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Neutral earthing/grounding arrangements
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Neutral earthed Neutral earthed via Neutral isolated

directly and . — from earth
non-distributed an impedance a tuned circuit

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 viaL — earth fault

- isolated neutral - earth fault



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



Czech Power System
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ZAPADOCESKA

g Short circuits

Short-circuit:

[1 cross fault, quick emergency change in ES
[0 the most often fault in ES

[1 transient events occur during short-circuits

Short-circuit formation:
[1 fault connection between phases or between phase(s) and the ground in the system with the grounded
neutral point

Main causes:

[1 insulation defect caused by overvoltage

[0 direct lightning strike

[0 insulation aging

[0 direct damage of overhead lines or cables

Short-circuit impacts:

[1 total impedance of the network affected part decreases

[ currents are increasing => so called short-circuit currents |,

[1 the voltage decreases near the short-circuit

[0 1, impacts causes device heating and power strain

[0 problems with I, disconnecting, electrical arc and overvoltage occurred during the short-circuit
[0 synchronism disruption of ES working in parallel

[0 communication line disturbing => induced voltages




Short-circuits types
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Short-circuits types

zkraty zleva: trojfazovy zemni, dvojfizovy zemni, jednofizovy, trojfizovy, 2x dvojfizovy

Symmetrical short-circuits:
[J Three-phase short-circuit => all 3 phases are affected by short-circuit
[ little occurrence in the case of overhead lines

[J 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

[J single-phase-to-ground short-circuit:

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

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



Occurrence
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Notice
In cable systems lower rate of
single.-phase faults
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Time behavior of short-circuit current
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The total short circuit current is composed of both components:
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i, = (R;ixz) [sin(wt 4+ 9 — @) — €8 sin(y — @p)].
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Time behavior of short-circuit current

For the far-from-generator short circuit, the short circuit current is therefore made up
of a constant AC periodic component and the decaying DC aperiodic component. From
the simplified calculations, we can now reach the following conclusions:

e The short circuit current always has a decaying DC aperiodic component in
addition to the stationary AC periodic component.
* The magnitude of the short circuit current depends on the operating angle of

the current. It reaches a maximum at y = 90° (purely inductive load). This
case serves as the basis for further calculations.
e The short circuit current is always inductive.

Time behaviour: open-circuit, resistances neglected
— reactance, current of inductive character, higher I, values
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Symmetrical short-circuit current

—far-from-generator fault
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initial symmetrical short-circuit current

\/E ) Iko = \/E . Ik Ik - steady-state short-circuit current
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Unbalanced short-circuit current
— far-from-generator fault
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Unbalanced short-circuit current
— far-from-generator fault
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Unbalanced short-circuit current
— far-from-generator fault

1,.(t) - symmetrical short-circuit
current - AC (symmetrical) component

AN

[ L

ipc(t) - DC aperiodic component
| ~

I (kA)

i, (t) — total short-circuit current

t(s)

—— Vvoltage iks ika total current




Unbalanced short-circuit current
— far-from-generator fault

total short-circuit current symmetrical short-circuit current -
AC (symetrical) component

I /

I (kA)

i :\/E.k. ||,<, DC aperiodic component
° I, — peak short-circuit current

wS)

— Vvoltage iks ika total current |




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

t-0~—3r,,' {= 3]""{-37"' t):]f;'
I >ﬂ>ﬂ-\ i 21 =21,
| 2 T |
| 2 7‘ ﬂ ﬂ T WT ——
& [ / 11 7\ -
iu T samant
vd AC symmetrical periodic component is subdivided into components:
e sub-transient — exponential envelope, time constant T, "' cca 0,2 s
e transient — exponential envelope, time constant T, cca5to 10 s

¢ steady-state — constant magnitude
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Unsymmetrical short-circuit current
— near-from-generator fault

s

The worst cause;

12 Iio

AC (symmetrical) periodic component

starts from its max. value \ ! 1 | vﬂ —

—

[
maximal DC componet ‘ﬁL

Peak short-circuit current I, (i) \
= the first half-period magnitude of \
total short-circut current

with the maximal DC component
(t=0,0159)
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Short-circuit current definitions

l.s — 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”, - 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.

| Y _ U,
Zk \/§Zk

S”, - initial symmetrical short-circuit power - Sf = \/ngUn

I, - steady-state short-circuit current - the rms value of the current after the decay of the transient
components (for far-from-generator faults I, = 1", )

ipc - 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 T,=L,/R,.

