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Abstract — If large scale PV systems are installed and operated in primary feeder,
the bi-directional power flow may be occurred and then the magnitude and direction
of fault current can be changed depending on the fault location and point of common
coupling of PV system, and time current curve cannot be properly maintained
between protection devices. And also, it is difficult to obtain a proper time interval
between protection devices because the conventional setting approach is applied even
though PV system is installed and operated. Therefore, this paper presents 3
operation modes of setting approach for protection devices considering the operation
conditions of PV system to obtain setting values of protection devices. Base on the
modes, this paper proposes algorithm to calculate optimal time interval of protection
coordination according to introduction capacity of PV system. In addition, this paper
performs the modelling of distribution system with PV system and protection devices
by using Off-DAS S/W, and analyzes the characteristics of time interval between
protection devices such as substation relays, reclosers, customer relays, PV customer
relays. From the simulation results, it is confirmed that the proposed operation modes
and setting approach algorithms are useful and effective to protection coordination
in the distribution system with PV system.

Keywords—Protection Devices, Distribution System, Over Current Ground
Relay(OCGR), Over Current Relay(OCR), Photovoltaic System, Protection
Coordination

1. INTRODUCTION

Recently, government in Korea have enforced to reduce proportion of thermal power
plants and expand renewable energy sources including PV systems and WP systems in
order to overcome environmental issues such as climate change and fine dust. Also, large-
scale PV systems have been actively interconnected with distribution system due to
government policies to remove restriction requirement of technical guideline for
interconnection of less than 1MW of PV systems[1]-[5]. As large scale distributed
generators are interconnected with the primary feeder, many problems are being occurred
on the protection coordination between protection devices, because the magnitude and
direction of fault current are changed depending on the PCC(point of common coupling)
of PV system and the fault location of distribution system[6]-[9]. And also, it is difficult to
obtain a proper coordination time interval of protection devices because the conventional
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setting approach is applied even though large scale PV systems are installed and operated
[10]-[11]. Therefore, this paper presents 3 operation modes of protection devices
considering the operation conditions of PV system to obtain setting values of protection
devices and proposes algorithm to calculate optimal protection coordination time interval
[12]-[13]. In other words, the first mode(Case 1) is to perform the conventional setting
values in the distribution system with PV system and the second mode(Case Il) is the
setting values of protection devices calculated by the operation condition of PV system in
the distribution system with PV system and the third mode(Case 1l1) is the same setting
values of protection devices of Case Il even though the PV is not operated due to faults or
environmental conditions. In addition, based on these operation modes, this paper propose
an algorithm for calculating the optimum coordination time interval between
substation(S/S) relay and recloser(R/C), R/C and customer relay, and S/S relay and
customer relay. As a result of the characteristics of coordination time interval between the
protection devices by using off-DAS S/W, it is confirmed that the propose operation modes
and the algorithm for calculating the coordination time interval between the protection
devices are useful for the setting values calculation of protection devices.

2. SETTING VALUES CHARACTERISTICS OF PROTECTION
DEVICES WITH AND WITHOUT PV SYSTEM

2.1. OPERATION METHOD OF CONVENTIONAL PROTECTION DEVICES

2.1.1. SETTING VALUES OF S/S RELAY': The operation time of OCR(Over Current
Relay) and OCGR(Over Current Grounding Relay) of the S/S relay are determined
according to the guidelines of KEPCO, and its setting values are calculated by CT ratio,
instantaneous tap, and time delay tap. CT ratio of S/S relay can be obtained by multiplying
the rated current of feeder capacity(10MW), by 1.5 times, as shown in Eq. (1).

Py

CTratios = —=———
ratio,s \V3x22.9kV

x 1.5 @
where, P, is the rated feeder capacity

And, instantaneous taps for phase and ground fault are calculated by more than 1.5 times
of the 3 short-circuit current at installation point of forward protection devices(R/C) or by
more than 1.4 times of single line ground(SLG) fault current, as shown in Eq. (2).

