EXPERIMENT 4.  TRANSFORMER II

Objectives:

1. To learn the usage of transformers in high voltage power systems.

2. To learn to derive an equivalent circuit of a transformer from the results of open-circuit and short-circuit tests.

3. To study the voltage regulation of the transformer with varying resistive loads.

4. To study transformer regulation with inductive and capacitive loading.

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.

The equivalent circuit model for the non-ideal transformer is shown in Figure 1. An ideal transformer with resistors and inductors in parallel and series replaces the non-ideal transformer. This model is called the high side equivalent circuit model because all parameters have been moved to the primary side of the ideal transformer. The series resistance, Req, is the resistance of the copper winding. The series inductance, Xeq, accounts for the flux leakage. That is, a small amount of flux travels through the air outside the magnetic core path. The parallel resistance, RM, represents the core loss of the magnetic core material due to hysteresis. The parallel inductance, XM, called the magnetizing inductance, accounts for the finite permeability of the magnetic core. 


Figure 1.   Equivalent circuit of a Transformer

INSTRUMENTS AND COMPONENTS :

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

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

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

Resistance Module                                                             EMS  8311

Inductance Module




        EMS  8321




Connection Leads                                                               EMS  8941

Wattmeter Module                                                              EMS  8431

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. Open-Circuit Test

   Connect the circuit as shown in Fig. 3-1.
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Figure 3-1 Open-Circuited Transformer

a) Turn on the power supply and adjust the transformer primary voltage to the rated    voltage (listed on the transformer).

b) Measure Poc, Voc and Ioc.

c) Return the voltage to zero and turn off the power supply.

2. Short-Circuit Test

    Connect the circuit as shown in Fig. 3-2.

Caution: Make sure that the voltage knob is at zero before turning on the power              supply.

a) Turn on the power supply and slowly increase the voltage until the rated current is reached. 

      NOTE: FIND THE RATED CURRENT OF THE TRANSFORMER (HV 

                    SIDE) AND DO NOT EXCEED IT. 

b) Measure Psc, Vsc and Isc.

c)  Return the voltage to zero and turn off the power supply.
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Figure 3-2 Short Circuited Transformer 

3. Equivalent Circuit of Transformer

a) Determine the series impedance and shunt admittance of the transformer  

    (req , xeq, RM, XM).

b) Draw the transformer equivalent circuits with all parameters referred to the low 

    voltage and high voltage sides (Use the equivalent circuit in Figure 3.1)

4. Voltage Regulation

         a) Using your EMS Transformer, Power Supply, Resistance and Ac Metering      Modules connect the circuit shown in Fig. 3-3.          
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    b) Place all of the Resistance Module switches in their open position for zero load current.

    c) Turn on the power supply and adjust for exactly 120 Vac as indicated by       voltmeter E1.

    c) Measure and record in a Table, the input current I1, the output current I2, and the     

        output voltage  E2 .

    d) Adjust the load resistance ZL to 1200 (.  Make sure that the input voltage remains 

         at exactly 120 Vac. Measure and record  I1, I2, E2
    e) Repeat ( d ) for each of the following values: 600, 400, 300, and 240 ohms.

    f) Return the voltage to zero and turn off the power supply.

    g) Calculate the transformer regulation using the no-load and full-load output 
          voltages . 

    h) Does the primary winding VA equal the secondary winding VA for every value of 

          load resistance? Explain

    i) Repeat a) through h) using the Inductance Module EMS 8321 and the 

       Capacitance Module EMS 8331 in place of the resistance load.

[image: image4.png]o 130)

v,

)

120

115]

g

LOAD VOLTAGE (E,

s
&

100 200 300 400
LOAD CURRENT (I,)} mAac

Fig34



    j) Plot the regulation curve with output voltage vs output current for each type of the 

        transformer load

TEST YOUR KNOWLEDGE :

1. What is the purpose of transformers in high voltage power systems?

2. Why is it necessary to perform open-circuit and short-circuit tests?

3. Explain why the output voltage increases when capacitance loading is used.

4. Explain why the winding impedances are ignored for the open-circuit test.

5. Explain why the circuit representing a magnetic core of a transformer is ignored for the short-circuit test.

6. Very large transformers are sometimes designed not to have optimum regulation properties in order for the associated circuit breakers to be within reasonable size. Explain.
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