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                                          POWER SYSTEMS LAB 
INSTRUCTION                                                                                                                                   2 PERIOD PER WEEK 

DURATION OF UNIVERSITY EXAMINATION                                                                            3 HOURS  

UNIVERSITY EXAMINATION                                                                                              50 MARKS 

SESSIONAL                                                                                                                            25 MARKS 

 

LIST OF EXPERIMENTS 

 

1. DETERMINATION OF EFFICIENCY AND REGULATION OF SHORT, MEDIUM AND LONG   

TRANSMISSION LINE. 

2. IDMT CHARACTERISTICS OF OVER CURRENT RELAY AND STUDY OF BUCHCHOLZ RELAY. 

3. DIFFERENTIAL PROTECTION OF TRANSFORMER. 

4. SEQUENCE IMPEDANCE OF 3 PHASE ALTERNATORS. 

5. DETERMINATION OF POSITIVE NEGATIVE AND ZERO SEQUENE REACTANCE OF 3-PHASE 

TRANSFORMERS. 

6. CHARACTERISTICS OF STATIC RELAY. 

7. DETERMINATION OF DIELECTRIC STRENGTH OF OIL AND STUDDY OF MEGGAR. 

8. MEASUREMENT OF CAPACITANCE OF 3 CORE CABLES. 

9. SIMULATION OF STRING OF INSULATORS FOR DETERMINATION OF VOLTAGE DISTRIBUTION 

AND STRING EFFICIENCY. 

10. DETERMINATION OF A, B, C AND D CONSTANTS OF SHORT MEDIUM AND LONG LINES. 

11. SYNCHRONOUS MACHINE REACTANCE AND TIME CONSTANT FROM 3 PHASE SC TEST 

12. FAULT LOCATION OF UNDERGROUND CABLES 

13. PARALLEL OPERATION OF ALTERNATORS 

14. STATIC EXCITATION OF SYNCHROUNOUS GENERATOR. 

 

AT LEAST 10 EXPERIMENTS SHOULD BE COMPLETED IN THE SEMESTER. 
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INDEX 
S.NO DATE OF 

EXPERIMENT 

NAME OF EXPERIMENT PAGE NO FACULTY 

SIGNATURE 

1  CHARACTERISTIC OF STATIC OVER 

CURRENT TIME RELAY AND STUDY OF 

BUCHCHOLZ RELAY 

  

2  DETERMINATION OF DIELECTRIC 

STRENGTH OF TRANSFORMER OIL AND 

STUDY OF MEGGER. 

  

3  IDMT CHARACTERISTICS OF OVER 

CURRENT RELAY. 

  

4  DETERMINATION OF REGULATION & 

EFFICIENCY OF SHORT MEDIUM AND 

LONG TRANSMISSION LINES. 

  

5  DETERMINATION OF POSITIVE 

NEGATIVE AND ZERO SEQUENCE 

REACTANCE OF 3-PHASE 

TRANSFORMERS. 

  

6  MEASUREMENT OF CAPACITANCE OF 3 

CORE CABLES. 

  

7  DETERMINATION OF A,B,C & D 

CONSTANTS OF SHORT,MEDIUM AND 

LONG LINES. 

  

8  SIMULATION OF STRING OF 

INSULATORS FOR DETERMINATION OF 

VOLTAGE DISTRIBUTION AND STRING 

EFFICIENCY. 

  

9  DIFFERENTIAL PROTECTION OF SINGLE 

PHASE TRANSFORMER. 

  

10  SEQUENCE IMPEDANCE OF 3 PHASE 

ALTERNATORS. 
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AIM: To study the characteristics of static over current time relay. 

APPARATUS:  

1. Over current relay  2. Control Panel 3. Fault creation Panel 

4.   Digital Ammeter  5. Connecting Wires 

  

CIRCUIT DIAGRAM: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THEORY: 

  A Static relay refers to a relay in which there is no other moving element and response is 

developed in electronic, magnetic or other components. The solid-state components used are transistors, 

diodes, resistors, capacitors etc. 
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In such a relay, the relay contacts close immediately after the current in the relay coil exceeds 

that for which it is adjusted. One of the most important considerations in over current relay is the speed 

of operation. Relay with inverse current time characteristics are widely employed in distribution network 

and industrial plant system to achieve reasonably fast operation over a wide range of short circuit 

current. 

Pickup level of actuating signal: The value of actuating quantity (voltage or current) which is on 

threshold above which the relay initiates to be operated. 

 

PROCEDURE: 

 

1. Make connections as shown in the diagram. 

2. Keep the Autotransformer Knob at zero position. 

3. Set the current in the relay at position 2 (1A) 

4. Set the value of operational time setting at any particular time in seconds. 

5. Switch ON the supply. Now using the Auto Transformer, increase the load current slightly 

more than the set current in the relay and observe the digital ammeter reading.  

6. You will observe that the relay trips as the current exceeds the set value of current of 1A. 

Tripping of relay will shut down the control circuit. 

7. Again bring back the Auto Transformer to initial position and repeat the above steps for 

different values of currents as 2, 3, 4 & 5A. 

8. Tabulate the readings in the tabular column. 
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TABULAR COLUMN: 

S.No. Presetted Current (A) Relay Operated Current (A) 

   

   

   

   

   

 

PRECAUTIONS: 

1. Connections should be properly done. 

2. Don’t touch the wires while performing the experiment. 

3. Increase the current within the safe value 

 

RESULT: 
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Study of Buchholz Relay 

 

AIM: To study and test the working of Buchholz relay used for transformer protection for  

Internal or incipient faults. 

APPARATUS:  

1. Buchholz relay fitted on stand with pipe line, valves & conservator tank. 

2. Air compressor to produce air pressure 

3. Control Panel. 

4. Transformer oil 

 

CIRCUIT DIAGRAM: 
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THEORY: 

INTRODUCTION:  

A Buchholz relay is a gas actuated relay which is operating under the abnormal conditions of 

transformer. It is connected between the conservator and transformer tank. The gas produced by 

abnormal conditions in the transformer collects in the relay, which lower the oil level so that the top 

float of the relay gradually comes down and ultimately operates the mercury switch when it reaches a 

certain level. This switch is usually connected to an external alarm circuit. This fault is considered to be 

the minor fault. 

Abnormal conditions associated with major fault causes a surge in the oil level which moves towards the 

expansion vessel. This surge displaces the lower fault operating switch associated with it is customary to 

connect this switch in the trip circuit to ensure that the transformer is disconnected on the operation of 

this switch and this prevents the further damage. 

The Buchholz Relay is provided with two glass windows. Both of these have a generated level to 

indicate the volume of gas collected inside. The alarm and trip circuit terminals are brought into a 

terminal box which is having terminals for connections from left to right. 

A drain hole with plug is provided under the relay body which comprises of an oil tight case with cover. 

It is provided with two binged floats which separate mercury switches connected to customer’s 

protective alarm or tripping circuits.  

OPERATION OF THE RELAY: 

When a minor fault occurs, heat is produced due to connect leakage and some of the oil in the 

transformer tank evaporates and some vapors collect in the top of the chamber while passing it to the 

conservator tank. When a predetermined amount of vapors accumulate in the top of the chamber, the oil 

level falls down and the mercury switch attached to the float is activated and closes the alarm circuit and 

rings the bell. 

When a severe fault occurs, large amount of gas will be evaporated so that the lower float containing a 

mercury switch mounted on a hinged type float is fitted and the trip coil is energized. As soon as the trip 

coil is energized then the transformer will be removed from the service. 
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The main advantage of Buchholz Relay is that it detects the incipient faults like inter turn faults (or) core 

heating and so may enable a transformer to be taken out of service before serious damage occurs.  

Buchholz relay has a limitation that faults below oil levels are only detected whereas faults above oil 

level will be ignorant. 

PROCEDURE: 
 

1. Connect the phase and Neutral into the trip side. 

2. Connect the output to the Motor 

3. Connect the alarm point to the alarm point of relay 

4. Connect the trip point to the trip point of relay 

5. See that the oil level in the Buchholz Relay is nearly about 100 (completely filled)  

6. Switch ON the MCB 

7. Push the green button, and start the air compressor by pushing up the red Knob. 

8. When the needle reaches to 40 in the air compressor meter, press the red knob down and release 

the air of air compressor using push valve. 