Tapins,s =Ip X Coefins,s X CTrqtio (2)

where, I is fault current of 3¢ short-circuit current or SLG fault current, Coefiy sis
instantaneous tap coefficient according to fault type such as phase fault(1.5) and ground
fault(1.4)

In addition, time delay taps for phase and ground faults are calculated by 1.5 times and
0.3 times of rated feeder current respectively, as shown in Eg. (3).

P
Taptd,s = ﬁT:*;kv X Coeftd,s X CTratio (3)

where, Coefy, s is coefficient of time delay tap with fault types such as phase fault(1.5)
and ground fault(0.3)

2.1.2. SETTING VALUES OF R/C: A minimum operating current of R/C with
instantaneous and time delay operation characteristics in 3 short-circuit fault is calculated
by more than 2.8 times and less than 4.0 times of maximum load current, as shown in Eq.
(4). And, minimum operation current for ground fault is obtained by 0.3 times of maximum

128 Copyright © 2019 NADIA



International Journal of Advanced Science and Technology
Vol.129 (2019)

load current as shown in Eq. (5), it is conventionally applied as 70A considering unbalanced
load current in the primary feeder. In addition, instantaneous and time delay curves of one
R/C are usually applied as N2 and N4 respectively, in the case of two R/Cs, N2 and N4
curves are applied for the backward R/C, and N1 and N3 curves are for the forward R/C.

IOP(P) =2'8XIMAXSIOP S4XIMAX (4)
Iop(G) = Iyax % 0.3 ®)

where, I,p(P) is R/C's minimum operation current of phase fault, I,p(G) is R/C's
minimum operation current of ground fault and I, 45 is maximum load current

2.1.3. SETTING VALUES OF CUSTOMER RELAY:: Setting values of customer
relay can be calculated by CT ratio and instantaneous and time delay tap for short-circuit
and ground fault. The CT ratio of customer relay can be obtained by multiplying rated
current based on contract power of customer by 1.5 times, as shown in Eq. (6). And the
instantaneous tap of OCR is calculated by 1.5 times of the 3 short-circuit current at
secondary side of customer transformer as shown in Eg. (7), and instantaneous tap of
OCGR is generally applied as minimum tap of 10A. In addition, the time delay taps of
OCR and OCGR are calculated by 1.5 and 0.3 times of maximum load current respectively,
as shown in Eq. (8).

Peon

CTratio,c = m X 1.5 (6)

Tapins,c = I35 X 1.5 X CTyqti (7)
PCOTl

Tabtac = rp00m X C0ftac X CTratio (®)

where, P.,, IS contract power, I35 is 3¢ short-circuit current on secondary side of
customer transformer and C4 . is coefficient of time delay tap for customer relay with
phase fault(1.5) and ground fault(0.3)

2.2. OPERATION METHOD OF SETTING VALUES CONSIDERING PV
SYSTEM

2.2.1. SETTING VALUES OF S/S RELAY

Setting values for OCR and OCGR of S/S relay considering PV system are calculated
by CT ratio, instantaneous tap and time delay tap as same as conventional approach in
Section 2.1.1. First, the CT ratio can be obtained by 1.5 times of the modified current which
is subtracting capacity of PV system from rated capacity of feeder(LOMW), as shown in
Eg. (9). And the instantaneous taps of OCR and OCGR are calculated by more than 1.5
times of 3 short-circuit current at installation point of forward protection devices(R/C) or
by more than 1.4 times of SLG current, as shown in Eq. (10). In addition, the time delay
taps for OCR and OCGR are calculated by 1.5 and 0.3 times of rated feeder current
subtracted by PV system respectively, as shown in Eq. (11).

