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Abstract— For upcoming smart grid one of the most
essential  topics regarding the implementation of
Superconducting Fault Current Limiters (SFCL) is
associated to its possible outcome on the reduction of
abnormal fault Current. Due to the enlarge fault currents
level, SFCL is more likedly to infiltrate into a medium
voltage and low voltage transmission network to lower the
capacity of eectric devices and improve their stability.
Excessive fault current is a serious problem when grid
connection of the micro grids with the current power grids,
to be solved after implementation of SFCL in the network.
SFCL is irresistible solution to limit fault current. Quick
protection to the power system is provided by resistive type
SFCL model. At present no Smulink model of SFCL has
been introduced in the MATLAB library software. In this
paper a Matlab/Smulink model for a resistive type SFCL is
proposed. This paper first introduces a resistive type SFCL
model in Matlalb/Smulink and then simulates different types
of fault and analysis is done without SFCL and with SFCL.
The study shows that SFCL not only reduce the magnitude
of fault current to a satisfactory level, but also damp
transient recovery voltage. SFCL also improves the power
system transient stability, power quality and réiability by
reducing the fault current instantaneously.

Keywords— Smart grid, symmetrical faults, Power
quality, SFCL, transient recovery voltage.

l. INTRODUCTION
The requirement of the electricity in the worldnsreasing
at a high rate including India and demand of poveer
greater than the supply of power due to bigger &sus
population growth, air conditioners, bigger TVs amdre
computers. With the enormous increase on the aigtr
requirement, the scale of both renewable energgrgéion
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systems and power grids is being expanded [1, @¢ ©
the obstinate increase of conventional power géioarand
Distributed Generations (DG), such as, solar poplents,
photovoltaic plants and wind farms, the likelihoofdfault
incident capable to cause substantial and irreparab
damage to a huge set of electrical equipments,ven e
system blackout, has been rapidly rising. This [eobis
now major concern for the Transmission System Qpesa
(TSO), as increased fault current magnitude shoygative
effects in terms of the security and reliabilitytbe whole
power system. Up to now, many techniques suchigbeh
impedance transformer, split bus bars and fuses baen
used in many industries to suppress magnitude eofahlt
currents. However these devices can degrade tiadbitiey

of the power system and increases power loss [SHBCL

is one of the most emerging solutions to resolve th
problem of increasing fault current. During normal
operation, SFCL gives negligible voltage drop anérgy
losses [5]. The principle of SFCL is based on
superconductivity. It states that-Any superconducting
material is in superconducting stage as long apéeature,
current and magnetic field density are below tleeitical
limit. However, when any of the critical values itig the
switching between the superconducting state tontivenal
state, such as critical current density (Jc), aaiti
temperature (Tc), or critical magnetic field (He)ceeds,
then SFCL resistance adds in the circuit to suppthe
magnitude of fault current [6]. Fig.1 shows thereat with
and without SFCL in different operating conditiofihere
are various types of SFCL, which can be classified
Resistive type SFCL, Inductive type SFCL, Iron ctyee
SFCL. In this paper resistive type SFCL is modeied
Matlab/Simulink [7, 8].
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Fig.1: Current during Normal and Faulty Condition [9, 10].

The current during steady state and fault conditith and
without SFCL is shown in Fig.1.

Il. SIMULATION MODELLING OF AN SFCL
IN MATLAB/ SIMULINK
Matlab/Simulink is used to design and implementrtiozlel
of Resistive SFCL. There are various parametersobut
which four fundamental parameters are used to desig
Resistive SFCL [11-14]. These parameters are:

. Transition/Response time

. Minimum and Maximum Impedance
. Triggering Current

. Recovery time

The SFCL working voltage is 22.9kV. The SFCL
parameters with their values are shown in Tabl@Hle
SFCL model developed in Simulink/SimPower System is
shown in Fig.2 SFCL model calculates the RMS vaitie
the flowing current and then compares it with ttiggering

or critical current which is defined in the Matl&lnction
program [15]. If a passing current is larger thha tritical
current level and Temperature is below critical penature
of  Yittrium  Barium  Copper Oxide (YBCO)
superconducting material, then SFCL resistanceasds to
maximum impedance level in a pre-defined respoime t
otherwise it adds minimum resistance in the circtilie
critical temperature of YBCO superconducting maieis
93K or-183°C. In fault condition, voltage get redd,
controlled voltage source is used to compensatedhage
sag problem [16, 17]. The product of flowing cutremd
impedance is applied as an input to the controlieitge
source. Finally when the flowing current level $abbelow
the critical current level the system waits urttié recovery
time and then goes into steady state. The important
parameter to be given in SFCL is the current lingjti
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resistance value.
program [18].
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Table | Fundamental Parameters of AC SFCL [19, 20]

