EXPERIMENT  1.  POWERS, POWER FACTOR, AND MEASUREMENTS

Part A.  Powers and Power Factor

1.
To study the relationship among watt, var, and voltampere.

2.
To determine the apparent, real, and reactive power of an inductive load.

3.
To improve the power factor of an inductive load.

DISCUSSION:

In circuits containing both resistance and reactance, the value of the power factor is some value between one and zero.    Alternating current motors draw reactive power from the supply line to create the magnetic field, which they require. In addition, such motors also absorb real power, most of which is converted into mechanical power, while the rest is dissipated in the form of heat.
The reactive power travels back and forth between the motor and the ac supply. Reactive power does no useful work, except insofar as it creates the magnetic field for the motor. If a capacitor is placed in parallel with the motor, and the reactive power drawn by the capacitor is exactly equal (but opposite sign) to that drawn by the motor, then on reactive power will neutralize the other. The result being that the power transmission line need no longer carry any reactive power at all. This can result in a very substantial reduction of current in the transmission line, which improves line regulation and reduces need for large diameter transmission wires.

Prior to the addition of the capacitor, the other power factor of the motor is quite low. Once the capacitor is in place, the combination (motor + capacitor) improves the power factor. By proper choice of capacitance the power factor can be made close to unity.

NOTE: In this Laboratory Experiment, we will use an Inductance Module EMS 8321 to 

             simulate the inductive load represented by a single-phase induction motor.

INSTRUMENTS AND COMPONENTS:

 Power Supply Module (0 -120 Vac) 


EMS 8821

 Resistance Module 
 




EMS 8311

 Inductance Module 





EMS 8321

 AC Metering Module (2.5 / 8A) 



EMS 8425

 AC Metering Module (250 V) 



EMS 8426

 Capacitance Modules 




            EMS 8331

 Single-Phase Wattmeter Module (750 W) 


EMS 8431

 Connection Leads 





EMS 8941

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.
Using your EMS Resistance, Inductance, AC Metering, Wattmeter and Power Supply Module, connect the circuit shown in Fig. 1-1. The resistance and the inductance modules simulate the load of a single-phase ac motor.
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2.
  Connect all three resistance and inductance sections in parallel. Close (up position) all three     300 ( toggle switches of the resistance module. Close all three 300 ( toggle switches of the inductance module.

3. Turn on the power supply and adjust for 120 V ac as indicated by the ac voltmeter connected across the R-L load. Measure and record line current (IL) and real power (P).      

4.
 Return the voltage to zero and turn off the power supply. Calculate apparent power, power factor and reactive power

5.
 Connect the Capacitance Module in parallel with your resistance and inductance modules as shown in Fig. 1-2. Connect all three capacitance sections in parallel. Open (down position on) all of the associated capacitor toggle switches.
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6.
a) Turn on the power Supply and adjust for 120 Vac in procedure 3.

b)
Start to add capacitance to your circuit by closing the switches one at a time. Note that the line current diminishes as capacitance is added. At some point, as you keep

adding more capacitance the line current will staff to increase. (The line current has gone through minimum value).

c) Adjust your capacitance for minimum line current. Measure and record line current and real power.

7. a) Return the voltage to zero and turn off the power supply. Calculate apparent power, power factor and reactive power.

8. Compare the results of Procedures 3 and 4 with the results of procedures 6 and 7.

a) a) Has there been a significant reduction in line current by adding capacitance?

a) b) Has the current through the R-L load been affected by adding capacitance?

a) c) Is the real power approximately the same whether the capacitance is added or not?       Explain.

9.   Turn on the power supply and adjust for 120 V ac as before.

a) Close all of the capacitance switches and measure the line current

b) Carefully adjust the switches for minimum line current, while maintaining exactly l20Vac across the R-L load

What exact value (of Xc in () gives the lowest line current?

b) Return the voltage to zero and turn off the power supply.
TEST YOUR KNOWLEDGE :

1.
  An electro-magnet draws 3kw of real power and 4 kvar of reactive power.

        a)
Calculate the apparent power.

b)   b) Calculate the power factor
2.
  A capacitor drawing 4kvar is placed in parallel with the electro-magnet of question 1.