PL—P

CTratio,s = \/ﬁ x 1.5 (9)

Tapins,s = Igp X Coefins,s X CTratio (10)
PL—Pyy

Taptd,s = m X Coeftd,s X CTratio (11)

where, P,,, is capaticy of PV system and I are fault currents of 3¢ short-circuit and
SLG current considering Pg
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2.2.2. SETTING VALUES OF R/C

Minimum operating currents of R/C with instantaneous and time delay operation
characteristics in 3 short-circuit fault can be obtained by more than 2.8 times and less than
4.0 times of maximum load current(lmax) subtracted by rated current(le) of PV system, as
shown in Eqg. (12). And minimum operation current of OCGR is obtained by 0.3 times of
maximum load current subtracted by rated current of PV system as shown in Eq. (13), itis
conventionally applied as 70A considering unbalanced load current in the primary feeder.

Iop(P) = 2.8 X (Iyax — Ipy) < Iop < 4 X (Iyax — Ipy) (12)
lop(S) = (Imax — Ipv) x 0.3 (13)

where, I, is maximum output current of PV system, I,p(P) is R/C's minimum

operation current of OCR, I (G) is R/C's minimum operation current of OCGR and Iy 4«
is maximum load current.

2.2.3. SETTING VALUES FOR RELAY OF CUSTOMER WITH PV SYSTEM

Setting values for relay of customer with PV system can be calculated by CT ratio and
instantaneous and time delay tap of OCR and OCGR as same as conventional approach in
Section 2.1.3. First, the CT ratio is obtained by 1.5 times of rated current of PV system, as
shown in Eq. (14). And the instantaneous taps of OCR and OCGR are calculated by Eq.
(15) as same as conventional approach in Section 2.1.3. In addition, the time delay taps of
OCR and OCGR are calculated by 1.5 and 0.3 times of rated current of PV system
respectively, as shown in Eq. (16).

_ Py
CTratio,c = Bxazorv X 1.5 (14)
Tapins,c = I35 X 1.5 X CTyqti0 (15)
Ppy
Taptd,c = m X Coeftd,c X CTratio (16)

where, P,, is capaticy of PV system and Coef  is coefficient of time delay tap for
customer relay with PV system, which is 1.5 of OCR and 0.3 of OCGR.

3. OPERATION ALGORITHM OF OPTIMAL COORDINATION
TIME INTERVAL IN PROTECTION DEVICES

3.1. OPERATION MODELS FOR SETTING VALUES IN PROTECTION
DEVICES

When large scale PV systems are interconnected and operated in primary feeder, there
are three operation modes for setting values of protection devices as follows. In other
words, the first mode(Case 1) is to perform the conventional setting values in the
distribution system with PV system and the second mode(Case Il) is the setting values of
protection devices calculated by the operation condition of PV system in the distribution
system with PV system and the third mode(Case I11) is the same setting values of protection
devices of Case Il even though the PV is not operated due to faults or environmental
conditions. Table | shows operation models of setting values for protection devices in
primary feeder interconnected with PV system according to three operation modes as
mentioned earlier.
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Table 1. Operation modes of protection devices

Operation modes Contents
Case | Conventional approach
Case Il Setting values considering PV system
Case 111 Setting values consi(_jering PV system
when PV system is not operated

3.2. OPERATION ALGORITHM OF COORDINATION TIME INTERVAL

Based on 3 operation modes for setting values of protection devices as mentioned earlier,
the procedure for calculating optimal coordination time interval of protection devices
depending on introduction capacity of PV system is represented as follows.

[Step 1] Assume capacity of PV system.

[Step 2] Calculate setting values of S/S relay, R/C, and customer relay by the
conventional approach of setting values.

[Step 3] Based on setting values of protection devices at [Step 2], calculate coordination
time interval between protection devices including S/S relay and R/C, R/C and customer
relay, S/S relay and customer relay, by fault current considering PV system.

[Step 4] Calculate setting values of S/S relay, R/C, and customer relay by the second mode.

[Step 5] Check operation condition of PV system. If it is operated normally, go to [Step
6], and if it is not, go to [Step 8].

[Step 6] Based on setting values of protection devices at [Step 4], obtain the coordination
time interval of protection devices by the fault current considering PV system.

