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Abstract— An autoreclosing is used for the purpose of reatpithe power system after a trip of the circuitdier.
The successful autoreclosing can enhance stabitityreliability of the power system. The distriltligeneration (DG)
is the small and medium size generator connectetistdbution system. Because of the efficiency amodluctivity of
the DG, the integration of DG to the distributiopstem will be increasing. On the other hand, it nayse the many
problems of power system. For example, the maldipereaof protective relay by distributed generatiomay be
occurred. This paper analyzes the effects of r@ujpsiccording to size of DG, and suggests adapteetosing
algorithm considering DG. The proposed algorithmmsists of angle oscillation's judgment, Emergensyefded
Equal-Area Criterion (EEEAC), calculation of optitm@closing time, and reconnection algorithm. THgaaithm is
implemented by ATP/EMTP-MODELS. The simulationltesinow that the transient stability is maintainaod the
distributed generation is protected against disambe
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disconnection of DG may cause the secondary tratssie

1. INTRODUCTION to distribution systems.
L . . This paper presents the adaptive reclosing alguorith
Distributed generation (DG) is a small-scale getoera including angle oscillation's judgment, EEEAC,

such as wind turbine, fuel cells, and photovoltaic .5\0\jation of optimal reclosing time, and recortizee
systems. DG is expected for next-generation energy,yqithm. The algorithm decides the disconneciirg
source because of resources exhaustion angyg by means of angle oscillation's judgment and
enwro_nmental prol_:)lem recently. . . EEEAC and then the autoreclosing is performed. The
The |mple_zmentat|on of these generations may IntBen gy jation is performed by ATP/EMTP MODELS, and
the technical aspects of distribution systems. Theye gimyjated results show the effectiveness of the
operation of DG can cause unwanted operation ofg, ;

) ggested schemes. By employing the suggested
protection and the fault level may be changedAs|the 5 5qrithm, we can maintain transient stability and

peneration level Ofb.?G becomebs higrller, tge IM@ACt  improve the power quality while the DG is protected
DG on transient stability cannot be neglected. against disturbances.

The autoreclosing can recover distribution lines,
transmission lines an.d circuit breakers which are,  CcAULTS IN DISTRIBUTION SYSTEM
damaged by electrical faults. The successful
autoreclosing can enhance a transient stability thed After clearing the fault, the secondary arc current
reliability of power systems. However, the unsusfidls  begins to flow at fault point by mutual couplingtveen
autoreclosing may cause the system unstable and thtault phase and sound phase. If the autoreclosing i
damage of system and equipment. The presence oferformed without asceratining precisely the seaond
distributed generation can cause the unsuccessfuirc currnet extinction, the arc may be re-estabtistto
autoreclosing because the DG may sustain feedinly fa the fault can become permanent and the power system
current during the autoreclose open time prohipitine ~ can be unstable. Therefore, the secondary arc rturre
intended arc extinction [1]. Therefore, referen{e] extinction must be confirmed for the successful
suggest that the DG must be disconnected cleaftyde autoreclosing and power system stability.
the reclosing. But, the frequent disconnection Gf Day There are two types of distribution systems. Fittse,
cause the decrease of power quality, such as oatale DG can be connected to the loop type distributigstesn.
voltage sag. In addition, the reconnection afterIn this case, because the fault point is isolatedhfthe
power system by operating circuit breaker at both
terminals, the current supplied by DG does not flaw
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by synchronous generator in EMTP. And the arc model In figure 3, we can find that the secondary araentr
presented in [4] is used. extinction time is not affected by the size of D&s
shown in figure 4, the secondary arc current ektnc
time may be affected by the DG size. However, the
secondary arc current extinction time in figureathges
from 0.0014s to 0.0016s, and these limits are gboyt.
Therefore, we can conclude that the secondary arc
current extinction time is not affected by the sideDG

