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Neutral earthing/grounding arrangements

3-phase fault – 3-phase short-circuit (fault current and voltages do not depend on neutral earthing) 

SLTG (single line to ground) fault – depends on neutral earthing

- neutral directly earthed  1-phase short-circuit

- neutral earthed via R  1-phase short-circuit

- neutral earthed via L  earth fault

- isolated neutral  earth fault
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Neutral earthing/grounding arrangements

Directly grounded networks
• HV , EHV (in Czech Republic)

• LV (400 V)

Networks grounded trough impedance
• MV

• Peterson coil – networks with overhead power lines

• Resistor – cable networks

Isolated networks

• MV – small networks, only few km

• LV (500 V), e.g. networks in mines
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Czech Power System



Short circuits

Short-circuit: 

cross fault, quick emergency change in ES 

the most often fault in ES 

transient events occur during short-circuits 

Short-circuit formation: 

fault connection between phases or between phase(s) and the ground in the system with the grounded 

neutral point 

Main causes: 

insulation defect caused by overvoltage 

direct lightning strike 

insulation aging 

direct damage of overhead lines or cables 

Short-circuit impacts: 

total impedance of the network affected part decreases 

currents are increasing => so called short-circuit currents Ik
the voltage decreases near the short-circuit 

Ik impacts causes device heating and power strain 

problems with Ik disconnecting, electrical arc and overvoltage occurred during the short-circuit 

synchronism disruption of ES working in parallel 

communication line disturbing => induced voltages 



7

Short-circuits types

Short-circuits types 

Symmetrical short-circuits: 

Three-phase short-circuit => all 3 phases are affected by short-circuit 

little occurrence in the case of overhead lines 

the most occurrences in the case of cable lines => other kinds of faults change to 3ph short-

circuit due to electrical-arc impact 

Unbalanced (asymmetrical) short-circuits: 

phase-to-phase short-circuit 

double-phase-to-ground short-circuit 

single-phase-to-ground short-circuit: 

in MV a different kind of fault => so called earth fault 

in case of earth fault in MV (insulated or indirectly grounded neutral point) => no change 

in LV (grounded neutral point)
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* Earth faults

Notice

In cable systems lower rate of

single.-phase faults
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Time behavior of short-circuit current
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Time behavior of short-circuit current
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Symmetrical short-circuit current 

–far-from-generator fault

Průběh symetrického zkratového proudu
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Unbalanced short-circuit current

– far-from-generator fault
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DC aperiodic component

Unbalanced short-circuit current

– far-from-generator fault

symmetrical short-circuit current

= AC (symmetrical) 

component

voltage
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Unbalanced short-circuit current

– far-from-generator fault

t(s)
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A
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průběh napětí iks ika celkový průběh

ik(t) – total short-circuit current
iDC(t) - DC aperiodic component

iks(t) - symmetrical short-circuit 

current - AC (symmetrical) component

voltage total current
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Unbalanced short-circuit current

– far-from-generator fault
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Symmetrical short-circuit current 

– near-from-generator fault

Near-from-generator fault - is caused by synchronous machine behaviour during 

short-circuit → more significant during short-circuits near the machine  value of 

AC symmetrical periodic component is not constant

´́2 2ko kI I  

AC symmetrical periodic component is subdivided into components:

 sub-transient – exponential envelope, time constant Tk  cca 0,2 s

 transient – exponential envelope, time constant Tk cca 5 to 10 s

 steady-state – constant magnitude 
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Unsymmetrical short-circuit current 

– near-from-generator fault

The worst cause:

AC (symmetrical) periodic component 

starts from its max. value 



maximal DC componet 

Peak short-circuit current  Ikm (ip)

= the first half-period magnitude of 

total short-circut current

with the maximal DC component

(t = 0,01 s)
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Short-circuit current definitions

Iks – symmetrical short-circuit current  – the rms value of the AC symmetrical component of a prospective 

short-circuit current (summa od sub-transient , transient and steady-state components)

I”k - initial symmetrical short-circuit current - the rms value of the AC symmetrical component of a 

prospective short-circuit current at the moment of its occurrence (t = 0)

Voltage has a pre-fault value, but circuit impedance is lower due to short-circuit fault.

S”k - initial symmetrical short-circuit power -

Ik - steady-state short-circuit current - the rms value of the current after the decay of the transient 

components (for far-from-generator faults Ik = I”k )

iDC - decaying aperiodic DC component of the short-circuit current, determined as the average between 

the top and bottom envelope curve of the fault current: Time constant Ta=Lk/Rk.
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Short-circuit current definitions

ip (Ikm) – peak short-circuit current, determined as the maximum instantaneous value of the fault current    

(t = 0,01 s) with maximal DC component

Ith (Ike) – thermal equivalent short-circuit current – the rms value of a non-decaying current, having the 

same thermal effect and duration as the actual current

Ib - symmetrical short-circuit breaking current – the rms value of an integral cycle of the symmetrical ac 

component of the current, at the instant of contact separation of the first pole to open in a switching 

device. For far-from-generator Ib = I”k

Tk - the duration of the short-circuit current
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Time behavior of short-circuit current

Far-from-generator short circuit without DC aperiodic component
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Průběh zkratového proudu

Far-from-generator short circuit with maximal DC aperiodic component

symmetrical short-circuit current

DC component (aperiodic)
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Průběh zkratového proudu

Near-from-generator short circuit with maximal DC aperiodic component
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Průběh zkratového proudu

Asynchronous motor short circuit with maximal DC aperiodic component
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Short-circuit current power factor
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Calculation of short-circuit currents

IEC 60909 - the equivalent voltage source method
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Mechanical  strength

Ikm (ip) – peak short-circuit current (t = 0,01 s)

Influence mainly at tightly placed stiff conductors, supporting insulators, 

disconnectors, construction elements,… 

Forces frequency 2f at AC → dynamic strain

Short-circuit current effects 
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Short-circuit current effects 

2 parallel conductors → force perpendicular to the conductor axis 
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Thermal strength

Ith (Ike) – thermal equivalent short-circuit current – the rms value of a non-decaying current, 

having the same thermal effect and duration as the actual current

m – thermal effect of the DC aperiodic component

n – thermal effect of the AC component, for far-from-generator faults and tk > 0,5 s    n=1

Short-circuit current effects 
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Short-circuit dimensioning

Mechanical strength Idyn  ip

Idyn - dynamic short-circuit current given by manufacturer of electric equipment

Thermal strength Ikn1  Ike1

Ikn - short-time withstand current given by manufacturer of electric equipment

conductor cross-section
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- to increase short-circuit impence

- transformers with higher impedance

- line reactors

Short-circuit limitation
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Short-circuit limitation

- to decrease source power

- split substation bus

- separate operation of feeders
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Short-circuit limitation

- to assure fast circuit opening – current and heat effect (I2t) limitation

- fuses (LV, MV), rapid circuit-breakers
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Short-circuit limitation

- fault current limiters 

- with current limitation and interruption

- with current limitation only 
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Short-circuit limitation

- short-circuit current limiter - ABB
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Short-circuit limitation

- short-circuit current limiter – G&W
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Short-circuit limitation

- short-circuit current limiter – G&W
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Method of symmetrical components
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Method of symmetrical components
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Method of symmetrical components


