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Power in a balanced system

Part 1:
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The power in a balanced three-phase system either its Y-connection or ∆-connection means the 

power absorbed by the load. 

A balanced three-phase system means:

1) All phase voltages (or currents) have equal magnitudes.

2) They are separated by 120° from each other in phase.

3) The loads connected to each phase are identical in impedance.

The power components are:

1- Active (Real) Power : 𝑃 (W) (Useful work)

2- Reactive Power : 𝑄 (VAR) (Energy for magnetic fields)

3- Apparent Power : 𝑆𝑎𝑝𝑝(VA) (The total power delivered)
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𝑃 = 3𝑉𝑃𝐼𝑃 𝑐𝑜𝑠 𝜑

Phase form Line form

𝑃 = 3𝑉𝐿𝐼𝐿 𝑐𝑜𝑠 𝜑

𝑄 = 3𝑉𝑃𝐼𝑃 𝑠𝑖𝑛 𝜑 𝑄 = 3𝑉𝐿𝐼𝐿 𝑠𝑖𝑛 𝜑

𝑆𝑎𝑝𝑝 = 3𝑉𝑃𝐼𝑃 𝑆𝑎𝑝𝑝 = 3𝑉𝐿𝐼𝐿

𝑆 = 𝑃 + 𝑗𝑄

The Power Factor 𝑐𝑜𝑠 𝜑 can be calculated as: 𝑐𝑜𝑠 𝜑 =
𝑃

𝑆

𝜑 is the phase angle between phase voltage and phase current 

Complex Power is a vector sum of real power and reactive power

Apparent Power is the magnitude of the complex power, 

representing the total power demanded
𝑆 = 𝑃2 + 𝑄2
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Ex1: Determine the total average power, reactive power, and complex power at the source and

at the load.

ZY = 𝑍𝑙 + 𝑍𝐿  ⟹ ZY = (5 − j2) + (10 + j8) = 15 + j6 Ω 15 + j6 Ω = 16.155∠21.8°Ω

𝐼𝑝 =
𝑉𝑝

𝑍𝑌
=

110∠0°

16.155∠21.8°
= 6.81∠ − 21.8°A

It is sufficient to consider one phase, as the system is 

balanced.
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Ex2: A three-phase motor can be regarded as a balanced Y-load. A three-phase motor draws 

5.6 kW when the line voltage is 220 V and the line current is 18.2 A. Determine the power 

factor of the motor.
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Unbalanced three-phase systems

Part 2:

An unbalanced system is due to unbalanced voltage sources or an unbalanced load.
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An unbalanced system as shown in Figure 1 is caused by two possible situations: 

(1) The source voltages are not equal in magnitude and/or differ in phase by angles that are 

unequal. 

(2) load impedances are unequal. 

Figure 1: Unbalanced three-phase Y-connected load.

An example of an unbalanced three-phase system that 

consists of balanced source voltages (not shown in the 

Figure 1) and an unbalanced Y-connected load (shown 

in the Figure 1).
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Since the load is unbalanced, 𝑍𝐴, 𝑍𝐵 and 𝑍𝐶  are not equal. The line currents are determined by 

Ohm’s law as

This set of unbalanced line currents produces current in the neutral line, which is not zero as 

in a balanced system. 𝐼𝑛 = − 𝐼𝑎 + 𝐼𝑏 + 𝐼𝑐 ≠ 0

To calculate power in an unbalanced three-phase system requires that we find the power in 

each phase. The total power is not simply three times the power in one phase but the sum of 

the powers in the three phases.
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Ex3: The unbalanced Y-load of Figure 1 has balanced voltages of 100 V and the acb 

sequence. Calculate the line currents and the neutral current. Take 𝑍𝐴 = 15𝛺, ZB = 10 + 𝑗5 𝛺 

and 𝑍𝐶 = 6 − 𝑗8 𝛺.

The current in the neutral line is 
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Ex4: For the unbalanced system shown below, find: (a) the line currents, (b) the total complex 

power absorbed by the load, and (c) the total complex power absorbed by the source.
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(a) We use mesh analysis to find the required currents. 

For mesh 2,

For mesh 1, (10 + 𝑗5)𝐼1 − 10𝐼2 = 120 3∠30°

−10𝐼1 + (10 − 𝑗10)𝐼2 = 120 3∠ −90°

10 + 𝑗5 −10
−10 10 − 𝑗10

𝐼1

𝐼2
= 120 3∠30°

120 3∠ −90°

Now, from the above mesh 1 and mesh 2 equations we obtained the matrix, then we have to 

calculate the determinants so as to find the 𝐼1 and 𝐼2.
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∆=
10 + 𝑗5 −10

−10 10 − 𝑗10
= 70.71∠ −45°

The determinants are

∆1=
120 3∠30° −10

120 3∠ −90° 10 − 𝑗10
= 4015∠ −45°

∆2=
10 + 𝑗5 120 3∠30°

−10 120 3∠ −90°
= 3023.4∠ −20.1°

𝐼1 =
∆1

∆
=

4015∠ −45°

70.71∠ −45°
= 56.78 A 𝐼2 =

∆2

∆
=

3023.4∠ −20.1°

70.71∠ −45°
= 42.75∠24.9°A
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(b) We can now calculate the complex power absorbed by the load. 

For phase A,
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(c) We check the result above by finding the power absorbed by the source. For the voltage 

source in phase a,
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