the fluid be pulled into the vacuum pump, it can cause serious damage to the pump. Follow these precautions: * Never apply voltage to a transformer under vacuum. A 500V insulation resistance tester may cause damage to insulation and result in a failure. * Never leave a transformer unattended while under vacuum. A positive pressure must be applied if it must be unattended. * Never stand or walk on the transformer tank when the unit is under vacuum. Loading After applying full voltage, the transformer should be kept under observation during the first few hours of operation under load. After several days, check the oil for oxygen content and dielectric strength. All temperatures and pressures should be checked in the transformer tank during the first week of operation. Except for special designs, transformers may be operated at their rated kVA if the average ambient temperature of the cooling air does not exceed 30 [degrees] C in any 24-hr period, and the altitude does not exceed 3300 ft. Safety precautions are essential Lethal voltages will be present inside all transformer tanks, enclosures, and at all external connection points. Make sure installation and maintenance are performed by experienced and qualified personnel. Deenergize the transformer before performing any maintenance or service work. And remember, the secondary may be alive through feedback circuits, so it's also advisable it also be disconnected.



FOLLOW MANUFACTURER'S INSTRUCTION Each transformer manufacturer produces products that have differences from units built by competing manufacturers. And they have their own instructions for installing and testing their transformers. Such instructions should be carefully followed. This is vital to assure adequate safety to personnel and equipment. The purpose of this article is to provide general guidelines for installing and testing liquid-filled transformers for placing them in service. The article will be helpful to the reader by describing the procedures used for meeting this objective. The article is not meant to supersede manufacturer's instructions. Each manufacturer has specific warranty requirements for its transformers. For this warranty to be valid, it's important you have a complete understanding of the conditions called for and follow the requirements.



Insulating oil in an electrical power transformer is commonly known as Transformer Oil. It is normally obtained by fractional distillation and subsequent treatment of crude petroleum. That is why this oil is also known as Mineral Insulating Oil. Transformer Oil serves mainly two purposes one it is liquid insulation in electrical power transformer and two it dissipates heat of the transformer e.i. acts as coolant. In addition to these, this oil serves other two purposes, it helps to preserve the core and winding as these are fully immersed inside oil and another important purpose of this oil is, it prevents direct contact of atmospheric oxygen with cellulose made paper insulation of windings, which is susceptible to oxidation.



Types of Transformer Oil Generally there are two types of Transformer Oil used in transformer, 1. Paraffin based Transformer Oil 2. Naphtha based Transformer Oil Naphtha oil is more easily oxidized than Paraffin oil. But oxidation product i.e. sludge in the naphtha oil is more soluble than Paraffin oil. Thus sludge of naphtha based oil is not precipitated in bottom of the transformer. Hence it does not obstruct convection circulation of the oil, means it does not disturb the transformer cooling system. But in the case of Paraffin oil although oxidation rate is lower than that of Naphtha oil but the oxidation product or sludge is insoluble and precipitated at bottom of the tank and obstruct the transformer cooling system. Although Paraffin based oil has above mentioned disadvantage but still in our country it is generally used because of its easy availability. Another problem with paraffin based oil is its high pour point due to the wax content, but this does not effect its use due to warm climate condition of India.



Properties of Transformer Insulating Oil Some specific parameters of insulating oil should be considered to determined the serviceability of that oil.



Parameters of Transformer Oil The parameters of Transformer Oil are categorized as, 1. Electrical Parameters – Dielectric Strength , Specific Resistance, Dielectric Dissipation Factor. 2. Chemical Parameter – Water Content, Acidity, Sludge Content. 3. Physical Parameters – Inter Facial Tension, Viscosity, Flash Point, Pour Point.



Electrical Parameter of Transformer Oil Dielectric Strength of Transformer Oil



Dielectric Strength of Transformer Oil is also known as Breakdown Voltage of transformer oil or BDV of transformer oil. Break down voltage is measured by observing at what voltage, sparking strants between two electrods immerged in the oil, separated by specific gap. low value of BDV indicates presence of moisture content and conducting substances in the oil. For measuring BDV of transformer oil, portable BDV measuring kit is generally available at site. In this kit, oil is kept in a pot in which one pair of electrodes are fixed with a gap of 2.5 mm (in some kit it 4mm) between them. Now slowly rising voltage is applied between the electrodes. Rate of rise of voltage is generally controlled at 2KV/s and observe the voltage at which sparking starts between the electrodes. That means at which voltage Dielectric Strength of transformer oil between the electrodes has been broken down.



Generally this measurement is taken 3 to 6 times in same sample of oil and the average value of these reading is taken. BDV is important and popular test of transformer oil, as it is primary indication of health of oil and it can be easily carried out at site. Dry and clean oil gives BDV results, better than the oil with moisture content and other conducting impurities. Minimum Breakdown Voltage of transformer oil or Dielectric Strength of transformer oil at which this oil can safely be used in transformer, is considered as 30 KV. Specific Resistance ( Resistivity ) of Transformer Oil This is another important property of transformer oil. This is measure of DC resistance between two opposite sides of one cm3 block of oil. Its unit is taken as ohm-cm at specific temperature. With increase in temperature the resistivity of oil decreases rapidly. Just after charging a transformer after long shut down, the temperature of the oil will be at ambient temperature and during full load the temperature will be very high and may go up to 90oC at over load condition. So resistivity of the insulating oil must be high at room temperature and also it should have good value at high temperature as well. That is why specific resistance or resistivity of transformer oil should be measured at 27oC as well as 90oC. Minimum standard Specific Resistance of Transformer oil at 90oC is 35X 1012 ohm – cm and at 27oC it is 1500X1012 ohm – cm.



