
Symmetrical fault analysis through bus impedance matrix 
 

Problems: 
 

1.Two generators are connected in parallel to the low voltage side of a transformer. 

Generators G1 and G 2 are each rated at 50 MVA, 13.8 kV, with a subtransient resistance 

of 0.2 pu. Transformer T1 is rated at 100 MVA, 13.8/115 kV with a series reactance of 

0.08 pu and negligible resistance. 

 

Assume that initially the voltage on the high side of the transformer is 120 kV, 

that the transformer is unloaded, and that there are no circulating currents between the 

generators. Calculate the subtransient fault current that will flow if a 3 phase fault 

occurs at the high-voltage side of transformer 

 

Solution: 

Let choose the per-unit base values for this power system to be 100 MVA and 

115 kV at the high-voltage side and 13.8 kV at the low-voltage side of the transformer. 

The subtransient reactance of the two generators to the system base is 

 

The reactance of the transformer is already given on the system base, it will not 

change  

𝑋𝑇 = 0.08 𝑝. 𝑢 

The per-unit voltage on the high-voltage side of the transformer is 

 

Since there is no load on the system, the voltage at the terminals of each generator, 

and the internal generated voltage of each generator must also be 1.044 pu. To find this 

voltage, we must convert first the per-unit impedances to admittances, and the voltage 



sources to equivalent current sources. The Thevenin impedance of each generator is 

ZTh = j0.4, so the short circuit current of each generator is 

 

Then the node equation for voltage V1 

𝑉1 −𝑗2.5 + 𝑉1 −𝑗2.5 + 𝑉1 −𝑗12.5 = 2.61∠ − 900 + 2.61∠ − 90o 

 

Therefore, the subtransient current in the fault is 

𝐼𝐹 = 𝑉1 −𝑗12.5 = 3.729∠−90o𝑝. U 

Since the base current at the high-voltage side of the transformer is 

 

the subtransient fault current will be 

IF=IF,p.u I base=3.729×502=1872 A 

 

2.Two synchronous generators are connected in parallel at the low voltage side of a 

three-phase -Y transformer as shown in Fig. 3.2. Machine 1 is rated 50 MVA, 13.8 kV. 

Machine 2 is rated 25 MVA, 13.8 kV. Each generator has subtransient reactance, 

transient reactance and direct axis synchronous reactance of 25%, 40% and 100% 

respectively. The transformer is rated 75 MVA, 13.8/69Y with a reactance of 10%. 

Before the fault occurs, the voltage on high voltage side of the transformer is 66 kV. 

The transformer is unloaded and there is no circulating current between the 

generators. 

 
(a) Find the current supplied by the generators.  

(b) A three-phase short circuit occurs at P. Determine the subtransient, 

transient and steady state short circuit current in each generator.  



(c) A three-phase short circuit occurs at Q. Determine the subtransient, 

transient and steady state short circuit current in each generator.  

Select a base of 75 MVA and 69 kV in the high tension circuit.  

Summarize the results in a tabular form. 

 

Solution: 

 
On the selected base 

 
Transformer: X = 0.1 p.u. 

(a) Transformer is unloaded. Therefore, Ig1 = Ig2 = 0  

(b) per unit subtransient reactance diagram is shown in Fig. 

 
 

Using Thevenin’s equivalent above reactance diagram for the faulted 

condition can be reduced as shown in Fig. 

 

 



 

 

 

per unit transient reactance diagram is shown in Fig 

 

  

 

 

 

per unit direct axis reactance diagram is shown in Fig. 



  

 

(b) Fault occurs at point Q.  

per unit subtransient reactance diagram is shown in Fig. 

 

 

 

 

per unit transient reactance diagram is shown in Fig  



 

 

 

per unit direct axis transient reactance diagram is shown in Fig. 

 

 

 In the prefault condition, since the transformer is not loaded Ig1 = Ig2 = 0 



 

 

3.Consider the power system shown in Fig. The values marked are p.u. impedances. 

The p.u. reactances of the generator 1 and 2 are 0.15 and 0.075 respectively. 

Compute the bus impedance matrix of the generator – transmission network. 

 
Solution: 

The ground bus is numbered as 0 and it is taken as reference bus. The p.u. 

impedance diagram is shown in Fig. 

 



 

 

Symmetrical fault analysis through bus impedance matrix 

4. 

 



 

 

 

 

5.For the transmission-generator system shown in Fig.3.29, the bus impedance 

matrix is obtained as 



 

 
Symmetrical three phase fault with fault impedance j 0.052143 p.u. occurs 

at bus 1. Find the p.u. currents in all the elements and mark them on the single 

line diagram. 

Solution: 

Fault occurs at bus 1 and we need the first column of ZBus, which is

 

 

Currents are marked in Fig. 



 

6.Fig. shows four identical alternators in parallel. Each machine is rated for 25 MVA, 

11 kV and has a subtransient reactance of 16 % on its rating. Compute the short 

circuit MVA when a three phase fault occurs at one of the outgoing feeders. 

 
Solution  

Fault is simulated by closing the switch shown in the p.u. reactance 

diagram shown in fig and Its Thevenin’s equivalent is also shown in next 

Fig.  



 

 


