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Abstract— Radial power distribution systems, common in A. Protection Problem Caused by Introduction of DG to
North America, typically use coordinated relay protection for Radial System
fault protection. However, the rising interest in distributed ) . . . ) o
generation (DG) poses a prob|em, as DG causes such systems With the introduction of DG into a radial distribution
to lose their radial nature, disrupting the coordinated relay system, the radial power flow nature is lost [10]. Depending o
protection. o _ ~_the loading conditions, it may not be possible to recoortgina

The use of a fault current limiter (FCL) is proposed to limit e rejays [4]. It is well known that protection devices in a
the effect of the DG on the coordinated relay protection scheme i ¢ d to be direction- itive 2
in a radial system during a fault. This paper shows that the muftisource system nee ,0 e direction-sensitive [2], 481
FCL enhances the stability of and limits the transient stresses the relays must be coordinated for faults where the current
on the DG. Such a device is only recently more plausible with may flow in either direction [9]. Even if the loading is such
the ongoing developments of a new hybrid mechanical/electrical that the current will still only flow in one direction, DG may
fault current limiter. reduce the reach of the relays and disturb their coordinatio

To determine the effectiveness of the FCL for the proposed . . . .
application, test systems are introduced, the effects of DG on ¢h [1]. Another problem introduced by adding DG is an increase

relay protection system are examined, and the effectiveness ofin fault current levels [11], causing problems as the insers
FCL to mitigate these effects are determined. overcurrent relays are coordinated based on the prospectiv

Index Terms— Relay protection, power distribution system, fault currents.

distributed generation, fault current limiter, reclosers, power

electronics, GTO. B. Existing Proposed Solutions

Several ideas have been introduced as possible solutions
. INTRODUCTION to the problem of relay overcurrent protection in systems
HE majority of distribution systems in North America arewith DG, including microprocessor based reclosers [12] and
operated in a radial configuration, predominant becauadaptive protection [3]. While these solutions may tecHhica
of the simplicity of their operation and the economy of th@ork, they involve very high initial equipment costs: to lagpe
overcurrent protection [1], [2]. Both of these advantages athe existing relays with microprocessor based relays ir} [12
due to the fact that in any branch of a radial system, powand to implement special breakers and a substation computer
only flows in one direction. to control these breakers in [4].

In such distribution systems, the protection equipmentiaee Furthermore, technical complications of these solutions i
only to sense current, with no need to detect direction [A}lude the necessity of altering the relay curves when DG
Commonly used for protection are inverse time overcurreist removed from service or placed into service in [12] and
relays [3], set up for relay coordination [2], [4], [5]. Theensuring the security of communication lines between a sub-
purpose of relay coordination is to provide a reliable anstation computer and protection relays in [4]. Because @$¢h
redundant protection scheme, while minimizing the disorpt complications and the high cost of these solutions, theyate
to customers [1]. viable for existing distribution systems today.

Distributed Generation, DG, is defined as an electric power
source connected directly to the distribution network of
power system [6]. It is estimated that by the year 2010, 2

30% of all new installed power generation will be introduced Most of the proposed solutions for the described problem
in the form of distributed generation [7]-[9]. involve modifying the existing protection scheme to accamm

date the DG. Such solutions tend to be expensive to implement

because of equipment costs, which reduces the benefit of
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would limit the current of the DG during a fault, and wouldhe other, the fault current limiter needs the ability to be
otherwise allow the unimpeded flow of power from the DGelectively turned on and off based on the direction of the
into the system. The advantage of this solution over otterssiensed current. Finally, for the FCL to be viable, it will dee
that it does not require the existing relay protection sah@m to introduce almost no losses during the steady-state tipera
a distribution system to be changed. of the system, and be able to sustain repeated operatiohs wit

low maintenance.
Il. FAULT CURRENTLIMITERS

Before technologies can be considered for the applicatign Passive Limiters
of limiting a distributed generator’s fault current cobtrtion, Traditionally, fault current limiters implemented in ptie

the operating conditions and requirements of such a limitgr,y regearched have been of the passive type: devices that
must first be established. The existing technologies can the permanently connected to the power system and do not
be evaluated for their suitability for such an application bpeeq o pe "turned on” or controlled by an external signal.
ensuring that any proposed device meets the requirementSy o 4 fault occurs, the nature of these devices is such that
The first requirement for the FCL is that it must operatge overcurrent is automatically reduced or limited. Ressi

at the distribution voltage level. According to a utilityrsay  javices include series inductors [14], and supercondyctin
in [13] in which utilities were asked to describe their prgse fault current limiters [15], [16]

distribution systems and predicted future system, @itte- — \yphjje series inductors are inexpensive and require low

qunded that t_he.mo.st prevalent. voltage 9Ias§ Is at 15kv'moaintenance, they cause a voltage drop during steady state
typical radial distribution system is shown in Figure 1. operation and have poor limiting performance compared to
newer FCL topologies. Superconducting fault current kmst
D [r1] {r2] R3 have no resistive or ohmic losses during steady state dperat

