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Review of balanced three-phase systems
Lecture - 1
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Advantages of three-phase systems over single-phase supplies 
include:
(i) For a given amount of power transmitted through a system, the 
three-phase system requires conductors with a smaller cross sectional 
area. This means a saving of copper (or aluminium) and thus the original 
installation costs are less.
(ii) The instantaneous power in a three-phase system can be constant 
(not pulsating).
(iii) It is also used to drive large motors and other heavy loads. 

Three-phase systems
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Three phase source

Three phase load
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Source:    Load:
Phase current (Ia, Ib, Ic),  Phase current (Iab, Ibc, Ica), 
Phase voltage (Van, Vbn, Vcn),  Phase voltage (Va’b’, Vb’c’, Vc’a’),  

line current (Ia, Ib, Ic)  
line voltage (Vab, Vbc, Vca) 
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(i) The three line conductors are connected to a load and the outlets 
from the loads are joined together at N to form the neutral point 
or the star point.

(ii) The voltages, VR, VY and VB are called phase voltages or line to 
neutral voltages. Phase voltages are generally denoted by Vp.

(iii) The voltages, VRY, VYB and VBR are called line voltages.

Star connection
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(iv) The phase currents (generally denoted by Ip) are equal to their 
respective line currents IR, IY and IB, i.e. for a star connection:

(vi) The line voltage, VRY,

VRY = VR − VY (VY is negative since it is in the opposite direction 
to VRY).
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Phasor diagram for star connection
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Delta connection

(i) It can be seen that the line voltages VRY,VYB and VBR are the 
respective phase voltages, i.e. for a delta connection:

(i)  IR = IRY - IBR = IRY + (- IBR)

Review of balanced three-phase systems
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POWER IN A BALANCED SYSTEM

For a Y-connected load, the phase voltages are

Vp has been defined as the rms value 
of the phase voltage.

the phase currents lag behind their corresponding 
phase voltages by θ. Thus,



* 11

The total instantaneous power in the load is the sum of the 
instantaneous powers in the three phases; that is,
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The total instantaneous power in the load is the sum of the 
instantaneous powers in the three phases; that is,
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The average power per phase Pp for either the Δ-connected load 

or the Y-connected load is p/3, or

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



* 14

Similarly, the total reactive power is

and the total complex power is

or
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Review of balanced three-phase systems
Numericals
Lecture - 2
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Calculate the line currents in the three-wire Y-Y system of Fig.

where

P1.



Since the source voltages in Fig. are in positive sequence and the line 
currents are also in positive sequence,

P2.
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P4.

P3.
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Determine the total average power, reactive power, and complex power 
at the source and at the load.

P5.
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Three identical coils, each of resistance 15 Ω  and inductance 42 

mH are connected (a) in star and (b) in delta to a 415 V, 50 Hz, 3-
phase supply. Determine the total power dissipated in each case.

P6.
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Calculate the line currents and complex power consumed by the 
load.

P7
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Unbalanced three-phase systems
Star connected

Lecture – 3
Lecture - 4
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Unbalanced Three-phase systems

Unbalanced three-phase systems are solved by direct application of 
mesh and nodal analysis. 

a) 4-wire star connected - apply Ohm’s law

b) 3-wire star connected – apply mesh/nodal analysis
     
c) Delta connected 
     i) apply Ohm’s law – if line impedance is not given
        if line voltage is given
     ii) apply mesh/nodal analysis – if line impedance is given 
            - if phase voltage is given
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Figure shows an example of an unbalanced three-phase system that 
consists of balanced source voltages (not shown in the figure) and an 
unbalanced four-wire Y-connected load (shown in the figure). Since 
the load is unbalanced, ZA, ZB, and ZC are not equal. The line currents 
are determined by Ohm’s law as
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P8.
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P9.
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P10.
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P11.
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Unbalanced three-phase systems
Delta connected

Lecture - 5
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P12.
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P13. A three-phase supply, with the line voltage 240 V rms positively 
phased, has an unbalanced delta-connected load as shown in Fig. Find 
the phase currents and the total complex power. 
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P14.
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P15.
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Unbalanced three-phase systems
Star/Delta conversion

Lecture - 6
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Unbalanced three-phase systems
Star/Delta using Millman’s theorem

Lecture – 7 & 8
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An unbalanced three-wire star-connected load can also be solved by 
Millman’s theorem.

three-phase 
source

three-phase 
load
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three-phase 
source

three-phase 
load

An unbalanced three-wire star-connected load is redrawn in parallel 
form.
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Let VRO , VYO and VBO be the phase voltages of the supply which are 
equal in magnitude but differ in phase from one another by 120°. 
Let VRN , VYN and VBN be the load phase voltages which are unequal in 
magnitude as well as differ in phase by unequal angles. The voltage 
between the neutral points, N and O, i.e, VNO ,is calculated using 
Millman’s theorem. 

where YR YY and YB are the admittances of the branches of the 
unbalanced star-connected load. 
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The voltage across phase impedance, i.e., load phase voltage can be 
calculated as,
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