
Electric Circuit Analysis-BEE302 

1 
Dept. of EEE, ATMECE 

MODULE –5a 

Unbalanced Three Phase Systems 

Content: 

Unbalanced Three Phase Systems:  

1. Analysis of three phase systems ( 3-wire and 4 wire systems )  

2. Calculation of real and reactive Powers.  

 

5.1 Introduction 

• Industrial and residential consumers use equipment that can be single phase and / or 

three phase.  

• In general, the distribution networks offer the two types of voltage, and the single phase 

is obtained from the three-phase using only the neutral and one of the phases.  

• As the load on the three phases changes constantly, a four-wire (neutral + 3 phase) 

system is used to maintain stable voltage and provide a return path for the neutral 

current due to load unbalance.  

• This system is used by energy distribution companies electrical, when in low voltage, 

for homes, commercial rooms and small industries. 

5.1.1 For a three-phase system to be considered unbalanced if:  

• The voltages of the source are not equal in modulus and / or differ in phase (different 

angles);  

• The load impedances are unequal (at least one of them). This is the most likely situation 

to happen. 

 

 

 

 

 

 

 

 

5.2 Types of Unbalanced Loads 

• The unbalanced load is the load in which the load impedances are not same but having 

different values.  

Example: 
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• The values of voltages and currents are also different in each phase.  

• The unbalanced loads may also be connected either in star or in delta. 

• With unbalanced loads, the power in each phase has to be calculated separately.  

Consider three phase star connected four wire unbalanced load system as shown in Fig. 

IR, IY,IB -line currents which are same as the phase currents. 

VRY, VYB and VBR -line voltages.  

IN=IR+IY+IB  

The phase voltage is lagging by 300 from the line voltage. 

Let V RN - reference phase voltage 

 Phase voltages are given by, 

 

If Zl, Z2 and Z3 are load impedances then the currents are 

given by, 

 

 

 

 

 

Thus in general following types of unbalanced loads are possible in practice 

i) Unbalanced three wire star connected load. 

ii) Unbalanced four wire star connected load. 

iii) Unbalanced delta connected load. 
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5.3 Analysis of Three Phase Unbalanced Loads 

a. Unbalanced Four Wire Star Connected Load 

In such loads a fourth wire is used to connect the neutral of the load to the neutral of supply 

system. There are two cases in such a load. 

1. Neutral wire with zero impedance 

If neutral wire has negligible impedance, it is assumed to have zero impedance.  The star point 

of load and generator supply system get directly connected and are at the same potential. Thus 

in this case if line voltages are balanced & then each phase voltage is a forced voltage such 

&tat the free phase voltages are balanced. The voltage across the three load impedances are 

equalized. Here neutral current is given by, 

 

 

2. Neutral wire with Impedance ZN 

In some case a neutral of load is connected to neutral of the supply through an 

impedance ZN. This is shown in the Fig. 

 

 

Where YR, YY and YB are the load phase admittances. Due to VNO, the load 

phase voltages are not equal to one another. 

 

b. Unbalanced Delta Connected Load 
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In unbalanced delta connected load, the phase voltages are same as the line 

voltages hence the phase currents can be obtained by dividing the phase voltages 

by the respective phase impedances. From the phase the line currents can be 

obtained. 

 

5.4 Power Factor of Unbalanced Load 

• The power factor is defined as the ratio of active power to the apparent power. 

But 

• in unbalanced system, each phase has different power factor hence overall 

factor can not 

• be precisely defined.  

• Still the ratio of total active power √3*VL*IL*cosϕ to the total apparent power 

√3*VL*IL gives approximate power factor of the unbalanced load. 

• In unbalanced loads a vector power factor is defined which is defined as, 
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Numericals: 

1. A 3-phase, 3-wire, 400V delta-connected load has impedances 𝑍𝑎𝑏=10∠0 ∘ 

 Ω, 𝑍𝑏𝑐=10∠−30 ∘  Ω and 𝑍𝑐𝑎=10∠30 ∘  Ω. The phase sequence is 𝑎𝑏𝑐. 

Determine the phase currents and line currents. 

