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in Distribution Systems With PV System

Soon-hwan Kwon, Hu-dong Lee, Yang-hyun Nam, Dae-seok Rho’
Information School, Korea University of Technology

2 oF A, Ulge] "ol AR MAASE 7|Ee whgdkn g oeke [ wAlsta, ekt
AASA B g A el wh} Al Fe A7) e} wake] Wate], Bur]7|7te] PRAIAL SE] SREA] G wAH
o] ¥hgk 4= Q). W3l BYBANS wefshA B V)& WEr)7] ARAAES R FLstar glo] BEr]73ke] FEA)
2 BeEl) oe] e AFgho] sk Qi) Wk E =Fol e glesia o] dAE ARl mEd 4 9l 3714
Case?] H57|7] A% SEEEE AXSla, o5 vgo= B3] S ma Ao HedR e =5
F e dugES Aokt 3, o2 Yo R BT HE HEATEY ]2 OfffDASE o]-&3lo], Bk o] AAH
WAASS Rlgstal, BE77I(HAA A7), #EEZA(Recloser), TAAK7], BiEFHY DAA AT HERAIEAL
548 24 A AlSS to R AEY oS e A, B =iolA AAE B5 7] AAA] 8 BEe) FAA|
A WAlo] Bl Mol AR wiAAE RE77|3ke] FRAKES AR gRE e o F Atk

Abstract If a photovoltaic (PV) system is installed in a primary feeder interconnected with the PV system,
bi-directional power flow can occur, and then, the magnitude and direction of the fault current can change, depending
on the fault location and point of common coupling (PCC) of the PV system, and the time current curve (TCC) cannot
be properly coordinated between protection devices. Also, it is difficult to obtain a proper time interval for protection
devices because the conventional setting approach is applied, even though the PV system is installed and operating.
Therefore, this paper presents three operation modes considering the operational conditions of the PV system to obtain
setting values for protection devices. Based on the mode, this paper proposes an algorithm to calculate the optimal
protection coordination time interval according to the introduction capacity of the PV system. In addition, this paper
performs modelling of a distribution system with the PV system and protection devices by using Off-DAS S/W, and
analyzes the characteristics of the time interval between the protection devices, such as substation relays, reclosers,
customer relays, and PV customer relays. The simulation results confirmed that the proposed operational modes and
setting-value algorithms are useful and effective for protection coordination in a distribution system for a PV system.

Keywords : Distribution System, Over Current Ground Relay(OCGR), Over Current Relay(OCR), Photovoltaic
System, Protection Coordination
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Table 1. Operation modes of protection devices

operation modes contents
Case 1 conventional approach
Case II setting values considering PV system
Case 1II setting values consi(?ering PV system when PV
system is not operated
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Pe: capacity of PV
Pmax : maximum capacity of PV
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Fig. 1. Algorithm to calculate optimal protection

coordination time interval
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Table 2. % Impedance of model distribution system

Z
section %R L %X ViR y %X length[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 17.35 373 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

[ ]

fr
2
K

iy
o
N
S
H
=
2L

4.2 HiIZAE BS57|7|9] HEX

421 7|1&9| B57|7| HEX|

7189 B357]7] AAA] APAHAlY ulg}
A71e] CTHIE ARkska 4 (17)% 2o, 4
252A0]1L, o171l 1.55 Fah 378AR =0 2LE 400/5
o] CTHIZ} Ab=snh ARl A= o#E F
AHgEhR= el Wl 600/59] CTHIE A8k &3l
WA LA A7) 2] SAIRE 2] (18)F} o] 3.15A7} 4H&
slo} 4o A}

_IE r&

:1m 1~>

e xt

o = =

e 3
o) = 2007 53784 17
V3x229
3 10x 10° 5
A = —— x15x—=3154 (18
1= 600 (18)

—%* 157, 053A)°ﬂ *1 0.5% (30Cycle)
3.8 g]]ﬂ —J—)ﬂ og A]—X—]E]T;]—_

m
W
c%
rir rﬂ
rN

les (B0-HEATZ BASIS)

Tine mgg
|

e PRI
Fig. 3. OCR lever of substation relay
£, alﬂixu FAs BARAe Tl N2,

4, A2l N1, N3 408 4§}, shi, aA177]
4 CTE 4 (19)9} 7o), 37.8AAEO| B 40/59] CT

Hl 2 AP 3ieh 8 AR 4] (20)3 o] 4.7A0]
ARk, ol wet 49 gk
x 3
o) =210 5= 3784 (19)
V3229
110 5
AR = SX ——=47 20
V3x229 229 40 (20)



B AbEl &8 EA) A9 A53, 2018

OCGRY] Lever= 77} 437 1.8
1 oA HEHZE S8t 71 o
k) 0.5 At wEbA, BlgEdd AAdR
UeERN® Table 33 2t}

Table 3. Setting values of protection devices without PV

type of
items protection | CT ratio | tap lever
device
substation | OCR [GCO-CI 1ID4| 600/5 4 3.8
relay OCGR [GCO-CI 1ID35|  600/5 1 45
1JB-VE . instantaneous:
OCR (conversion) nunll{m 400 N2
R/Cl1 UB.VE operation
OCGR - current | 70 |time delay:N4
(conversion)
1JB-VE o instantaneous:
OCR (conversion) mmlu_m 230 N1
R/C2 UBVE operation
OCGR e current 50 |time delay:N3
(conversion)
customer | OCR |GCO-CI 1ID4 40/5 4 43->0.5
relay | OCGR GCO-CI 1IDS|  40/5 1.8->0.5
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Table 4. Setting values of protection devices with