J/ J/ i and can effectively limit a fault current, but uncertaistie
regarding cooling losses, regular maintenance, and the on-
going research to develop more economically cooled high
temperature superconductor devices reduce the viabifity o
such devices. Additionally, passive limiters will limit fl
currents in both directions natively, which is not the degir

The distribution system shown in Figure 2 is an exampfPeration for use in the application described in this paper
in which the addition of DG to the system in Figure 1 would
impact the existing relay coordination. If a fault were t@oc B. Solid Sate Limiters

in Branch 1 or Branch 3, the DG would likely contribute o ith advances in switch technology that have made them
the fault current, with the current flowing from the DG baclkjjtaple for the voltage and power levels necessary for powe
onto the main feeder, towards the_z fault. The cgrrent thatglo"&pplications, power electronic switches can be used taibuil
through relayR2 would then be different than if the DG hadgeyices that could sustain repeated operations with hith re

not been added, so that the coordination between the 3 relagﬁmy and without wearing out [17]. There are 2 main types

Fig. 1. Typical radial distribution system with relay protien

R1, R2, andR3, would be affected. of solid state current limiters: resonance based devices an
impedance switch-in limiters.
D — (% Resonance based limiters include devices proposed in [18]-
\L $ i [20]. The basis for their operation is that because power is
(o) transmitted at a fixed AC sinusoidal frequency, the impedanc
of a LC-resonant circuit can be tuned such that the impedance
of the device during steady state operation is nearly zero.
Fig. 2. Radial distribution system with added DG. During a fault, power electronic switches isolate a capacit

inductor from the device, introducing a large impedance int

To prevent the DG from supplying fault current onto théhe system. The limitations of resonance based limiterthate
main feeder, the FCL should be placed between the DG ath@y can cause voltage sags during faults, current liroitati
the main feeder, along the distribution line off of the maieffectiveness declines as distance from substation isesga
feeder leading to the DG anBranch 2 as shown by theX large infrastructure for capacitors is required, and tgnir
in Figure 2. The fault current limiter's operation must &l devices is necessary to ensure low impedance.
specific guidelines in such a placement. When there is no faulimpedance switched bypass limiters include devices pro-
in the system, the FCL must not affect the system. If a faypbsed in [21]-[24]. The basis for their operation is that an
occurs in the system outside Bfanch 2, the FCL must limit impedance is placed in series with the distribution line. A
the current that will flow from the DG to the fault. In the laspair of Gate-Turn-Off (GTO) thyristor switches are placed i
mode of operation, for faults insid@ranch 2, the FCL must shunt with this impedance, and operated during alterndte ha
not operate, preserving the fault current seen by the rB2y, cycles of the voltage waveform to present a low impedance

To be able to operate in the manner described, limitingath. In the event of a fault, the gating signals to the GTO
the fault current in one direction while having no effect oswitches are blocked, resulting in a large impedance being



introduced into the system, limiting the current. Howevesse in use in the application described in this paper, so thet faul
limiters introduce switching losses as the power flows tgtou current limiter in Figure 3 can be modified to omit the load
the power electronic switches during steady state operatiswitch. Additionally, for the simulations, the PTC resisin
and the long term reliability of these devices is questitmabthe device is replaced by a fixed value resistor, a feasible
because of the continuous switching. implementation given the energy dissipation capabilitiés
Recently, in 2004, Meyer, Koellensperger, and De Donckbigh voltage resistors currently available.
proposed several new topologies of switched current limite
in [24], but came to the conclusion that the high operation Il. SIMULATIONS
expenses for losses made all other costs (i.e. initial cost,The impact of the FCL on a test system will be determined
maintenance) negligible. by its effect on the DG currents, transient stability, and
transient torques during and subsequent to a fault. Theteffe
the DGs and the FCL on the coordinated relay protection will
be examined by observing the relay timing following faults a
] . o various locations. Specifically, it is of interest to detarenif
While solid-state fault current limiters offer many advanDGS have a negative impact on the relay timing in a radial