[Step 7] Compare coordination time intervals calculated at [Step 3] and [Step 6], select
operation mode to have maximum coordination time interval, and go to [Step 10].

[Step 8] Based on setting values of protection devices at [Step 4], obtain coordination
time interval of the protection devices by fault current without PV system.

[Step 9] Compare coordination time intervals calculated at [Step 3] and [Step 7], select
operation mode to have maximum coordination time interval, and go to [Step 10].

[Step 10] Repeat above process by increasing small amount of PV system, and stop if
introduction capacity of PV system reach to maximum value.

The flowchart of the above procedure is demonstrated as shown in Figure 1.
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Fig. 1 Operation algorithm of protection coordination time interval

4. CASE STUDIES
4.1, SIMULATION CONDITIONS

4.1.1. CONDITIONS OF DISTRIBUTION SYSTEM: In order to analyze
coordination characteristics between protection devices according to introduction capacity
of PV system, this paper performs modeling of distribution system with PV system by using
off-DAS S/W, as shown in Fig. 2. Here, this paper assumes that protection devices of
distribution system are composed of S/S relays, R/Cs, customer relays and PV customer
relays based on the long-distance feeder length which is a total length of 30[km]. In
addition, % impedances for each section is as shown in Table Il and S/S and customer
relays apply type of GCO-CI II D4 with very inverse TC curve characteristics. And also
forward R/C apply TC curves of N1, N3 and backward one is TC curves of N2, N4.

Max. load current Max. load current Max, load current Customer Relay
~[A] -[A] ~[A]

:}mwy ] . @ . @ RIC1 . R . (£1] ‘:»:.

() CNCV-W325° ACSR160/95° ACSR160/95° 0 ACSR160/95° ACSR160/95" 1 ACSR160/95" ACSR160/959ACSR160/95°
Zkem 4kem 4km Skm Skm Skm Skm Q.1km
GCO-(ID4, D5

|
|
LB-VE UB-VE ‘

{conversion) (conversion)

Fig. 2 Modeling of distribution system
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Table I1. Contents of distribution system

Section ZUz2) 2 Length
%R %X %R %X [km]
1 0.4 35.74 0.0716 17.333 0
2 2.865 4.748 8.936 3.123 2
3 13.88 29.84 47.96 117.04 4
4 13.88 29.84 47.96 117.04 4
5 17.35 37.3 59.95 146.3 5
6 17.35 37.3 59.95 146.3 5
7 17.35 37.3 59.95 146.3 5
8 17.35 37.3 59.95 146.3 5
9 0.347 0.746 1.199 2.926 0.1

4.1.2. CONDITIONS OF SETTING VALUES IN PROTECTION DEVICES

In order to analyze coordination characteristics between protection devices according to
introduction capacity of PV system, this paper assumes that it is OMW, 1MW, 3MW and
5MW and analyzes operation time interval between S/S relays and R/Cs, R/Cs and
customer relays, S/S relays and customer relays based on the proposed operation modes for
setting values of protection devices.

4.2. SETTING VALUES OF PROTECTION DEVICES

4.2.1. SETTING VALUES BY CONVENTIONAL APPROACH

According to conventional approach of setting values for protection devices, CT ratio of
S/S relay is obtained by 400/5, which is 378A, 1.5 times of rated current of 252A, as shown
in EQ. (17). However, the CT ratio of 600/5 is conventionally applied with margin for safety
in field works. And time delay tap of S/S relay is obtained by 3.15A, as shown in Eqg. (18),
and then 4 tap is applied.

10x103
CTratio,s = %229 x 1.5 = 378A (17)
10x103 5
Taptd,s = m X 1.5 x 200 = 3.154 (18)

As shown in Fig. 3, OCR lever of S/S relay is calculated by 3.8 lever curve that operates
at less than 0.5s (30Cycles) of Y-axis at 3 short-circuit current(7,053A) of X-axis, which
is in S/S sending point.