9. As soon as the air is released, the oil level in the Buchholz relay decreases and the alarm starts 

ringing (it will ring till the oil level is again full in the Buchholz relay). 

10. When the maximum amount of oil level is decreased then the circuit is tripped and the control 

unit gets shut down. 

11. With the help of valve near the Buchholz relay, bring the level of the oil in the relay to its 

maximum position. 

12. Now switch OFF the MCB. 

 

RESULT: 

 

  

Lab Incharge signature 
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Dielectric strength of Transformer oil 

AIM:  

 To determine the dielectric strength of the given transformer oil using Oil testing Kit. 

APPARATUS: 

1. Transformer oil test kit 

2. Oil Test cell with two electrodes maintaining a distance in mm. 

3. Transformer oil 

 

CIRCUIT DIAGRAM: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THEORY:  

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 

starts between two electrodes immersed 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 
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http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
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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 is 4mm) between them. 

Now slowly rising voltage is applied between the electrodes. Rate of rise of voltage is generally 

controlled at 2 KV/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. 

 

PROCEDURE: 

1. Take out the oil test cell container and maintain the gap of 2.4mm using metallic strip provided.  

2. Fill the test cell container with transformer oil so that the electrodes are completely dipped in the 

oil without disturbing the gap between electrodes. 

3. Turn ON the main switch and see that the voltmeter shows zero reading. 

4. Set the toggle switch to lower position and then raise the voltage using toggle switch.  

5. As soon as the toggle switch is turned to raise position, start the Stop watch. 

6. Spark occurs between the electrodes in the test cell and stop the watch as spark comes. 

7. Note down the Voltmeter and Stop watch readings in the tabular column. 

8. Push the toggle switch to lower position and when indicator turns ON push the Red button 

switch to shut down the testing kit. 

9. Remove the test cell container and tilt the oil with the metallic strip and again repeat the same 

procedure by maintaining the 2.4mm gap and tabulate the results. 

 

http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
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10. Repeat the above procedure by maintaining a gap of 2.5mm between the electrodes. 

11. At least three readings should be taken with 2.4 and 2.5mm gap. 

TABULAR COLUMN & CALCULATIONS: 

Distance between electrodes = 2.4mm 

S.No. Voltage Breakdown (KV) Time (Sec) 

   

   

   

 

Average Breakdown Voltage (Vbr) = ………………….KV 

Dielectric Strength of Oil =    Average Breakdown Voltage  = ……………….KV/mm 

Distance between the electrodes 

Distance between electrodes = 2.5mm 

S.No. Voltage Breakdown (KV) Time (Sec) 

   

   

   

 

Average Breakdown Voltage (Vbr) = ………………….KV 

Dielectric Strength of Oil =    Average Breakdown Voltage  = ……………….KV/mm 

Distance between the electrodes 

RESULT: 

 

 

Lab Incharge signature 
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Study of Megger 

AIM:  

 To measure the insulation of a wire using Megger 

APPARATUS: 

1. Megger Set. 

2. Insulated wire 

 

CIRCUIT DIAGRAM: 

 

THEORY:  

 

The ratiometer ohmmeters may be designed to cover a wide range of resistances. The principle 

of ratiometer ohmmeters is particularly adapted to application in portable instruments measuring 

insulation resistance. This principle forms the basis of insulation testing instrument known as Megger. 

Construction and working of Megger: 

The main parts of the Megger are shown in the figure above. 
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The current coil is same as that of permanent magnet moving coil instrument.V1 and V2 these are the 

two potential or voltage coils. The voltage coil V1 holds the annular magnetic core. As shown in figure 

voltage coil V1 is in weak magnetic field when the pointer is at infinity and hence this coil exerts very 

little torque. 

 

The torque exerted by this voltage coil increases as it moves into a stronger field and this torque 

will be maximum when it is under the pole face and under this condition the pointer will be at its zero 

end of the resistance scale. In order to modify further the torque in the voltage circuit, another voltage 

coil V2 is used. This coil is also located in such a way that it can move from infinity to zero position of 

the resistance scale. The coil finally holds the extension H of the pole piece. 

 

The combined action of the two voltage coils V1 and V2 may be considered as though the coils 

constituted a spring of variable stiffness, being very stiff near the zero end of the scale where the current 

in the current coil is very large (on account of unknown resistance Rx is very small), and very weak near 

the infinity end of the scale where the current in the current coil is very small (on account of unknown 

resistance Rx is very large). 

 

Thus this effect compresses the low resistance portion of the scale and opens up the high 

resistance position of the scale. This is a great advantage since this instrument is meant to be used as 

“insulation tester” as the insulation resistances are quite high. The voltage range of the Megger can be 

controlled by voltage selector switch. This can be done by varying the resistance ‘R’ connected in series 

with the current coil. The test voltages are usually 500, 1000 or 2500 V can be generated using hand 

driven generator G.  

 

A centrifugal clutch is incorporated in the generator drive mechanism which slips at a 

predetermined speed so that a constant voltage is applied to the insulation under test. This voltage 

provides a test of strength of low voltage insulation as well as a measure of its 

insulation resistance, since it is sufficient to cause breakdown at faults. Such breakdowns are indicated 

by sudden motion of the pointer off scale at zero ends. As the same magnet system supplies magnetic  

 

http://myclassbook.wordpress.com/2013/06/05/wattmeter-connections/
http://myclassbook.wordpress.com/2013/05/22/potentiometer-method-for-low-resistance-measurement/
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fields for both instrument and generator, and as current and voltage coils moves in a common magnetic 

field, the instrument indications are independent of the strength of the magnet. 

 

PROCEDURE: 

 

1. Disconnect the item being tested from other circuitry and the power supply if possible. It may 

not be possible to remove the device from other device if it is connected to, so in these cases it is 

ok to have them connected. 

2. Connect one test lead of the megger to the insulation and the other test lead to the conductor. For 

example, if you are testing insulation for an electrical wire, the outer covering of the wire is the 

insulator and the copper wire that lies inside the insulation is the conductor. 

 

3. Rotate the crank until the slip clutch beings to slip. You will hear a click as you rotate the crank. 

The rotation powers the DC Generator, which is connected to a meter. The connections between 

the test leads, the insulation, and the conductor are made when the DC generator turns ON. 

4. Note the reading from the meter. The readings will be in millions of Ohms. The ideal meter 

reading should be one Mega ohm for each 1000volts of operating voltage. For example, if you 

are testing a motor that has a 2,400 operating voltage, the megger readings should be around 2.4 

Mega ohms. For Lower operating voltage, the minimum reading should never be lower than one 

Mega ohm. 

5. Remove the conductor and insulator from the test leads. 

 

RESULT: 

 Performance of Megger is studied. 

 

 

Lab Incharge signature 
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IDMT Characteristics of Over Current Relay 
 

AIM: To plot the characteristics of an Inverse definite minimum time relay. 

APPARATUS:  

 

1. Over current relay   2. Current injection test kit 

 3.   Ammeter (0-20A)   4. Connecting wires  

  

CIRCUIT DIAGRAM: 

 

1 2 3 4 
Electromagnetic Over 

Current Relay 
9 10 11 12 

 

 

 

 

 

 

 

  

 

 

  

 

CURRENT INJECTION TEST KIT 

THEORY: 

Working Principle of Over Current Relay 

In an over current relay, there would be essentially a current coil. When normal current flows through 

this coil, the magnetic effect generated by the coil is not sufficient to move the moving element of the 

relay, as in this condition the restraining force is greater than deflecting force. But when the current 

through the coil increased, the magnetic effect increases, and after certain level of current, the deflecting 

            CONTACT  
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http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
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force generated by the magnetic effect of the coil, crosses the restraining force, as a result, the moving 

element starts moving to change the contact position in the relay. 

Although there are different types of over current relays but basic working principle of over current 

relay is more or less same for all.  