Dielectric Dissipation Factor of tan delta of Transformer oil Dielectric Dissipation Factor is also known as loss factor or tan delta of transformer oil. When a insulating materials is placed between live part and grounded part of an electrical equipment, leakage current will flow. As insulating material is dielectric in nature the electric current through the insulation ideally leads the voltage by 90o. Here voltage means the instantaneous voltage between live part and ground of the equipment. But in reality no insulating materials are perfect dielectric in nature. Hence electric current through the insulator will lead the voltage with an angle little bit shorter than 90o. Tangent of the angle by which it is short of 90o is called Dielectric Dissipation Factor or simply tan delta of transformer oil. More clearly, the leakage current through an insulation does have two component one is capacitive or reactive and other one is resistive or active. Again it is clear from above diagram, value of ′δ′ which is also known as loss angle,



is smaller, means resistive component of the current IR is smaller which indicates high resistive property of the insulating material. High resistive insulation is good insulator. Hence it is desirable to have loss angle as small as possible. So we should try to keep the value of tanδ as small as possible. High value of this tanδ is an indication of presence of contaminants in transformer oil. Hence there is a clear relationship between tanδ and resistivity of insulating oil. If resistivity of the insulating oil is decreased, the value of tan-delta increases and vice verse. So both resistivity test and tan delta test of transformer oil are not normally required for same piece of insulator or insulating oil. In one sentence it can be said that, tanδ is measure of imperfection of dielectric nature of insulation materials like oil.



Chemical Parameters of Transformer Oil Water Content in Transformer Oil Moisture or Water Content in Transformer Oil is highly undesirable as it affects adversely the dielectric properties of oil. The water content in oil also affects the paper insulation of the core and winding of transformer. Paper is highly hygroscopic in nature. Paper absorbs maximum amount of water from oil which affects paper insulation property as well as reduced its life. But in loaded transformer, oil becomes hotter, hence the solubility of water in oil increases as a result the paper releases water and increase the water content in transformer oil. Thus the temperature of the oil at the time of taking sample for test is very important. During oxidation acid are formed in the oil the acids give rise the solubility of water in the oil. Acid coupled with water further decompose the oil forming more acid and water. This rate of degradation of oil increases. The water content in oil is measured as pm(parts per million unit). Water content in oil is allowed up to 50 ppm as recommended by IS – 335(1993). The accurate measurement of water content at such low levels requires very sophisticated instrument like Coulometric Karl Fisher Titrator . Acidity of Transformer Oil Acidity of transformer oil, is harmful property. If oil becomes acidic, water content in the oil becomes more soluble to the the oil. Acidity of oil deteriorates the insulation property of paper insulation of winding. Acidity accelerates



thee oxidation process in the oil. Acid also includes rusting of iron in presence of moisture. The acidity of transformer oil is measure of its acidic constituents of contaminants. Acidity of oil is express in mg of KOH required to neutralize the acid present in a gram of oil. This is also known as neutralization number.



Physical Parameters of transformer oil Inter Facial Tension of Transformer Oil Inter Facial Tension between the water and oil interface is the way to measure molecular attractive force between water and oil. It is measured in Dyne/cm or miliNeuton/meter. Inter facial Tension is exactly useful for determining the presence of polar contaminants and oil decay products. Good new oil generally exhibits high inter facial tension. Oil oxidation contaminants lower the IFT. Flash Point of Transformer Oil Flash point of transformer oil is the temperature at which oil gives enough vapors to produce a flammable mixture with air. This mixture gives momentary flash on application of flame under standard condition. Flash point is important because it specifies the chances of fire hazard in the transformer. So it is desirable to have very high flash point of transformer oil. In general it is more than 140o(>10o). Pour Point of Transformer Oil It is the minimum temperature at which oil just start to flow under standard test condition. Pour Point of Transformer Oil is an important property mainly at the places where climate is extremely cold. If the oil temperature falls bellow the pour point, transformer oil stops convection flowing and obstruct cooling in transformer. Paraffin based oil has higher value of pour point, compared to Naphtha based oil, but in India like country, it does not effect the use of Paraffin oil due tits warm climate condition. Pour Point of transformer oil mainly depends upon wax content in the oil. As Paraffin based oil has more wax content, it has higher pour point. Viscosity of Transformer Oil In few wards, Viscosity of Transformer Oil can be said that Viscosity is the resistance of flow, at normal condition. Obviously resistance to flow of transformer oil means obstruction of convection circulation of oil inside the transformer. A good oil should have low viscosity so that it offers less resistance to the convectional flow of oil thereby not affecting the cooling of transformer. Low viscosity of transformer oil is essential, but it is equally important that, the viscosity of oil should increase as less as possible with decrease in temperature. Every liquid becomes more viscous if temperature decreases.



The main source of heat generation in transformer is its copper loss or I2R loss. Although there are other factors contribute heat in transformer such as hysteresis & eddy current losses but contribution of I2R loss dominate them. If this heat is not dissipated properly, the temperature of the transformer will rise continually which may cause damages in paper insulation and liquid insulation medium of transformer. So it is essential to control the temperature within permissible limit to ensure the long life of transformer by reducing thermal degradation of its insulation system. In Electrical Power transformer we use external transformer cooling system to accelerate the dissipation rate of heat of transformer.There are different transformer cooling methods available for trans former, we will now explain one by one.



Different Transformer Cooling Methods For accelerating cooling different transformer cooling methods are used depending upon their size and ratings. We will discuss these one by one below,



ONAN Cooling of Transformer This is the simplest transformer cooling system. The full form of ONAN is "Oil Natural Air Natural". Here natural convectional flow of hot oil is utilized for cooling. In convectional circulation of oil, the hot oil flows to the upper portion of the transformer tank and the vacant place is occupied by cold oil. This hot oil which comes to upper side, will dissipate heat in the atmosphere by natural conduction, convection & radiation in air and will become cold. In this way the oil in the transformer tank continually circulate when the transformer put into load. As the rate of dissipation of heat in air depends upon dissipating surface of the oil tank, it is essential to increase the effective surface area of the tank. So additional dissipating surface in the form of tubes or radiators connected to the



transformer tank. This is known as radiator of transformer or radiator bank of transformer. We have shown below a simplest form on Natural Cooling or ONAN Cooling arrangement of an earthing transformer below.