Ika
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Short-circuit current definitions

i, (Ikm) — Peak short-circuit current, determined as the maximum instantaneous value of the fault current
(t=0,01 s) with maximal DC component

ip = kN 21} c=1.02+0.98e F/X

l;, (I,e) — thermal equivalent short-circuit current — the rms value of a non-decaying current, having the
same thermal effect and duration as the actual current

Ty
/ i2dr = 1";(m +n) = I3 T}
0

I, - 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 I, = 1",

T, - 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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symmetrical short-circuit current
\ /\
\\ |

Far-from-generator short circuit with maximal DC aperiodic component
21



stiidava sloZka (periodicka,
soumerny zkratovy proud)

ey

stejnosmérna slozka
(aperiodicka)

vysledny priibéh s nejvetsi
moznou stejnosmérnou
slozkou

Near-from-generator short circuit with maximal DC aperiodic component
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stiidava slozka (periodicka,
soumérny zkratovy proud)

!

stejnosmerna slozka
(aperiodicka)

vysledny pribéh s nejveétsi
MoZnou stejnosmeérnou
sloZzkou

0,01 s

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

Non-rotating load

2 z@ ’ l?
Non-rotating load

Q
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Short-circuit current effects

Mechanical strength
lkm (i) — peak short-circuit current (t = 0,01 s)

i = k21 Kk =1.02+098e R/X
P ¢ (KLV = 1,8; kyv = 1:-7)

Influence mainly at tightly placed stiff conductors, supporting insulators,
disconnectors, construction elements,...
Forces frequency 2f at AC — dynamic strain

Makx. instantaneous force on the conductor length unit

£=2.k -k, 107 2 (N/m)
d

ki — conductor shape coefficient
k, — conductors configuration and currents phase shift
coefficient

a — conductors distance
26



Short-circuit current effects

q)

L2

()

L3

{p

F
2 parallel conductors — force perpendicular to the conductor axis

| I°
F=47-107"  —1I1=2-10""—1 (N)
21a a

1 LI ;

F=B-l-1
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Short-circuit current effects

Thermal strength

i, (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

tk L. t
. 2 r 1 %.
Q« zflk dt Qe ~Ile-t, .ty = [i; (Ddt L. = |— [it (Hdt
0 0 tk 0
g B 1 4 T In(k—1
lp=1 - vVm+n metkln(K—l)[efk MRS

m — thermal effect of the DC aperiodic component
n — thermal effect of the AC component, for far-from-generator faults andt, >0,5s n=1
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Short-circuit dimensioning

Mechanical strength layn 2 1

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

Thermal strength I

I, - short-time withstand current given by manufacturer of electric equipment

L

_ 12 12 _
Q—Ike'tk—lkez'2 — Ikez—lke' 2

conductor cross-section [, -, /t
S > ke k
K
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Short-circuit limitation
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- to increase short-circuit impence
- transformers with higher impedance
- line reactors

°
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Short-circuit limitation

- to decrease source power
- split substation bus

0608 Bgae

608

-

- Sseparate operation of feeders

B

X4

.
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Short-circuit limitation

- to assure fast circuit opening — current and heat effect (I%t) limitation
- fuses (LV, MV), rapid circuit-breakers

[ Current Limitation with a Current-limiting Fuse

Prospective L3 O Avitilable Peak Corrent
5
fault-current peak

—
=
I
e
-
=
o

rms value of the AC

|
I component of the
| prospective fault curent

NOTE:
Total Clearing Pt =
Melting Pt + Arcing It

Current peak
limited by the fuse

| Fault Occurs

Peak Let-Thru / Current {1..)
Fuse Elements Melt

Arcing Energy (1)