Types of Over Current Relay 

Depending upon time of operation, there are various types of OC relays, such as,  

1. Instantaneous over current relay. 

2. Definite time over current relay. 

3. Inverse time over current relay. 

Inverse Definite Minimum Time Over Current Relay or IDMT O/C Relay 

Ideal inverse time characteristics cannot be achieved, in an over current relay. As the current in the 

system increases, the secondary current of the current transformer is increased proportionally. The 

secondary current is fed to the relay current coil. But when the CT becomes saturated, there would not 

be further proportional increase of CT secondary current with increased system current. 

From this phenomenon it is clear that from trick value to certain range of faulty level, an inverse time 

relay shows exact inverse characteristic. But after this level of fault, the CT becomes saturated and relay 

current does not increase further with increasing faulty level of the system. As the relay current is not 

increased further, there would not be any further reduction in time of operation in the relay. This time is 

referred as minimum time of operation. 

Hence, the characteristic is inverse in the initial part, which tends to a definite minimum operating time 

as the current becomes very high. That is why the relay is referred as inverse definite minimum time 

over current relay or simply IDMT relay. 

 

PROCEDURE: 
 

1. Connections are made as per the circuit diagram with ammeter ranging from 0-5A. 

2. Care should be taken that current knob is in minimum position. 

3. Before switching ON the main supply set the relay PSM at position 1 and TSM at 0.8. 

4. Keep toggle switch at Adj. mode and Switch ON the main supply and press the ON button and 

increase the current till relay disc just starts rotating  

http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/current-transformer-ct-class-ratio-error-phase-angle-error-in-current-transformer/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
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5. Note this current, which is called ‘pick-up current’ for the plug setting multiplier and switch 

OFF the supply. 

6. Now without disturbing Variac position, keep toggle switch at Test mode and timer switch at IN 

mode, press ON button and record the time. 

7. Now Set the fault current (say 2A) by pressing ON button and then press OFF button. 

8. Press ON button and wait till the trip contacts are closed which is indicated by the timer when it 

stops recording time in seconds. 

9. Record the corresponding time to the fault current. 

10. Repeat step 8 for different values of fault currents up to 10A and note the corresponding time. 

11. Repeat the above procedure for different PSMs and TSMs as mentioned in Tabular Column. 

PSM    =   Fault current in relay coil 

                    Pick-Up current 

                                                        =                Fault current in relay coil 

                            Current setting x rated secondary current of C.T. 

Time Setting Multiplier (TSM): - A relay is generally provided with control to adjust the time of 

operation. This adjustment is known as Time-setting Multiplier. 

TABULAR COLUMN & CALCULATIONS: 

S.No. 

TSM = 0.8 

PSM = 50% PSM = 100% 

Actuating Quantity (I) Operating time (sec) Actuating Quantity (I) Operating time (sec) 
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S.No. 

TSM = 0.9 

PSM = 50% PSM = 100% 

Actuating Quantity (I) Operating time (sec) Actuating Quantity (I) Operating time (sec) 

     

 

 

 

 

 

 

 

 

 

 

PRECAUTIONS: 

1. Care should be taken that the disk must be stationary before applying the Fault Current. 

2. PSM and TSM must be changed with due course. 

EXPECTED GRAPH: 

 

 

 

Time in seconds 

 

 

     Current (TSM) 

 

RESULT: 

 

 

 

Lab Incharge signature 
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Regulation and Efficiency of Short, Medium & Long 

Transmission Lines 

AIM: a) To determine the Regulation and Efficiency of Short, Medium & Long Transmission line by  

               applying purely resistive load 

           b) To observe Ferranti Effect. 

APPARATUS:  

 

S.No. Equipment Type Range Quantity 

1 3-Phase Transmission Line Model   1 

2 Voltmeter MI 0-600V 2 

3 Ammeter MI 0-10A 2 

4 Wattmeter UPF 10/20A, 600V 4 

5 3-Phase Resistive Load   1 

6 3-Phase Variac   1 

7 Connecting Wires    

 

CIRCUIT DIAGRAM 1: 
 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

SEE CIRCUIT DIAGRAM 2 FOR THE 3-PHASE TRANSMISSION LINE MODEL 
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CIRCUIT DIAGRAM 2: 3-Phase Transmission Line Model 
 

      

 

 

 

 

 

 

 

SHORT TRANSMISSIO LINE 
 

           SHORT TRANSMISSION LINE                            MEDIUM TRANSMISSION LINE (T-METHOD) 

 

 

 

 

 

 

 

 

 

MEDIUM TRANSMISSION LINE (π-METHOD)                          LONG TRANSMISSION LINE 

THEORY: 

Electrical power is generated at different generating stations. These generating stations are not 

necessarily situated at the load center. During construction of generating station, number of factors to be 

considered from economical point of view. These all factors may not be easily available at load center; 

hence generating stations are not normally situated very nearer to load center. Load center is the place 

where maximum power is consumed. Hence there must be some means by which the generated power 

must be transmitted to the load center. Electrical transmission system is the means of transmitting 

power from generating station to different load centers. 

The power generated at generating station is in low voltage level as low voltage power generation has 

some economical values. Low voltage power generation is more economical than high voltage 

power generation. At low voltage level, both weight and wide of insulation is less in the alternator, this 

directly reduces the cost and size of alternator. But this low voltage level power cannot be transmitted 
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directly to the consumer end as because this low voltage power transmission is not at all economical. 

Hence although low voltage power generation is economical but low voltage electrical power 

transmission is not economical.  

Electrical power is directly proportional to the product of electrical current and voltage of system. So for 

transmitting certain electrical power from one place to another, if the voltage of the power is increased 

then associated current of this power is reduced. Reduced current means less I2R loss in the system, less 

cross sectional area of the conductor means less capital involvement and decreased current causes 

improvement in voltage regulation of power transmission system and improved voltage regulation 

indicates quality power. Because of these three reasons electrical power mainly transmitted at high 

voltage level. Again at distribution end for efficient distribution of the transmitted power, it is stepped 

down to its desired low voltage level. 

So it can be concluded that first the electrical power is generated at low voltage level then it stepped up 

to high voltage for efficient transmission of electrical energy. Lastly for distribution of electrical energy 

or power to different consumers it is stepped down to desired low voltage level. 

The transmission lines are categorized as three types- 

Short Transmission Line 

The transmission lines which have length less than 80 km 

are generally referred as short transmission lines. For 

short length, the shunt capacitance of this type of line is 

neglected and other parameters like electrical resistance 

and inductor of these short lines are lumped, hence the 

equivalent circuit is represented as given below, 

Let’s draw the vector diagram for this equivalent circuit, 

taking receiving end current Ir as reference. The sending 

end and receiving end voltages make angle with that 

reference receiving end current, of φs and φr, respectively.  

Medium Transmission Line 

The transmission line having its effective length more than 80 km but less than 250 km, is generally 

referred to as a medium transmission line. Due to the line length being considerably high, admittance Y 

of the network does play a role in calculating the effective circuit parameters, unlike in the case of short 
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transmission lines. For this reason the modeling of a medium length transmission line is done using 

lumped shunt admittance along with the lumped impedance in series to the circuit. 

These lumped parameters of a medium length transmission line can be represented using two different 

models, namely- 

Nominal Π Representation of a Medium Transmission Line 

 

Nominal T Representation of a Medium Transmission Line 

 

Long Transmission Line 

A power transmission line with its effective length of around 250 Kms or above is referred to as a long 

transmission line. Calculations related to circuit parameters (ABCD parameters) of such a power 

transmission is not that simple, as was the case for a short transmission line or medium transmission line.     

              The reason being that, the effective circuit length in this case is much higher than what it was for  

the former models (long and medium line) and, thus ruling out the approximations considered there like.  
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PROCEDURE: 

1. Connections are made as per the circuit diagram with ammeter ranging from 0-15A and 

Voltmeter from 0-600V (MI). 

