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Abstract Recently, the Korean government developed the RE3020 (renewable energy) policy to overcome
environmental problems, such as fine dust, climate change, and large-scale PV systems interconnected
with a distribution system. When a large-scale PV system is interconnected in the distribution system,
however, a malfunction can occur, and the protection devices may not be operated because of the
dividing effect depending on the magnitude and direction of fault current as well as connection types
and location of the PV system. Therefore, this paper proposes a search algorithm for the malfunction
pattern of protection devices based on various scenarios, when large-scale PV systems are operated and
interconnected in a distribution system. This paper presents a malfunction mechanism of protection
devices according to the installation locations of recloser (R/C). Furthermore, the modeling of a
distribution system with large-scale PV systems was performed using Off-DAS S/W, and the malfunction
patterns of protection devices were analyzed based on a range of scenarios. From the simulation results
with the proposed model and algorithm for searching for protection devices, it was confirmed that they
are useful and effective in identifying a malfunction phenomenon depending on the installation location
of the R/C and connection type of PV system.

Keywords : Distribution System, Malfunction Mechanism, Off-DAS S/W, Over Current Ground
Relay(OCGR), Photovoltaic(PV) System, Protection Devices
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(b) Distributed type of PV system in section®

Fig. 2. Malfunction mechanism in case of 1 R/C with
fault in section®
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Fig. 4. Mechanism of malfunction in distribution
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Fig. 3. Mechanism of malfunction in distribution
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Table 1. Simulation conditions

, connection
. ) connection of
items fault sections types of
PV system
PV system
R/C to R/C to concentrated

installation of
R/C 1EA

customer relay
(section ®)

customer relay

. distributed
(section ®)

backward R/C to
forward R/C
(section @)
backward R/C to
customer relay
(section @, ©)

concentrated

backward R/C to
forward R/C
(section @)

installation of distributed

R/C 2EA

forward to
customer relay
(section ®)

forward R/C to
customer relay
(section ©)

concentrated

distributed

Table 2. % impedance of distribution system

. 71[%02 /kml] 701%2/kml] length
sections|cable types e - %R %X keal
S/S - 0.272 | 37.65 0 4739 | TR
1 ALOC160 | 13.88 29.84 47.96 117.04 3
2 ALOC160 | 13.88 29.84 47.96 117.04 3
3 ALOC160 | 13.88 29.84 47.96 117.04 3
4 ALOC160 | 17.35 373 59.95 146.3 2
5 ALOC160 | 17.35 373 59.95 146.3 2
6 ALOC160 | 17.35 373 59.95 146.3 2
7 ALOC 95 29 42.05 67.5 154.25 2
8 ALOC 95 | 232 33.64 54 123.4 2
9 ALOC 95 23.2 33.64 54 123.4 2
10 ALOC 95 | 232 33.64 54 123.4 2
11 ALOC 58 | 37.92 | 35.08 63.4 132.48 2
12 ALOC 58 | 0.95 0.88 1.59 3.31 0.1
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Table 3. Characteristics of fault current at S/S relay
in case of 1 R/C

connection types | capacity of PV system fault current

of PV system (kW1 [A]
2,000 214

4,000 134
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8,000 78

9,200 69

2,000 202

distributed 4000 17
6,000 80

6,900 69
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(a) Fault in section@ and 1 point type of PV system in
section@
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(b) Fault in section® and 1 point type of PV system in
section®
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Fig. 10. Characteristics of malfunction at 1 point type
of PV system with 2EA R/Cs
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(c) Fault in section®, distributed type of PV in section ®

Fig. 11. Characteristics of malfunction at distributed
type of PV system with 2EA R/Cs
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Table 4. Characteristics of fault current at S/S relay
with 2EA R/Cs

conne capa| fault connel|capaci| fault
fault | "|conne| " fault [conne| . ‘
locati| S0P | Crion | STV [curren) o on | ction |ty of curren
ons sectio — of PV| ¢t N p— metho| PV t
ns | VPSS w | [A] VPSS g | ewn | [A)
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ntrate[6,000] 95 d 10000000 %;g
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5.900] 69 distribl 40001 364
000] 358
2,000| 187 uted 8.000] 355
@ distribr ool 102 | @ 10,000 353
uted "800 = ZOOO éZS
2 distrib[-2:000 0
©, @ 6.000] 612
2,000, 224 uted [8°000 | 685
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uted [g 500 77 ©.@@, d1str(1ib 3888 gg%
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%Z7F 591.11[QR)1C.2 °F 43%Z Z4Hr} &, edgA
4 AATAFHF, E4Dol whet %Z79] FrAEo] oF 41%,
43%01817F =¥, R/C 17140l diste] B57]7]9] £5
ZF dafo] dhEt 4 922 & 4 9t}

Table 5. %Z characteristics with and without PV

system in case of 1EA R/C

7 Zo equivalen
t

7102]

connection
of
PV system

connection
types

RLQ] | iX[Q]

23437
23437
100%
234.37
234.37
100%

ROL2] |iX0[2]

117.68
117.68
100%
117.68
117.68
100%

1,384.17
565.56
40.86%

1,384.17
591.11
42.71%

319.55
2.29
0.71%
319.55
6.75
2.11%

799.33
44.47
5.56%

799.33
70.51
8.82%

without

concentrated| with

with/without|

without

distributed with

with/without

ESE, R/C 2714 ASolA B gdd A F5&t
@/go] WAggt 4o disted, %79 HIE 544 vE
W Table 63} Zt}. o}7]A, Fig. 102} Zo] ejoF=gA
o] HFAA=EH AA AY %z7F 1,411.6102],
2,565.8[010]11, AA Foll= 557.5(01, 1,052.7[21<
2 9F 40%, 42% TAEH, Fig. 11 (), (9} Zo] H
FTH Yol EARAA =W %Z7F 604.4(0], 1,107[Q]12
2 9F 44%=% TAHTE ES Fig. 11 (b Zo] &
T2t BAAAE F9, %Z7F 557.1[R1F oF 40%=
Zad E} 5, gAY QAAES, B4Dol wet

%79 % —1%01 OF 42%, 44%°|517} =W, R/C 27]40]
jste] BH57]719] 257 dAto] @AY 4= Qlof, R/C
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Table 6. %Z characteristics with and without PV
system in case of 2EA R/Cs
conne! co'nne connection Zi Zo equivale
ction Ctlo,n of nt
types Ser‘i;“’ PV system | RI2] | jiX[Q] [ROLQ]| jX0[2] | ZI0]
without | 93.96 (239.07|323.73| 837.41 |1,411.55
@ with 93.96{239.07| 2.28 | 45.89 | 557.48
:1:;: with/without| 100% | 100% | 0.71% | 5.48% | 39.49%
d without {230.48|417.23|616.63|1,494.34|2,565.83
® with 230.48(417.12| 4.25 | 110.04 |1,052.66
with/without| 100% | 100% | 0.69% | 7.36% | 41.03%
without | 93.96 (239.07|323.73| 837.41 |1,411.55
@ with 93.96 |239.07| 8.66 | 93.43 | 604.43
with/without| 100% | 100% |2.68% | 11.16% | 42.82%
o without |230.48[417.12]616.63|1,494.34|2,565.83
di:éb © | with |23048[417.12] 1537 | 165.08 [1.107.04
with/without| 100% | 100% | 2.49% | 11.09% | 43.15%
without | 93.96 (239.07|323.73| 837.41 |1,411.55
@, ®© with 93.96 (239.07| 2.45 | 4539 | 557.07
with/without| 100% | 100% |0.75% | 5.16% | 39.47%
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