ONAF Cooling of Transformer Heat dissipation can obviously be increased, if dissipating surface is increased but it can be make further faster by applying forced air flow on that dissipating surface. Fans blowing air on cooling surface is employed. Forced air takes away the heat from the surface of radiator and provides better cooling than natural air. The full form of ONAF is "Oil Natural Air Forced". As the heat dissipation rate is faster and more in ONAF transformer cooling method than ONAN cooling system, electrical power transformer can be put into more load without crossing the permissible temperature limits.



OFAF Cooling of Transformer In Oil Forced Air Natural cooling system of transformer, the heat dissipation is accelerated by using forced air on the dissipating surface but circulation of the hot oil in transformer tank is natural convectional flow.



The heat dissipation rate can be still increased further if this oil circulation is accelerated by applying some force. In OFAF cooling system the oil is forced to circulate within the closed loop of transformer tank by means of oil pumps. OFAF means "Oil Forced Air Forced" cooling methods of transformer. The main advantage of this system is that it is compact system and for same cooling capacity OFAF occupies much less space than farmer two systems of transformer cooling. Actually in Oil Natural cooling system, the heat comes out from conducting part of the transformer is displaced from its position, in slower rate due to convectional flow of oil but in forced oil cooling system the heat is displaced from its origin as soon as it comes out in the oil, hence rate of cooling becomes faster.



OFWF Cooling of Transformer We know that ambient temperature of water is much less than the atmospheric air in same weather condition. So water may be used as better heat exchanger media than air. In OFWF cooling system of transformer, the hot oil is sent to a oil to water heat exchanger by means of oil pump and there the oil is cooled by applying sowers of cold water on the heat exchanger’s oil pipes. OFWF means "Oil Forced Water Forced" cooling in transformer.



ODAF Cooling of Transformer ODAF or Oil Directed Air Forced Cooling of Transformer can be considered as the improved version of OFAF. Here forced circulation of oil directed to flow through predetermined paths in transformer winding. The cool oil entering the transformer tank from cooler or radiator is passed through the winding where gaps for oil flow or pre-decided oil flowing paths between insulated conductor are provided for ensuring faster rate of heat transfer. ODAF or Oil Directed Air Forced Cooling of Transformer is generally used in very high rating transformer.



ODWF Cooling of Transformer ODAF or Oil Directed Water Forced Cooling of Transformer is just like ODAF only difference is that here the hot oil is cooled in cooler by means of forced water instead of air. Both of these transformer cooling methods are called Forced Directed Oil Cooling of transformer



Temperature rise test of Transformer is included in type test of transformer. In this test we check whether the temperature rising limit of transformer winding and oil as per specification or not.



Temperature rise test for top oil of transformer 1) First the LV winding of the transformer is short circuited. 2) Then one thermometer is placed in a pocket in transformer top cover. Other two thermometers are placed at the inlet and outlet of the cooler bank respectively. 3) The voltage of such value is applied to the HV winding that power input is equal to no load losses plus load losses corrected to a reference temperature of 75oC. 4) The total losses are measured by three watt-meters method. 5) During the test, hourly readings of top oil temperature are taken from the thermometer already placed in the pocket of top cover. 6) Hourly readings of the thermometers placed at inlet and outlet of the cooler bank are also noted to calculate the mean temperature of the oil. 7) Ambient temperature is measured by means of thermometer placed around the transformer at three or four points situated at a distance of 1 to 2 meter from and half-way up the cooling surface of the transformer. 8) Temperature rise test for top oil of transformer should be continued until the top oil temperature has reached an approximate steady value that means testing would be continued until the temperature increment of the top oil becomes less than 3oC in one hour. This steady value of top oil is determined as final temperature rise of transformer insulating oil.



9) There is another method of determination of oil temperature. Here the test in allowed to be continued until the top oil temperature rise does not vary more than 1oC per hour for four consecutive hours. The least reading is taken as final temperature rise of the oil.



During temperature rise test for top oil of transformer we make the LV winding short circuited and apply voltage to the HV winding. So for full load rated electric current flows in the transformer, the supply voltage required will much less than rated transformer voltage. We know that core loss of a transformer depends upon voltage. So there will not be any considerable core loss occurs in the transformer during test. But for getting actual temperature rise of the oil in a transformer, we have to compensate the lack of core losses by additional copper loss in the transformer. For supplying this total losses, transformer draws electric current from the source much more than its rated value for transformer. Temperature rise limits of transformer when it is oil immersed, given in the table below Temperature rise limit Temperature rise limit for air as for water as cooling medium cooling medium Winding



Condition



55oC



60oC



When oil circulation is natural



60oC



65oC



When oil circulation is forced



50oC



55oC



45oC



50oC



Top Oil



When transformer is sealed & equipped with conservator tank When transformer is neither sealed nor equipped with conservator tank



NB: These temperature rises limits mentioned in the above table are the temperature rise above the temperature of cooling medium. That means these are the difference between winding or oil temperature and temperature of cooling air or water.



Winding temperature rise test on transformer 1) After completion of temperature rise test for top oil of transformer the current is reduced to its rated value for transformer and is maintained for one hour. 2) After one hour the supply is switch off and short circuit and supply connection to the HV side and short circuit connection to the LV side are opened. 3) But, the fans and pumps are kept running (if any)



4) Then resistance of the windings are measured quickly. 5) But there is always a minimum 3 to 4 minutes time gap between first measurement of resistance and the instant of switching off the transformer, which can not be avoided. 5) Then the resistances are measured at the same 3 to 4 minutes time intervals over a period of 15 minutes. 6) Graph of hot resistance versus time is plotted, from which winding resistance (R2) at the instant of shut down can be extrapolated. 7) From this value, θ2, the winding temperature at the instant of shut down can be determined by the formula given below



Where, R1 is the cold resistance of the winding at temperature t1. For determining winding temperature rise we have to apply the above discussed indirect method. That means hot winding resistance is measured and determined first and then from that value we have to calculate the winding temperature rise, by applying resistance temperature relation formula. This is because unlike oil the winding of transformer is not accessible for external temperature measurement.



Transformer Oil Analysis



Our laboratory can provide a comprehensive service for the analysis of all types of transformer oils. MINERAL, SILICONE & MIDEL. We supply sampling kits containing either 500ml, 250ml, 100ml or 60ml bottles depending on your test requirements.