2. Care should be taken that 3-Phase Variac knob is at minimum position. 

3. Switch ON the main supply and adjust the rated voltage using 3-phase Variac. Note down this 

Voltage, Current and Power at both Sending and Receiving end at NO LOAD 

4. Repeat Step-3 for different Resistive loads by turning ON 3-Phase Resistive load. 

5. Tabulate the Ammeter, Voltmeter and Wattmeter readings and calculate Efficiency and 

Regulation of Short, Medium and Long Transmission lines. 

6. First Turn-Off the resistive load then bring 3-phase Variac to minimum position and Switch OFF 

the main supply. 

7. Observe Ferranti Effect for Medium (Nominal T and π) and Long Transmission lines. 

 

TABULAR COLUMN: 

SHORT TRANSMISSION LINE 

S.No VS IS W1 W2 
WS 

(W1+W2) 
Vr Ir W3 W4 

Wr 

(W3+W4) 
%Reg %η 

1. 
(No Load) 

            

 

 

 

 

 

 

 

 

            

 

Where    WS = Power delivered at sending end 

Wr = Power received at receiving end 
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MEDIUM TRANSMISSION LINE: Ferranti Effect 

Sending end voltage Receiving end voltage 

  

 

MEDIUM TRANSMISSION LINE (Nominal-T) 

S.No VS IS W1 W2 
WS 

(W1+W2) 
Vr Ir W3 W4 

Wr 

(W3+W4) 
%Reg %η 

1. 
(No Load) 

            

 

 

 

 

 

 

 

 

            

 

MEDIUM TRANSMISSION LINE (Nominal-π) 

S.No VS IS W1 W2 
WS 

(W1+W2) 
Vr Ir W3 W4 

Wr 

(W3+W4) 
%Reg %η 

1. 
(No Load) 
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LONG TRANSMISSION LINE: 

S.No VS IS W1 W2 
WS 

(W1+W2) 
Vr Ir W3 W4 

Wr 

(W3+W4) 
%Reg %η 

1. 
(No Load) 

            

 

 

 

 

 

 

 

 

            

 

CALCULATIONS: 

 

Voltage regulation of transmission line is measure of change of receiving end voltage from no-load to 

full load condition. 

 

Ferranti Effect: Apply the rated voltage at the sending end and note down the voltage at receiving end. 

Notice that the receiving end voltage should be more than the sending end voltage under No load 

condition. 

 

 

http://www.electrical4u.com/voltage-or-electric-potential-difference/
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Reactive Power Measurement: 

To measure the reactive power, connect the current coil of wattmeter in R-Phase and Pressure coil 

between Y-Phase and Neutral. Apply rated voltage with the help of 3-Phase Variac and measure the 

reactive power by applying resistive load. 

NOTE:  

1. Resistance of Each coil = 0.1Ω 

2. Inductance of each coil = 0.4H 

3. Capacitance of each coil = 0.4µf 

4. In a line there are 10 coils and 10 capacitors. 

 

PRECAUTIONS: 

Keep the voltage at the sending end constant throughout the experiment. 

Follow the color coding of wires given in the experiment. 

 

RESULT: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lab Incharge signature 
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Determination of Positive, Negative and Zero-Sequence 

reactance of 3-Phase Transformer  
 

AIM: a) To determine positive, negative and zero sequence impedance of a 3-phase transformer.         
 

APPARATUS:  
 

S.No. Equipment Type Range Quantity 

1 3-Phase Transformer  5KVA, 415/230V 1 

2 Voltmeter MI 0-60V 1 

3 Ammeter MI 0-5A 1 

4 3-Phase Variac   1 

5 Connecting Wires    

 

CIRCUIT DIAGRAM 1: POSITIVE & NEGATIVE SEQUENCE IMPEDANCE 

 
 

 

 

 

 

 

 

 

CIRCUIT DIAGRAM 2: ZERO SEQUENCE IMPEDANCE 
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THEORY: 

Fault calculation broadly means calculation of fault current in any electrical power system. There are 

mainly three steps for calculating faults in a system. 

1. Choice of impedance notations. 

2. Reduction of complicated electrical power system network to single equivalent impedance. 

3. Electrical fault currents and voltages calculation by using symmetrical component theory. 

Impedance Notation of Electrical Power System  

If we look at any electrical power system, we will find, there are several voltage levels. For example, 

suppose a typical power system where electrical power is generated at 6.6 kV then that 132 kV power is 

transmitted to terminal substation where it is stepped down to 33 kV and 11 kV levels and this 11 kV 

level may further step down to 0.4kv. Hence a same power system network may have different voltage 

levels. So calculation of fault at any location and impedance of the said system becomes much difficult 

and complicated. This difficulty can be avoided if we calculate impedance of different part of the system 

in reference to a single base value. This technique is called impedance notation of power system.  

Electrical power and voltage are generally taken as base quantities. In three phase system, three phase 

power in MVA or KVA is taken as base power and line to line voltage in KV is taken as base voltage. 

The base impedance of the system can be calculated from these base power and base voltage, as follows,  

 

Per unit is an impedance value of any system is nothing but the radio of actual impedance of the system 

to the base impedance value.  

 

 

Again it is sometimes required to convert per unit values referred to new base values for simplifying 

different electrical fault calculations. In that case,  

 

The choice of impedance notation depends upon the complicity of the system. Generally base voltage 

of a system is so chosen that it requires minimum number of transfers. 
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Suppose, one system as a large number of 132 KV overhead lines, few numbers of 33 KV lines and very 

few number of 11 KV lines. The base voltage of the system can be chosen either as 132 KV or 33 KV or 

11 KV, but here the best base voltages 132 KV, because it requires minimum number of transfer during 

fault calculation. 

Network Reduction 

After choosing the correct impedance notation, the next step is to reduce network to a single impedance. 

For this first we have to convert the impedance of all generators, lines, cables, transformer to a common 

base value. Then we prepare a schematic diagram of electrical power system showing the impedance 

referred to same base value of all those generators, lines, cables and transformers. The network then 

reduced to common equivalent single impedance by using star/delta transformations. Separate 

impedance diagrams should be prepared for positive, negative and zero sequence networks. 

There phase faults are unique since they are balanced i.e. symmetrical in three phase, and can be 

calculated from the single phase positive sequence impedance diagram. Therefore three phase fault 

current is obtained by,  

 

 

Where If is the total three phase fault current, V is the phase to neutral voltage Z1 is the total positive 

sequence impedance of the system.  

Symmetrical Component Analysis  

The above fault calculation is made on assumption of three phase balanced system. The calculation is 

made for one phase only as the current and voltage conditions are same in all three phases. When actual 

faults occur in electrical power system, such as phase to earth fault, phase to phase fault and double 

phase to earth fault, the system becomes unbalanced means, the conditions of voltages and currents in all 

phases are no longer symmetrical. Such faults are solved by symmetrical component analysis. 

Generally three phase vector 

diagram may be replaced by 

three sets of balanced vectors. 

One has opposite or negative 

phase rotation, second has 

positive phase rotation and last 

http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/electric-power-single-and-three-phase/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/electric-power-single-and-three-phase/
http://www.electrical4u.com/vector-diagram-three-phase-vector-diagram/
http://www.electrical4u.com/vector-diagram-three-phase-vector-diagram/


DCET  EEE Department Power Systems Lab [Type here] [Type here] 

32 

 

one is co-phasal. That means these vectors sets are described as negative, positive and zero sequence, 

respectively. The equation between phase and sequence quantities are,  

 

Therefore,  

 

 

 

 

 

 

Where all quantities are referred to the reference phase R.  

Similarly a set of equations can be written for sequence currents also. From, voltage and current 

equations, one can easily determine the sequence impedance of the system. The development of 

symmetrical component analysis depends upon the fact that in balanced system of impedance, 

sequence currents can give rise only to voltage drops of the same sequence. Once the sequence networks 

are available, these can be converted to single equivalent impedance. 

Let us consider Z1, Z2 and Z0 are the impedance of the system to the flow of positive, negative and zero 

sequence current respectively.  

For earth fault  

 

 

Phase to phase faults  
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Double phase to earth faults  

 

Three phase faults  

 

If fault current in any particular branch of the network is required, the same can be calculated after 

combining the sequence components flowing in that branch. This involves the distribution of sequence 

components currents as determined by solving the above equations, in their respective network 

according to their relative impedance. Voltages it any point of the network can also be determine once 

the sequence component currents and sequence impedance of each branch are known.  