on radial type distribution network.
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system 0.0018
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Tables 1 and 2 show the system parameters for eac il A ~
type of distribution system, respectively. 5 —— & L
= 0.0014
E
Table 1. The system parameter for loop type systemig: 1) 5 .
w 0.0z
From Bus To Bus Type Resistance Reactance =
0.000
BUS S BUS A transformer 0 0.0667
BUS A BUS B transformer 0.0099 0.2088 o : ' ’ ' ' ' :
1 2 3 4 4] G 4 8 9 10
BUSA | BUSB transformer 0.0092 0.2170 Cipacity Shange (MW}
BUSB BUS C fite 0.0446 0.1017 Fig. 4. Relation with duration time and capacity onradial
type distribution network
BUS B BUS D line 0.2146 0.3429
BUSC | BUSD line 0.2390 0.4163 Small-scale DG is linked to short distribution line

length nowadays. In this case, the secondary areru
does not flow at fault point by neglecting the naltu
coupling between the fault phase and sound phaseé. A

Table 2. The system parameter for radial type system LD .
Y P ype sy the distribution system is more and more complex.

(Fig- 2) Therefore, this paper supposes that 10MW DG is
FromBus | To Bus Type Resistance | Reactance connected to the loop type distribution network.
2l B line gt L 3. AN ADAPTIVE RECLOSING TECHNIQUE
WITH REFERENCE TO DISTRIBUTED
GENERATION

Figure 3 shows the secondary arc current extinction ] ) ] ]
time according to size of DG in loop type distribat Figure 5 shows the adaptive reclosing algorithnts wi

system. Figure 4 shows the secondary arc currenfeference to distributed generation. The impaddGfon

extinction time according to size of DG in radigpe ~ POWer system transient stability depends on the
distribution system. technology of the DG. DG based on asynchronous
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generator does not have much impact on transienB.1 Angle oscillation’s judgment

stability, but DG based on synchronous generater ha
much impact on transient stability [5]. Therefoia,
order to distinguish DG based on synchronous gésrera
from DG based on asynchronous generator, the agapti
reclosing algorithm firstly judges whether the phas
angle between two buses is oscillated or not dételt
clearing (block 1 If angle oscillation is not occurred, the
autoreclosing will be performed without disconnegti
DG. If angle oscillation is occurred, the EEEACadk

2) will be used to estimate the transient stabilityreal-
time. In stable case, the reclosing is performenpémal
reclosing time by block 3 without disconnecting DG,
whereas, in unstable case, the DG is disconneaced t
prevent the loss of synchronism and then the
autoreclosing is performed and DG is reconnected a
instant (Tr) calculated by reconnection algorithio¢k

4) after successful autoreclosing. Blocks 2, 3 are
presented in [6] and blocks 1, 4 are following.
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Fig. 5. The block diagram of adaptive reclosing algithm

Figure 6 shows the phase angle oscillation’s judgme

method.
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Fig. 6. The block diagram of angle oscillation’s jdgment
method

The phase angle between two buses is calculated by
using DFT. When difference-value between present
phase angle and previous phase angle at eachtéméss

less than/\, where A is differential threshold that is

used for judging the angle oscillatiorg,, ., is
incremented.
Otherwise, ¢ is incrementedd, and g

COUNT2 COUNTL COUNT2

are counter. |f5coum

is not occurred and iﬁcoum

oscillation is occurredg, and ¢, are sample number.

The whole process is based on a moving window
approach whereby a 1-cycle window is moved
continuously by 1 sample and the sampling rate2is 1

samples/cycle at 60Hz. The optimal setting for &,

is greater thag, , angle oscillation
is greater thag,, angle

and &, are 0.01, 24 and 24, respectively.

3.2 The reconnection algorithm of DG

To prevent the instability of power system, DG is
disconnected and then the autoreclosing is perforhme
order to maintain reliability and safety of thetdtsution
system, DG should be reconnected to the powermyste
The following is the KEPCQ's rule for reconnectioh
DG.

After recovery of power system disturbance, DG
must be reconnected to the distribution system
only if the power system voltage and frequency is
maintained for five minutes in steady state.