Routine Analysis It is recommended to perform routine tests at least once a year in order to monitor the health of your transformers. Faults can occur at any stage of your transformer’s life and evolve rapidly. Testing your transformers on a regular basis will allow you to detect any unforeseen change in the condition of your transformers. ROUTINE Test: Colour, Appearance, Odour, Sludge, Sediment, Specific Gravity,Viscosity,Flash Point, Breakdown Voltage, Water Content & Acid Value



Dissolved Gas Analysis DGA Insulation fluids are used primarily due to their high dielectric strength, chemical stability and heat transfer properties. When thermal or electrical faults arise, fluid and insulating material can breakdown. Breakdown gases include hydrogen, methane, ethane, ethane, acetylene, carbon monoxide and carbon dioxide, and these can all dissolve in the dielectric fluid. Quantifying and interpreting the levels of each of these enables you to identify the root cause of problems such as sparking, arcing and overheating.



Diaelectric Strength & Resistivity A fairly straighforward and simple test designed to measure the ability of a fluid not to fail when under high voltage; the higher the dielectric strength, the better the insulator. The resistivity of oil is a measure of its electrical insulating properties. Oils of high resistivity will have a low content



of free ions/particles and therefore a low concentration of conductive contaminants. This parameter is sensitive to soluble contaminants and degradation products.



PCB Polychlorinated Biphenyl Analysis PCB's historically used in transformer applications can collect in food chains and as a result, legislation is strict to control their use. Any liquids with more than 50 ppm by weight is classified as dangerous and must be disposed of by registered waste contractors normally by incineration. The current standard is for suppliers not to supply oil containing more than 10ppm. Our service quantifies the main types of PCB 1260 (most common) 1254 & 1242 and reports each of these individually in ppm.



Fibres If fibres are present this can lead to poor electric strength as the fibres are drawn into the electrical field causing arcing.Fibres can become 'free' from the insulating material around windings and from external contamination. The problem becomes much more pronounced if these fibres are wet due to water in the oil as the moisture, in combination with fibre in main tanks and selectors, reduces the electric strength of the oil to very unsafe levels which can result in failure.



Water Content The water content of an oil sample is measured using a Karl Fischer titrator and given in parts per million (ppm). As a guide the water content in the oil is normally considered to borderline fail when it reaches 25ppm and at fail point at 30ppm, though these limits vary depending upon oil sample type. This test should be carried out on an annual basis as an absolute minimum allowing a trend to be built and monitored and any remedial action to be taken before failure or damage arises.



Furan Analysis When paper inside a transformer breaks down and weakens, furfuraldehyde is produced. There is a relationship between the furfuraldehyde present and the resulting degree of polymerization (DP) or paper strength. The paper becomes brittle when the DP falls and this indicates removing the transformer from use for repair or replacement. This test can be used to estimate the remaining service life of the transformer.



Acidity Test High acidity increases the rate of breakdown of insulating paper which in turn can corrode the transformer steel tank. Ideally the transf



Extend transformer lifetime through maintenance and oil changes The lifetime of a transformer can often be extended by 20–30 years by conducting regular check-ups and making timely oil changes. This is what Jürgen Scholz, owner of EES Jürgen Scholz GmbH in Hamburg, Germany, firmly believes. He and his team have more than 30 years experience in servicing local plant and power transformers. "As today's transformers have no 'overcapacity' and are pushed harder right from the start they need even more checks and maintenance than in the past if they are to last a long time without causing problems," he says. With a broad smile, Jürgen Scholz describes himself as a "true Hamburger lad". Born and bred in the city, he qualified as an electrical engineer in the early 1960s. As time went by he found himself working increasingly with transformers and soon realised that there was a market for the mobile maintenance of transformers at customers’ premises. In 1976 he started his own company, EES Jürgen Scholz GmbH.



"In the early days I used our dining room as an office, installed the oil lab in the attic and stored my stock of spare parts in the cellar of the house where I lived with my wife and our little daughter," he reminisces. 30 years on, EES Jürgen Scholz has 28 employees working at two premises in Hamburg and 5 special service trucks equipped with oil tanks and mobile units for vacuum oil regeneration and transformer drying. The company also has a transformer workshop, a huge stock of new and overhauled transformers and an officially approved waste treatment plant for authorized disposal of both PCB-free and PCB-contaminated transformers. Each day the mobile service units are despatched to places all over Germany. Most of the company's customers are within a radius of 500 kilometres from Hamburg, the second largest German city. But sometimes they get called further afield to neighbouring countries like Belgium and the Netherlands and even as far as Ukraine. EES has established itself as a reliable service partner for transformer owners in different industries. Thanks to globalization EES is also becoming an extended workbench for transformer and plant manufacturers in Germany and abroad by offering services and support for the installation and filling of new transformers and the dismantling and disposal of old ones. Customers like ABB, Alstom, Cegelec, e-on, EWE, Pauwels, Siemens, SGB, Vattenfall, as well as overseas manufacturers like Mitsubishi, appreciate using the EES service package. EES Jürgen Scholz concentrates on three core areas of business: •



Testing, maintenance and repair of transformers;



•



Purchasing old transformers and selling them again after completely overhauling them (including drying and either oil regeneration or, if necessary, changing the oil); and



•



Dismantling transformers that have come to the end of their service life.