S \

..., TN

Fig. 3 OCR lever diagram of S/S relay
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And instantaneous and time delay curves of R/C assume as N2, N4 at backward one and
N1, N3 at forward one. In addition, CT ratio of customer relay is applied as 40/5 because
it is obtained by 37.8A as shown in Eg. (19). And time delay tap of customer relay is
obtained by 4.7A, as shown in Eq. (20) and then 4 tap is applied.

1x103
CTratios = Toxazs < 1.5 = 37.8A (19)
1x103 5
Tapeas = 3225 X 1.5 x 0= 4.7A (20)

As the same as levers of S/S relay in Fig. 3, levers of OCR and OCGR for customer
relay is calculated by 4.3 and 1.8 respectively, however they are applied as 0.5 for stable
protection coordination. Therefore, setting values of protection devices without PV is
shown as Table I11.

Table I1. Setting values of protection devices without PV

Type of cT
Items protection ratio Tap Lever
devices
S/S relay OCR GCO-CI 11 D4 609/5 4 3.8
OCGR GCO-CI Il D5 600/5 1 45
OCR 1JB-VE Minimum 400 Instantaneous:N2
R/C1 operation -
OCGR 1JB-VE current 70 Time delay:N4
OCR 1JB-VE Minimum 250 Instantaneous:N1
R/C2 operation -
OCGR UB-VE current 50 Time delay:N3
Customer relay OCR GCO-CI 11 D4 40/5 4 4.3->0.5
OCGR GCO-CI 1l D5 40/5 1 1.8->0.5

4.2.2. SETTING VALUES BY PROPOSED METHOD

According to new approach of setting values for protection devices, setting values
considering 1MW PV system is demonstrated as shown in Table 4. Time delay tap of S/S
relay is determined by tap 4 and OCR lever of S/S relay is calculated by 3.8 as the same as
Fig. 3 in section 4.2.1. And instantaneous and time delay curves of backward R/C are
assumed as N2, N4 and ones of forward R/C are as N1, N3. Levers of OCR and OCGR for
customer relay is calculated by 4.5 and 1.8 respectively, however they are applied as 0.5
for stable protection coordination.

Table IV. Setting values of protection devices with PV (1MW)

Items Type gf protection CT ratio Tap Lever
evices
SIS relay OCR GCO-CI 11 D4 600/5 4 3.8
OCGR GCO-CI 1l D5 600/5 1 45
OCR 1JB-VE Minimum 400 Instantaneous:N2
R/C1 operation -
OCGR 1JB-VE current 70 Time delay:N4
OCR 1JB-VE Minimum 250 Instantaneous:N1
R/C2 operation -
OCGR JB-VE current 50 Time delay:N3
Cust | OCR GCO-CI 11 D4 40/5 4 45—05
UStomer relaY ™5 cer GCO-CI 11 D5 405 1 18— 05
PV customer OCR GCO-CI 11 D4 40/5 4 1.9 —-05
relay OCGR GCO-CI 1l D5 40/5 1 1.7—05
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In addition, when 5SMW PV system is interconnected in primary feeder, setting values
for protection devices are obtained as shown in Table V, respectively. As shown in Table
5, time delay tap for OCGR of S/S relay is reduced by tap 1 compared to tap 0.5 in case of
1MW PV system, and also CT ratio of customer relay is changed by 190/5 compared to
40/5 of LMW PV system. Setting values of other protection devices with SMW PV system
are almost identical with ones of 1MW, therefore it is found that there is no change
depending on introduction capacities of PV system.