Based on above rule, figure 7 shows the reconnectio
algorithm of DG.
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Fig. 7. The block diagram of reconnection algorithm

The RMS value of line voltage is calculated and the
power system frequency is measured by using DF€. Th

algorithm is based on the difference-value between

present value and previous value at each time fstep
voltage and frequency, respectively. If these diffiee-

4.2 Simulation Results
4.2.1 When the proposed algorithm is not employed

Figure 8 shows the variation of the phase angle
between two buses when DG based on synchronous
generator is employed. In this case, although the
synchronisms are lost as shown in figure 8, DGadb n
disconnected. As shown in figure 9, model system is
unstable. The instability can be avoided by empigyi
the suggested autoreclosing algorithm.
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Fig. 8. Phase angle between two buses when DG based
synchronous generator is employed (The suggested
algorithm is not employed).

values are less than threshold, the power system i4.2.2 When the proposed algorithm is employed

considered as steady state and tdgp,, and f

incremented. In figure 7¢ is sample number, which
means the steady state duration time. If the gefina
is 216,000, the steady state duration time is riveutes.

are

count

4. SIMULATION AND RESULTS
4.1 System model studied

The Electro-Magnetic Transient Program (EMTP) has
been used for power system analysis under tranareht
dynamic conditions. It consists of a library of natslof
network components such as electrical machines
transformers, lines, etc. that can be intercondecte
together to simulate any required electrical nekwai.
The reclosure relays are implemented through
ATP/EMTP MODELS, which makes it possible to
simulate the interaction between the power systath a
the relay [8].

Model system of distribution system for simulatisn
shown in Figure 1, which is interfaced with thelosare
relays (RCR1 and RCR 2 in figurel). The RCR2 cdstro
the connection of DG as well as reclosing of circui
breaker. Model system has 5 buses, 3 transformeds3
loads. The uncoupled, lumped series branches bg Typ
in ATP/EMTP are used for distribution line.

4.2.2.1 When the transient stability estimatiorElBEAC
is stable

Figure 9 shows the variation of the phase angle
between two buses when DG based on synchronous
generator is employed. After fault clearing, theglan
oscillation is occurred so that the transient gitgbis
assessed in real-time by EEEAC. In this case, wiegs
is stable, and hence the optimal reclosing time is
calculated. The tripped line is reclosed 0.9s after
tripping of the circuit breakers. As shown in figu8, the
power system stability is maintained.
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The synchronous generator is modeled by Type 59

model. Double line to ground fault with duration of
0.167s is assumed on distribution line between BLUS
and BUS D.
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4.2.2.2 When the transient stability estimatiorElBEAC

: Table 3. Maximum deviation and oscillation durationof
is unstable

frequency
In unstable case, DG is disconnected by employiag t Indicator | Maxinmum | Oscillation
suggested autoreclosing algorithm. The disconneaifo Reconnection Bia deviation duration
DG unit causes a loss of generating sources, Waais Fiveainiites 218Hz 0.035s
to power quality drop and changes of protectiotirsg. Five seconds 104Hz 0.035s
Therefore, DG has to be reconnected to the powe
system as soon as possible. 2) Phase angle between two buses

In this paper, the reconnection time based on

KEPCO's rule and the faster reconnection time are . . ,
simulated, and simulation results are analyzed Tobetween two buses when the reconnection time (five
X i minutes) based on KEPCO's rule and the faster

compare the reconnection time based on KEPCO's rule . . , .
) . . - . reconnection time (five seconds) are applied. Table
with the faster reconnection time, two indicatoks,

. - N : shows the maximum deviation and oscillation duratio
maximum deviation and oscillation duration, haverbe .

. N after reconnection of DG. Two cases have an equal
applied to the oscillations of the frequency andggh . . ) . -

) duration time, while the maximum deviation of

angle between two buses after reconnection of D& T . . \ :

. . Lo . reconnection time based on KEPCO'’s rule is grethtan
setting of faster reconnection time is assumedvbish

is implemented by setting 3,600t in figure 7. it of faster reconnection time, as shown in Table 4

