Three loads are connected in parallel.

In this problem, we want to place a capacitor in parallel with the three loads so the power factor can be increased to 1.

We need to specify the value of the capacitor.

For a power factor correction problem, generally we need to find the total power absorbed by all the loads.

The complex power should be P + jQ.

Q is the reactive power.

The power factor is the real power divided by apparent power.

To increase the power factor to 1, that is to reduce the reactive power to 0.

We know for a capacitor, the reactive power is negative.

To reduce total reactive power to 0, we need to make Qc equivalent to –Q, so that the total reactive power in the circuit is 0.

The power factor in that case should be 1.

Firstly, let’s try to find the total complex power for the three loads.

Let’s look at load 1.

We are interested in the complex power.

The impedance for load 1 is a 50 Ω resistor in series with an inductive reactance.

If it’s an inductive reactance of 40 Ω, the impedance should be j 40 Ω.

In polar form, that is 64 at a phase angle of 38°.

We are interested in the complex power.

The apparent power can be found by taking the product of Vrms and Irms.

We know that Irms is Vrms divided by the impedance magnitude. 

Vrms is 100 V.

We have V² divided by the magnitude of Z, which is 64 Ω.

The apparent power should be 156.2 VA.

We know the complex power angle is exactly the angle of the impedance.

That is 38.7°.

This is equal to 122 + j97.6 VA.

We got the complex power for the first load.

For load 2, the real power, also called average power, is 500 W.

The lagging power factor is 0.75.

The apparent power is equal to average power divided by the power factor.

500 / 0.75 is 666.7 VA.

We know the reactive power is equal to the square root of apparent power squared minus real power squared.

That should be 441.0 VAR.

The complex power is equal to the real power plus j reactive power VA.

That is the complex power for the second load.

For load 3, we know the apparent power is 600 VA.

We also know the power factor 0.9 lagging.

The magnitude of the complex power, that is the apparent power, and should be 600.

The phase angle should be arc cosine of the power factor.

We get 600 at a phase angle of 25.8°.

This is equal to 540 + j261.5 VA.

So far, we have got the complex power for each of the loads.

The total load absorbed by the three loads should be s1 + s2 + s3.

[equation]

The total complex power is 1162 + j800.1 VA.
The reactive power is 800.1 VAR.

To correct the power factor to 1, we need to make the capacitor generate a reactive power of –j800.1 VAR.

The reactance of a capacitor is equivalent to (Vrms)² / Qc.

In this problem, Qc should be -800.1.

The reactance for the capacitor is -12.5Ω.

The reactance is equal to -1/ωC.

The frequency is 2π60 Hz.

Reactance is -12.5 Ω.

The capacitance is 0.000212 F.

That is 212 µF.

If we place a 212 µF capacitor in parallel with all the loads, the total reactive power should be 0, and the complex power is equal to the average power.

In that case, the power factor should be 1.