Table V. Setting values of protection devices with PV(5MW)

Items Type gf p'rotectlon CT ratio Tap Lever
evices
SIS relay OCR GCO-CI Il D4 600/5 4 3.8
OCGR GCO-CI Il D5 600/5 0.5 45
OCR 1JB-VE Minimum | 400 Instantaneous:N2
R/C1 operation -
OCGR 1JB-VE current 70 Time delay:N4
OCR 1JB-VE Minimum | 250 Instantaneous:N1
R/C2 operation -
OCGR UB-VE current 50 Time delay:N3
c | OCR GCO-CI Il D4 40/5 4 45— 05
ustomer relay I 5cGR GCO-CI 11 D5 40/5 1 18— 05
PV cust | OCR GCO-CI Il D4 190/5 4 19— 05
customer relay ™ 5cer GCO-CI 11 D5 190/5 1 17— 05

4.3. CHARACTERISTICS OF COORDINATION TIME INTERVAL

4.3.1. COORDINATION TIME INTERVAL BETWEEN S/S RELAY AND R/C

Coordination time interval between S/S relay and R/C should be maintained by more
than 10cycle according to technical guidelines of KEPCO. Therefore, in order to evaluate
a proper coordination between protection devices, coordination time intervals of OCR and
OCGR between S/S relay and R/C are demonstrated as shown in Fig. 4 and Table 6, based
on the modeling of Off-DAS S/W. The coordination time interval of OCR between S/S
relay and R/C is 37.6¢ycle as shown in Fig. 4(a) and one of OCGR is 26.2cycle in Fig. 4(b).
Therefore, it is confirmed that coordination time intervals of OCR and OCGR are kept
within proper values according to technical guidelines of KEPCO. From the simulation
result of Case Il and Case |1l as the same as Case I, coordination time intervals between
protection devices is expressed as shown in Table VI. As shown in Table VI, it is found
that coordination time intervals between S/S relay and R/C for all operation modes are
proper to technical guidelines for the all introduction capacities of PV system.

ETEE IR | EREEiS
e T
Swra ' em 4
=rem + ] !
(a) OCR (b) OCGR

Fig. 4 Coordination time interval between S/S relay and R/C
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Table VI. Coordination time interval between S/S relay and R/C
Time interval of protection devices(cycle)
Capacity of PV
system(MW) 0 1 3 5

Operation mode | Casel | Casel | Casell | Caselll | Casel | Casell | Caselll | Casel | Casell | Caselll
SIS OCR | 395 | 389 | 389 395 | 376 | 376 395 | 364 | 364 39.5
relay-R/C |OCGR | 159.9 |111.4| 1114 | 1328 | 824 | 26.2 29.1 | 66.3 | 250 29.1

4.3.2. COORDINATION TIME INTERVAL BETWEEN R/C AND CUSTOMER
RELAY

Coordination time interval between R/C and customer relay should be maintained by
more than 6¢cycle according to technical guidelines of KEPCO. In order to evaluate proper
coordination between protection devices, coordination time intervals of OCR and OCGR
between R/C and customer relay are demonstrated as shown in Fig. 5 and Table 7, based
on the modeling of Off-DAS S/W. The coordination time interval of OCR between R/C
and customer relay is obtained by 31.4cycle as shown in Fig. 5(a) and one of OCGR is
11.8cycle in Fig. 5(b). Therefore, it is confirmed that coordination time intervals of OCR
and OCGR are kept within proper values according to technical guidelines of KEPCO. For
3 operation modes, coordination time intervals between protection devices are obtained as
shown in Table VII. In Table VII, it is found that coordination time intervals between R/C
and customer relay for 3 operation modes are kept within proper values according to
technical guidelines of KEPCO until 3MW of PV system. However, coordination time
intervals of OCGR between R/C and customer relay, R/C and PV customer relay are
obtained as 5.3Cycle and 4.7Cycle respectively, and it is found that protection coordination
of OCGR are not proper if introduction capacities of PV system are more than 5MW. On
the other hand, coordination time intervals of OCGR between R/C and customer relay, R/C
and PV customer relay for 2 operation modes(Case Il and Case I11) are kept within proper
values according to technical guidelines of KEPCO for SMW PV system. Therefore, it is
confirmed that the proposed operation modes(Case Il, Case I1) are useful and effective to
protection coordination in the distribution system with PV system compare to Case |.