tages to the passive limiters, the switching losses are armajystem, and whether the FCL can mitigate that impact or not.
drawback. Mechanical breakers and switches exist that have

virtually no closed circuit losses, but they cannot opera Test System
quickly and so are unable to commutate the voltage acros

their contagts. . . . connected to the infinite bus through a step-down transforme
A novel |d_ea IS to use a power electrqmc switch path Fhereis a single three-phase 2.4MW resistive load at the ver
a commutation a!d for. a mechamcall S.W'tCh to open. Withyy of the feeder. Fault protection in the system is provided
a power electronic switch path providing an alternate lo three coordinated relays, one at the beginning of theefeed
impedance current path, the mechanical switch should ke a RK1), one at one-third of ’the length of the line (BRK2), and

to open without the arcing problems typically aSSOCiateﬂhWione at two-thirds of the length of the line (BRK3). The relays

mechanical switches opening at high voltage. In [25], S'\“neurare inverse time overcurrent breakers coordinated to grote

et al. proposes such a hybrid fault current 'Iimiter (anduitrp this system.

breaker) based around a new fast .mechamcal switch d,es'gne 0 new loads are added to the radial system at intermediate
by the same au_thors. The device is capable of operating ”E)&nts along the long feeder. In addition, a DG at each of the
system with a single phase voltage of 12kV rms and a steagly, e\ oad sites is installed, to locally provide the power

state current of 1kA. Figure 3 shows the Hybrid FCL/Circuiased by the new loads. The DG augmented system is shown
Breaker proposed in [25]. '

C. Solid-Sate Switch/Mechanical Switch Hybrid Current Lim-
iter

SThe test system chosen is a radial distribution system

in Figure 4.
Ultra-Fast Mechanical
1 Switch 115 : 345 1 g1 BRK2
. Infinite
GTO Bridge . Bus FL1 FL4 |FL5
LMechamcaI MAIN
Switch
345:13.8
i T v
PTC Resistor Load Switch

Fig. 4. Radial test system with DG and local loads.
Fig. 3. Novel hybrid fault current limiter/circuit breaker.

Each of the new loads is rated at 5.9MW and 1.6MVar,

During the steady state operation of the system, all thread the distributed generation units are 6MVA synchronous
mechanical switches are closed and the GTO in the bridgmchines. The DG and local load are connected to the bus on
is gated on. When a fault occurs, the Ultra-Fast Mechaniagie main feeder through the FCL.
Switch opens within several hundred microseconds [25kIAft 1) Test Scenarios: To determine the impact of the DG
the complete commutation of the current to the GTO bridggenerators on the relay protection, three fault scenanies a
the GTO is gated off, forcing the current through the posised. The fault imposed on the system is a three-phase-to-
tive temperature coefficient (PTC) resistor, whose resigta ground fault and the fault locations are shown in Figure 4 Th
increases as its temperature rises. The mechanical switcHirist scenario to be tested is the fault at FL1 (fault location
series with the GTO bridge disconnects shortly thereatier 1) with the relay that should trip being BRK1. The second
prevent a high voltage across the GTO bridge. The load switstenario to be tested is the fault at FL4 (fault location 4f a
interrupts the limited current for circuit breaker opeoati the relay that should trip is BRK2. The third scenario to be

This hybrid fault current limiter meets the original applitested is the fault at FL5 (fault location 5), almost ideattic
cation requirements as described in Section Il. Howevaer, tto the second scenario except that the relay that shouldstrip
circuit breaker operation of the proposed device is not ededBRKS3.



B. Fault Location 1 - FL1 DG2 is unstable without the FCL in operation as the torque
§ci|lates from -1 to 2.5 per unit, reaching zero per unit.

the test system without the DG units and local loads being Wt theé FCL, the torque does not exhibit the same large

service. The second and third cases incorporate the DG uE&Hations. _ _
and the local loads, but in the former, the current limitexs a -aStly, the torsional torque between the turbine and gen-

not activated erator is examined. Figure 7(a) shows the torsional tordue o
1) Test alst.em without DG and Local Loads Without the DG1 without FCL, and 7(b) shows the same torque with FCL.
DG subsystems, the fault current supplied by the infinite bue, .

2) Test System with DG Subsystems: With the addition of ¢ I WNWW
the DG subsystems, BRK1 trips as before, at 90.5 cycles aft? \j JW\[\
the fault starts. The operation of the FCL does not affect tF®
timing of breaker trip, nor the Breaker 1 current.
have major impacts on the DG currents. Figure 5(a) shows
the current contribution of DG1 to the main feeder without'd: 7
FCL, and Figure 5(b) shows the same current with FCL.