Melting Energy (Ft)

! Time

- 0.02s \/ 1

Tf: Fuse pre-arc fusing time

Ta: Arcing time

Tte: Total fault-clearance time Fuse Total Clearing Time
(less than Y2 cycle)

Melting
Time

- Arc is Extinguished
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Short-circuit limitation

fault current limiters
with current limitation and interruption

with current limitation only

Current

limited

Normgl Fault condition Recovery
operation
.-' ‘c ‘-"‘ WIthOUf
{5 ! v limiter
peak : : o
short-circuit  j, g ;
1 ]
current ; A
i
\ !
|
1

=M current

short-circuit time

recovery
time

Time
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Short-circuit limitation

- short-circuit current limiter - ABB

Figure 1: l-limiter insert holder Figure 2:  l.-limiter insert
with insert for 12 k\/ 2000 A
4  Fuse
1 Base plate 7 Fuse indicator
2 Insulator 8 Insulating tube
3 Pole head with clamping device 9 Bursting bridge
4  Fuse 10 Charge
5 Telescopic contact 11 Main conductor indicator
6 Insulator with pulse 12 Fuse element

transformer




Short-circuit limitation

- short-circuit current limiter — G&W

Current limiting
fusible element Replaceable
internupters

Isolation
transformer
CCDané]::lur Bus bar
connection
Powar
supply
connaction

Mounting
channeal

Stand-off
; insulator
sensing transformer
"“‘“%&- ’?r
EH '°=-.===_==_<_\1- -ﬁ:e S . {4 F
e SR il
.

A Typical 15.5kV. B000A, 120kA rms, sym, Current Limiting Protector. 35



Short-circuit limitation

- short-circuit current limiter — G&W

-~

HOUSING FUSIBLE ELEMENT COPPER CONDUCTOR
A\

9 HOUSING FUSIBLE ELEMENT COPPER CONDUCTOR

\
BUS BAR l / .

I

ormal flow of curre

X—K—X
1

L 1

R

residual current thru fuse
L g b b ——

Fuse blown < % cycle

L
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Method of symmetrical components

Ua=Uxi +Usa + Upp
U = Ug; + Ugz + Ugg
Uc=Ug + Ug + Ugg

Fa Fas

M

,

1
e

Fc Es Fci Fai

Fecz

Pokud zvolime referenéni fazi A, miZeme soustavu piepsat na soustavu

U.=U + U, +U kde a je:
Ug=a"U, + H?Ug + Up g =gl = LN E g =g 120" = 1 ﬁ
Uc=a U +a’ U, + U, 2 /2 2 72

a pro proudy miZzeme piepsat stejné jako napéti:

l.ﬂ.:ll + 13 +IL'I
l]:1=32|| + alg +lu

lt‘=a l|"'5|213+l[] 37



Method of symmetrical components

Three-phase (to-ground) short-circuit U, =U,=U, =0

=

. U . .
U,=0,Us=0,U:=0 [[=—; 1,=0; I,=0
Zl
I a |
———
Iy b —ot— ] .
z
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Ua ul:l ul’."
Ty ar v av av oV & IV S A v AV SV GV AV &V S 4 = >
v R E—
Lo
O
A fJ A -~ f,]- e ~ lj
[, == I,=a—-1; [, =a—
Z Z % ——
ZCU
Only the positive-sequence component included. @ Uo
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Method of symmetrical components

. . . I =1, =1, ==
Single-phase-to-ground short-circuit | "7 47,47,
U =(z,+2,)
Upa=0,13=0,1c=0 . A a
Uz - _2211
l- c - ~
—— - U, =-2,1
b
— -
I, « — -
— — Sk
U.|Us| U, . l“1
N,
V0 GV S v S o G S S S G * / S SV S S S S S Sy J?— I
T b
Zc2
-
A 3U. A a 2
IA:’“ — !IB:U; I{_-:U -
L o+ZL,+7 lo
| FEa Ly —
All three components are in series. J/Uo
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