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Figure 4.1 Decaying Short Circuit Current Waveforms
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Cahier Technique Schneider Electric n° 158 / p.9

Note that in the indicated order, the reactance
acquires a higher value at each stage, i.e. the
subtransient reactance is less than the transient
reactance, itself less than the synchronous
reactance. The successive effect of the three
reactances leads to a gradual reduction in the
short-circuit current which is the sum of four
components (see Fig. 10 ):

c The three alternating components (subtransient,
transient and steady-state)

c The aperiodic component resulting from the
development of the current in the circuit (inductive)

This short-circuit current i(t) is maximum for a
closing angle corresponding to the zero-crossing
of the voltage at the instant the fault occurs.

Fig. 10 : Total short-circuit current isc (e), and contribution of its components:
a) subtransient reactance = X”d
b) transient reactance = X’d
c) synchronous reactance = Xd
d) aperiodic component.
Note that the decrease in the generator reactance is faster than that of the aperiodic component. This is a rare
situation that can cause saturation of the magnetic circuits and interruption problems because several periods
occur before the current passes through zero.
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Table 1. Transformer Connections and Zero Sequence Current 

  
 
 

Figure 4 shows the sequence network modeling for a bolted PG fault on a radial line 
extending from the secondary of a Grounded-Wye/Grounded-Wye transformer, with the 
transformer primary connected to a grounded-wye source. For this case, each of the three 
components of the fault current (positive, negative, and zero sequence) flows unobstructed 
from the system source to the fault. As described previously, the zero sequence current 
actually is circulating in the two coupled loops, one on the primary side and one on the 
secondary side of the transformer. The voltage and impedance values indicated in the 
figure are as follows: 

 
VPN: the applied phase to neutral system voltage (infinite source) 
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Table 5.3:  Zero sequence equivalent circuit connections
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Zero phase sequence networkConnections and zero phase sequence currents
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228 Short-circuit currents

∑ 1090 MW

∑ 440 MW

∑ 520 MW

∑ 2815 MWGS
3~

GS
3~

GS
3~

GS
3~

2 × 500 MVA

400-kV-system

132-kV-subsystem 2

132-kV-subsystem 1

2 × 500 MVA

I �k3= 19.3–26.1 kA

I �k3= 15.4–22.3 kA

I �1k = 20.9–26.5 kA

I �1k = 24.2–32.8 kA

Figure 11.2 Schematic diagram of a 400/132-kV-system for urban load; values of
short-circuit currents in case of operation as two subsystems

Operating the 132-kV-system as two separate subsystems will require additional
cable circuits and an extension of the switchgear to fulfil the (n − 1)-criteria for a
reliable power supply.

11.2.1.3 Distribution of feeding locations

Power stations and system feeders from higher voltage levels are to be connected
to several busbars in the system. This measure was realised in the power system
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Limitation of short-circuit currents 229

as per Figure 11.2, which is a by-effect to the system separation. A further example is
outlined in Figure 11.3. A power station of 395 MW is connected to a 132-kV-system,
which has a second supply from the 220-kV-system. The 132-kV-system is a pure
cable network and the shortest cable length between any two substations is 11.2 km.
In the case when the busbar-coupler K in the power station is closed, the three-phase
short-circuit current at the busbar is I ′′

k3 = 37.6 kA; the short-circuit currents at the
busbars in the 132-kV-system remain below I ′′

k3 = 33.5 kA. If the busbar-coupler K
is operated opened, the short-circuit currents at the busbar in the power station are
I ′′

k3 = 28.0 kA and I ′′
k3 = 29.3 kA. For short-circuits at the busbars in the system itself

the short-circuit currents are reduced up to 4.1 kA.

GS
3~

GS
3~

K

132-kV-system

220-kV-system

∑ 192 MW

∑ 203 MW

Figure 11.3 Schematic diagram of a 132-kV-system with power station

The generators and the 132-kV-cables in the power stations need to be switched-
on to the busbars in such a way that the generated power can be transferred to the
power system without overloading any of the cable even under outage conditions.
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230 Short-circuit currents

11.2.1.4 Coupling of power system at busbars with low short-circuit level

Different parts of the power system shall be connected only at busbars with low short-
circuit level. Figure 11.4 outlines a 30-kV-system with overhead lines, which is fed
from the 110-kV-system by two transformers operated in parallel. The three-phase
short-circuit current is I ′′

k3 = 10.09 kA. If the transformers are not operated in parallel
and the system is coupled at busbar K7 the short-circuit current at the feeding busbar
is I ′′

k3 = 5.94 kA.

