IOSR Journal of Engineering (IOSRJEN) Www.iosrjen.org
ISSN (e): 2250-3021, ISSN (p): 2278-8719
Vol. 09, Issue 5 (May. 2019), ||S (V) || PP 21-30

An Implementation of Novel Fault Current Limiter Bridge Type
Solid State Fault Current Limiter Baed on Ac/Dc Reactor

Kishor G Mhaske?, Praful S. Tadse?, Prof. Prof. S.L. Shaikh®,
Prof. N. M Chamat*
l(Department of Electrical Engineering, Walchand college of Engineering, Sangli, India)
2(Department of Electrical Engineering, BIT, BALLARPUR, India)
3(Department of Electrical Engineering, Walchand college of Engineering, Sangli, India)
4(Department of Electrical Engineering, BIT, BALLARPUR, India)

Abstract: This paper presents the implementation of novel bridge type solid-state fault current limiter with use of
single series reactor acts as AC and DC reactor. The proposed scheme uses uncontrolled and semi-controlled
power electronics switches bridge rectifier with the reactor. The reactor used works as dc in normal condition
and ac in a fault condition. The advantages of this proposed scheme over other fault current limiter are reactor
inserts negligible impedance during normal operation and insert high impedance during fault operation and
other one is simple switching. When there no fault or in the pre-fault condition it operates in dc mode and in
fault condition it operates in ac mode. The switching decreases transient recovery voltage and inserts large
impedance during fault period. MATLAB/Simulink software is used for simulation of the proposed BSSFCL.
Keywords: Bidirectional dc/dc converter (BDC), dual battery storage (ES1 & ES2), Fuel Cell Hybrid Electric
Vehicle (FCV/HEV).

I.  Introduction

As day by day consumption of energy is growing there need of new power generation plants to be
installed. So due to this new networks are increasing and interconnection increase fault current level . This fault
current level is greater than maximum short-circuiting capacity of the circuit breaker. so as the value of fault
current increased which can harm the network .In all faults the single line to ground fault is frequently happen
fault and also damage to great extent like overvoltage transients, loss of synchronization, failure of insulation
and may burst insulating oil. There are many solutions like improving the switch and components related to
it[1]. Joining the power electronics converter between old networks and new generators.[2] reconfigure the
power system increasing the impedance by the installation of high impedance transformer also we use unified
inter phase power controller for reducing fault current [5]. but problem with this method it requires high power
ratings also weight and cost is increased .One of low-cost the solution may be use of devices such as fuse [5] the
fuse is self- activating, low cost also small in size it can cut down faulted network without use of any control
strategy but it can use only once and need to replace manually[6].Circuit breaker can be used as it can
automatically trip but circuit breaker with high current interrupting capability are costly. [6] In past years many
new fault current limitation solutions have been proposed .the fault current limiter is a superior scheme for
limiting fault current over presented limiting scheme. As we consider the fault current limiter those can be
divided into two types as those can limit the fault current value suitable for the circuit breaker and those which
can limit fault current and also remove the faulty section from the healthy network first one is called as non-
interrupting type FCL and the other one is called interrupting type FCL. In this paper, we are exploring the non-
interrupting type FCL. As we classify it according to reactor type used it can be classified into two types those
are dc and ac reactor. Power electronic switches used in FCL to form bridge circuit .1t is classified in single
phase and three phase four wire [7]-[10]. The BFCL uses dc reactor and bridge circuit for limiting high value
current .the structure of BFCL is described in [11]. It has simple circuitry and does not need any control circuit.
The drawback of this BFCL is it cannot interrupt fault current long time. Also there high losses in dc reactor
therefore bulky and costly cooling system is required. To overcome this problem modification done by authors.
A resistor and IGBT connected in series with dc reactor to limit the high current magnitude .this is presented in
[12]-[14]. As the fault occurs control circuit turn on and turn off IGBT and put a resistor in the path of fault
current to control the fault current amplitude to a safe value. This resistor minimizes the fault current and also
voltage profile is improved but overvoltage on IGBT so bulky and costly cooling system cannot be avoided
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another dc reactor FCL which is on the secondary side of the transformer is explained in[15]. This FCL has two
coils one is reactor and another is resistor called as damping resistor connected in series .both of this is
connected in shunt with IGBT like those bypass switches suppress the transients inrush current by affecting the
reactor impedance. If real-time current value increased beyond the set value the damping resistor comes into
picture and limits fault current by switching off of IGBT. But disadvantages of this FCL are conduction losses,
switching overvoltage, complex control strategy, and cooling system also required .It can withstand with high
current with limited time also due to saturation of core it loose its fault limiting capability. FCL having ac
reactor may consist of mechanical or power electronic switches[16].some of the type of FCL use LC tank circuit
in their structure[17]. During normal operation as a capacitor and the inductor are in resonance condition the
impedance offered is negligible or small but when a fault occurs the capacitor in a series pass by switches. This
will detune the LC tank circuit and impedance is inserted in the path of fault current. As those FCL have a good
capability of limiting the fault current but on other hands in normal condition, it has high power loss and
unacceptable over switching voltage. Arrestor in parallel can be used as a solution for the switching overvoltage.
The equivalent resistance of the LC tank circuit is considerable as it produces losses which are unavoidable. The
solid-state CBs are described in [18],[19].Advantages of those CBs over mechanical CBs that they are faster
than mechanical CBs. As we consider the dc reactor the work well during normal operation as when a fault
occurs they not successful to limit the fault current while on the other hand considering ac reactor during normal
operation there is huge power loss but when it comes to limit the fault current in successfully limit the fault
current .also when switching from one mode to another mode switching losses occurs. If we combine those FCL
then advantages of both we can get FCL with superior advantages.

