EXPERIMENT 3: TRANSFORMER I

OBJECT :

1. To study the voltage and current ratios of a transformer.

2. To learn about transformer exciting currents, volt ampere capacity and short-circuit currents.

DISCUSSION :

Transformers are probably the most universally used pieces of equipment in the electrical industry. They range in size from miniature units in transistor radios to huge units, weighing tons, used in central power distributing stations. However, all transformers have the same basic properties, which you are about to examine.

When mutual induction exists between two coils or windings, a change in current through one induces a voltage in the other. Every transformer has a primary winding and one or more secondary windings. The primary winding receives electrical energy from a power source and couples this energy to the secondary winding by means of a changing magnetic field. 

When a transformer is in operation, AC currents flow in its windings and an alternating magnetic field is set-up in the iron core. As a result, copper and iron losses are produced which represents real power (Watts) and causes the transformer to heat up. Establishing a magnetic field requires reactive power (Vars), which is drawn from the power line. For these reasons the total power delivered to the primary winding is always slightly larger than the total power delivered by the secondary winding. However, we can say, to a good approximation, that in most transformers:

   a) Primary power (Watts) = Secondary power (Watts)

   b) Primary volt amperes (VA) = Secondary volt amperes (VA)

   c) Primary vars  = Secondary vars 

When the primary voltage is raised beyond its rated value, the iron core (laminations) begins to saturate, and the magnetizing (exciting) current increases rapidly.

INSTRUMENTS AND COMPONENTS :

Transformer   Module                                                        EMS 8341
Power Supply Module (0-120 / 208 V)                              EMS   8821

AC Metering Module (100 / 100 / 250/250 V)                  EMS  8426

AC Metering Module (0.5 / 0.5 / 0.5 A)                            EMS  8425

Connection Leads                                                               EMS 8941

Ohmmeter                                                                           EMS 8946

PROCEDURE :
Caution: High voltages are present in this Laboratory Experiment! Do not make any connections with the power on! The power should be turned off after completing each individual measurement!

1. Examine the construction of the Transformer Module EMS 8341 paying particular attention to the transformer, connection terminals and the wiring.

2.      a) The transformer core is made up of thin sheets(laminations) of steel. Identify it.          

         b) Note that the transformer windings are brought out to terminals mounted on the            

             transformer coil.

c) Note that these windings are then wired to the connection terminals mounted on the module face.

3.      Identify the three separate transformer windings marked on the module face.

        a) List the rated voltage for each of the three windings namely Terminals 

             [1 to 2], [3 to 4] and [5 to 6].

     b) List the rated voltage between the connection terminals 

          [3 to 7], [7 to 8], [8 to 4], [3 to 8], [7 to 4], [5 to 9] and [9 to 6].     

     c) List the rated current for the connections terminals 

          [1 to 2],[ 3 to 4],[ 5 to 6], [ 3 to 7] ,[ 8 to 4].    

4.   Using the lowest range of your ohmmeter, measure and record the DC resistance of each winding. 

5.   You will now measure the unloaded secondary voltages with 120 Vac applied to the primary winding.

        a) Connect the circuit shown in Fig. 4-1
          b) Turn on the power supply and adjust for 120 Vac as indicated by the voltmeter    across the power supply terminals 4 and N
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                                          Fig. 4-1.

c) Measure and record the output voltage E 2
 d) Return the voltage zero and turn off the power supply.

 e) Repeat (b, c and d) measuring the output voltage E 2 for the listed windings.

             [1 to 2], [3 to 4], [5 to 6], [3 to 7], [7 to 8], [8 to 4], [5 to 9] and [9 to 6].   

6.      a) Do your measured voltages correspond well with the rated values? Explain.
         b) Could you measure the value of magnetizing (exciting) current? Explain.

7.     Windings 1 to 2 and 5 to 6 each have 500 turns of wire. Winding 3 to 4 has 865 turns. Calculate the following turn ratios.

(winding 1 to 2) / (winding 5 to 6) and (winding 1 to 2) / (winding 3 to 4)

8.     a) Connect the  circuit shown in Fig 4-2. Notice that current meter I 2  short-circuits winding 5 to 6.

         b) Turn on the power supply and gradually increase the voltage until the short-circuit current I 2  is 0.4 Aac.
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Fig. 4-2.

c) Measure and record the E 1, I 1, I 2
          d) Return the voltage to zero and turn off the power supply.
          e) Calculate the current ratio I 1 / I 2.
          f) Is this current ratio equal to the turns ratio? Explain.         

9.    a) Connect the circuit shown in Fig. 4-3. Notice that winding 3 to 4 is short-  circuited by the current meter I 3.
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Fig. 4-3.

b) Turn on the power supply and gradually increase the voltage until the current through the primary winding current I 1  is 0.4 Aac.

          c) Measure and record the E 1, I 3
d) Return the voltage to zero and turn off the power supply.
           e) Calculate the current ratio I 1 / I 3.
           f) Is this current ratio equal to the inverse of turns ratio? Explain                                  

10.     You will now determine the effect of core saturation upon the exciting current of a transformer.

          a) Connect the circuit shown in Fig. 4-4. Notice that power supply terminals 4 and 5 are now being used. These terminals will furnish variable 0 to 208 Vac.
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Fig. 4-4.

b) Turn on the power supply and adjust for 25 Vac as indicated by the voltmeter across power supply terminals 4 and 5.

          c) Measure and record the exciting current I 1 and the output voltage E 2 for the

              input voltages 25V through 200V ,each time incrementing it by 25V                                                 

11.     a) Plot your recorded current values on the graph of Fig. 4-5. Draw a smooth curve through your plotted points.
 b) Note that the magnetizing current increases rapidly after a certain input voltage has been reached.

          c) Was the voltage ratio, between the two windings, affected by the core saturation? Explain 
[image: image1.png]



TEST YOUR KNOWLEDGE :

1.    If the short circuit current through secondary winding 9 to 6 were 1Aac what would be the current through the primary winding 1 to 2?

2.      If the secondary winding 7 to 8 is short-circuited and the primary winding 5 to 6 is drawing 5 Aac;

a) Calculate the short-circuit current through winding 7 to 8

b) Why would these tests be performed as quickly as possible?

3.      Which of the two windings in procedure 7 dissipates the most heat? Explain

4.      If 120 Vac were applied to winding 1 to 2 with winding 5 to 6 short-circuited:

a) What would be the current in each winding?

b) How much larger is this current than the normal value?

 c) How much more heat than normal is generated in the winding under these   

              conditions? 
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