S. No Parameters Value
1. Transition/Response time 2ms
2. Minimum Impedance 0.@1
3. Maximum Impedance 4}
4. Recovery Time 10ms
5. Triggering Current 550A

Il.
SYSTEM

The SFCL model is integrated into a power system to

SIMULINK MODEL OF THREE PHASE

simulate its performance in a grid. Here a Simpied
phase system is designed in Matlab/Simulink whizhststs
of power source and load [21]. The three phasesy# in

steady state condition is shown in Fig.3.
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Fig.3: Three Phase System at Steady Sate Condition
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V. RESULT AND DISCUSSION
The SFCL reduces the fault current within the firgtle
than other devices. The implementation of SFCL ha t /

power system increases the reliability and intggritin
7
2000 \

normal condition the magnitude of current and \g#tas
shown in Fig.4 and Fig.5 respectively. A three-ghas
ground fault has been triggered at time 0.1 s asts ltill
the end of the simulation [22]. The current andtagé
waveform during fault condition without SFCL is stroin
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=

Fig.6 and Fig.7 respectively. 00 ! ! ! ! ! ! \ \ |
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Fig.6: Three phase Current Waveform during Fault
. ik 4 Condition
P xll
‘ .
£ 10 1 i
i ' 1 '
:
3 | i ]
s g
U wlr
S T
] q
0 I N I R N B B 3 | | | | | | | | |
G IMS L 1 T moo0B o M 0 006 00T 008 0 0l
Tll]l‘(ﬂﬂﬁ) Time (sec)
Fig. 4 Three Phase Current Waveformin Seady State Fig.7: Three Phase Voltage Waveformduring Fault
Condition Condition without SFCL
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In faulty condition the magnitude of fault curresduld be

high as about 3 kA. This high magnitude of faultrent has
to be reduced within the rating of protective equémts.

This can be achieved by implementing the SFCL neeh
phase system. After implement the SFCL in the sydtee

peak value of three phase fault current reduceD@A as

shown in Fig.8 and voltage also build up to 20k\shewn

in Fig.9 which were reduced to zero in fault coiodit

without SFCL.
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Fig.5: Three Phase Voltage Waveformin Steady Sate
Condition

In Fig.6, it could be noted that when there is feCB
applied in the system, the peak value of the thteese fault

Current (Am peres)
=

current could be as high as about 3kA and o 7Fi
voltage drop to zero in faulty condition. m R S N SO ST R
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Time (sec)
Fig. 8: Current Waveform during Fault Condition with
SCL
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Fig.9: Three Phase Voltage Waveform during Fault
Condition with SFCL

Table Il shows the current limitation rate duringesly state
condition, fault condition without SFCL and faultitiv
SFCL condition. In steady state condition peak @atd
current is 200A with and without SFCL, but when Ifau
occurs peak value of current increase upto 3kA. The
presence of SFCL reduces the peak value upto 400A.T
gives 50% reduction in fault current.

Table |l Current Limitation Ratein a Three Phase
Smulation System [23-25]

Current Current
SNO ltem Peak value Peak.value .Rgte. of
under during limitation
steady state fault
without
0,

1 SECL 200A 3kA 0%

with 200A 400A 500

2. | sFcL °

V. CONCLUSION

The SFCL is a promising device to limit the incies$ault
level caused by the expansion of power grid anebirattion

of renewable energy sources. A resistive type SFCL
considering the temperature of YBCO superconducting
material is developed in the Matlab/Simulink. listpaper
SFCL model has been integrated in the simple threese
system consisting source, load and measuremenksbloc
The simulated current waveforms from this integiate
model were analyzed in different operating condsio The
results are tabulated in table which shows thahguSFCL
module the transient rise in fault current are sepged to

a desired value using SFCL. From table also comcthelt,

the resistive SFCL module have ability to limit thedden
rise in fault current by providing the sufficienalue of
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resistance. The SFCL not only suppress the magnitdd
fault current but also compensate the voltage saingl
fault condition.
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