"In my experience 93% of the components from old transformers can be reused," explains Scholz. "The removed spare parts can often be reused in repairs, steel and copper are recycled and we sell the electromagnetic steel to customers in China, India and Pakistan for reuse." The oil from old transformers is also recycled. In Germany environmental protection and waste management laws regulate the disposal of used oil, which is classified as environmentally hazardous PCB waste if its PCB-content exceeds 20 mg/kg. For handling this waste a special permit is needed. "With our high-class equipment and transport vehicles for old transformers and our dedicated storage facilities we can take care of PCB-contaminated oil waste too. Way back in 1984 we were the first German company to get a permit to take care of environmentally hazardous waste," adds Scholz proudly. The company also buys in used transformers for overhauling and renovation followed by certified resale. Scholz estimates that these transformers then have a remaining lifetime of about 20–30 years. They have a rated capacity between 50 kVA and 35,000 kVA and are all listed on the company's website. Occasionally EES receives customers' transformers for overhauling and repair in the transformer workshop. But usually one of the mobile service units travels to the transformer in question. Thanks to the extensive know-how within the company, all types and sizes of transformers from all manufacturers can be maintained and repaired. "Apart from having a huge information base about transformer types and manufacturers and the necessary tools and instruments for performing the services we offer, we have skilled and experienced employees most of whom have worked for us for 10 to 20 years." One thing the company doesn't offer is replacement of windings, as Scholz is convinced that in general it is more economical to replace the whole transformer. Scholz explains that most of the problems that their customers call with can be remedied directly, and if necessary they send an emergency service unit to the customer's premises. "In most cases it is cheaper, faster and more efficient for us to drive to the customer with one of our mobile units than to disconnect and transport the transformer elsewhere. That was my service concept right from the start and it has been successful. With our high-level range of services which we optimize continuously we are now the country’s leading company in our field." "Once on site the first thing we do is an oil analysis to get some idea of the transformer's condition. After that the necessary maintenance and service work is carried out. Apart from measures performed to ensure industrial and environmental safety, this work includes cleaning, resolving leaks, degassing and drying and, if necessary, completely changing the insulating oil." Scholz continues: "From an early stage we chose to focus on changing, rather than regenerating, oil. There are several reasons for this but the main ones are that it is cheaper and faster to carry out a change than regeneration and most of our customers prefer to have new oil."



"We came into contact with Nynas via what used to be Technol in Austria and at several events organized by VDEW (the German Electricity Association)," explains Scholz. "What we appreciate about Nynas is that their prices are competitive, the staff are pleasant and competent and we can rely on promises they make about product quality and delivery dates." So, what are the most common problems EES Jürgen Scholz comes across? "Well," says Scholz with a smile, "many customers don’t seem to realize they have responsibility for a transformer until it becomes a problem…" As Scholz sees it, many transformers become damaged through keeping them too hot for too long at a time. This is often caused by insufficient ventilation and poor air conditioning systems, and the fact that many transformers are run at maximum levels, even during the summer when outside temperatures are higher. "We come across many transformers that constantly work at 100% of their capacity," explains Scholz, "often with reduced air circulation and cooling, which further increases operating temperatures. One detrimental effect of running a transformer like this is accelerated aging of the oil and solid insulating materials, which leads to formation of acids, water and sludge in the transformer." Scholz says that transformers that were installed in the 1960s and 70s had more "overcapacity" than those installed nowadays. "In the past transformers used to run at about 60–70% of their maximum capacity whereas today they are constantly run at full power. This will obviously result in a shortening of their lifetime." Acute problems could of course be averted by upgrading to a transformer with a higher capacity in pace with increased demand. "But," continues Scholz, "most transformer owners choose to push their existing systems as far as possible, usually for economic reasons. They favour repairing an old transformer instead of buying a new one for two reasons: •



A properly maintained transformer can be expected to have a service life of about 50–60 years, maybe even more, and



•



Replacing a transformer usually interferes with other technical equipment and may result in further adjustment demands."



"While new transformers are undeniably very efficient and functional, they are pushed harder right from the start," explains Scholz. "Therefore they need even more regular check-ups and service." Scholz believes that his company can continue to grow, slowly but surely. He sees two contradictory trends within his field which he bases this belief on: "On the down side for us, an increasing number of manufacturing plants in Germany are moving their production abroad. However, on the up side, and so far this trend seems to be the stronger one and shows signs of continuing for a long time to come, is that an increasing number of old transformers need attention and manufacturers from abroad show an increasing interest in using EES as their extended workbench and service base



Oil tests and maintenance extend transformers' life expectancy Safety and maintenance are two of the cornerstones of operations at the Norwegian power company Sira-Kvina. "We want to have a safe plant, as well as wanting to maximise the life expectancy of our transformers and avoid costly losses in production," explains Geir Vårdal, Area Plant Manager, and one of the people in charge of the maintenance and safety work. Sira-Kvina is one of Norway's biggest power companies, producing around 6 TWh a year. Its seven hydro power stations provide about 5% of Norway's total power production. The company's production centres are scattered across southern Norway, and the biggest power station is in Tonstad. In total, Sira-Kvina has 13 large generator transformers of around 100 MVA, and several smaller station transformers of about 250 to 2500 kVA. The company’s biggest transformer is a 360 MVA unit. Most of the transformers are now around 30 years old which, generally speaking, means that they should be approaching the end of their useful life. But Geir Vårdal and his colleagues hope that a very thorough maintenance program will enable them to postpone the retirement of the transformers for many years to come. He explains: "There are many things you can do to extend a transformer's life. Without going into all of them, I can mention the importance of keeping the temperature down, changing drying filters frequently and ensuring the levels of acids, oxygen and moisture in the oil are kept low. All of these are relatively simple and small measures that we have taken on a regular basis. A more far-reaching task is oil regeneration or treatment with an ion exchange filter. That is something we have done to some transformers and are planning to pursue on others." Vårdal emphasises the need for testing transformer oils regularly for safety reasons. That's also why Sira-Kvina has had a protective system installed that disconnects the transformer if there is an electrical fault. Gas relays have been installed that issue a warning if gas forms in a transformer's expansion tank. In addition to these precautions, there are also plans to install sensors that can measure Hydrogen gas content online. H2can be formed if there is an electrical fault in the transformer and can be used for diagnostic purposes. In the future Sira-Kvina wants to keep a constant check on this, so it does not exceed acceptable levels. "To assess the condition of the oil and the transformer we carry out both the General Oil Test (GOT), and Dissolved Gas Analysis (DGA)," continues Vårdal. Among other things GOT reveals whether the oil contains acid and water and provides information on its condition in general. DGA shows whether the oil contains certain gases. "But it is very difficult to establish exactly the internal condition of a transformer," explains Vårdal. "This applies particularly to the state of the cellulose insulation, which at the end of the day determines the length of the transformer's working life." Regeneration is a standard maintenance action, and is recommended, for example, by ABB in Norway. The main purpose of this treatment is to reduce the level of acid in the oil. But the method is relatively expensive and requires considerable resources. "We therefore decided a while back to try a simpler and cheaper method using an ion exchange filter," explains Vårdal. "We naturally wanted to know if the method was reliable, so we contacted Nynas Naphthenics' IOM unit in late 2004 to investigate the long-term effects of the method with the aid of an accelerated oxidation test." It turned out that the short-term effects were good, but that the method doesn't work as well as the regeneration method does in the long term. "Nynas carried out a very thorough in-depth test for us," says Vårdal. "We are very satisfied with Nynas Naphthenics' efforts, but unfortunately not fully satisfied with the new method. It was clearly evident from Nynas' tests that we were not managing to remove everything we hoped from the oil." "Clearly there is a high level of competence at Nynas Naphthenics," says Vårdal. "I believe that an oil company that refines oil, with a solid R&D department, and great in-depth knowledge about transformer oil, is well suited to conduct high level tests and evaluations of used oils." Sira-Kvina's strategy will now be to concentrate maintenance resources on the best transformers and in that way get the longest possible operational time from their total transformer population. Despite the partly negative results, SiraKvina is still considering further work with the ion exchange filtering method. Possibilities include doing it more often and in combination with vacuum filtering to remove water from the oil more efficiently. Regardless of whether they use the regeneration method or the simpler ion exchange filter method, the levels of antioxidants in the transformers will be reduced as a result of the treatment.