Three cases are tested in this fault scenario. The first sas8
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o

reaches a peak of 10kA. The relay, BRK1 trips at about 90.
cycles after fault inception. s !

Though the BRK1 breaker current is not affected in thi¢ °% oz or o5 gs 3 sz aas e = To 02 0dos gp 1 43 ia 1s 18 2
scenario by the DGs and loads or the FCLs, the FCLs do (a) Without FCL (b) With FCL

DG1 torsional torque for fault at location 1.

The torsional torque of DG1 oscillates with a peak-to-peak
value of 0.7 per unit. However, with the FCL in operationsthi

S o oscillation is reduced to 0.45 per unit. The results for DG2,
i . for both with and without FCL are similar to those for DG1.
e e C. Fault Location 4 - FL4

As with the simulations with a fault at FL1, three cases are

o 02 o¢ 05 gs i 1z 14 1o 18 2 o 02 o¢ 05 go 1 12 14 1o 16 2 tested: one case without DGs, a second case with DGs but no
(a) Without FCL (b) With FCL FCLs, and a third case with DGs and FCLs.

‘ _ ‘ 1) Test System without DG Subsystems:. For a fault at

Fig. 5. DG1-to-main-feeder current for fault at location 1. location FL4, the fault current seen by BRK2 reaches a peak

of 2.2kA. The relay, BRK2, trips 39.1 cycles after the fault

Without the FCL in operation, the DG1 fault current peakgception.
at 600A before settling down to 370A peak-to-peak. With the 2y Test System with DG Subsystems: With the DGs in
FCL, the fault contribution from DG1 is reduced to 190A peakervice, the current supplied by the infinite bus is the main
to peak. Prior to the instant of fault inception, DG1 suppli€;omponent, but the DG units have a significant contribution
Local Load 1, and its current exchange with the main feedgy the fault current. BRK2 trips 20ms earlier than withou th
is insignificant, as seen in Figure 5(a) and (b). The curremtis subsystems in service, at 37.9 cycles after the fault first
for DG2 shows a similar trend to the DG1 currents. starts.

Another effect of the FCL on the system is on DG stability. wjth the FCL, BRK2 trips at 38.9 cycles after the fault
To demonstrate DG stability, the electrical torques of th@arts, only one-fifth cycle earlier than the scenario wititbe
generators are examined. Without the FCL, DG1 becomgg; subsystems. Figure 8(a) shows the BRK2 breaker current
unstable (torque reaches zero) and its electrical torqué- 0Sfor the DG augmented system with no FCL, and Figure 8(b)
lates. With the FCL, the torque does not show the same larggows the current with ECL.
oscillations. Figure 6(a) shows the electrical torque of2DG
without FCL, and 6(b) shows the same torque with the FC
in operation.
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With the FCL, the BRK2 breaker current, Figure 8(b), is

Fig. 6. DG2 electrical torque for fault at location 1. almost identical to the case with no DG. Figure 9(a) shows



the current of DG1 to the main feeder without FCL, and Figure The torsional torque of DG1 shows that the generator is
9(b) shows the same current with the FCL. unstable, with large oscillations in the range of -3.0 to geb
unit. With the FCL in operation, the fault is almost unnotice
showing only a brief transient peak before returning to atbu

1 per unit.

For DG2, without the FCL, the torsional torque shows large
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0 R amplitude oscillations. With the FCL in place, the oscitlat
& -100 & -100
are reduced.
0 02 04 06 %;‘ne(slecunésﬁ 14 16 18 2 0 02 04 06 gl?ne(sleconész) 14 16 18 2 D- Fault Location 5 = FL5
(2) Without FCL (b) With FCL This fault location is almost the same as for FL4, with the

difference being that FL5 is in the reach of a faster breaker,

DG1-to-main-feeder current for fault at location 4. which prevents DG1 from becoming unstable.

