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Figure 2. A basic single-phase generator 

 

 

 
 

 

 

 

 

 

A Polyphase system is a system in which the AC sources operate at the same frequency but different 
phases. 

Part I/ Three-Phase Circuits (polyphase) 

Figure 1. Single-phase system with two-wire type 

Balanced Three-Phase Voltages 

 

Balanced phase voltages are equal in magnitude and are out of phase with 

each other by 120o. 

 

Figure 3. Three-phase four-wire system 

Figure 4. Three sets of coils are used to produce three balanced voltages.



 There are two phase sequences, abc and acb  

 abc is similar to bca and to cab.  

 The phase sequence is the time order in which the voltages 

pass through their respective maximum values. 

 The default sequence is the abc unless otherwise stated. 

 

 

 

Three-phase voltage sources connections 

The connection could be a star (Y) or delta(Δ), but the star is more relevant one 

 
Figure 5 Three-phase voltage sources: (a) Y-connected source, (b) Δ-connected source
 

The phasor diagram and phase sequences 

 

 

Figure 7. Phase sequences for  Δ -connected source 

(a) abc or positive sequence,  

(b) acb or negative sequence  

 
Figure 6. Phase sequences for  

Y-connected source 

(a) abc or positive sequence,  

 
(b) acb or negative sequence 

 
(b) acb or negative sequence 



For only balanced three phase systems 

 

 

Example 1 

 
Three-phase load  
Three-phase load can be either wye-connected or delta-connected 

 

For a balanced wye-connected load, 

 

 
For a balanced delta-connected load, 

 

 
For a balanced load only ZΔ=3ZY 

 
Figure 8. a Y-connected load. 

 
Figure 9 a Δ-connected load. 



Example 2 

 

 

 
There are four possible of connections: 

 

 
 

Balanced Y-Y Connection 

 
Figure 10. A balanced Y-Y system, showing the source, line, and load impedances 



 

 
 
For abc (positive sequence) 

 

 

 

 

 
 

Vab+Vbc+Vca=0 (for balanced load only) 

 

Figure 13. Balanced Y-Y connection. 

The line-to-line voltages or simply line voltages are related to the phase voltages. 

For example, 

The line voltages sum up to zero as do the phase voltages. 

 

Van+Vbn+Vcn=0 (for balanced load only) 

and 



 

 

 

 

 
 

 

 

Figure 11. The relation between line and phase voltages 

The line currents are equal to phase currents in Y- connection and their sum is 

equal to zero in a balanced system. 



The Single-Phase Equivalent  

An alternative way of analyzing a balanced Y-Y system is to do so on a “per phase” basis.  

 

 

 

 

Figure 12. A single-phase equivalent circuit. 

Figure 13. A three-phase Y-Y system. 

Figure 14 A single-phase equivalent circuit 



 

 
solution: 

 

 
Sketch the phasor currents 

 

 

 

 

 

 

 

 

 

 

 

Example 3  

Calculate the line currents in the three-wire Y-Y system of Fig.15 

Figure 15. Three-wire Y-Y system 



 

Since the neutral conductor carries no current, its impedance has no effect on 

the solution 

 
 

 
 

 
Figure 21 Single-phase equivalent.  

a. Reduce the circuit to its single-phase equivalent as shown in Fig. 21 
Solution: 

Example 4  

For Fig. 16, EAN = 120 V∠0o. 

a. Solve for the line currents. 

b. Solve for the phase voltages at the load. 

c. Solve for the line voltages at the load 

 

Figure 16 Y-Y connection. 



1- Star Star- Delta Connection 

2-  
3- c 
dd 

 
 

 

 

 

 
Or 

 

 

 

  
The set of line currents lags the set of phase currents by 30o. 
 

 

 

 

Figure 23 phasor diagram of the line and 

phase currents in a Δ connected load 

Consider the Y- Δ connection in Fig. 17 

Figure 17 Y-Δ connection 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
 

 (a) The positive sequence. 

 (b) The negative sequence 

 

Figure 24 Phasor diagrams of the line and 

phase currents in a Δ connected load. 



Example 6 

 
 

Solution: 

 

 
 

 



 

 
 

 

  

Example 7 

Suppose Vab=240 V∠15ofor the circuit of 

Fig. 25 

a. Determine the phase currents. 

b. Determine the line currents. 

c. Sketch the phasor diagram. 

 

 

 

 

Solution: 
Figure 25 balanced delta load 



 

Solution: 

 
 

 

  

Example 8 

For the circuit of Fig. 26, EAB = 208 V∠30o. 

a. Determine the phase currents. 

b. Determine the line currents. 

 
Figure 26 A Y-Δ connection 



 

 

Now use the voltage divider rule to find Van: 

 

 

 

  

Example 9 

For the circuit of Fig. 27, the magnitude of the line voltage at the generator is 
207.8 volts. Solve for the line voltage Vab at the load. 

 

Solution: 

Since points A-a and B-b are not directly joined, Vab ≠ EAB. 

 
Figure 27 A Y- Δ circuit with line impedances. 

Use the single-phase equivalent as in Fig. 28. 

 
Figure 28 Single-phase equivalent 



Balanced Delta-Wye Connection 

 

 
 

To obtain the line currents, apply 

KVL to loop aANBba in Fig. 31, 

writing 

 
But Ib lags Ia by ∠120° since we 

assumed the abc sequence; that is, 

Ib = Ia∠-120° Then, 

 

 

 
 

Another way to obtain the line currents is to 

replace the delta-connected source with its 

equivalent wye-connected source, as shown in 

Fig. 32 
 

Thus, the equivalent wye-connected source has the phase voltages 

 
Therefore, we can use the equivalent single-phase circuit shown in Fig. 33 

 
Figure 33 The single-phase equivalent circuit. 

 
 

  

Figure 32 Transforming a Δ - 

connected source to an 

equivalent Y-connected source 

A balanced -Y system consists of a balanced Δ -connected source feeding a 

balanced Y-connected load. Consider the circuit in Fig. 31 

Figure 31 A balanced Δ-Y connection 



Example 11 
 

 

Solution: 

 
 

 

  



Balanced Delta-Delta Connection 

Consider the Δ-Δ connection in the circuit shown in Fig. 34 
 

 
Figure 34 A balanced Δ-Δ connection. 

 

For abc sequence: 

 
The line voltages are the same as the phase voltages. 

Assuming there is no line impedances, 

 
The phase currents are 

 
The line currents are 

 
Each line current lags the corresponding phase 

current by 30o and the magnitude of 

 
 
 
 
 
 
 

An alternative way of analyzing the circuit is to convert both the source and the load 

to their Y equivalents 
 

  



Example 12 

 
 

Solution: 

 
 

 



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

systems.1 

 

 

 

 

1 Positive or abc sequence is assumed 
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