Sequence Impedances: 

Positive Sequence Impedance  

The impedance offered by the system to the flow of positive sequence current is called positive 

sequence impedance.  

Negative Sequence Impedance  

The impedance offered by the system to the flow of negative sequence current is called negative 

sequence impedance.  

Zero Sequence Impedance  

The impedance offered by the system to the flow of zero sequence current is known as zero sequence 

impedance. 

http://www.electrical4u.com/electric-current-and-theory-of-electricity/
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In previous fault calculation, Z1, Z2 and Z0 are positive, negative and zero sequence impedance 

respectively. The sequence impedance varies with the type of power system components under 

consideration:-  

1. In static and balanced power system components like transformer and lines, the sequence 

impedance offered by the system are the same for positive and negative sequence currents. In other 

words, the positive sequence impedance and negative sequence impedance are same for 

transformers and power lines.  

2. But in case of rotating machines the positive and negative sequence impedances are different. 

3. The assignment of zero sequence impedance values is a more complex one. This is because the 

three zero sequence current at any point in a electrical power system, being in phase, do not sum to 

zero but must return through the neutral and /or earth. In three phase transformer and machine 

fluxes due to zero sequence components do not sum to zero in the yoke or field system. The 

impedance very widely depending upon the physical arrangement of the magnetic circuits and 

winding.  

a. The reactance of transmission lines of zero sequence currents can be about 3 to 5 times 

the positive sequence current, the lighter value being for lines without earth wires. This is 

because the spacing between the go and return (i.e. neutral and/or earth) is so much 

greater than for positive and negative sequence currents which return (balance) within the 

three phase conductor groups. 

 

b. The zero sequence reactance of a machine is compounded of leakage and winding    

       reactance, and a small component due to winding balance (depends on winding twitch). 

c. The zero sequence reactance of transformers depends both on winding connections and 

upon construction of core. 
 

 

PROCEDURE: 

1.   Positive Sequence & Negative Sequence Impedances (Z1=Z2) 

2.   Positive sequence impedance (Z1) of the given transformer equals the leakage impedance and   

can be determined by conventional short circuit test. 

3.   Connect the circuit according to the circuit diagram 1. 

http://www.electrical4u.com/electric-current-and-theory-of-electricity/
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4. Switch ON the supply and apply the low voltage such that ISC flows through the transformer 

secondary side. Apply the voltage upto 30V in steps of 10V using 3-Phase Variac and tabulate 

the readings 

5. Positive sequence impedance (Z1) = Vsc / Isc where Vsc = Ea /√3 

6. Zero Sequence impedance (Z0) of a transformer depends upon the winding type and also upon 

whether the neutral is grounded or not.  

7. Connect the circuit as per circuit diagram 2 

8. Apply the voltage upto 30V in steps of 10V and tabulate the readings of Voltage and Current. 

9. Zero Sequence Impedance can be calculated as Z0 = E /3I. 
 

TABULAR COLUMN: Positive Sequence Impedance 

S.No. 
Voltage(Ea) 

Volts 

CURRENT(Amps) 

ISC 

VOLTAGE(Volts) 

VSC = Ea/√3 

+Ve Sequence Impedance 

(Z1) = Vsc/Isc 

     

     

     

     

 

Negative Sequence Impedance 

S.No. 
VOLTAGE(Volts) 

E 

CURRENT(Amps) 

I 

Zero Sequence Impedance 

(Z0) = E/3I 

    

    

    

    

 

RESULT: 

   

 

 

Lab Incharge signature 
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Measurement of Capacitance of Three-Core Cable 
 

AIM: a) To measure core to core capacitance (Cc), Core to Earth capacitance (Ce) and Charging 

Current (Ic) in the three core Underground Cable. 
 

APPARATUS:  

1. Three Core Cable of 2.5 meter Length 

2. LCR meter 

3. Connecting Probes 

CIRCUIT DIAGRAM:  

 

 

 

 

 

 

 

 

              Measurement of CE          Measurement of CC       Measurement of CN 

THEORY:  

The capacitance of a cable is much more important than that of Overhead Transmission line because in 

cables, conductors are very nearer to each other and to the earthed sheath and they are separated by a 

dielectric of permittivity much greater than that of air as shown in the figure. 

 

Figure 1 

C1 C2 C3 
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   Figure 2      Figure 3 

  

 Figure 1 shows the complete structure of the Underground cable along with the layers of 

insulations. Figure 2 shows a system of capacitances in a 3-core belted cable used for 3-phase system. 

Since potential difference exists between pairs of conductors and between each conductor and the 

sheath. Electrostatic fields are set up in the cable. These electrostatic fields give rise to core-core 

capacitance Cc and conductor earth capacitance CE  as shown in the figure 3. The three capacitances Cc 

are connected in delta where as the three Earth capacitances CE are connected in Star. The sheath 

forming the star point is shown in figure 4. 

 

 

 

 

 

 

 

 

Figure 4       Figure 5      Figure 6 

Where       CEq = 3Cc       ………………………(1) 

Therefore, the whole cable is equivalent to three star connected capacitors, each of capacitance CN as 

shown in the figure 6, where 

       CN = CE + 3CC    ………………………(2) 

CE 

CE CE 
CC 

CC CC 

Conductor 

Sheath 

CC CC 

CC 

CE 

CE CE 

A 

C B 

CEq 

CEq 

CEq 

CE 

CE 

CE 

A 

C B 

A 

C B 

CN 

CN CN 
N 
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CALCULATIONS: 

Z1 =     Z12xZ13 

             Z12+Z23+Z13 

Where Z12 = Z23= Z13= 1/ωCC 

Z1 = 1/ωCC x 1/ωCC 

        3/ ωCC 

                                                Z1 = 1/3 ωCC       ………………………(3) 

Where     Z1 = 1/ ωC1 

1/ ωC1 = 1/3 ωCC 

                                                C1 = 3CC    ………………………(4)          

where C1= CEq 

If Vph is the phase voltage, then Charging Current is given as 

 IC =        Vph       

     Capacitive reactance per phase 

 Vph        =       Vph  

   XCN             1/ωCN 

IC = ωCN Vph     Amperes     where CN = CE + 3CC 

 

 

1. CE/Km = CE (measured) x 1000/ 2.92 

2. CE/Km = CE (measured) x 1000/ 2.92 

3. CE/Km = CE (measured) x 1000/ 2.92 

4. IC = ωCN Vph = 2πf CN Vph  where f= 50Hz & Vph = 440 /√3 

 

PROCEDURE: 

1. Three cores of an Underground Cable i.e., R,Y,B are bunched together. Measure the capacitance 

between bunched conductors and the Neutral wire using LCR meter. This is C1 and CE can be 

calculated as 

CE =   C1       nano Farad 

      3 
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2. Now bunched any two core i.e., R, Y or B and measure the capacitance between the two bunched 

cores and the third core using LCR meter. This is C2 and CC can be calculated as 

CC =   C2 -- CE     nano Farad 

    3 

3. Finally measure the capacitance between any two cores of an Underground cable keeping the 

third core free along with the neutral wire using LCR meter. This is C3 and CN can be calculated 

as 

CN = 2 C3      nano Farad 

 

TABULAR COLUMN: 

S.No. C1(nf) C2(nf) C3(nf) CE(nf) CC(nf) CN(nf) IC(   A) 

        

 

RESULT: 

 

1. CE/Km = …………………………………………….. 

2. CE/Km = …………………………………………….. 

3. CE/Km = …………………………………………….. 

4. IC = …………………………………………………. 

 

 

 

 

Lab Incharge signature 
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Determination of A, B, C & D constants of Short, Medium 

and Long lines 

AIM: a) To determine the A, B, C & D constants of Short, Medium and Long lines. 
 