       a) Calculate the new value of apparent power.

       b) What is the new value of reactive power?

     c)
What is the new value of real power?

     d)
What is the new power factor?
3.
  If the capacitor of question 2 is placed with one drawing 8 kvar, calculate

      a) Calculate the new value of apparent power.

     b) What is the new value of reactive power?

   c)
What is the new value of real power?

   d)
What is the new power factor?
PART B: Three Phase Power Mesurement

1. To measure power in a three-phase circuit using the two wattmeter method.

2. To determine the active and reactive power, and the power factor of a three-phase system.
DISCUSSION:
A wattmeter, used for measuring power, is an electrodynamometer type instrument. This meter usually has two coils, one fixed, the other capable of turning in the magnetic field of the first. The fixed coil is connected in series with the line so as to carry the line current. The movable coil, which is of high resistance, is connected across the load (that portion of the circuit in which the power is to be measured.). The small current in the coil is, therefore proportional to the voltage between these terminals. This coil turns against a helical spring, and, since torque is proportional to the product of the values of the currents in the two coils, it is proportional to the product of the current I and the voltage E. The scale may, therefore, be graduated directly in watts.

See in Fig 3-1. The fixed coil A is in series with the load, and the movable voltage coil V is across the load. The resulting deflection is directly proportional to the real power delivered to the load.
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If the power delivered by a three-phase, four-wire system is to be measured, we simply use three single-phase wattmeters connected as shown in Fig 3-2 and take the sum of their individual readings.
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Let the voltage and current in arm A be VA and IA respectively, and in arm B it is VB and IB and in arm C it is Vc and IC.     
Then, W1=  VA* IA

                W2= VB* IB   

W3= VC* IC
The total Power P = W1 + W2 + W3    
However, on a three-phase, three-wire system, only two single-phase wattmeters are required to measure the power. See Fig 1-3.The two current coils carry the current in two of the lines and the two voltage coils are connected to the one remaining line. Note that no connection is made to the neutral. The total three-phase power is equal to the algebraic sum of the two wattmeter readings.
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In this case as we use only two wattmeters, the power indicated by the two wattmeters are as follows


W1=  IA( VA – VC )

                             W2=  IB( VB – VC )

Using Kirchoff’s current law to fig 1-3, we get

                    IA + IB + Ic =0

                    IC = - (IA + IB)

The total Power P = W1 + W2
                                  P = IA( VA – VC ) +  IB( VB – VC )

                                     = IA*VA+ IB*VB – VC (IA + IB)

                                     = IA*VA+ IB*VB + VC* IC
However, on a three-phase, three-wire system, only two single-phase wattmeters are required to measure the power. The two current coils carry the current in two of the lines and the two voltage coils are connected to the one remaining line. Note that no connection is made to the neutral. The total three-phase power is equal to the algebraic sum of the two-wattmeter readings.

INSTRUMENTS AND COMPONENTS :
Power Supply Module ( 0-120 /208 V / 3( )                                      EMS   8821

Three-Phase Wattmeter Module                                                         EMS   8441

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

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

Resistance Module                                                                              EMS   8311

Connection Leads                                                                                EMS  8941

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.   Using your EMS Three-Phase Wattmeter, Power Supply, Resistance and AC Metering Module connect the circuit shown in Fig 3-5.
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2. a) Set the resistance of each section to 300(.

b) Turn on the power supply and adjust the line voltage to 208 V ac as indicated by
     voltmeter V1.

c) Measure and record the line current I1 and the power indicated by W1 and W2.

d) Return the voltage to zero and turn off the power supply.
3. a) From the results of (c) calculate the 3( Apparent power, Real power, Reactive power, and

           Power factor, 
b) Is the power factor close to unity?    Explain.

4.   a) Replace the resistance module with the capacitance module.     

b) Set the reactance of each section to 300(.

c) Repeat Procedure 2.

      d) From the results of (c) calculate the 3( Apparent power, Real power, Reactive power, and

          Power factor.

5.      a) Replace the capacitance module with the inductance module.

   b) Set the reactance of each section to 300(.
c) Repeat Procedure 2.
d) From the results of (c) calculate the 3( Apparent power, Real power, Reactive power, 

   and Power factor.
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