Soln. Given Data: 

𝑉L𝐿=400 V 

𝑍𝑎𝑏=10∠0∘ Ω 

𝑍𝑏𝑐=10∠−30∘ Ω 

𝑍𝑐𝑎=10∠30∘ Ω 

Calculate the Phase Voltages   

 

Calculate the Phase Currents 

 

 

 

 

Calculate the Line Currents 
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2. A three-phase, 4-wire system with a 150V supply has a Y-connected load 

with the following impedances: 𝑍𝐴=6∠0∘ Ω𝑍𝐵=6∠30 ∘  Ω, 𝑍𝐶=5∠45 ∘  Ω. The 

phase sequence is CBA. Obtain all line currents and draw a phasor diagram. 

(10 Marks). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soln. Given Data: 

Voltage (𝑉L): 150V 

Phase Sequence: CBA 

Load Impedances 

Calculate the Phase Voltages 

The line voltage is given as 150V.  

For a Y-connected system: 

The phase voltages for the CBA sequence are: 

Calculate the Line Currents 



Electric Circuit Analysis-BEE302 

7 
Dept. of EEE, ATMECE 

 

Draw the Phasor Diagram 

• To draw the phasor diagram: 

• Start with 𝐼𝐴=14.43∠0∘ on the positive real axis. 

• Draw 𝐼𝐵=14.43∠−150 ∘, which will be at 150 degrees counterclockwise 

from the positive real axis. 

• Draw 𝐼𝐶=17.32∠75 ∘ , which will be at 75 degrees counterclockwise from 

the positive real axis. 

 

 

3. Determine the line current and total power supplied to a delta-

connected load with the following impedances:𝑍𝑎𝑏=10∠60∘ Ω, 

𝑍𝑏𝑐=20 Ω∠90∘ , 𝑍𝑐𝑎=25∠30∘  Ω. Assume a 3-phase, 400V, ABC system 

Solution: 
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4. A 3-phase, 400 V, 4-wire system has a star-connected load with 

𝑍𝐴=10∠0∘ Ω, 𝑍𝐵=(15+𝑗10) Ω, 𝑍𝐶=(0+𝑗5) Ω. Find the line current and current 

through the neutral conductor for phase sequence ABC for Fig. 

 

 

Solution: 
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5. A 3 phase supply with the line voltage of 250 V has an unbalanced delta 

connected load as shown in the Fig. Determine line currents, total 

active and reactive power if phase sequence is ABC. 

 

Solution: 

 

 

 

 

 

 

 

 

 

 

 

 

  

Reference phasor 

Phase currents: 
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6. A 3 phase4-wire CBA system of phase sequence, with effective line 

voltage of 100 V has a star - connected impedances given by : 

ZA=3<00Ω, ZB = 4.5<56.310Ω , Z c = 2.24<26.570Ω. Obtain the line 

currents and current in neutral wire. Draw the phasor diagram. 
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7. A symmetrical star-connected system is shown in Fig. Calculate the 

three-phase line voltage and power given 𝑉𝑅𝑁=230∠0∘ Volts. Assume 

phase sequence is RYB. 
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8. Determine the line currents in an unbalanced star-connected load supplied 

from a symmetrical 3-phase, 4-wire, 440V system. The branch impedances 

of the load are: ZA =5∠30 ∘ Ω, ZB =10∠45 ∘ Ω, ZC =10∠60 ∘ Ω. The phase 

sequence is ABC. 

 

 

Total Power: 
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9. Using Millman's theorem, find the phase voltages of a 3-phase, 3-wire 

unbalanced star-connected load. 

Consider an unbalanced Y load connected to a balanced 3-phase supply as 

shown 

 

O - star point of the supply (normally at zero potential)  

O’ -load star point. 

 Due to load unbalance, the potential of O' is different from that of O.  

According to *Millman's theorem, the voltage V0'0 is given by 

 

where VR0, VY0 and VB0 are the phase voltages of the supply and are equal in 

magnitude but 120° apart in phase. The quantities YR, YY. and YB are the 

admittances of the branches of the unbalanced Y load. 

The line current = phase current. 

The line currents are 50.81 A, 25.4 A, and 25.4 A in magnitude. 
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The point 0' is the load star point. Due to load unbalance, 0' has some potential w.r.t. 0 

and is shifted away from the centre of the triangle. Such a diagram is very useful in 

analysing an unbalanced 3-wire star load 


