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   Lab 1
   Power Factor of Sinusoidal Circuits
   Objectives
     * 
       Understand how to perform measurements of power, power factor, RMS
       voltage and current, and frequency with the Power Analyzer.
     * 
       Use circuit measurements to calculate the resistive and reactive
       parts of a load impedance.
     * 
       Understand the concepts of reactive power and power factor.
     * 
       Understand how to improve the power factor with shunt capacitance.
   Background Theory
   =================
   Impedance is expressed as a complex variable
    , (1.1)
   in which R is the resistive part and X is the reactive part. If the
   reactive part is an inductor, the inductive reactance is
    , (1.2)
   in which  = 2f and f is the source frequency. If the reactive part
   is a capacitor, the capacitive reactance is
    . (1.3)
   Since the average power absorbed in inductors and capacitors is zero,
   an impedance dissipates power only in the real (resistive) part:
    . (1.4)
   From the measurements of the average power absorbed in Z and the RMS
   current which flows through Z, the real part of Z is calculated as
    . (1.5)
   Average power is also known as real power and active power; it is the
   rate at which energy is expended.
   As the real part of Z is computed with real power, the reactive part
   of Z is computed with reactive power. An expression analogous to
   Equation 1.4 is used to compute reactive power:
    . (1.6)
   Reactive power is not dissipated energy. Reactive power represents the
   rate at which energy is stored and released from reactive elements
   (inductors and capacitors). Reactive power has the same units as
   average power (VA = watt), however, the term VAr (volt-amperes
   reactive) is used to distinguish reactive power from real power.
   Active and reactive powers are components of the apparent power
   defined as
    (1.7)
   Apparent power also has the same units as average power, but VA
   (volt-amperes) is used to distinguish apparent power from real power.
   With measurements of the apparent power and the real power, the
   reactive power is calculated by
    (1.8)
   With Equations 1.6 and 1.8, the reactive part of Z is calculated as
    . (1.9)
   If the impedance is inductive, the inductance is determined from
   Equation 1.2:
    . (1.10)
   If the impedance is capacitive, the capacitance is determined from
   Equation 1.3:
    . (1.11)
   The apparent power is also expressed as the product of RMS voltage and
   current:
    (1.12)
   The apparent power is the same as the average power when the impedance
   is purely resistive (X = 0). The ratio of average power to apparent
   power is defined as the power factor:
    (1.13)
   The power factor is a ratio of the average power absorbed to what the
   average power would be if the impedance were purely resistive.
   Circuits with poor power factors (pf < 1) create more losses in the
   electrical distribution lines. Therefore, electric utility companies
   are very interested in power factor improvement techniques to minimize
   distribution costs. Circuits with inductive impedances are said to
   have a lagging power factor because the current lags the voltage.
   Capacitive impedances have a leading power factor.
   The power factor of circuits with inductive impedances can be improved
   by adding a shunt (parallel) capacitor to the impedance. In this case,
   the reactive power of the capacitor is intended to cancel the reactive
   power of the inductor:
   
   
   
   
   If the total Q of the circuit is zero, then S = P, and pf = 1.
   The Power Analyzer
   ------------------
   Circuit measurements with the Power Analyzer are accomplished with the
   switch selections shown in Table 1.1.
   Table 1.1
   Switch Settings for the Power Analyzer
   Quantity
   Symbol
   Switch Label
   Apparent Power
   S
   VA
   Average Power
   P
   W
   Frequency
   f
   Freq
   RMS current
   IRMS
   Arms
   RMS voltage
   VRMS
   Vrms
   Power factor
   pf
   Pf
   The voltage probes must be placed in parallel with the load and the
   ammeter probes must be placed in series with the load.
   Laboratory Procedure
   Part I. Lagging Power Factor
   ----------------------------
   Construct the circuit shown in Figure 1.1 and connect the Power
   Analyzer as indicated. Bring the variable AC source up to 60% of full
   voltage and measure S, P, VRMS, IRMS, pf, and f. After the
   measurements are taken, remove power from the circuit.
   With the measured data, calculate the real and reactive parts of the
   load impedance and the reactive power. Calculate the load inductance
   from the calculated reactance.
   
   Figure 1.1 AC Circuit with Inductive Load.
   Calculate the value of a load shunt capacitance that will correct the
   power factor to unity. Select a standard value capacitor nearest to
   this value and measure its capacitance with the RCL meter. Place the
   capacitor in parallel with the transformer primary and restore power
   to the circuit. Note: The RMS voltage must be as close as possible to
   that used in the previous procedure. Measure S, P, VRMS, IRMS, and pf
   again with the Power Analyzer.
   What effects does the capacitor have on the circuit with the inductive
   load? Use MATLAB to calculate the magnitude of the load impedance with
   and without the capacitor and use these results to explain the effects
   of the added capacitor. Compare the power factors with and without the
   shunt capacitor. Compute the average power delivered by the source and
   compare the calculated value to the measured value.
   Part II. Leading Power Factor
   =============================
   Construct the circuit as shown in Figure 1.2. Apply 60% of full power
   to the circuit and measure S, P, VRMS, IRMS, pf, and f. Remove power
   from the circuit after the measurements are taken.
   With the measured data, calculate the real and reactive parts of the
   load impedance and the reactive power. Calculate the load capacitance
   from the calculated reactance.
   
   Figure 1.2 AC Circuit with Capacitive Load
   Compute the average power delivered by the source and compare the
   calculated value to the measured value.
   THE LAB WRITE UP SHOULD CONFORM TO DEPARTMENTAL STANDARDS AS DESCRIBED
   IN THE GUIDELINES FOR LABORATORY REPORTS. INCLUDE THE FOLLOWING:
     * 
       Measurements
     * 
       Calculations and results
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