APPARATUS:  
 

S.No. Equipment Type Range Quantity 

1 1-Phase Transmission Line Model   1 

2 Ammeter MI 0-10A 1 

3 Voltmeter MI 0-30V 1 

4 Voltmeter MI 0-300V 1 

5 Wattmeter  10A, 300/75/4f 1 

6 Connecting Wires    

 

CIRCUIT DIAGRAM: 

1. Measurement of Zro & ZSO: 

 

 

 

 

 

 

 

 

2. Measurement of Zrs & ZSS: 
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THEORY: 

A major section of power system engineering deals in the transmission of electrical power from one 

particular place (eg. generating station) to another like substations or distribution units with maximum 

efficiency. So it’s of substantial importance for power system engineers to be thorough with its 

mathematical modeling. Thus the entire transmission system can be simplified to a two port network 

for the sake of easier calculations. 

The circuit of a 2 port network is shown in the diagram below. As the name suggests, a 2 port network 

consists of an input port PQ and an output port RS. Each port has 2 terminals to connect itself to the 

external circuit. Thus it is essentially a 2 port or a 4 terminal circuit, having  

 

VS = Sending end voltage;  Vr=Receiving end voltage 

IS = Sending end current;  Ir = Receiving end current 

Now the ABCD parameters or the transmission line parameters provide the link between the supply 

and receiving end voltages and currents, considering the circuit elements to be linear in nature. Thus the 

relation between the sending and receiving end specifications are given using ABCD parameters by the 

equations below.  

Vs = AVr + B Ir        ……………………………..(1) 

 Is = CVr + D Ir……………………………….…(2) 

Now in order to determine the ABCD parameters of transmission line let us impose the required circuit 

conditions in different cases. 

ABCD Parameters, When Receiving End is Open Circuited 

 

http://www.electrical4u.com/electrical-power-transmission-system-and-network/
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The receiving end is open circuited meaning receiving end current IR = 0. 

Applying this condition to equation (1) we get, 

Vs = AVr + Bx0 = AVr + 0 

A= VS 

      Vr      Ir = 0 
 

Thus it implies that on applying open circuit condition to ABCD parameters, we get parameter A as the 

ratio of sending end voltage to the open circuit receiving end voltage where A is a dimension less 

parameter. Now Applying the same open circuit condition i.e IR = 0 to equation (2) 

 

Thus its implies that on applying open circuit condition to ABCD parameters of transmission line, we 

get parameter C as the ratio of sending end current to the open circuit receiving end voltage. Since 

dimension wise C is a ratio of current to voltage, its unit is mho. 

Thus C is the open circuit conductance and is given by 

C = IS ⁄ VR mho.  

ABCD Parameters, When Receiving End is Short Circuited 

 

Receiving end is short circuited meaning receiving end voltage VR = 0 

Applying this condition to equation (1) we get, 

 

Thus its implies that on applying short circuit condition to ABCD parameters, we get parameter B as the 

ratio of sending end voltage to the short circuit receiving end current. Since dimension wise B is a ratio 

http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electrical-conductivity-of-metal-semiconductor-and-insulator/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/voltage-or-electric-potential-difference/
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of voltage to current, its unit is Ω. Thus B is the short circuit resistance and is given by 

B = VS ⁄ IR Ω. Applying the same short circuit condition i.e VR = 0 to equation (2) we get 

 

Thus its implies that on applying short circuit condition to ABCD parameters, we get parameter D as the 

ratio of sending end current to the short circuit receiving end current. Since dimension wise D is a ratio 

of current to current, it’s a dimension less parameter. ∴ The ABCD parameters of transmission line can 

be tabulated as:- 

Parameter Specification Unit 

A = VS / VR Voltage ratio Unit less 

B = VS / IR Short circuit resistance Ω 

C = IS / VR Open circuit conductance mho 

D = IS / IR Current ratio Unit less 

  

CALCULATIONS: 

ZSO = Sending end impedance with receiving end Open circuited. 

ZSS = Sending end impedance with receiving end short circuited. 

Zro = Receiving end impedance with Sending end Open circuited. 

Zrs = Receiving end impedance with Sending end short circuited. 

We have Vs = AVr + B Ir        ……………………………..(1) 

   Is = CVr + D Ir 

For making impedance measurements on the sending end side, we get 

ZSO = Vs / Is = A / C if Ir = 0 (Open circuited line)      then 

W = VI cosф1 

cosф1 = W / VI         ф1 = cos-1(W / VI) 

therefore, ZSO = Vs / Is ∟ ф1 = A / C∟ ф1 

and ZSS = Vs / Is = B / D for Vr = 0 (Short circuited) 

http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
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W = VI cosф2 

cosф2 = W / VI         ф2 = cos-1(W / VI) 

therefore, ZSS = Vs / Is ∟ ф2 = B / D∟ ф2 

the impedance are complex quantities for which the magnitudes are obtained by the ratio of the voltage 

and currents and the angle can be obtained with the help of wattmeter reading. 

Also  Vr = DVS -- B IS ………………………………….(2) 

 Ir = CVS -- A IS 

The direction of sending end circuit is according to the equation (1) where the current enters while 

performing the test on receiving end side, the direction of the circuit will be according to equation(2) 

and equation (2) becomes 

Vr = DVS + B IS 

 Ir = CVS + A IS 

Therefore  

Zro = Vr / Ir  = D / C for sending end open circuit IS = 0 

For short circuits, VS = 0 

Zrs= Vr / Ir  = B / A (complex notation) 

Therefore Zro -- Zrs = D / C-- B / A = AD – BC / AC = 1/ AC 

Zro -- Zrs  = 1/ AC  

Multiply on both sides by C/A, then we get 

Zro -- Zrs x (C/A)  = 1/ AC x (C /A) 

Zro -- Zrs / (A/C) = 1/ A2 then 

A2 = ZSO / Zro -- Zrs  since ZSO = A/C 

Hence       A =    √ ZSO 

   √ Zro -- Zrs 

 

B = A Zrs =  Zrs √ ZSO  B = Zrs √ ZSO                           

√ Zro -- Zrs           √ Zro -- Zrs 
 

Since ZSO = A/C   C = A/ ZSO  

C =             √ ZSO 

                 ZSO √ Zro -- Zrs 
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Therefore, D = C Zro =      Zro √ ZSO 

                      ZSO √ Zro -- Zrs 

D =     Zro √ ZSO 

                ZSO √ Zro -- Zrs 

Hence for a symmetric network Zro = ZSO   since D = A 

Surge Impedance: 

Surge impedance is the characteristic impedance of a loss less line. Surge impedance is defined as the 

square of Z/y where Z is the series impedance and y is the shunt admittance. 

The surge impedance of line may be measured in terms of Zoc and Zsc. These are the impedances 

measured at sending end with receiving end open circuited and short circuited respectively for a 

transmission line. 

When the line at receiving end is open circuited, Ir = 0 and Vs = AVr & Is = CVr 

Hence Zoc = Vs / Is = A / C  

Hence ZSC = Vs / Is = B / D 

Multiplying Zoc and ZSC we get 

Zoc x ZSC = A/C x B/D = B/C (since A=D for symmetric network) 

but B = √ Z/Y Sinh√γZ and 

      C = √ Y/Z Sinh√γZ 

Therefore B/C = Z/Y 

Hence Surge Impedance is   Zoc x ZSC = B/C = Z/Y 

CALCULATIONS: 
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TABULAR COLUMN: Measurement of Zro & Zso 

S.No. VOLTAGE(Volts) CURRENT(Amps) Power (Watts) Zro or ZSO 

     

 

Measurement of Zrs & Zss 

S.No. VOLTAGE(Volts) CURRENT(Amps) Power (Watts) Zrs or ZSS 

     

 

S.No. A B C D AD--BC  Zoc ZSC 
Surge 

Impedance 

         

 

RESULT: 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Lab Incharge signature 
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Simulation of String of insulators for determination of 

voltage distribution and string efficiency 

AIM: a) To determine the efficiency of a suspension insulator string with and without guard ring. 
 

