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Laboratory # 13 – Complex Power
EE188L Electrical Engineering I
College of Engineering and Natural Sciences
Northern Arizona University

Objectives

1. Illustrate important concepts in ac power.
2. Illustrate the effect of a compensating capacitor on an inductive load.

3. Perform calculations related to complex power.

Grading:

Activity #1


 / 60

Activity #2


 / 40
Important Concepts
1. Electric machines, such as found in manufacturing plants and in home appliances like refrigerators and washing machines, consists of many windings of wire. As seen by the power lines, the equivalent load of these electric machines is inductive.
2. The power company prefers to provide power to loads which are purely resistive or as nearly resistive as possible. In fact, the power company charges a lower rate for nearly resistive loads. 
3. Many industrial customers use a bank of capacitors in parallel with the electric machinery so that the load presented to the power lines is nearly resistive.
Resources 

1. 100 mH inductor
2. 0.1 F capacitor

3. 10 , 220 , 470 , 820  resistors

4. Lab 12 - Complex Power.ppt

Activity #1 - Measurements
In this activity, you will build a circuit which mimics an inductive load seen by the power company. Then you will measure voltage magnitudes and phase angles in analyzing the effect of the load resistance and the effect of a compensating capacitor.

The two circuits are shown in Figure 1, where (a) is the inductive load circuit and (b) is the inductive load with a compensating capacitor. The load is comprised of R1, R2 and L. The 100  resistor represents the internal series resistance of the inductor. As you will see in this lab exercise, the purpose of the capacitor is to reduce the phase angle between the voltage and current, reduce the reactive power and reduce the current magnitude supplied to the load.
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Figure 1. (a) Inductive load. (b) Inductive load compensated with a capacitor.

1. Obtain a 100 mH inductor, 0.1 F capacitor, and 10 , 220 , 470 , and 820  resistors from the supply cabinet. Measure the actual device values and record below.

	100 mH
	Series resistance of inductor, 100 Ω
	0.1 F 
	10 
	220 
	470 
	820 

	
	
	
	
	
	
	


2. Set the function generator for a sine wave of frequency 624 Hz with an amplitude, VM, of 1V and offset of 0 V. Confirm the settings using the oscilloscope. What are the period and the radial frequency?

Period, T, = 



Radial frequency, , = 



3. Using the protoboard, wire the uncompensated circuit in Figure 1, using the 220  resistor for R2. Measure the points A and B with the oscilloscope. Be sure to connect the ground clip on the reference node. Measure the maximum voltage at point A. This is the voltage magnitude of the load.

VM = 




4. Measure the maximum voltage at point B with respect to ground and calculate the current magnitude, IM = VmaxB / RS. This is also the current magnitude of the load, since it is in series with the load.
VmaxB = 



IM = 




5. Note the time lag of the current compared to the voltage. Convert the time lag to phase angle in degrees. Remember that 360° corresponds to one period, T.
Time lag = 



Phase angle, v - i, = 




Repeat steps 3 through 5 with R2 = 470  and 820  and fill in the table below. Also repeat steps 3 through 5 with R2 = 820  and the compensating capacitor, C.
	R2 and C
	VmaxB
	IM
	Time lag
	v - i

	220 
	
	
	
	

	470 
	
	
	
	

	820 
	
	
	
	

	820  and 0.1 F
	
	
	
	


6. Comment on the trend for IM and v - i, as R2 increases and then as C is added.

7. The ideal load (from the power company perspective) is a power factor of 1, which corresponds to a phase angle, v - i, of 0°. Since machinery is an inductive load, the capacitor in parallel with the load can compensate and make the compensated load nearly purely resistive. Comment on how close the compensated circuit is to a purely resistive load.
Activity #2 – Calculations
1. Now calculate the real, the reactive, and the apparent power as well as the power factor and put your results in the table below. See the powerpoint file Lab 12 - Complex Power.ppt for explanations.
	R2 and C
	Real Power, P, mW
	Reactive Power, Q, mVAR
	Apparent Power, S, mVA
	Power Factor, pf

	220 
	
	
	
	

	470 
	
	
	
	

	820 
	
	
	
	

	820  and 0.1 F
	
	
	
	


2. Now calculate the current magnitude and phase angle for each of the four loads and put your results in the table below.
	R2 and C
	IM
	v - i

	220 
	
	

	470 
	
	

	820 
	
	

	820  and 0.1 F
	
	


3. Compare the calculated results from this section and the measured results from the previous activity.

4. Draw a power triangle approximately to scale for each of the 4 loads.
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