Fig. 9.
Without FCL, the DG1 fault current peaks at 400A an% Relay Timings

the generator becomes unstable, experiencing large ¢urren _

oscillations. With the FCL, the generator remains stablé an 10 determine the effect of the DGs and the FCL on the
DG1 fault current is reduced to 100A peak-to-peak. Withoigly coordination, the relay timings are examined. Table |
the FCL, the DG2 fault current contribution peaks at aboghoWws the impact of the FCL on the timing of fault removal
750A before settling down to 400A peak-to-peak. With thior the case studies in the previous sections. The presence o
FCL, this current is reduced to 190A peak-to-peak. DGs results in a maximum of 8.69% change in the breaker

As with the fault scenario at FL1, the next step is to examirﬂperatig” time. The use of FCL reduces this maximum change
the machine torques. Figure 10(a) shows the electricalui)rqIO 4.09%.

of DG1 without FCL, and 10(b) shows the same torque Withgaui T Breaker T Scenario Trip Time || DI, in Time
the FCL in operation. Loc. (cycles) || Cycles || Diff (%)

FL1 || BRKL || No DG 90.46 — —

. . FL1 || BRKL || DG, no FCL 90.46 0 0

. , FL1 || BRKL || DG, with FCL 90.46 0 0

. s FL4 || BRKZ || No DG 39.09 — —
s, FA FL4 || BRK2 || DG, no FCL 37.90 1.19 3.04
L N FL4 || BRKZ || DG, with FCL 38.90 0.19 0.49

B £ FL5 || BRK3 || No DG 9.78 — —
FL5 || BRK3 || DG, no FCL 8.93 0.85 8.69
j j FL5 || BRK3 || DG, with FCL 9.38 0.4 4.09

] 02 04 06 ‘%l?ﬂe(slecunésg 14 16 18 2 0 02 04 06 gw?ﬂe(slecnnés% 14 16 18 2 TABLE I
(a) Without FCL (b) With FCL RELAY TIMINGS IN TEST SYSTEM.

Fig. 10. DGL1 electrical torque for fault at location 4.

. . . Although the use of FCLs reduced the impact of the DGs

Without FCL, the electrical torque O.f D.Gl OSC'”?teSv th%n the coordination of the relay protection (breakers BRK1,
DG becomes unstable and large oscillations continue af@th and BRK3), the impact of the DGs on the system even
the fault is cleared. With the FCL, the torque oscillations awithomjt the FCLs i’s not significant.
prevented. i . i Table 1l shows the impact of the DGs and the FCLs on

For DG2 in the scenario without the FCL, the electricgl,e same study system (Figure 4) for the same fault locations
torque oscillates and the DG becomes unstable (zero torqygiy, the exception that Local Load 2 is not in service, and
With the FCL, the DG remains stable. Figure 11(a) shows thgs5 gnpjies its rated power to the system. Therefore, the
torsional torque of DG1 in this fault. scenario without FCLcontribution of DG2 to the fault current is significantly higy.
and 11(b) shows the same torque with the FCL. In this case, the presence of the DG units (without FCLS)
can result in a maximum reduction of 36.30% in the tripping
time (occurring with a fault at FL5, breaker BRK3 tripping).
However, the use of the fault current limiters can limit this
maximum reduction to 6.54%, which is a vast improvement
and is potentially acceptable, without a need to change the
relay protection settings of the breakers on the main feeder

Table Ill shows the impact of the DGs and the FCLs on the
study system (Figure 4) with faster relay settings and Local
Load 1 disconnected from service such that DG1 supplies its
rated power to the system. Without FCL, the impact of the
DGs on the tripping times of both BRK2 for a fault at FL4
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(a) Without FCL (b) With FCL

Fig. 11. DG1 torsional torque for fault at location 4.



Eilél't Breaker || Scenario T{é@;grz)e %;fdlgs D;gr?;)) [7] P.P. Barker and R. W. de Mello, “Determining the impact aftdbuted
FL1 BRKI No DG 90.46 — — generation on power systems: Part 1 - radial dlStrIbutIOﬂeWS," in
FL1 BRKIL DG no ECL 90.46 0 0 Powgr Engineering Society Summer Meeting. IEEE Power Engineering
=) BRKI DG’ With ECL 90.46 o o Society, July 2000, pp. 1645-1656.

d : [8] R. H. Lasseter, “Control of distributed resources,Bulk Power Systems
FL4 BRK2 No DG 39.09 — —_ Dynamics and Controls 1V: Restructuring.  Santorini, Greece: IREP,
FL4 BRK2 || DG, with FCL 371 1.99 >.09 [9] A. M. Borbely and J. F. Kreider, EdsDistributed Generation: The
FLS BRK3 No DG 9.78 — —_ Power Paradigm for the New Millenium. CRC Press, June 2001.
FL5 || BRK3 || DG, no FCL 6.23 3.55 36.30 | [10] J. C. Gomez and M. M. Morcos, “Coordinating overcurrerdtpction
FL5 BRK3 || DG, with FCL 9.14 0.64 6.54 and voltage sag in distributed generation systeB’E Power Engi-

neering Review, vol. 22, no. 2, pp. 16-19, Feb. 2002.
TABLE || [11] T. Ackermann and V. Knyazkin, “Interaction between dizited gener-

ation and the distribution network: Operation aspects,Triansmission
and Distribution Conference and Exhibition, vol. 2. Asia/Pacific: IEEE
Power Engineering Society, Oct. 2002, pp. 1357-1362.