R AR B2 AR
-
TV
whva 1 L, ] +
(a) OCR (b) OCGR
Fig. 5. Coordination time interval between R/C and customer relay
Table VII. Coordination time interval between R/C and customer relay
Time interval of protection devices(cycle)
Capacity of PV
system(MW) 0 ! 3 5
. Case | Case | Case | Case | Case | Case | Case | Case | Case | Case
Operation mode
I | 1 11 | 11 11 | 11 111
R/C- OCR | 413 | 379|379 | 424 | 314|314 | 30.1 | 256 | 256 | 37.9
customer relay OCGR | 169 | 93 | 174 | 216 | 118 | 11.8 | 19.7 | 5.3 9.0 | 193
R/C- OCR 379 | 379 [ 413 | 314 | 314 | 40.1 | 256 | 25.6 | 37.9
PV relay OCGR 93 | 174 | 212 | 114 | 114 | 19.1 | 4.7 8.4 | 18.0
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4.3.3. COORDINATION TIME INTERVAL BETWEEN S/S RELAY AND
CUSTOMER RELAY

Coordination time interval between S/S relay and customer relay should be maintained
by more than 17Cycle according to technical guidelines of KEPCO. In order to evaluate a
proper coordination between protection devices in Case I, coordination time intervals of
OCR and OCGR between S/S relay and R/C are obtained as shown in Fig. 6 and Table 8,
based on the modeling of Off-DAS S/W. The coordination time interval of OCR between
S/S relay and customer relay is determined by 272.6Cycle as shown in Fig. 6(a) and one of
OCGR is 44.2Cycle in Fig. 6 (b). Therefore, it is confirmed that coordination time intervals
of OCR and OCGR are kept within proper values according to technical guidelines of
KEPCO. For 3 operation modes, coordination time intervals between protection devices
are obtained as shown in Table VIII. In Table VIII, it is found that coordination time
intervals between S/S relay and R/C for 3 operation modes are kept within proper values
according to technical guidelines of KEPCO regardless of introduction capacity of PV
system.

(@) OCR (b) OCGR
Fig. 6 Coordination time interval between S/S relay and customer relay

Table VIII. Coordination time interval between S/S relay and customer relay R/C

Time interval of protection devices(cycle)
0 1 3 5

Case | Case | Case | Case | Case | Case | Case | Case | Case | Case
| | 1 11 | 1] 11 | 1] 11
SIS relay- OCR |361.6|324.2|324.2|375.4|272.6|272.6|361.6|231.3|231.3|361.6

customer relay | OCGR [263.7|140.6 | 1406.| 59.8 [100.1| 44.2 | 56.9 | 80.7 | 39.6 | 56.9

Capacity of PV
system(MW)

Operation mode

5. CONCLUSION

This paper presents 3 operation modes of protection devices considering the operation
conditions of PV system to obtain setting values of protection devices and proposes
algorithm to calculate optimal protection coordination time interval. Firstly, setting values
of all of protection devices with SMW PV system are almost identical with ones of LMW
except for time delay tap for OCGR of S/S relay and CT ratio of customer relay, therefore
it is found that there is no change depending on introduction capacities of PV system. And
also, it is found that coordination time intervals of all protection devices for 3 operation
modes are kept within proper values according to technical guidelines of KEPCO until
3MW of PV system. In addition, it is confirmed that protection coordination of OCGR
between R/C and customer relay, R/C and PV customer relay for Case | are not proper if
introduction capacities of PV system are more than 5SMW. Furthermore, because protection
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coordination of OCGR between R/C and customer relay, R/C and PV customer relay for
proposed modes(Case Il and Case I11) are kept within proper values according to technical
guidelines of KEPCO for 5MW PV system, it is confirmed that the proposed operation
modes(Case Il, Case Ill) are useful and effective to protection coordination in the
distribution system with PV system compare to Case I.
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