APPARATUS:  
 

S.No. Equipment Type Range Quantity 

1 Bread board   1 

2 Single Phase Variac  0-230V 1 

3 Multimeter   1 

4 Capacitors Polyester Capacitor 1µf/250V 3 

5 Capacitors Polyester Capacitor 0.2µf/250V 2 

6 Capacitors Polyester Capacitor 0.1µf/250V 2 

7 Connecting Wires    

 

CIRCUIT DIAGRAM:  

      String without Guard ring           String with Guard ring 
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THEORY:  

  A string of suspension insulators consists of a number of porcelain discs connected in 

series through the metallic links. Consider three discs to be connected in series in the circuit diagram. 

The porcelain portion of each disc is in between two metal links. Therefore, each disc forms a capacitor 

C. This capacitance is known as Mutual capacitance of self-capacitance. If there were mutual 

capacitance alone, then charging current would have been the same through all the discs and 

consequently voltage across each unit would have been the same.  

However, in actual practice, capacitance also exists between metal fitting of each disc and tower or 

earth. This capacitance is known as shunt capacitance. Due to this shunt capacitance, charging current is 

not the same through all the discs of the string. Therefore, voltage across each disc will be different. The 

disc near to the line conductor will have the maximum voltage. 

So it has been noted that the unit nearest to the conductor is under maximum electrical stress and is 

likely to be punctured. So means must be provided to equalize the potential across each unit. This 

unequal potential distribution is undesirable and is usually expressed in terms of String efficiency.  

The ratio of voltage across the whole string to the product of number of discs and the voltage across the 

disc nearest to the conductor is known as string efficiency.  

String efficiency decides the potential distribution along the string. The greater the string efficiency, 

more uniform is the potential distribution along the string. Various methods of improving string 

efficiency are; 

• By using longer cross arms 

• By grading of insulators 

• By using a Guard ring. 

One of the method of improving string efficiency is the guard ring. It introduces capacitance between 

metal fittings and the line conductor. It is connected in a manner that it equalizes the effect of shunt 

capacitance. 

NOTE: If the voltage impressed across the string were d.c., then voltage across each unit would be 

the same. It is because insulator capacitances are ineffective for d.c. 

PROCEDURE: 

Without guard ring 

1. Connect the circuit as shown in the figure for string without guard ring. Make sure that 

the single phase Variac should be at minimum position before switching ON the supply. 
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2. Apply the voltage equal to 100 volts by slowly varying the knob. Measure the voltage 

across each capacitor using Multimeter and note the values of voltages. 

3. Calculate the string efficiency using the tabulated values 

With guard ring 

1. Connect the circuit as shown in the figure for string with guard ring. Make sure that the 

single phase Variac should be at minimum position before switching ON the supply. 

2. Apply the voltage equal to 100 volts by slowly varying the knob. Measure the voltage 

across each capacitor using Multimeter and note the values of voltages. 

3. Calculate the string efficiency using the tabulated values 

CALCULATIONS: 

ηString  =                      voltage across the string 

   n x voltage across the disc nearest to the conductor 

where n = number of discs in the string 

TABULAR COLUMN: Without Guard ring 

S.No. V1 V2 V3 V4 V5 ηString 

       

 

With Guard ring 

S.No. V1 V2 V3 V4 V5 V6 V7 ηString 

         

 

PRECAUTIONS:  

1. Carefully connect the capacitors without breaking their leads 

2. See that the connections are tight on the bread board 

3. Take reading without parallax error. 

4. Do not touch the wire while measuring the values using probes of Multimeter. 

RESULT: 

 

 

Lab Incharge signature 
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Differential Protection of Single Phase Transformer. 

AIM: a) To study the applications of differential protection of a two winding transformer. 
 

APPARATUS:  
 

S.No. Equipment Type Range Quantity 

1 Differential Relay   1 

2 Single Phase Variac  0-230V 1 

3 Single Phase Transformer  3KVA, 230/115V 1 

4 Voltmeter MI 0-300V 1 

5 Ammeter MI 0-5A 2 

6 Current Transformers  20,15/5A 2 

7 Connecting Wires    

 

CIRCUIT DIAGRAM:  
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THEORY: Percentage Differential Protection 

Differential relays are very sensitive to the faults occurred within the zone of protection but they 

are least sensitive to the faults that occur outside the protected zone. Most of the relays operate when 

any quantity exceeds beyond a predetermined value, for example over current relay operates when 

current through it exceeds predetermined value. But the principle of differential relay is somewhat 

different. It operates depending upon the difference between two or more similar electrical quantities. 

The differential relay is one that operates when there is a difference between two or more similar 

electrical quantities exceeds a predetermined value. In differential relay scheme circuit, there are two 

currents come from two parts of an electrical power circuit. These two currents meet at a junction point 

where a relay coil is connected. According to Kirchhoff Current Law, the resultant current flowing 

through the relay coil is nothing but summation of two currents, coming from two different parts of the 

electrical power circuit. 

 If the polarity and amplitude of both currents are so adjusted that the phasor sum of these two 

currents, is zero at normal operating condition. Thereby there will be no current flowing through the 

relay coil at normal operating conditions. But due to any abnormality in the power circuit, if this balance 

is broken, that means the phasor sum of these two currents no longer remains zero and there will be non-

zero current flowing through the relay coil thereby relay being operated. 

In current differential scheme, there are two sets of current transformers, each connected to either 

side of the equipment protected by differential relay. The ratio of the current transformers are so chosen, 

the secondary currents of both current transformers matches each other in magnitude. The polarity of 

current transformers are such that the secondary currents of these CTs opposes each other. From the 

circuit it is clear that only if any non-zero difference is created between this to secondary currents, then 

only this differential current will flow through the operating coil of the relay. If this difference is more 

than the pick-up value of the relay, it will operate to open the circuit breakers to isolate the protected 

equipment from the system.  

The relaying element used in differential relay is attracted armature type instantaneously relay 

since differential scheme is only adapted for clearing the fault inside the protected equipment. In other 

words differential relay should clear only internal fault of the equipment hence the protected equipment 

should be isolated as soon as any fault occurred inside the equipment itself. They need not be any time 

delay for coordination with other relays in the system. 

 

http://electrical4u.com/over-current-relay-working-principle-types/
http://electrical4u.com/differential-protection-of-transformer-differential-relays/#Principle-of-Differential-Protection
http://electrical4u.com/kirchhoff-current-law-and-kirchhoff-voltage-law/#Kirchhoff's-Current-Law
http://electrical4u.com/current-transformer-ct-class-ratio-error-phase-angle-error-in-current-transformer/
http://electrical4u.com/current-transformer-ct-class-ratio-error-phase-angle-error-in-current-transformer/
http://electrical4u.com/current-transformer-ct-class-ratio-error-phase-angle-error-in-current-transformer/
http://electrical4u.com/current-transformer-ct-class-ratio-error-phase-angle-error-in-current-transformer/
http://electrical4u.com/electrical-circuit-breaker-operation-and-types-of-circuit-breaker/
http://electrical4u.com/instantaneous-relay/
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In this type of relay, there are restraining coils in addition to the operating coil of the relay. The 

restraining coils produce torque opposite to the operating torque. Under normal and through fault 

conditions, restraining torque is greater than operating torque. Thereby relay remains inactive. When 

internal fault occurs, the operating force exceeds the bias force and hence the relay is operated. This bias 

force can be adjusted by varying the number of turns on the restraining coils. As shown in the figure 

below, if I1 is the secondary current of CT1 and I2 is the secondary current of CT2 then current through 

the operating coil is I1 - I2 and current through the restraining coil is (I1+ I2)/2. In normal and through 

fault condition, torque produced by restraining coils due to current (I1+ I2)/2 is greater than torque 

produced by operating coil due to current I1- I2 but in internal faulty condition these become opposite. 

And the bias setting is defined as the ratio of (I1- I2) to (I1+ I2)/2  

 

It is clear from the above explanation, greater the current flowing through the restraining coils, higher 

the value of the current required for operating coil to be operated. The relay is called percentage relay 

because the operating current required to trip can be expressed as a percentage of through current. 

This simple thumb rule is that the current transformers on any star winding should be connected in delta 

and the current transformers on any delta winding should be connected in star. This is so done to 

eliminate zero sequence current in the relay circuit. 

