
Topic 9: 3-Phase Circuit Analysis



Three phase Circuits

➢ An AC generator designed to develop a single sinusoidal voltage for each rotation of the 

shaft (rotor) is referred to as a single-phase AC generator.

➢  If the number of coils on the rotor is increased in a specified manner, the result is a 

Polyphase AC generator, which develops more than one AC phase voltage per rotation of 

the rotor

➢  In general, three-phase systems are preferred over single-phase systems for the 

transmission of power for many reasons. 

 1. Thinner conductors can be used to transmit the same kVA at the same voltage, 

which reduces the amount of copper required (typically about 25% less).

 2. The lighter lines are easier to install, and the supporting structures can be less 

massive and farther apart.

 3. Three-phase equipment and motors have preferred running and starting 

characteristics compared to single-phase systems because of a more even 

flow of power to the transducer than can be delivered with a single-phase supply.

 4. In general, most larger motors are three phase because they are essentially self-

 starting and do not require a special design or additional starting circuitry.



a) Single phase systems two-wire type
b) Single phase systems three-wire type.

Allows connection to both 120 V and 240 V.

Two-phase three-wire system. 

The AC sources operate at different phases.

Single-Phase, Two-Phase, Three phase Circuits



Three-phase Generator

➢ The three-phase generator has three induction coils placed 

120° apart on the stator.

➢ The three coils have an equal number of turns, the voltage 

induced across each coil will have the same peak value, shape 

and frequency.



Balanced Three-phase Voltages

Three-phase four-wire system

Neutral WireA Three-phase Generator

Voltages having 120 phase difference



Balanced Three phase Voltages

a) Wye Connected Source b) Delta Connected Source

a) abc or positive sequence       b) acb or negative sequence
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Balanced Three phase Loads

a) Wye-connected load               b) Delta-connected load 

1 2 3

Conversion of Delta circuit to Wye or Wye to Delta. 
Balanced Impedance Conversion:

          

          

Y

a b c

Z Z Z Z

Z Z Z Z

= = =

= = = 1
Z 3 Z

3
Y YZ Z = =

➢ A Balanced load  has equal impedances on all the phases



Three phase Connections Y-Y Connection

➢ Both the three phase source and the three phase load can be 

connected Wye Wye.

➢ Y-Y connection



Three phase Connections Y-Y Connection

➢ Example: Calculate the line currents in the three-wire Y-Y 

system shown below.



Three phase Connections Y- Connection

➢ Both the three phase source and the three phase load can be 

connected Wye Wye.

➢  Y- connection



Three phase Connections Y- Connection

➢ Example: A balanced abc-sequence Y-connected source 

with Van = 100∠10◦ V is connected to a ∆-connected balanced 

load (8 + j4) Ω per phase. Calculate the phase and line currents.

If the phase voltage Van = 100∠10◦, then the line voltage is

The load impedance is

The phase currents are The line currents are

Alternatively, using 

single-phase analysis,



THREE PHASE CIRCUITS
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Proof of Theorem

For a balanced three phase circuit the instantaneous power is constant
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SOURCE/LOAD CONNECTIONS

BALANCED Y-Y CONNECTION
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Relationship between phase and line voltages

Example: For an abc sequence, balanced Y-Y three phase circuit −= 30208abV

Determine the phase voltages.

Balanced Y - Y

Positive sequence a-b-c
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Example: For an abc sequence, balanced Y - Y three phase circuit

+=+== 1020,11,)(120|| jZjZVV phaselinermsphase source

Determine line currents and load voltages.

Because circuit is balanced data on 

any one phase are sufficient
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Example: For an abc sequence, balanced Y - Y three phase circuit

 voltagesline the Find .)(90120 rmsVVan =

Relationship between

phase and line voltages
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Example: For an abc sequence, balanced Y - Y three phase circuit

+=+== 38,11,)(6.2602.104|| jZjZVV phaselinermsphase load,

Determine source phase voltages
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DELTA-CONNECTED LOAD

Method 1: Solve directly
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Method 2: We can also convert the delta 

connected load into a Y connected one. 

The same formulas derived for resistive 

circuits are applicable to impedances
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=+= 02.3752.1254.710 jZ

Example: Delta-connected load consists of 10-Ohm resistance in series with 20-mH 

inductance. Source is Y-connected, abc sequence, 120-V rms, 60Hz. Determine all line and 

phase currents
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Alternatively, determine first the line currents

and then the delta currents



POWER RELATIONSHIPS
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EXAMPLE: Determine the magnitude of the line currents and the value of 

load impedance per phase in the delta
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Example: For an abc sequence, balanced Y - Y three phase circuit

+=+== 1020,11,)(120|| jZjZVV phaselinermsphase source

Because circuit is balanced

data on any one phase are

sufficient
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Example: A Y -Y balanced three-phase circuit has a line voltage of 208-Vrms. The total real 

power absorbed by the load is 12kW at pf=0.8 lagging. Determine the per-phase impedance

of the load
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Example: A 480-V rms line feeds two balanced 3-phase loads. The loads are rated 

 Load 1: 5kVA at 0.8 pf lagging Load 2: 10kVA at 0.9 pf lagging.

Determine the magnitude of the line current from the 408-V rms source
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POWER FACTOR CORRECTION

Balanced

    load

Low pf

lagging

Similar to single phase case.

Use capacitors to increase the

power factor

Keep clear about 
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EXAMPLE:

f=60 Hz, Vline=34.5 kVrms. 

Required pf=0.94 lagging. 
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