"Previously it was something of a problem to add antioxidants after a treatment like this," continues Vårdal. "They were sold in a form that was difficult to mix in with the oil, and you had to use expensive special equipment. But in Nynas Naphthenics' product NYHIB 10, the antioxidants are already dissolved in. We buy drums with a 10% concentration of antioxidants, which we can simply add at the end of the process. "And that," he concludes with a



Transformer Health Review & Condition Assessment By Darin Mitton, Transformer Engineer & Paul Griffin, VP Power Services, Doble Engineering Company Power Transformers are critical components in electrical power systems. Many of the medium and large power transformers in operation today are 30 plus years old, giving rise to significant concern over their long term reliability and performance. Compounding the concern are the long lead times and large capital expenditures required to replace existing transformers. A method for quickly assessing a population of transformers using readily available data is referred to as a health review. A more in depth condition assessment of critical units or those identified of concern by the health review can be a valuable tool for managing existing fleets. This is the first in a series of four papers on health review and condition assessment: Part 1 Overview: Transformer Health Review and Condition Assessment Part 2 Laboratory Tests for Transformer Health Review and Condition Assessment Part 3 Electrical Tests or Transformer Health Review and Condition Assessment Part 4 Case Studies: Transformer Health Review and Condition Assessment INTRODUCTION Power transformers are critical components of modern electrical power systems. They are used to increase and decrease voltages to accommodate transmission and distribution of electric power. Although they are generally reliable, in today’s society, failures that interrupt power to homes and business continue to be less and less acceptable to consumers and regulators. This is in addition to the high financial costs and safety concerns of failures and unplanned outages. The rapid growth in electrical demand in the 1960’s and 1970’s created the need for considerable investment in electrical infrastructure including transformers at existing and higher voltage levels to economically transport the ever-increasing amounts of power required by customers. A large number of these transformers are now well over 40 years old. With the aging of transformers comes a concern about their ability to continue to reliably operate. Some transformers can operate for long periods of time (in excess of 50 years from initial installation), while others may suffer failure after relatively short period of time. The chronological age and the amount of aging that has occurred do not always correlate well. The relevant factors that affect the actual service life include design, maintenance, exposure to external surges and faults, loading, operating temperatures, cycling, environment and other factors. All utilities and electric power producers with aging transformer fleets must, at some point, address the prospect of undertaking extensive projects to replace old equipment in order to maintain high reliability and operational performance. Assessments of these assets should include consideration of costs of failed units, unplanned outages, consequential damages, replacement power, penalties, as well as the operations and maintenance costs associated with remediation. This aging transformer population is subject to increased operating temperatures from higher loading because of greater demand and reduced capacity to meet it. To meet higher reliability with an aging fleet, a method of assessment is needed to identify transformers at risk of failure. Fortunately there are proven tools today to provide information to mitigate these risks. Preventive actions with good diagnostic programs and maintenance practices and strategic plans such as replacement programs, upgrades, and loading/sparing strategies lead to a more robust, reliable electrical system. TRANSFORMER HEATH REVIEW To quickly assess a population of transformers it is important to use available data, which is often more heavily comprised of in-service data. From this assessment, four general categories of evaluation are used based on types of problems and faults: dielectric, thermal, mechanical and external. Dielectric: As transformers age, the oil and paper electrical insulation system can become wetter and contaminated degrading its ability to withstand transient voltage surges and, eventually in severe cases, normal voltage stress. Thermal: Transformers are designed to meet temperature specifications at rated load. Radiators, coolers, fans, pumps, and their associated control equipment all have to be in proper working condition to maintain the transformer thermal performance. Excessive heating can lead to accelerated degradation of the solid and liquid insulation. Mechanical: The primary mechanical concern is the transformer’s ability to withstand through-faults, the large currents caused by short circuits external to the transformer. The most common factors affecting the structural integrity of the core/coil assembly are tightness, coil