A simple bridge type solid-state fault current limiter based on ac/dc reactor is described in this paper
and all the drawbacks are overcome by this BSSFCL. This proposed BSSFCL acts as a reactor during normal
operation but during fault operation, it acts as an ac reactor. The reactance during normal operation is dc and in
the faulted condition it is ac. This reactor can withstand with fault current for a long time also it has fast
response, quick recovery after fault is removal. The power electronic switches have lower current flowing
through it and also has lower voltage stress.
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Fig. 1. Proposed BSSFCL configuration in two-feeders netwo

Il. Proposed BSSFCL Configuration
BSSFCL proposed in this paper contains a rectifier bridge in which two semi-controlled (SCR)
switches are used and two uncontrolled switches (diode) are used .another two semi-controlled switches are
used in antiparallel with those uncontrolled switches .The reactor is used to interrupt the current the BSSFCL
can change dc operation mode to ac operation mode .The dc operation mode is normal operation mode and ac
operation mode is faulted operation mode. The figure shows BSSFCL configuration with two feeder
configuration. The F1 feeder is supplying power to the sensitive load and F2 feed power to other load.
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Fig. 2. BSSFCL operation modes: (a) normal operation mode (dc operationmode) and
(b) fault current-limiting mode (ac operation mode).

The BSSFCL proposed has six semi-controlled and controlled switches despite older-bridge type FCL.
The BSSFCL working is divided into two modes. Those normal condition and fault condition mode. When there
no fault condition the proposed BSSFCL acts as dc reactor type FCL in which T3 and T4 are in ON state along
with two uncontrolled switches which are diode D1 and D2 as shown in fig.

As there is a rectifier bridge arrangement it feeds dc voltage to the reactor with dc current. For the first
half of cycle D1 and D2 conduct and for the next half of cycle T1 and T2 conduct. As there is dc supply is to the
reactor (a rectifier converts ac into ac) the reactor acts as a short circuit in steady state condition .as reactor is
short- circuited the BSSFCL is invisible from the circuit so it does cause any change in power quality. When the
fault occurs the in BSSFCL configuration the switches Tland T2 are turned on and switches T3 and T4 are
turned OFF while diode D1 and D2 are remains ON condition. With this D1 comes in parallel with T1 and D2
come in parallel with T2.ac current flow through reactor .the impedance of reactor limits fault current. This
shows in fig 2(b).

