A balanced three-phase Wye-connected load requires 270 watts at a lagging power factor of 0.9.
The load is supplied by an ideal three-phase generator through a line having an impedance of 0.5+j1 ohms.

The line voltage at the terminals of the load is 200 volts.

Here we want to calculate the complex power delivered by the generator.

Let’s get started with a single-phase equivalent circuit.
The generator is an ideal power supply, so there is no internal impedance.

Let’s write the line impedance here at the top.

The load requires 270 watts at a lagging power factor of 0.9.

The line voltage is 200 volts.

So for a three-phase Wye-connected circuit, the magnitude of Vab, Vbc, and Vca is 200 volts.

The phase voltage Van has a relationship with Vab.

So the line voltage is equal to square root of 3 at an angle of 30° times Van.

So the magnitude of the line to neutral voltage Van should be the line voltage Vab divided by the square root of 3.

[math equation]
We get 115.47 volts.

We may select the line to neutral voltage as a reference.

So this is our magnitude for Van.

Let’s look at the complex power for the load.

Average power is 270 watts.

We know it’s a lagging power factor of 0.9.

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

[math equation]

So apparent power should be 300 volt-amps.

Reactive power is equal to the square root of apparent power squared minus average power squared. 

[math equation]

The reactive power is 130.77 VAR.

The complex power for the load should be average power, plus j times the reactive power.

The unit is volt-amps.

We are interested in the complex delivered by the generator.

So here we need to calculate the transmission line complex power.

So let’s try to calculate the transmission line voltage and current.

Based on the complex power for the load, let’s calculate the current, I.

We know the current is equal to the complex power divided by the voltage.

Then take the conjugate.

[math equation]

So the current in phasor domain is 2.59 at a phase angle of -25.84° amps.

So we know the current through the transmission line and the load.

The line voltage should be the current multiplied by the impedance.

[math equation]

We get 2.90 at a phase angle of 37.59° volts.

The transmission line complex power is equal to the voltage times the current conjugate.

[math equation]

This is our answer.

So the total power delivered by the power supply of phase a should be the complex power of the line and load.

[math equation]

This equals the total power for a single phase, for phase a.

In a balanced three-phase circuit, each phase has the same complex power.

So the total power delivered by the generator should be 3 times the total power.
[math equation]

This is the total power delivered by the three-phase generator.

