}

Transicién energét evolucién industrial

UNIVERSIDAD

EUSY NACIONAL

5| Tecnologica ';
' DE COLOMBIA

de Pereira

2021



Adaptive coordination of
overcurrent relays with multiple
setting groups in active distribution

networks

Authors:
Britney Amell-Bardn, Juan Arrauth-Gomez, Cesar Orozco-Henao, Juan Marin-
Quintero, Andrés Herrera-Orozco, Sandra Pérez-Londofio

Institutions:
Department of Electrical and Electronic Engineering
Universidad del Norte
Barranquilla, Colombia

Department of Electrical Engineering
Universidad Tecnoldgica de Pereira
Pereira, Colombia



Contents

. Introduction

Il. Mathematical formulation

lll. Adaptive coordination algorithm
IV. Results and discussion

V. Conclusions

3
~ X SICEL 2021 - Virtual edition - October 13-15, 2021




Contents

l. Introduction
Il. Mathematical formulation
lll. Adaptive coordination algorithm

IV. Results and discussion

V. Conclusions




l. Introduction

Protection System

Bidirectional power
flows

Power Distribution Networks

Operation challenges
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Reliability, flexibility and
efficiency
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l. Introduction

Protection system

Bidirectional power
B -TDS ‘1 flows

Power distribution networks

Operation challenges

How to protect an ADN considering its
topologlcal changes?
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l. Introduction

Protection system

Bidirectional power
B -TDS ‘1 flows

Power distribution networks

Operation challenges

How to protect an ADN considering its
topological changes?
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Overcurrent relays with multiple settin
groups
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Il. Mathematical formulation

Protection system optimization N
Unbalance +  Topologies? «  Determine the TDS that = 0 =
Topological changes *  Events? minimizes the operating time. Sl
Fault conditions .
-—-—>[ Setting 1 ]
X2
A

T

I
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l
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e T T Setting k
X1 Clustering technique { ]
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Il. Mathematical formulation ||

Use of Clustering to Reduce the Number of Different
Setting Groups for Adaptive Coordination of
Overcurrent Relays

Mansour Ojaghi =, Member, TEEE and Vahid Mohammadi
1
™ W2 |2 L. N
p-TDS dyj = lz (Xim = €jm) } Minimize : OF = Z tii
ti = = L m=1 } i=1
Iy /1 ny Subject to:
Ipu‘CTR -1 aﬁ,l=(—)zl Xim » m=12,....Tp Cl:tij_t{'iZCT“ V(i,j)Eﬂ
T/ =t C2: TDS; min < TDS; < TDSimax; i = 1,2,3,4,~-N -
[ Operative conditions Protection system optimization __1"0":_
Short-circuit conditions R; = TDS{Ty, T, Ty} B W
TDS=1 ’ o ~

Ipy = 1.5 - max{lyom1,** Inom1}
Characteristic curve

---->[ Setting 1 ]

R; - TDS.{Tp,Tq }

lee ™ e g T ->[ Setting k ]

Clustering technique
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I1l. Adaptive coordination algorithm

Step 1: Preliminary step

System information: Short-circuit currents, currents under normal operation, topologies.
Relay information: Number of multi-setting group, CTI, and maximum and minimum value
of TDS.
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l1l. Adag

Data base of short-circuit current
and flow losd current,

/Hnlrr i ber of eluster, CT and TS mas and |||ir|/

Selection of pickup current
according to progosed criteria.

Step 1: Preliminary sep

Determinate of initial center of cluster |

!

Calenlate the distanes heswesn data point and
center, with he definition of Evelidian distanee,

{

Ciroup each data in o cluster in which there is
the mislmum distances 1o the center,

1

Calculate the average value of the data in the
clusters and assigs it as the new center.

Ase the cemter unehanged?

primary relay in all fopologics.

Determinate 1he backip protection for the |

Cabculate the operation time for the hackup
relays
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Select the initial center for
each cluster.
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lll. Adaptive coordination algorithm

Calenlate he distanes between data
cemter, with the definition of Evelidian distane

Giraup each S
i

Step IClustering technigue

Determinate the backup prosection for the
primary reluy in all fopologics.

Define an initial TS value and caleulate the
aperation time far primary relay

¥:

N
lcmumc the operation time far the hnckupl Minimize : OF = Z t”
relays i:l

Subject to: *Iinprog e
C1: tyj — t;; = CTL V(i) € 2 N’L-'\TL o

€2: TDS;min < TDS; < TDS;maxii = 1,234, N
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IV. Results and discussion

M'icro~grid

O A modified IEEE 34-node test feeder. This
feeder is in the state of Arizona (USA) and
operates at a voltage of 24.9 kV.