strength and insulation degradation. Loose coils will more likely get damaged by the forces generated by high fault currents. Cellulose can become weak and brittle as it degrades, lessening its ability to withstand short circuit forces. Other mechanical factors can include such problems as excessive noise and vibration. External: Degradation of the tank or case, control cabinet components, wiring, insulators, gaskets, valves, monitors, gauges, etc. can result in oil leaks, external flashovers and improper functioning of control, monitoring and protection equipment. A variety of factors contribute to deterioration of transformers. For the purpose of this paper they will be grouped into several general categories: • Loading • Design • Maintenance • Protection Loading: The magnitude and characteristics of the electrical load placed on a transformer is one of the most important factors affecting its usable life. The nameplate rating of the transformer provides the load level that is established by the design and test programs that the transformer can carry without exceeding specified temperature values under specified conditions. The typical loading conditions for a given transformer rating are given in IEEE C57.12.00. The primary concern is temperature of the components, particularly the insulation material, resulting from the transformer load. Cellulose insulation degrades more rapidly at elevated temperatures. The loss of life of the solid insulation can be estimated using the operating temperature of the transformer. Consideration of the water content of the solid insulation and the amount of oxygen (breathing versus sealed systems) can be used to adjust loss of life estimates. Limits of bushings and other ancillary components should be considered for overloading applications. Calculations are made to assure that oil condition (moisture and gas level) is not conducive to formation of gas bubbles during a high load event. Other important factors related to loading of a transformer are harmonic currents and thermal cycling. Harmonic currents can cause excessive heating at levels well below the nameplate values. Thermal cycling caused by changes in the load can cause issues such as bubble formation, excessive relative saturation of water in oil, excessive pressure, leaks and other issues. Design: Differing design approaches or construction techniques often have inherent strengths and weaknesses making them more or less prone to a particular problem. When a transformer is subjected to a set of circumstances which exacerbate such a problem, its condition can degrade more rapidly than expected. Maintenance: There are many aspects of maintenance which greatly influence the condition and service life of a transformer. Cleanliness of radiators and coolers, oil leaks, dryness of the insulation system, replacement of pumps and fans all contribute to the longevity of transformers. System Disturbances: System disturbances such as voltage surges, through faults, single phasing, etc. can have a cumulative effect on transformers. Undetected damage from such events can also lead to damage in localized areas, leading to sudden failures. HEALTH REVIEW AND CONDITION ASSESMENT Transformer owners can benefit greatly by utilizing a modern health review and condition assessment methodology to assist identifying units at risk, prioritizing maintenance and making strategic decisions for replacement or upgrade decisions. The health review starts the study of a population of transformers using a subset of available data to quickly determine units exhibiting signs of distress. The same information plus more historical data and added testing are used for comprehensive condition assessment. Ranking is provided using a combination of numerical scoring, and chemistry and engineering judgment for each category. This then rolls up into an overall ranking for the unit, along with specific recommendations for further investigation, maintenance or remedial action. The programs today are effective because there are a variety of sensitive tools to detect accelerated aging and developing fault conditions. The available tools that should be utilized in the health review and condition assessment process include: • Laboratory Testing • Electrical Testing • Design Review • Individual Historical Operating (loading, through fault history, etc) & Maintenance Data • Family Historical Database (design specific) • Conference Papers • Manufacturer’s Service Advisories • Trouble and Failure Reports Typical of the health review is screening information such as: • Dissolved Gas Analysis and Basic Oil Quality (including review of historical trends) • Results of Electrical Tests and Trends • Operational History



• External Inspection (might include infrared (IR), and/or radio frequency interference (RFI) information, and/or electromagnetic interference (EMI) information) A comprehensive condition assessment would include all the health review information plus: • Electrical Tests •



Arrester Tests



•



Bushing Power Factor and Capacitance and/or Hot Collar



•



Overall Power Factor and Capacitance



•



Insulation Resistance



•



Single Phase Exciting Current



•



Leakage Reactance



•



Frequency Response Analysis



•



Winding Resistance



•



Turns Ratio



• Oil Tests and Analysis •



Dissolved Gas Analysis



•



Furfural Compound Analysis



•



Oil Quality



•



Moisture



•



Corrosive Sulfur



•



Special Tests to identify problems



• Degree of Polymerization Test – if paper samples are available • Compete Records Review and Analysis • Dissolved Gas Analysis (trending) •



Electrical Tests (trending)



•



Loading Profile



•



Transient and Fault Records



•



Maintenance Records



• Design Review •



Design Characteristics



•



Family Historical Records



•



Trouble and Failure Reports



•



Conference Papers



•



Manufacturers Advisories



• External inspection • Thermal Imaging • Acoustic Analysis • RFI and/or EMI information • Electrical Partial Discharge (PD) Detection and Acoustic Location • Internal Inspection By analyzing together the information gained through testing, inspection, operational and maintenance records, and historical data, a comprehensive assessment can developed. CONCLUSION Power transformer fleets fulfill a critical role in the power system and represents a sizeable investment. Failures of these devices can be enormously expensive, in replacement cost, consequential damages, loss of revenues and penalties for poor reliability performance. A program to replace aging transformers based solely on age is ineffective and can lead to expensive mistakes. A cost effective assessment program using population health review and comprehensive condition assessment is available today because of the ability to make sensitive tests for a variety of problems, with short and long-term gestation times. BIOGRAPHY
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Turn ratio, a = 2300/230 = 10 (for each transformer) Let's look at Figure E2.7, do u think the value of V'2 is correct? In my opinion, V'2 should be (√3) x 230 x 10 = 3984 V. What do you reckon?



In the PC Sen textbook, for a Y-D transformer, the 'effective' turn ratio a' = √3 x a ... where a is the turn ratio of individual single-phase transformer used to form the 3-phase transformer. Kindly correct me if I'm wrong... Let's look at another example from the textbook as below. Kindly focus on the calculation in the 'blue rectangular' box. Say a = 1300/230, and a' = √3 x a I'm confused when to use a and a' ... If we look at examples 2.7 and 2.8, a is used in 2.7, whilst a' is used in 2.8. Kindly advise.



Understanding The Basics of Wye Transformer Calculations Add this information to what you know about delta transformers and you may be ready to solve power quality problems



Last month's Code Calculations article covered transformer calculation definitions and some specifics of delta transformer calculations. This month we turn our attention to the differences between delta and wye transformers and to wye transformer calculations. We'll close by looking at why it's so important to know how to perform these calculations, but you'll likely see the reasons as we go. In a Last month's Code Calculations article covered transformer calculation definitions and some specifics of delta transformer calculations. This month we turn our attention to the differences between delta and wye transformers and to wye transformer calculations. We'll close by looking at why it's so important to know how to perform these calculations, but you'll likely see the reasons as we go. In a wye configuration, three single-phase transformers are connected to a common point (neutral) via a lead from their secondaries. The other lead from each of the single-phase transformers is connected to the line conductors. This configuration is called a “wye,” because in an electrical drawing it looks like the letter Y. Unlike the delta transformer, it doesn't have a high leg.