I11. Analytical Approach of the BSSFCL
This section explains to an analytical approach to BSSFCL. The normal operation mode which is called as dc
mode and the faulted mode which is ac mode is studied analytically which are shown in fig
Normal mode dc mode
As in this mode BSSFCL act bridge rectifier and provide dc voltage to the reactor as it acts dc reactor. When the
fault occurs the current starts increasing. When this current crosses threshold current value then controller
senses this and generates a signal to change the topology to ac mode. To calculate the current value in both
modes two states are considered
Statel :Before t4: In normal operation mode bridge the circuit in BSSFCL charges reactor with dc current up-to
peak value of current and gets short-circuited .for positive cycle D1 and D2 conduct and for negative half cycle
T1 and T2 conduct. As the reactor has internal resistance losses comes into the picture. In [20] it is calculated
the
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Fig. 3. (a) Expanded view of line and reactor current and (b) line current during normal and fault operation
mode while operation of the BSSFCL in dc mode is shown with a dotted curve and operation of BSSFCL is in
dc mode (normal operation mode) and ac mode (fault operation mode) is shown with a solid curve
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It has been shown that the dc reactor current increases gradually after fault inception and the first peak
of the fault current decreases as shown with the dotted curve in Fig. 3(b). After fault occurrence, there are two
charging and discharging intervals as follows:

Interval 1; Charging mode (between t4 and t5 and between t6 and t7) is shown with the dotted curve in the fig.
3(a) line current can be obtained by solving eqn no.5

di, (1) 5)
[th + 2V,

V,, sin(wt) = ri, (t) + L

where (6)

l!!!a‘nd

Also, Ld ,rd ,Lfand VVDF are dc reactor inductance and resistance ,fault inductance and resistance, and voltage
drop across the power-electronic switches, respectively.

Interval 2; Discharging mode (between t5 and t6 and between t7 and t8) in this case the dc reactor current is
more than the line current and hence its current freewheels through the rectifier bridge and we have

di() g
dt

V. sin(wt) =ri,(t)+L

where
Using (7) the following equation can be obtained for the line current in the discharging mode:

Where

And the value of and have been given in the previous case after t6, another charging mode and
discharging mode still exist .

AC Operation Modes:

As fault current increases and reaches IL BSSFCL topology is changed by the controller from dc mode to ac
mode and we get third state as follows

State 3; In this case the peak value of the line current reaches the predefine value (IL) and the BSSFCL topology
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is changed from dc mode to ac mode by the controller. In this case the two antiparallel switches (D1 with T1
and D2 with T2) are form that feeds the reactor with ac voltage as shown in fig 2(b) Similarly at first zero
crossing of current T3 and T4 are turning off and ac voltage is induced on Ld. Impedance of the ac reactor
increases with this switching pattern and the fault current amplitude decreases to specified level as shown in the
fig3 (b) with solid curve we have equation

Power loss calculation:

In normal operation mode of BSSFCL, the losses are rectifier bridge and dc reactor losses. The rectifier
bridge diodes are ON in a half cycle and bypass the series reactor by freewheeling action. In normal operation
mode of the BSSFCL power losses are calculated are as follows

Where P Loss BSSFCL is the BSSFCL total power loss VDF is the voltage drop on each side P Loss,
RB is the rectifier bridge power loss Rd is equivalent resistance of dc reactor Idc is dc side current The power
losses of the BSSFCL mostly includes losses of the reactor. Therefore for practical applications it can be
ignored

IV. Design Consideration of the BSSFCL
This section places emphasis on the BSSFCL components and their design requirements for MV level,
Among BSSFCL components, accessibility of the power electronic switches and series reactor in such a rating is
main challenge that should be investigated.

Power Electronic Switches

High rating power electronic switches are commercially available. In addition, available power
electronic switches have rather high blockage voltage and current ratings and are relatively easy to use in
parallel. Use of snubber circuit is mandatory for medium voltage(MV) while it is not necessary for low voltage
level(LV). The suggested BSSFCL can employ the self-turn-off switch for switching implementation in just
short time. This makes the suggested BSSFCL cost effective and reliable for distribution network applications.
Proper balancing between switches modules and press-packs must be kept for applications in high power
applications. Also, power losses and voltage drop on switches during the fault must be taken into account. IGBT
is suitable power electronic switch to use in low power applications, and available voltage levels upto 6.5 kV
exist in press-packs. In addition IGCT are also available in voltage level between 2.5 kV and 10 kV and current
upto 9KA. The IGCT on state power losses are low so they can be use in high power applications.

