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Summary of phase and line voltages/currents for balanced three-phase  

systems.1 

 

 

 

 

1 Positive or abc sequence is assumed 

 



Power in a Balanced System 

 
Thus the total instantaneous power in a balanced three-phase system is 

constant. 

This result is true whether the load is Y- or Δ – connected.  

For a Y-connected load, The total instantaneous power in the load is the
 sum of the instantaneous powers in the three phases; that is,   

The average power per phase is 
 

The reactive power per phase is 
 

The apparent power per phase is 
 

The complex power per phase is 
 

The total average power is the sum of the average powers in the phases: 

 
For 

 

 
The total reactive power is 

 
The total complex power is 

Where θ is the angle between the phase voltage and the phase current. 

 



Example 1 

Determine the total average power, reactive power, and complex power at the 

source and at the load of the circuit shown in Fig. 3 

 

Solution: 

 

Figure 3 Y-Y connection 



Unbalanced Three-Phase Systems 

 
This set of unbalanced line currents produces current in the neutral line, 

which is not zero as in a balanced system. Applying KCL at node N 

gives the neutral line current as 

 
In a three-wire system  

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

we find the power in each phase using 

 
The total power is not simply three times the power in one phase but the 

sum of the powers in the three phases.  

 

 

Figure 10 unbalanced three-phase Y-connected load. 

An unbalanced system is due to unbalanced voltage sources or an 

unbalanced load. 

Unbalanced three-phase systems are solved by direct application of 

mesh and nodal analysis.  

Fig. 10 shows an example of an 

unbalanced three-phase system that 

consists of balanced source voltages 

and an unbalanced Y-connected load. 

Since the load is unbalanced, and are 

not equal. 

The line currents are determined by 

Ohm’s law as:



the line currents are 

 
the current in the neutral line is 

 
 

Example 6 

The unbalanced Y-load of Fig. 10 has balanced voltages of 100 V and 

the acb sequence. Calculate the line currents and the neutral current  

 
Solution: 

Example 7 

For  the  unbalanced  circuit  in  Fig.  11,  find:  (a)  the  line  currents,  (b)  the  total 
complex power absorbed by the load, and (c) the total complex power absorbed 
by the source 

 
Figure 11  

 
Figure 11  



 
Or 

 

For mesh 2, 

 
Or 

 

 

 

 

Solution: 

(a) We use mesh analysis to find the required currents. 

For mesh 1, 

 
The determinants are 



 

 
(b) We can now calculate the complex power absorbed by the load. 

For phase A, 
 

For phase B 

 

 
For phase C 

The total complex power absorbed by the load is 

 
(c) We check the result above by finding the power absorbed by the source. 

For the voltage source in phase a, 

 
For the source in phase b, 

 
For the source in phase c, 

 
The total complex power absorbed by the three-phase source is 

 
showing that and confirming the conservation principle of ac power. Ss + SL=0  
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