PV(IMW)
type of
items protection | CT ratio | tap lever
device
substation | OCR |GCO-CI 11D4| 600/5 4 3.8
relay | OCGR |GCO-CI IID5| 600/5 1 45
OCR ) B-VF minium | 400 instantaneous:
(conversion) . N2
R/CI1 DB.VE operation
OCGR o current | 70 |time delay:N4
(conversion)
OCR I B—VE minium | 250 instantaneous:
(conversion) . N1
R/C2 DB.VE operation
OCGR o current | 70 |time delay:N3
(conversion)
customer | OCR |GCO-CI 1ID4| 40/5 4 4.5->0.5
relay | OCGR |GCO-CI IID5| 40/5 1 1.8->0.5
PV OCR |GCO-CI IID4| 40/5 4 1.9->0.5
customer
relay OCGR |GCO-CI 1ID5| 40/5 1 1.7->0.5

Table 5. Setting values of protection devices with

PV(5SMW)
type of
items protection | CT ratio | tap lever
device
substation | OCR |GCO-CI 1ID4| 600/5 4 3.8
relay | OCGR |GCO-CI IID5| 600/5 0.5 4.5
OCR I B-VE minium 400 instantaneous:
(conversion) . N2
R/C1 UB.VE operation
OCGR - current 70 |time delay:N4
(conversion)
OCR IJB-VE minium 250 instantaneous:
(conversion) . N1
R/C2 IB.VE operation
OCGR - current 70 |time delay:N3
(conversion)
customer | OCR |GCO-CI |ID4| 40/5 4 4.5->0.5
relay | OCGR |GCO-CI IID5| 40/5 1 1.8->0.5
PV OCR |GCO-CI IID4| 190/5 4 1.9->0.5
customer
relay OCGR |GCO-CI IID5| 190/5 1 1.7->0.5
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Fig. 4. Coordination time interval between substation
relay and R/C

Table 6. Coordination time interval between substation
relay and R/C

time interval of protection devices(cycle)

capacity of PV
system(MW)

operation modes

0 1 3 5

Case|Case|Case|Case|Case|Case|Case|Case|Case|Case
I | I |O|jm| I |ojm|rI|ojm
OCR |39.5|38.9|38.9(39.5|37.6|37.6/39.5|36.4|36.4(39.5

substation
relay-R/C [OCGR|159.9111.4[111.41132.8/82.4(26.2|29.1(66.3|25.0/|29.1

4.3.2 222Xt nHATT|Zte|
FH) Bor)7)Ql fEEAe} 19
A7) Abele] FEAIAR= AAA el whet 6Cycle
ojo] g1 o] l:far:} upeba] 2B57]7] 7he] 2o

SEA|IZERE

uss]7)el 2

=2 ddaly] Yskol, Off-DASS] REge nigow
OCRJJr OCGRel T3t @22 A9} uAAA7|7ke] &
ZAE s a7 594 o] ekl 4 gl
Fig. 5 ()%} %o, 224 OCR¥} 12747 OCR
o] YEAIARE 31.4Cycle®] 3L, Fig. 5 (b9 2o
2224 OCGRT 1A A7) OCGRE] &ZA|7 A=
11.8Cycle®] 4HA =0}, AA7|E AeS & + 9
Ak

T3 Ho7]7] AAHA EEEE(Case I, Case 11

-

Table 73 #Zth o] RmeAe Zo|, ejdddede
3MWIZHA] A== 25 Lk

zo| EA7F gl&S &+ AUATE AN, BjFEA
o] SIMW]el/de] AAEH, 7 %91 4] A

Case 194 2|3 2A4-1 A A
gAY TAAA7] OCGR 7},] RSP
5.3Cycle, 4.7Cycle® AH4Ho], HEzr} B¢
A BE & 7 AT b, & =il A Aljke
|2 =(Case II, Case III)
[}

g doith

@]
o)
Q
=
i
ACh
iy
fl
)

ox,
o
1>
N = O o gt O

Ruio )
09, ol
S

i

5 (B0-HERTZ BASIS)

50
.
s
S o
[iz024 § T ¢
T, - =
05 o6 7000 o0 5060 100000 200000
murr&n((ﬁ)
(a) OCR

o
5
an
-

-
z 0
¢

= q
]

|
|

Cur’renl(ﬂ)
(b) OCGR
Fig. 5. Coordination time interval between R/C and

customer relay




B AbEl &8 EA) A9 A53, 2018

Table 7. Coordination time interval between R/C and
customer relay

time interval of protection devices(cycle)

capacity of PV
1

system(MW) 0 3 3
operation modes Case|Case|Case|Case|Case|Case|Case|Case|Case|Case
P 1 1 I (| I I I Ir | 1

R/C- | OCR |41.3|37.9]37.9|42.4|31.4|31.4|40.1|25.6|25.6|37.9
customer

relay OCGR|16.9| 9.3 [17.4|21.6{11.8(11.8/19.7| 5.3 | 9.0 |19.3

R/C- | OCR 37.9|37.9|41.3|31.4|31.4]40.1{25.6(25.6(37.9
PV relay |OCGR 9.3 (17.4]21.2|11.4|11.4|19.1| 4.7 | 8.4 |18.0
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Table 8. Coordination time interval between substation
relay and customer relay

time interval of protection devices(cycle)

capacity of PV

system(MW) y . . 2
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