EL9

EL5

3200 MVA

K1

K4

K2 K3

K5 K6

K8
Un = 30.000 kV
I 0k (L1) = 10.091 kA
S 0k (L1) = 524.341 MVA

K9
Un = 30.000 kV
I 0k (L1) = 10.091 kA
S 0k (L1) = 524.341 MVA

K7
Un= 30.000 kV
I 0k (L1) = 2.199 kA
S 0k (L1) =114.241 MVA

EL9

EL5

3200 MVA

K1

K4

K2 K3

K5 K6

K8
Un = 30.000 kV
I 0k (L1) = 5.935 kA
S 0k (L1) = 308.375 MVA

K9
Un = 30.000 kV
I 0k (L1) = 5.935 kA
S 0k (L1) = 308.375 MVA

K7
Un = 30.000 kV
I 0k (L1) = 2.193 kA
S 0k (L1) = 113.929 MVA

(a)

(b)

Figure 11.4 Equivalent circuit diagram of a 30-kV-system with feeding 132-
kV-system: (a) Operation with transformers in parallel and (b) lim-
itation of short-circuit current. Result of three-phase short-circuit
current: S′′

kQ = 3.2 GVA; SrT = 40 MVA; ukrT = 12%; trT = 110/32;
OHTL 95Al; ltot = 56 km

It should be noted that the short-circuit level at busbar K7 is affected only to a
minor extent. If the transformers are loaded only up to 50 per cent of their rated power
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Limitation of short-circuit currents 231

and if the lines have sufficient thermal rating, both system configurations have the
same supply reliability.

11.2.1.5 Restructuring of the power system

Restructuring of power systems is comparatively costly and complicated. In medium
voltage systems restructuring is in most cases only possible together with the commis-
sioning of new primaries, loop-in and loop-out of cable (overhead line) circuits and
the operation of the system as a radial system. In a high voltage system, restructuring
requires a total different system topology. Figure 11.5 outlines the comparison of two
system topologies, i.e., ring fed system and radial fed system.

Each system
I 0k (L1) = 12.155 kA
S 0k (L1) = 8000.000 MVA

K12
Un =380.000 kV
I 0k (L1) =17.575 kA
S 0k (L1) =11567.2 MVA

K11
Un = 380.000 kV
I 0k (L1) = 23.517 kA
S 0k (L1) =15478.5 MVA

Eaeh system
I 0k (L1) = 12.155 kA
S 0k (L1) = 8000.000 MVA

K20
Un =380.000 kA
I 0k (L1) = 22.668 kA
S 0k (L1) =14919.6 MVA

K13 K14 K15 K16

K17 K18

K19

K21

EL166

EL169

EL173

EL179EL178

EL167

EL177

EL170

(a)

(b)

Figure 11.5 Equivalent circuit diagram of a 380-kV-system and results of three-
phase short-circuit current calculation: (a) Radial fed system and
(b) ring fed system. S′′

kQ = 8 GVA; OHTL ACSR/AW 4 × 282/46;
li = 120 km

As can be seen from Figure 11.5 the short-circuit currents are reduced from I ′′
k3 =

23.6 kA to I ′′
k3 = 22.7 kA (3.8 per cent) with the new topology. The reduction of

the short-circuit currents is comparatively small, but will be more significant, if an
increased number of feeders (or generators) shall be connected [2].
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232 Short-circuit currents

11.2.2 Measures in installations and switchgear arrangement

11.2.2.1 Multiple busbar operation

The connection of lines and feeders to more than one busbar per substation is
advantageous as compared with the operation of the substation with single busbar or
with busbar coupler closed. Figure 11.6 outlines the schematic diagram of a 110-kV

D
Un =110.000 kV
I 0k (L1) = 13.009 kA
S 0k (L1) = 2478.597 MVA

SS1
Un = 110.000 kV
I 0k (L1) = 16.330 kA
S 0k (L1) = 3111.364 MVA

SS2
Un =110.000 kV
I 0k (L1) = 16.330 kA
S 0k (L1) = 3111.371 MVA

D
Un = 110.000 kV
I 0k (L1) = 12.779 kA
S 0k (L1) = 2434.703 MVA C

Un = 110.000 kV
I 0k (L1) = 15.434 kA
S 0k (L1) = 2940.645 MVA

SS2
Un = 110.000 kV
I 0k (L1) = 15.282 kA
S 0k (L1) = 2911.615 MVA

SS1
Un = 110.000 kV
I 0k (L1) = 14.932 kA
S 0k (L1) = 2844.867 MVA

C
Un =110.000 kV
I 0k (L1) = 15.435 kA
S 0k (L1) = 2940.679 MVA

Spare busbar

A B

A B

Spare busbar

(a)

