
CHAPTER 3
FAULT STUDIES

POWER SYSTEM THREE-PHASE SHORT CIRCUITS

Simplifying  assumptions  for  three-phase  short  circuit  subtransient  fault
current calculations:

1.  Transformers  are  represented  by  their  leakage  reactances.  Winding
resistances, shunt admittances, and Δ–Y phase shifts are neglected.

2. Transmission lines are represented by their equivalent series reactances.
Series resistances and shunt admittances are neglected.

3.  Synchronous  machines  are  represented  by  constant-voltage  sources
behind  subtransient  reactances.  Armature  resistance,  saliency,  and
saturation are neglected.

4.  All nonrotating impedance loads are neglected.
5. Induction motors are either neglected (especially for small motors rated

less  than 50 hp)  or  represented in  the same manner as  synchronous
machines.

In practice these assumptions should not be made for all cases. 

Assume a three-phase fault at bus 1. Superposition is then applied to the
power system three-phase short circuit. See  Figure 4.

 

     From Figure 7.4(d), the subtransient fault currents, by superposition,
equals  the  prefault  values  from  the  second  circuit  PLUS  the  values
determined  from  the  first  circuit,  with  VF set  to  the  prefault  value.
Neglecting prefault load current, all voltages throughout the second circuit
are equal to the prefault voltage, and the prefault voltage is the only source
required to calculate the fault current. 
     Prefault  currents  are  usually  small,  and  hence  can  be  neglected.
Otherwise,  prefault  load  currents  could  be  obtained  from  a  power-flow
program. 



BUS IMPEDANCE MATRIX, Zbus

     Subtransient  fault  currents  throughout  an  N-bus  system  can  be
determined from the Zbus and the prefault voltage. Zbus can be computed by
first constructing Ybus, via nodal equations, and then inverting Ybus. 

Power System Modeling 
1. Positive-sequence network used since the power system network is

assumed balanced. It remains so under three-phase faults. 
2. Lines and transformers are represented by series reactances.
3. Synchronous machines are represented by constant-voltage sources

behind subtransient reactances.
4. All  resistances,  shunt  admittances,  and  nonrotating  impedance

loads are neglected.
The notes that follows neglect prefault load currents. As before two circuits
are used, as in Figure 7.4d. The first is used to find the fault current; both to
find the voltage at any bus under fault condition.

Finding the fault currents:

In the first circuit at bus n, the node voltage may be fixed at a value equal to
VF and the voltage source VF replaced by a source injecting current into the
bus, that is:

                 
The  superscript  (1)  denotes  the  first  circuit  and  the  double  primes
subtransient values. The nodal equation for the first circuit is:

or

where Ybus, is the positive-sequence bus admittance matrix, 
            Zbus, is the positive-sequence bus impedance matrix,
            E(1)  is the vector of bus voltages, and 
            I(1)  is the vector of current  sources. 
Rewriting (7.4.2),



Subtransient fault current: 

Voltage at any bus k:  (superscript (2) denotes the second circuit)

    



The Rake equivalent:

The same results as above can be obtained from the rake equivalent shown 
in Figure 7.6. It is based on the network shown below, which is constructed 
on the assumption that prefault currents are negligible.

FIGURE  7.6
Bus impedance equivalent circuit (rake equivalent)

Using Z bus, the fault currents in Figure 7.6 are given by

where
 I1, I2 , ... are the branch currents
(VF - E1); (VF - E2) ... are the voltages across the branches
Z11, Z22, ..., ZNN are the diagonal elements of the Zbus which are the self-

impedances. The off-diagonal elements are the mutual impedances.

Pre- fault conditions, neglecting prefault load currents:
      Switch SW is open, and all currents are zero and the voltage at each bus 
with respect to the neutral equals VF.



Fault conditions, a short circuit at bus n:
 Switch SW is closed.

         

 
EXAMPLE  7.5





FAULT CALCULATIONS USING SYMMETRICAL COMPONENTS

In  addition,  to  the  simplifying  assumptions  for  three-phase  short  circuit
subtransient  fault  current  calculations earlier  stated,  the following other
assumptions are also made and used in other types of faults as well:

1.  The  power  system  operates  under  balanced  steady-state  conditions
before the fault occurs. Thus the zero-, positive-, and negative- sequence
networks are uncoupled before the fault occurs. During unsymmetrical
faults they are interconnected only at the fault location.

2. Prefault load current is neglected. Because of this, the positive- sequence
internal voltages of all machines are equal to the pre- fault voltage V F.
Therefore,  the  prefault  voltage  at  each  bus  in  the  positive-sequence
network equals VF.

Sequence Networks





SINGLE LINE-TO-GROUND FAULT





LINE-TO-LINE FAULT



DOUBLE LINE-TO-GROUND FAULT







SEQUENCE BUS IMPEDANCE MATRICES










