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The Problem …

��Calculate & sketch the ZPS, NPS & PPS Calculate & sketch the ZPS, NPS & PPS 

impedance networks.impedance networks.

��Calculate feeder faults.Calculate feeder faults.

��Calculate transmission line fault current.Calculate transmission line fault current.

��Specify suitable Specify suitable CTsCTs for protection scheme.for protection scheme.

��Design OverDesign Over--current protection for the 22kV current protection for the 22kV 

feeders, feeders, busbarbusbar and 66/22 kV transformerand 66/22 kV transformer

��Specify and design Distance Protection that will Specify and design Distance Protection that will 

coordinate with Overcoordinate with Over--current protection scheme current protection scheme 

above.above.



POWER 
SYSTEM

UTM SKUDAI







PPS, NPS and ZPS Calculations

For a fault ‘F’, at the end of the 22 kV 
feeder, sketch the positive phase 
sequence (PPS), negative phase 
sequence (NPS) and zero phase 
sequence (ZPS) impedance networks. 
Show the value of all impedances as % on 
a 25 MVA base. 



THE DESIGN



FAULT CALCULATION



















Calculate the currents at the 
fault ‘F’, for a three-phase 

short-circuit and an 
‘a’-phase-to-ground 

short-circuit.













Calculate the current in each 

phase of the two 66 kV lines for 

the a--phase-to-ground fault at ‘F’. 

Remember that a delta/star 

transformation shifts the PPS and 

NPS currents each 30°in 

opposite directions.























Specify a suitable CT'B' for the 22 kV feeders, 
giving a ratio and a performance specification 
suitable for protections applicable to distribution 
systems, i.e. protections which operate in 
greater than 0.2 second.

You can assume that the rated load current of 
the 22 kV switchgear is 400 amps, that the rated 
fault capacity is 250 MVA, that the secondary 
equipment has a 5-amp rating and that the total 
burden represented by the leads and the relays 
is 0.7 ohms.









Specify suitable CT's 'C' for transformer protection and 
'A' for 66 kV line protection. Both protections will be 
required to operate in less than 0.2 second. The power 
system X / R is to be taken as 4. Design CT 'A' for 
maximum 22 kV faults.

66 kV CB load current rating is 600 amps, and fault 
rating at the 220/66 kV station 66 kV bus is 2500 MVA. 
Burden of leads plus relay is 0.7 ohm. 66/22 kV 
transformer cyclic rating is 1.2 times nominal. Remember 
that the exciting current you specify is a measure of the 
composite error and size of the CT core.















It is planned to apply overcurrent protections to the 22 kV feeders, 22 kV 
busbars and 66 kV transformer connections of the system shown on Figure 1. 
CT connections and ratios are shown in Figure 2. Determine minimum 
operating currents and plot the time/current curves for the three overcurrent
protections, showing discriminating margins. Use CDG11 inverse definite 
minimum-time overcurrent 3-second relays [Reference A.Kalam et. al., ‘Power 
system Protection’, Figure 2b, page 5-23]. The bus overcurrent protection is to 
be set to provide backup for failure of the 22 kV feeder protection and the 
transformer overcurrent to backup for failure of the bus protection.

The time current curves should be plotted on the log-log graph paper provided. 

Base the settings on the three-phase fault currents that you calculated in 
earlier parts.

Assume the CDG 11 relay has plug settings of 1, 2, 2.5, 3.75 and 5 amps. 



























A three-zone distance protection is planned for the protection of the 66 kV line 2 in 

the system on figure 1 (connected to CT 'C' at the 220 kV station end). Assume that 

the zone 3 characteristic is an offset mho with 20% reverse reach and that zones 1 

and 2 have an mho characteristic. Relay characteristic angle is 60°. Zone 3 reach is 

to be set to provide backup for failure of transformer protection.

(i) List the measuring elements that comprise a full distance 

scheme and the voltages and currents measured by each element.

(ii) Select suitable impedance settings, in primary ohms, for each 

zone and plot your results on an X-R polar diagram. Show the likely locus 

of the load under all possible operating conditions, given that the 

emergency rating of the 22 kV station is 120% of one transformer.

(iii) Select zone time settings that will coordinate with the 

overcurrent protection settings calculated in part (f).

(iv) Using current and voltage sequence components, calculate the 

current, voltage and impedance measured by the b-c phase element of the 

distance relay for a b-c phase fault at the end of the 66 kV line.

Remember that the PPS voltage at the fault is determined by the voltage drop from 

the source to the fault, through the PPS impedance network and the NPS voltage is 

maximum at the fault and zero at the source. Calculate the PPS and NPS at the 

relay location by proportion and add vectorially to obtain the actual voltage.












