If the CTs are connected in star, the CT ratio will be In/1 or 5 A CTs to be connected in delta, the CT 

ratio will be In/0.5775 or 5X0.5775 A 

Transformers are normally protected against short-circuits and overheating. For short circuits normally 

percentage differential protection is recommended for transformers rated for more than one mega volt 

Amps and for low rating transformers, over current relaying is used. 
 

Voltage Balance Differential Relay 

In this arrangement the current transformer are connected either side of the equipment in such a manner 

that EMF induced in the secondary of both current transformers will oppose each other. That means the 

secondary of the current transformers from both sides of the equipment are connected in series with 

opposite polarity. The differential relay coil is inserted somewhere in the loop created by series 

connection of secondary of current transformers as shown in the figure. In normal operating conditions 

and also in through fault conditions, the EMFs induced in both of the CT secondary are equal and 

opposite of each other and hence there would be no current flowing through the relay coil. But as soon 
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as any internal fault occurs in the equipment under protection, these EMFs are no longer balanced hence 

current starts flowing through the relay coil thereby trips circuit breaker. 

 

PROCEDURE: 

1. Connections are made as per the circuit diagram. Before switching ON the supply keep the single 

phase Variac at minimum position. 

2. Keep the CT’s primary at 15 or 20A position for both the CT’s and select the %load PSM at 20 

in the relay unit. 

3. Now apply the rated voltage of 220V using single phase Variac to the primary side of 

transformer. Note down the readings of Voltmeter and both Ammeters at No load. 

4. Now switch ON the load mains and close the switches of load one by one until the relay trips 

(indicated by the RED flag in the relay). Note down these readings. Turn off the load and bring 

Variac to minimum position and reset the relay using reset button. 

5. Repeat steps 3 and 4 by selecting % load PSM at 30 and 40 positions in the relay unit and 

tabulate the readings of Voltmeter and Ammeters. 

Voltage Balance Method. 

6. Interchange the terminals S1 and S2 of CT1 or CT2 but not both. 

7. Repeat the same procedure for %load bias (PSM) at 20, 30 and 40% in the relay unit and tabulate 

the readings of Voltmeter and Ammeters and note down the remarks. 

 

TABULAR COLUMN: 

S.No. PSM Voltage(V) Current (I1) Current (I2) 

Whether relay 

operates or 

Not? 
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Voltage Balance Method. 

S.No. PSM Voltage(V) Current (I1) Current (I2) 
Whether relay 

operates or Not? 

      

      

      

      

      

      

 

EXPECTED GRAPH: 

 

PRECAUTIONS: 

1. Do not touch the wire while conducting the experiment 

2. Do not reset the relay by keeping Variac Knob at rated voltage position. 

3. Care must be taken while connecting the terminals of the differential relay. 

RESULT: 

 

 

 

Lab Incharge signature 
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Sequence impedances of 3-Phase Alternators 

AIM: a) To determine the Positive, Negative and Zero Sequence impedances of a Synchronous 

machine. 
 

NAME PLATE DETAILS: 

 MOTOR ALTERNATOR 

   

   

   

   

   
 

APPARATUS:  
 

S.No. Equipment Type Range Quantity 

1 Three Phase Variac  0-440V 1 

2 Ammeter MC 0-2A 1 

3 Ammeter MI 0-5A 1 

4 Voltmeter MI 0-600V 1 

5 Voltmeter MI 0-300V 1 

6 Rheostat  60Ω/5A 1 

7 Rheostat  360Ω/1.6A 1 

8 Rheostat  450Ω/1.4A 1 

9 Connecting Wires    
 

CIRCUIT DIAGRAM 1: Positive Sequence Impedance 
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CIRCUIT DIAGRAM 2: Negative Sequence Impedance 

 

 

 

 

 

 

  

 

CIRCUIT DIAGRAM 3: Zero Sequence Impedance 

 

 

 

 

 

 

 

THEORY: 

The concept of inductive reactance which has been developed for static circuit can be 

extended to synchronous machine, where in number of windings move with reference to each other, 

using method of symmetrical components, the impedances of 3 phase machines are classified for the 

purpose of analysis into positive sequence, Negative sequence, and zero sequence Components. 

  The reactance is the most important component of impedance as resistance is generally 

negligible. A given machine will have only one -Ve sequence reactance and one zero sequence reactance 
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but it can have several +Ve sequence reactance. Depending upon angular position of rotor and whether 

the +Ve sequence armature current is already steady or suddenly Applied. 

When a synchronous generator is carrying an unbalanced load its operation may be analyzed by 

symmetrical components. In a synchronous machine the sequence current produce an armature reaction 

which is stationary with respect to reactance and is stationary with respect to field poles. The component 

currents therefore encounter exactly same as that by a balanced load.  

The negative sequence is produced and armature reaction which rotates around armature at 

synchronous speed in direction to that of field poles and therefore rotates part the field poles at 

synchronous speed. Inducing current in the field damper winding and rotor iron. The impedance 

encountered by the negative sequence is called the – ve sequence impedance of the generator. The zero 

sequence current produce flux in each phase but their combined armature reaction at the air gap is zero. 

The impedance encountered by their currents is therefore different from that encountered by + ve and 

 –ve sequence components and is called zero sequence impedance of generator. 

 

PROCEDURE:  

i) Positive Sequence Impedance 

1. Connections are made as per circuit diagram 1 

2. Keep the rheostat in the armature at maximum and field at minimum resistance position and start 

the dc motor slowly using 3 point starter. Run the machine at rated speed. Potential divider 

should be at minimum (-Ve) position. 

3. With the help of Potential Divider, field current is varied from its minimum value to the rated 

value. Due to this, flux increases the induced e.m.f, thus note down the field current (If) and open 

circuit voltage (Voc) for different values of If. Plot Voc vs If characteristics. 

4. Replace the voltmeter with the Ammeter and Short any two phase terminals. Repeat step 3 for 

different values of If until the rated current is obtained in the ammeter. Tabulate the readings in 

the tabular column and plot Isc vs If characteristics. 

5. Bring Potential divider at minimum position and turn off the supply. 

6. Calculate positive sequence impedance at the intersection point of Voc and Isc. 

ii) Negative Sequence Impedance 

1. Connections are made as per circuit diagram 2 

2. Turn ON the main supply and vary the 3-Phase Variac until the rated current say(……..A) of the 

Alternator reaches. Note down the Voltage and current in the tabular column. 
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3. Calculate the Negative sequence impedance as Z2 = V / √3I. 

 

iii) Zero Sequence Impedance 

1. Connections are made as per circuit diagram 3. 

2. Short Y and B terminals as shown in the circuit diagram. Turn ON the supply and Vary the 

Current up to rated value (say……….A). Note down the Voltmeter and Ammeter readings and 

tabulate in the tabular column. 

3. Calculate the Zero Sequence Impedance as Z0 = 3V / I. 
 

TABULAR COLUMN: Positive Sequence Impedance 

S.No. 
Field 

Current(If) 
Open Circuit 

Voltage(Voc)Line 

Open Circuit 
Voltage(Voc)ph 

Short Circuit 
Current(ISC) 

Positive Sequence 
Impedance(Z1)[from graph] 

      

Z1 = Voc / ISC at same If 

 

Z1 =……………….Ω 

(calculate from graph) 

     

     

     

     

 

Plot the graph using If, Voc and Isc and for the same value of If calculate Voc and Isc from graph. 

TABULAR COLUMN: Negative Sequence Impedance 

S.No. Current (I) Voltage(V) Z2 = V/√3I 

    

 

TABULAR COLUMN: Zero Sequence Impedance 

S.No. Current (I) Voltage(V) Z0 = 3V/I 
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EXPECTED GRAPH: Positive Sequence Impedance 

 

 

 

 

 

 

 

 

 

PRECAUTIONS: 

1. Connections should be tighten properly and readings should be taken without parallax error 

2. Care should be taken to apply rated current under short circuit conditions but not rated voltage.  

3. 3-Phase Variac should be at minimum position before switching ON the mains. 

4. Contacts to the open wire should be avoided. 

 

RESULT: 
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