(b)

Figure 11.6 Schematic diagram of a 110-kV-substation fed from the 220-kV-system:
(a) Operation with buscoupler closed and (b) operation with buscoupler
open. Result of three-phase short-circuit current calculation
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Limitation of short-circuit currents 233

system. The 110-kV-substation is equipped with a double busbar and one additional
spare busbar. The substation is fed from the 220-kV-system; outgoing 110-kV-cables
are connected to each of the two busbars in operation.

The operation with two busbars reduces the three-phase short-circuit current from
I ′′

k3 = 16.3 kA to I ′′
k3 = 14.9 kA (8.6 per cent ) at SS1 and I ′′

k3 = 15.3 kA (6.1 per cent)
at SS2. Each of the two busbars SS1 and SS2 can be switched-on to the spare busbar
without coupling the busbars.

11.2.2.2 Busbar sectionaliser in single busbar switchgear

Single busbars can be equipped with busbar sectionaliser, so that an operation mode
similar to double busbar operation is possible. The outgoing cables and the feeding
transformers need to be connected to the busbar section in such a way that the loading
of feeders is approximately equal. Figure 11.7 indicates an industrial system with
nominal voltage of 6 kV, which is fed from the 30-kV-system.

K3
Un = 6.000 kV
I 0k (L1) = 11.353 kA
S 0k (L1) =117.986 MVA

K3
Un = 6.000 kV
I 0k (L1) = 9.482 kA
S 0k (L1) = 98.537 MVA

K4
Un = 6.000 kV
I 0k (L1) = 9.478 kA
S 0k (L1) = 98.503 MVA

K4
Un = 6.000 kV
I 0k (L1) = 11.353 kA
S 0k (L1) =117.985 MVA

M M

M

M M M

M

M M

M M

BB_6_2BB_04_1

BB_110

BB_110

M M

M

BB_04_1 BB_6_2

(a)

(b)

Figure 11.7 Equivalent circuit diagram of a 6-kV-industrial system. Results of three-
phase short-circuit current calculation: (a) Busbar sectionaliser closed
and (b) busbar sectionaliser open
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IS-limiter  
Comparison: Is-limiter – Circuit-breaker 

T0 :  Response time of protection relay: 10 - 20 ms 

T1 :  Operating time of protection relay: 30 - 40 ms 

T2 :  Operating time of circuit-breaker:  40 - 80 ms 

T3 :  Arc duration:  10 - 20 ms 

  90 - 160 ms 

t 

i 

T2 T0 T1 T3 
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IS-limiter  
Comparison: Is-limiter – Circuit-breaker 

T0 :  Response time of protection relay: 10 - 20 ms 

T1 :  Operating time of protection relay: 30 - 40 ms 

T2 :  Operating time of circuit-breaker:  40 - 80 ms 

T3 :  Arc duration:  10 - 20 ms 

  90 - 160 ms 

t 

i 

T2 T0 T1 T3 

Current flow time by use of 
Is-limiter:  T =  5 - 10 ms 

T 
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   50kA x χ x   2 

Is-limiter – Function 
Breaking of a short-circuit current with Is-limiter 

125 kA 

Current curve at the short-circuit location 

250 kA 

i1 

u 

t 

i i = i1 + i2  
without IS-limiter 

50 kA 

50 kA 

50 kA 

50 kA 
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Breaking of a short-circuit current with Is-limiter 
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i i = i1 + i2  
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i = i1 + i2  
with Is-limiter 
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Advantages: 

 Improving „power quality“ 

 Increasing grid's reliability 

 Reducing network-
impedance 

 Optimizing load flow 

 Existing busbar system 
and cabling does not have  
to be changed 

Is-limiter – Application  
Is-limiter mounted in bus section 
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Advantages: 

 Connecting gennerator 
independent of grid's 
short-circuit capability 

 Existing busbar system 
and cabling does not have  
to be changed 

 Separate generator 
breaker needless 

Is-limiter – Application  
Is-limiter in generator feeder 
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Advantages: 

 Avoid ohmic loasses 
(copper losses) 
of the reactor 

 Avoid voltage 
drop of reactor 

 Avoid electro-magnetic 
field of reactor 

 Greenhouse aspects 
(CO2 and heating) 

Is-limiter – Application  
Is-limiter in parallel to reactor 
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