Series Reactor Design

The reactor is the main component of BSSFCL as it limits the short circuit current. In order to design
series reactor into present power system, cost are decisive factor. The series reactor should be invisible during
normal operation so that the influenced on the grid is minimized. Fault current can be decreased to small value
by using inductance with large value but large inductor has considerable power loss. In addition, a large inductor
is much more complicated to build and it increase the total time constant. For analyzing the system behavior
during steady state condition and studying the effect of reactor on the fault current, the equivalent circuit of the
system shown in fig. is used In this model, the source and fault impedances are ignored because their value in
comparison with the reactor inductance are very small and can be neglected. The value of the electrical source is
modeled by its mean value on the dc side for obtaining the dc reactor current. To obtain the dc reactor current, it
is necessary to design the value of dc reactor inductance. The differential equation of the equivalent circuit is
shown in fig is given in (3). By solving (3), dc reactor is obtained as given in (4),because its value in
comparison with Ld is very small. In addition, we have

Where t4 is the instant of the fault inception and it is assumed that the controller changes the BSSFCL
topology from the dc mode to the ac mode at t4. The reactor inductance value during normal operation mode
should be considered enough, where the current flow through the reactor is same as the normal flow of the ac
current through the transmission line. On the other hand, the value of the reactor inductance should be
considered suitable that it can decrease the fault current to an acceptable level and the circuit breaker
successfully opens the faulty line. However, increasing the reactor inductance increases the time of its discharge
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after fault clearance and increase the system operation delay. By considering t8 as the necessary time for
changing the BSSFCL switching topology after fault inception and its corresponding current.

(12)

In [12], iL is determined via controller alignment and its capability to change the BSSFCL topology
from the dc mode from ac mode. On the other hand, the value of iL is determined according to the maximum
current values of the distribution network equipment. In addition, the time between t8 and t4 (t8-t4) is the
BSSFCL time performance before the current of the power electronic diodes exceeds iL. furthermore, by
determining the rectifier bridge output voltage (VDS), t4 and t8, it is possible to design the reactor inductance
and resistance.

V. Control Strategy
The control block diagram of the BSSFCL is shown in fig 5. In order to properly control the BSSFCL,
line current (1 line ) is sampled via a transformer (CT) and sent to the control circuit. Before comparing iLine
with the maximum permissible current level, it is passed from a 50-Hz band pass filter and its value is applied to
comparator. Monitoring the instantaneous value of the line current increases the controller response speed in
limiting the fault current at the instant of fault inception .
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Fig 4: control system simulation diagram

In normal operating mode, iLine is in marginal level and the step generator output pulses turn the T3
and T4 on. So the BSSFCL configures the a rectifier bridge that feeds the reactor with dc voltage, and BSSFCL
shows negligible impedances in the feeder. At fault inception as iLine exceeds iL in positive half cycles, the
control circuit detects an abnormal condition and the step generator turns the T3 and T4 off and T1 and T2 on.
In this case, the new configuration of the BSSFCL induces the ac voltage on the series reactor and inserts
considerable impedance in the current path, resulting in the fault current limitation. The control system also
includes evaluation of the root mean square value of the line current. In this loop, the line current is applied to
an rms block to calculate rms value of the line current. Then this value is compared with the reference current
level. At the fault removal inception, while the BSSFCL configuration is in ac mode, the rms value of the line
current decreases rapidly below the reference value iR. Then the detector circuit sends the reset signal to the step
generator block, and this block generates the command signal for thyristors after one cycle delay. As a results,
the system returns to its normal operation mode and BSSFCL configuration changes to the dc mode. During one
cycle delay, the electrical load and ac reactor are connected to the source, and the stored energy on the reactor is
discharged to the load.
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VI. Simulation Result
Simulation is done on MATLAB / Simulink software. Single line to ground fault (SLG) is considered for
obtaining the result
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Fig 5. MATLAB simulation of the proposed scheme

