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A study on Optimal Operation of Protection Coordination Devices
Evaluation System in Distribution System with Distributed Sources
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Abstract  Recently, with the world-wide issues about global warming and CO2 reduction, a number of
distributed generations(DGs) such as photovoltaic(PV) and wind power(WP), are interconnected with the
distribution systems. However, DGs can change the direction of the power flow from one-direction to
bi-direction, and also change the direction and amount of fault current of existing distribution systems.
Therefore, it may cause the critical problems on the power quality and protection coordination. This paper
proposes an operation algorithm for bi-directional protection coordination using and apply it for the evaluation
system for protection coordination. From the simulation results It is found that the proposed method is more
effective and convenient than existing method.

Key Words : Distributed Generation(DG), bi-directional protection coordination, Protective devices, Over
Current Relay (OCR), Over Current Ground Relay (OCGR)
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[Fig. 1] TCC Curve of S/S Relay and Re-closer
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[Table 1] Time Difference of Protection Devices

Protecti 1
Back-Up profection Forwa.rd rotection cycle
. protection (Cyc)
Device . - =
Device existing | Modified
analogue OC(G)R R/C 10 10
digital OC(G)R R/C 10 3
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[Table 2] Guidelines of S/S Relay
Type Guidelines of S/S Relay
3 Phase fault current of forward
OCR R/C(or OCR) installation site
instantaneous Over 3 Phase fault current x1.5
Tap Over maximum Single Line Ground
OCGR current of forward R/C(or OCR)
installation site x 1.4
time OCR Operation current of Feeder x 1.5
delay (Distribution Line : 10MW)
Tap OCGR | Operation current of Peeder x 0.3
3 phase fault current of substation
time OCR start point is operated less then
delay 0.5sec(30Cycle)
Lever Single Line Ground current of
OCGR | substation start point is operated less
then 0.5sec(30Cycle)

2) XISAHHIZ XHt7|(Recloser)e] MAX|E!

AP A = AL RICYE o] Wast 2B e
2 Atk 918 whEsle] 27t Aol £

& AL TG Hols P H(Lock-Oun
stof, WA TRFS Belshs WdARO] EAQ] B
7]oltk. R/ICO] AR 3 33} oL, ujdd=efA] oL
Aty mlE] AAE AYRAF] AR, YA

SOl meh HaFAF o] RS AEsto] At



Sabdde] dAE wdAEel REF =77 BIA

Yol 2 egof Bt A7

_4 2. 8HH ] 4-OHH olst=Al K3t
slo] eejAog EAHE A

‘]
ofm, XAF HHALE ol BHY

[Table 3] KEPCO Guidelines of R/C(Recloser)
Type Guidelines of R/C(Recloser)

Mini Phas Over Maximum Load Current x 2.8

1mmu:n 3¢ | Under Maximum Load Current x 4.0
rren

eurre Ground | Over Maximum Load Current x 0.3
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[Table 4] KEPCO Guidelines of Customer Relay

Type Guidelines of Customer Relay
instanta OCR Over 3 Phase short current of secondary
neous site in receiving transformer x 1.5
Tap | OCGR Minimum Tap
time | OCR Over Maximum Load Current x 1.5
delay
Tap OCGR Under Maximum Load Current x 0.3
Operation Within 0.6 sec for 3 Phase short
time | OCR current of secondary site in receiving
delay transformer
Lever OCGR Operation Within 0.2 sec for SLG Current
of Primary site in receiving transformer
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Fault location

(a) Impendence map of photovoltaic system

%Zbus H %ZMTR H %ZLine
%Z0G H %ZTR H %ZLins

Fault location

(b) Impendence of with wind power
[Fig. 2] % Impedance map of DG(PV and WP)
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[Fig. 3] Algorithm for Fault Analysis with DG
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[Fig. 5] Evaluation System for Protection Coordination
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[Table 5] Main Function of Evaluation System for
Protection Coordination

Main
. contents
Function
Protection Single-line diagram creating and editing
coordition | Protection co-ordination review and corrections
Technical .
. Voltage drop and Fault current calculation
calculations
Connection
. Review of Protection coordination with DG
With DG
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[Fig. 71 Model Distribution System with DG

[Table 6] Type of Protection Devices in Model
Distribution System

Secti Z1 %Z0 Line
on %R1 %X1 %RO %X0 [km]
1 0.4 35.7417 | 0.0716 | 17.333 |directly under
2 3.0447 | 4.8365 9.0474 | 2..9495 1.7
3 6.94 14.92 23.98 58.52 2.0
4 7.54 10.933 27.35 | 40.105 13
5 51.04 74.008 | 123.376 | 284.768 8.8
6 0.948 0.877 1.585 3.312 0.1

[Table 7] Type of Protection Devices in Model
Distribution System

classification Setting value
(Type of Protection Device)
substation Relay |OC(G)R K2CG-C
IJB-VE, (Instantaneous: N2, in
Phase .
R/C time delay :N4) _
SLG 1IB-V, (Instantaneous: N2, in time
delay :N4)
Customer OCR GCO-CI III D4
Relay OCGR GCO-CI III D5
DG OCR GCO-CI III D4
Relay OCGR GCO-CI III D5

Rabglo] AR A%, 7t w577 So] AHA
of et mEHx WANANCR A4S TR 9
RS ARE olglel, 2t BB7]7] So| HHAES = 83}
2o] AT o]7]4] BARSET} AR 1 4
o] whz EAfekA) ook, LAAH7| 0] Rl Al

éa%%w—svf 7s. 6A)°ﬂ e 4
. R/C94 A AN Ai%mm Hejyshae

H Afo] ofo] THE RICO] HAFAHR Ghe

A ARt M 360ATES] ZJo]7} EX g
tﬁW Aol 047415171 Xd Wﬂ*}i Al R/CO]

R/Cﬁi%@{

[Table 8] Setting Values of Protection Devices in
Distribution System with DG

lassification CT time Lever Instantaneous
classtiicatio ratio |delayTAP eve TAP
substation | OCR | 600/5 3 0.8 40
relay |OCGR| 600/5 0.5 0.9 40
Phase | Miin. 400A Instantaneous N2
R/C operation
SLG | (urrent 70A time delay N4
customer | OCR 40/5 4 4.3 40
relay |OCGR| 40/5 1 1.8 10
DG OCR | 120/5 4 4.6 40
Relay |OCGR| 120/5 1 1.8 10
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[Fig. 8] Protection Cooperation between R/C and S/S
Relay with DG(Existing Value)
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[Table 9] Protection coordination of comparison between
R/C and substation OCR

e . Cooperation Time (Cyc)
classification —
Existing | New | &7+
Operation time 34.4 34.4 -
Without | Back-up device time| 74.4 103.6 29.2
DG Cooperation Time 10 10 -
Remaining time 40.0 69.2 29.2
Operation time 32.8 32.8 -
With Back-up device time| 71.8 99.4 27.6
DG Cooperation Time 10 10 -
Remaining time 39.0 66.6 27.6
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