Figures 12 and 13 depict, respectively, the phagiea

1) Frequency o
. . . o 15 Reconnection
Figures 10 and 11 depict, respectively, the frequen ‘g N time of DG
variation when the reconnection time (five minutes) £ Reclosure
based on KEPCO’s rule and the faster reconnedtiod t & *
(five seconds) is applied. Table 3 shows the marimu § = '
deviation and oscillation duration after reconnattof £ s o Ay
DG. Two cases have an equal duration time, whige th |
. . . . . -80
maximum deviation of reconnection time based on o
KEPCO's rule is greater than it of faster reconioect “0283 50299 30515 30331
time, as shown in table 3. i 5 110 165 220 215 I8 330
Time[s]
400
=2 Fig. 12. Phase angle variation between two buses ahthe
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) 00 ; [’[ reconnection time based on KEPCO's rule is applied.
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£ 2 i i Fig. 13. Phase angle variation between two buses arhthe
b h . . . .
£ 200 i \‘l faster reconnection time is applied.
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o ‘ Table 4. Maximum deviation and oscillation durationof
Reconnection o
oo tima of DG phase angle variation between two buses
200 Indicator | Maximum | Oscillation
- Reconmection time deviation duration
o 2 4 6 8 10 Five minutes 132° 0.05s
Ti .
ime[s] Five seconds 22.5° 0.05s

Fig. 11. Frequency variation when the faster recorection
time is applied.
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4.2.2.3 Discussion Symposium on Power Plants & Power System Control,
. _— N Korea, Sep: 897-902.

Asl shﬁylvn n t_ables d3 a_mt(_j 4’f oscnlanofnf_duranon IS [4] S.P Ahn, C.H Kim, R.K. Aggarwal, A.T. John9™.
equal, while maximum deviation for case ot five An alternative approach to adaptive single pole-aut

is less than maximum deviation for case of five utes. reclosing in high voltage transmission systemsdase
These results support that the reconnection timgvef variable dead time control. IEEE Trans. on Power
seconds is more efficient. Therefore, in the réliigand Delivery 16(4): 676-686.

safety point of view, DG has to be reconnectedhat t [5] 3.G. Slootweg, W.L. Kling. 2002. Impacts of Bisuted
faster time than reconnection time based on KEPCO’s  Generation on Power System Transient Stability.@Pow

rule if possible. Engineering Society Summer Meeting, IEEE. 2: 862-
867.
5. CONCLUSIONS [6] Jeong-Yong Heo. 2002. A study on the Algoritiof

Auto-reclosing with reference to Power System
Stability. Sungkyunkwan University Master’s Thesis.
[7] Salman K. Salman, Ibrahim M. Rida. 2001 In\geding

This paper has presented an adaptive autoreclosing
technique with reference to distributed generation

improving and maintaining the system stability. The the Impact of Embedded Generation on Relay Sedfing
proposed autoreclosing technique is composed af fou yjities' Electrical Feeders. IEEE Trans. On Power
blocks, i.e. the angle oscillation’s judgment, cddtion Delivery 16(2): 246-251.
of optimal reclosing time, EEEAC and reclosing [g] C. H. Kim, M. H. Lee, R. K. Aggarwal, A. T. Jo.
algorithm. The proposed autoreclosing algorithm is 2000. Educational Use of EMTP MODELS for the
verified and tested for distribution system with DG Study of a Distance Relaying Algorithm for Protegti
namely synchronous generator. Transmission Lines. IEEE Trans. on Power System
The simulation results show that the transientikab 15(1): 9-15.
for all cases is maintained by using proposed
autoreclosing technique. Specially, when DG unit is
disconnected, it is verified that reconnection @& Deeds
to be performed faster than the reconnection tiased
on KEPCO's rule. The adaptive autoreclosing teahiq
presented herein can be useful in protection aficieft
operation of DG.
Although the development on DG, e.g. wind turbine,
fuel cells, and photovoltaic systems grows sigaifity,
the penetration of DG is still low in KEPCO's systelf
increasing amounts of DG is connected to electrical
power systems by growing concern over ,Gfnissions
and technological developments, the interest olosewm
for power system protection will be also increased.
Moreover, in the future, the KEPCO’s distribution
system will become the complex system that has many
short distribution lines, various loads, and getiena
sources. In this trends, the suggested reclosopgyitim
better than current KEPCO's rule will have the ptitd
for application in KEPCO's system.
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