Engineering Questions and Answers
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Transformer construction;
A transformer basically consists of two inductive winding coils and a laminated steel core. The windings are insulated from each other and the steel core. The core is constructed by laminating sheets of steel together, ensuring a minimum air gap between them. The laminated sheets are of steel to reduce eddy currents which are high in iron made cores. The transformer is a magnetic circuit designed to provide a path for the magnetic field to flow around which is necessary for induction of voltage between the windings. The windings are stacked in a container called the tank. An oil conservator is also used to provide oil in the tank for cooling purposes. 
Operation
The main principle of operation of a transformer is the principle of mutual induction between the windings coil which is linked by a common magnetic flux. Transformers work an alternating current as this current can set up fluctuating flux. The current is fed to the first coil making it be called the primary winding. An alternating flux is set up in the laminated core. The secondary coil is linked to this flux mutually. This produces an electromotive force in the core. This force is mutually linked to the secondary winding. For a secondary closed circuit a current flows in it and thus electrical energy is transferred magnetically from the first coil.
Uses
1. Used in relay and protection purposes in different instruments and industries.
2. To step down or up voltages in a transmission line.
3. For impedance matching. To either lower or increase impedance.
4. Used in isolating two circuits electrically.
Difference between transformers;
Step up transformer is used to step voltage to a larger value. They are used at the generation side before transmission and distribution whereas step down transformers they are used for lowering voltage from high values. They are used on the distribution side for domestic and commercial use of electricity. Both step up and step down are voltage transformers. 
Current transformers are used for protection, measurement, and control in high voltage electrical substations. It is used for measuring alternating current. The secondary current is proportional to the current in the primary transformers.
Impedance matching transformer
Impedance matching transformers are ideal for balancing amplifiers and loads together, the two having different input/output impedances in order to achieve maximum power transfer. 
Question 2
Connection methods
For line voltages 11kV to 400V system
1. Star-star connection
Phase voltage at input = 
Phase voltage at output = 
For a 440 v line voltage.
Phase voltage at input = 

For line current of 10.4 A
	Phase line current =10.4 A
2. Delta-delta connection
Phase voltage at input = line voltage at input = 11kV
Phase voltage at the input = line voltage at the output = 400 V 
For a 440 v line voltage.
Phase voltage at input = 
For line current of 10.4 A
	Phase line current at input =
Advantage
Economical for large, for low-voltage transformers

3. Star-delta connection
Turn ration 
Line voltage at the output =
Phase voltage at input = 
Phase voltage at the output = line voltage at the output = 231.17 V 
For a 440 v line voltage.
Phase voltage at input = 

For line current of 10.4 A
	Phase line current =10.4 A
Uses
The main use of this connection is at the substation end of the transmission line where the voltage is to be stepped down.
4. Delta-star connection
Line voltage at the output=
Phase voltage at input = line voltage at input = 11kV
Phase voltage at output = 
For a 440 v line voltage.
Phase voltage at input = 
For line current of 10.4 A
	Phase line current at input =
Uses
Generally used where the voltage is to be stepped up.



Question 3
From the equivalent circuit of a transformer equivalent impedance of a transformer is obtained which is essential as special attention is given to this parameter when installing the transformer in an existing electrical power system. As the percentage of impedance must be properly matched when operating different power transformers in parallel. 
100 kVA 11kV/400V delta-wye. R=1.5% and reactance=8%
a. Primary winding
Solution

b. Voltage regulation
Solution
%regulation = 1.5*0.7 + 5*0.714 = 29.61 %
Question 4
Why transformer cannot operate at 100% efficiency
A transformer on no load conditions
[image: transformer no-load condition]
On no-load conditions, the transformer secondary is open circuit. This no current on the secondary side. At the primary side, there is a small current due to the presence of primary voltage. This current must be enough to maintain the back emf due to the resistance to a flow of current. This I0 is made of two currents one for setting up the magnetic flux ( I'm )and the other for core losses which are eddy currents and hysteresis (Ie ).
Phasor diagram on no-load condition 
[image: transformer no-load phasor diagram] [image: transformer no-load equation]
The transformer on load conditions
[image: transformer loading]s
Phasor diagram on full conditions
[image: phasor diagram]
The amount of current drawn by the load from supply by the primary winding is the vector sum of the no-load current, I0 and the additional supply current, I1 as a resulting of loading and which lags behind the supply voltage by an angle ⱷ. Thus the efficiency of transformation cannot be 100% due to the presence of transformer losses and current maintaining the flux.
Part b

 
Angle at no load = 
Angle at load=




Question 5.
a) Solution


b) Solution




Question 6.
Solution
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