[12] S. M. Brahma and A. A. Girgis, “Microprocessor-basedlasing to
coordinate fuse and recloser in a system with high penetratif

and BRKS3 for a fault at FL5 (59.90% and 40.00% respectively) 35”?“‘;2EgEe”;gjjé‘;”é’ng‘fgggin'zngsigﬁfggg J?r?%g’;‘";eg Hieaing

is significant and unacceptable. With the FCLs, however, tﬁ%] P. G. S. et al., “The utility requirements of a fault curréimiter,” |EEE
impact of the DGs on the BRK2 and BRKS tripping times are  Transactions on Power Delivery, vol. 7, no. 3, pp. 1124-1311, Apr.

effectively limited to 14.85% and 8.00% respectively. 1992.

RELAY TIMINGS IN TEST SYSTEM, LOCAL LOAD 2 DISCONNECTED

[14] G. E. Company, “Current-limiting reactors,” Technicab@ment, May
1929.
Fault || Breaker || Scenario Trip Time || Diff. in Time [15] W. Paul and M. Chen, “Superconducting control for sumyerents,”
Loc. (cycles) || Cycles || Diff (%) IEEE Spectrum, pp. 49-54, May 1998.
FL1 BRK1 No DG 50.00 — — [16] M. C. et al., “6.4 mva resistive fault current limiter basen bi-2212
FL1 BRK1 DG, no FCL 45.16 4.84 9.68 superconductor,Physica C: Superconductivity, vol. 372-376, no. 3, pp.
FL1 BRK1 DG, with FCL 48.92 1.08 2.16 1657-1663, Aug. 2002.
FL4 BRK2 No DG 20.00 — — [17] E. P. R. Institute, “Development of a solid state, cutriémiting circuit
FL4 BRK2 DG, no FCL 8.20 11.80 59.90 breaker,”Substation Asset Utilization, June 2001.
FL4 BRK2 DG, with FCL 17.03 297 14.85 [18] Principles of Fault Current Limitation by a Resonant LC Circuit, vol.
FL5 BRK3 || No DG 5.00 — — 139. [EE, Jan. 1992.
EL5 BRK3 DG, no FCL 3.00 2.00 70.00 [19] S. S. et al., “Principle and characteristics of a faultrent limiter with
ELS BRK3 DG, with FCL 7.60 0.40 8.00 series compensation/EEE Transactions on Power Delivery, vol. 11,
no. 2, pp. 842-847, Apr. 1996.
TABLE Il [20] C. S. Chang and P. C. Loh, “Designs synthesis of resoiaaultt current
limiter for voltage sag mitigation and current limitation,” iRower
RELAY TIMINGS IN TEST SYSTEM, FASTER RELAY SETTINGS LOCAL Engineering Society Winter Meeting, vol. 4. |EEE Power Engineering
LOAD 1 DISCONNECTED Society, Jan. 2000, pp. 2482-2487.

[21] R.K.S. etal., “Solid state distribution current limitend circuit breaker:
Application requirements and control strategid&EE Transactions on
Power Delivery, vol. 8, no. 3, pp. 1155-1164, July 1993.

[22] T. U. et al., “Solid-state current limiter for power digtution system,”

IV. CONCLUSION IOECEtEl'Ig;rggsactlons on Power Delivery, vol. 8, no. 4, pp. 1796-1801,

In this paper, a novel hybrid mechanical/electrical faulg3] M. M. R. A. et al,, "Harmonic analysis and improvement of awne
t limit . h to b ble t d the i t solid-state fault current limiter,” irfRural Electric Power Conference,
current limiter is shown to be able to reduce the impact apiimay 2001, pp. D5/1-D5/8.

of a DG on the existing coordinated relay protection in g4] P. K. C. Meyer and R. W. DeDoncker, “Design of a novel lovss

distribution system to tolerable levels (within 10 to 15% of  fault current limiter for medium-voltage systems,” Applied Power
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