: Q Number of DER
| * Inverters non-interfaced DER : 3 (800 kW)
836 80 ! * Inverter-interfaced DER: 2 (200 kVA)

O Topologies considered into ADN

Topolo Switch
pology Close Open
. 1 Swl, Sw3 Sw2, Sw4, Sw5
Number of setting groups: 2 ) Sw2, Sw3 Swl, Sw4, Sw5
IEDSS 3OIEDS N FE 3 Swl, Sw4 Sw2, Sw3, Sws
Number of overcurrent relays : 20 2 856 4 Sw1, Sw3, Sw5 Sw2, Swé
. 5 Sw2, Sw4d Swl, Sw3, Sw5
0.05<TDS<2 e Sw4
CTI=0.2 s | . U DER and microgrids connected
=u. 866

Curve standard inverse |IEC
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IV. Results and discussion

A. Clustering technique for relays operation times

' @ 'IIE-DIE' ' Micro-grid
= 346

I 1
| 1
| | 4 - - - - - .
822 ! 848 i ¥ Clnfer #2
! 'oast
| 1 3
i Eo—-- 844 i =
i 1= & z,
820 | 1 b 215
I " I g 25 :; Chuster # |
864 | -3 I g £ 2
n i Z o2 B
818 g i & :
] : = 515
840 ! S1sy 5
I = a
800 802 806 808 812 814 850 Sl !
- . i = |
H IED2 L IED3 1 0sp 0.5
S/E 62 :
: o L L 0 L
1 1 2 3 4 5 ’ 1 2
810 : Topology number Group or cluster
i
)
i
1
______ ] Cluster 1 Cluster 2
(center = 2.243 s) (center = 3.421 s)
o Topology # 2 Topology # 1
Topology # 3 Topology # 4
8 866 8 Topology # 5
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IV. Results and discussion

B. TDS by relay for each cluster according to the
lineal programming solution.

' @ 'IIE'DIG Micro-grid
= 346

I ]
| ]
| ]
822 w—— : M 1
1
| 1
! E ™ 8 ! Relzy Pickup current [A] Relay number  TDS Cluster I~ TDS Cluster 2
820 mmm i : number .
I i 1 53.653 1 0.67 0.97
864 | a2 : 2 54.093 2 0.05 0.05
" -, 3 54.093 3 0.52 0.82
818 8 i 4 54.9 4 020 0.20
S 840 = 5 53.843 5 0.38 0.67
I‘% 800 802 806 808 812 814 850 : ? ;‘ﬁ;‘fﬁﬁ g g:gg g:gg
ofo i 6 42.849 6 0.05 0.51
IED2 JED3 ! 7 28.107 7 0.05 0.50
5 862 | 8 41.579 8 0.05 0.05
i 9 41.647 9 0.51 0.36
810 : 10 38.302 10 0.21 0.66
i 11 49.082 11 0.21 0.21
! 12 28.107 12 0.51 0.83
1 13 49.082 13 0.05 0.05
——————— i 15 34.245 15 0.68 0.99
16 5.984 16 0.09 0.09
17 34.269 17 0.68 0.99
. Swa 18 34.245 18 0.05 0.05
19 32.818 19 0.05 0.05
20 38.302 20 0.05 0.05

&l 866 &
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IV. Results and discussion

C. Coordination validation

Fo A gEPIe 7 “Microgid
= 346

848

Eo.-sm

u B4 853 pri A 1 =167,323 prif 255 165 prik

\\ R11
\\ ﬁnli\ R14
Ny
N R7

B22 w——

|

B0 m—

o
4800 10 100 [priA) 1000
NAs2iCub_2R11 ——— NBSHCUS_TIRT

8 866 8 NEMICUb_BR14
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V. Conclusions

 This paper presented an adaptive coordination of
overcurrent relays with multiple setting groups
considering the topology changes of the ADN.

Miogrd |

« The clustering by topologies allows that the implementation of
the proposed strategy to be simple and only needs to know the
current topology, which the system operates to define its setting

group.

B0 B02 B0E pm  B1Z B BN

N
« The results obtained show that ~ Minimize: OF =Zi:fu
the strategy guarantees the Subject to:
coordination of the overcurrent CL: by — ty = CTL V(i) €0
devices, and the minimization of
the operating time of the group of
21 relays.
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