The network containing PROPOSED BSSFCL simulated in this section. The figé shows the line
current when there is no fault and in a fault condition. The fault occurs t4.the line current increases around
5127.25A. As fault clears the current drops to its normal value. We have noted the in fig 6 we have not
connected BSSFCL in the network.
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Fig 6.Line current during normal and fault operation without using BSSFCL.
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The fig 7 (a) and (b) shows line and reactor current when BSSFCL is connected in the network when there no
fault he reactor charged with c voltage

The BSSFCL offers negligible impendence and small ripple as shown in fig 7(b). line current.

After fault occurs the current starts with increasing slop up to t8. In t4 to t8 time period fault current limited by
dc reactor. By comparing amplitude of line current in fig 6 with line current amplitude in fig 7(a) it shows that it
can decrease the fault current amplitude from5127.25A to 2269A.
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Fig 7. (a) Line current during normal and fault operation modes affected by the proposed BSSFCL
(b) Series reactor current during normal and fault operation modes affected by the proposed BSSFCL

The fig8 shows load voltage during dc mode and ac mode i.e. no fault and fault condition. In the fault
condition, the voltage decreases to zero. At t9 the fault is cleared but BSSFCL certain delay given to discharge
the across the load it changes its topology from ac to dc.
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Fig 8. Electrical load voltage during normal and fault operation modes while the proposed BSSFCL is
connected in series with the feeder.

The fig 9 a shows current and voltage wave form of switches. It shows that switching overvoltage has been
reduced considerably.
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Fig 9. (a) Current and (b) voltage of T1 or T2 during normal and fault operation modes.

The comparative study of the suggested BSSFCL with the FCLs in [7]-[15] shows its superior characteristics
over other FCLs. The advantages of the proposed BSSFCL in comparison with other dc reactor-type FCLs, can
be stated as follows.

» Comparing the BSSFCL with other FCLs presented in [7]-[15], the proposed BSSFCL uses only one
reactor to control the fault current amplitude with its high inductance, which enables better operation by
changing the topology from the dc mode to the ac mode, less power loss in the steady state, very fast
response to fault occurrence, and the consistency of fault current suppression.

«  Even though the dc reactor is inserted in series with the line between the voltage source and the load, it does
affect the steady-state performance of the network.

«  The configuration of the proposed BSSFCL is simple and reliable.

«  Considering its simple control or detection circuit, the application of a single reactor for dc and ac operation
modes and available power-electronic switches, the total cost of the proposed BSSFCL has considerably
decreased.

In addition, the proposed BSSFCL offers the following advantages that warrant it over the dc reactor-type FCLs,
SCFCLs, and Is-limiters.

+  Compared to the Is-limiter [23], the suggested SSFCLCB has no special maintenance after switching.

«  Compared to superconductive FCL [24], no costly cooling system is required.

+  Compared to the dc reactor-type FCL, switching overvoltage is decreased and the BSSFCL current-limiting
capability is higher. The development of the proposed single-phase BSSFCL to three-phase BSSFCL is
easy. The three-phase version consists of three similar single-phase structures of the BSSFCL, and they can
independently operate in each phase of the network.

VII.  Conclusion

In this paper, a novel BSSFCL structure, including a reactor, which can operate in ac and dc modes, has
been proposed. The simulation and laboratory test results have clearly shown the ability of the proposed
BSSFCL. The first peak of the fault current amplitude has been controlled and the system can work in the safe
operation region. In the proposed BSSFCL, the switching overvoltage have been decreased. This topology
protect switches against overvoltage. After fault removal, only one reactor is used. This reactor causes fast
recovery via changing the topology from the ac mode to the dc mode and results in fast recovery to the initial
state. These characteristics of the proposed BSSFCL increase the reliability of the electrical network, and the
BSSFCL is suitable for higher voltage applications by considering the insulation coordination problems.
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