Fig. 1. Wiring arrangements can have a considerable effect on output voltage. Differences in wye and delta transformers. The ratio of a transformer is the relationship between the number of primary winding turns to the number of secondary winding turns — and thus a comparison between the primary phase voltage and the secondary phase voltage. For typical delta/delta systems, the ratio is 2:1 — but for typical delta/wye systems, the ratio is 4:1 (Fig. 1 above). If the primary phase voltage in a typical delta/delta system is 480V, the secondary phase voltage is 240V. If the primary phase voltage in a typical delta/wye system is 480V, the secondary phase voltage is 120V. Delta and wye transformers also differ with regard to their phase voltage versus line voltage and phase current versus line current. In a delta transformer, EPhase=ELine and ILine=IPhase×√3. In a wye transformer, IPhase=ILine and ELine=EPhase×√3. These differences affect more than just which formulas you use for transformer calculations. By combining delta/delta and delta/wye transformers, you can abate harmonic distortion in an electrical system. We'll look at that strategy in more detail after addressing wye transformer calculations.



Fig. 2. As this example shows, the line and phase currents are equal in a wye transformer. Wye current and voltage calculations. In a wye transformer, the 3-phase and single-phase 120V line current equals the phase current (IPhase = ILine) (Fig. 2 on page C20). Let's apply this to an actual problem. What's the secondary phase current for a 150kVA, 480V to 208Y/120V, 3-phase transformer (Fig. 3 on page C20)? ILine=150,000VA÷(208V×1.732)=416A, or IPhase=50,000VA÷120=416A To find wye 3-phase line and phase voltages, use the following formulas: EPhase=ELine÷√3 ELine=EPhase×√3 Since each line conductor from a wye transformer is connected to a different transformer winding (phase), the effects of 3-phase loading on the line are the same as on the phase (Fig. 4 on page C21). A 36kVA, 208V, 3-phase load has the following effect: Line power=36kVA ILine=VALine÷(ELine×√3) ILine=36,000VA÷(208V×√3)=100A Phase power=12kVA (any winding) IPhase=VAPhase÷EPhase IPhase=12,000VA÷120V=100A Wye transformer balancing and sizing. Before you can properly size a delta/wye transformer, you must make sure that the secondary transformer phases (windings) or the line conductors are balanced. Note that balancing the panel (line conductors) is identical to balancing the transformer for wye transformers. Once you balance the wye transformer, you can size it according to the load on each phase. The following steps will help you balance the transformer:



Fig. 3. Note the four-fold increase in phase current when working with a delta/wye transformer.



Step 1: Determine the loads' VA ratings. Step 2: Put one-third of the 3-phase load on Phase A, one-third on Phase B, and one-third on Phase C. Step 3: Put one-half of the single-phase, 208V load on Phase A and Phase B, or Phase B and Phase C, or Phase A and Phase C.



Fig. 4. In this example, note that the line and phase power and current are the same, since each line conductor from a wye transformer is connected to a different transformer winding. Step 4: Place 120V loads (largest to smallest): 100% on any phase. Now consider the following wye transformer sizing example: What size transformer (480V to 208Y/120V, 3-phase) would you need for the following loads: 208V, 36kVA, 3-phase heat strip; two 208V, 10kVA, single-phase loads; and three 120V, 3kVA single-phase loads? a) three single-phase, 25kVA transformers b) one 3-phase, 75kVA transformer c) a or b d) none of these Phase A=23kVA Phase B=22kVA Phase C=20kVA The Table sums up the kVA for each phase of each load. Note that the phase totals (23kVA, 22kVA, and 20kVA) should add up to the line total (65kVA). Always use a “checksum” like this to ensure you have accounted for all items and the math is right. If you're dealing with high-harmonic loads, the maximum unbalanced load can be higher than the nameplate kVA would indicate. Matching the transformer to the anticipated load then requires a high degree of accuracy if you want to get a reasonable level of either efficiency or power quality. One approach to such a situation is to supply high-harmonic loads from their own delta/delta transformer. Another is to supply them from their own delta/wye and double the neutral. The approach you choose will depend on the characteristics of your loads and how well you lay out your power distribution system. For example, you might put your computer loads (which have switching power supplies) on a delta/delta transformer, which you would feed from a delta/wye transformer. This would greatly reduce the presence of harmonics in the primary system, partly due to the absence of a neutral connection. But the behavior of the delta/delta transformer



itself, combined with the interaction of delta/delta and delta/wye, will also cause a reduction in harmonics. Notice the word “might” in the question of whether to implement this kind of design. Grounding considerations can make it an undesirable approach, depending on the various loads and the design of the overall electrical system. Keep in mind that this is one of the many ways to mix and match transformers to solve power quality problems. Due to uptime or power quality concerns with complex loads, you may need to mix and match transformer configurations as in the previous example. And that's something you can't do unless you understand both delta and wye calculations. Another issue is proper transformer loading. As a rule of thumb, 80% loading is a good target. If you overload the transformer, though, it goes into core saturation and output consists of distorted waveforms. The clipped peaks typical of saturated transformers cause excess heating in the loads. This issue of transformer loading means you're going to have to perform the transformer calculations just to get basic power quality and reasonable efficiency. So it's important not to oversimplify your approach to transformer selection. It's usually best to do all the calculations using the nameplate kVA. Then, design the distribution system as though all loads are linear. When that's done, identify which loads are high harmonic, such as electronic ballasts, computer power supplies, and motors with varying loads. At this point, you can efficiently work with a transformer supplier to develop a good solution. Now that you understand delta and wye transformer calculations, you can see how important they are to being able to do a quality installation any time you're specifying transformers or considering adding loads to existing transformers. This ability is also important if you're trying to solve a power quality problem or a problem with “unexplained” system trips. You may wish to sharpen this ability by purchasing an electrical calculations workbook or taking on this kind of work in your electrical projects.
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