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l. Introduction

1. Decarbonisation of the energy sector.
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3. Transition to Active Distribution Networks (ADN)
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Il. Conventional approach for overcurrent relay coordination
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Fig 1. Coordinated 51 relays.
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The operation time is defined by the according to the IEC 255 standard.
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1. Adaptive approach for overcurrent relay coordination

1. Sequence currents based adaptive protection approach for DNs with DER

Fault detection Positive sequence componet Negative sequence componet
v 0.14 . 0.14 .
Pre fault and fault current phasor tyij = s IDS,; lhgj = o0 TDS,,
estimation ((‘{(l;l—'{;'/léf)) -1 (UEFij/[f?f) -1
v

Calculation of PSQ and NSQ components
for pre fault and fault currents

1 The relay computes the adaptive-TDS when a fault has occurred

¥
Identification of fault type and faulted
section
Calculation of ad ;"TDS i d (M)ye =1
alculation of a apIt;\e using store TDS, .., = AP 7 TDS,
; ( , )old —

Trip time computed to provide a primary
or backup operation

Fig 2. Flow chart of the adaptive approach I. Xf—| f-E Lﬁ
@)
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2. Superimposed Adaptive Sequence Current Based Microgrid Protection: A New Technique

!ﬂ Impact factor (FI) based on the operation of the microgrid.

Identification of operating mode
¢ FI = |AI1F‘ FJ — ‘AIIF‘_lllpre‘
‘1_11FH1_AIIFHIlp-re‘ |AIlF‘
Fault detection
v .
Pre fault and fault current phasor Adaptive fault current.
estimation
v Ir,, = (Iir + Iop)(FT)
Calculation of PSQ and NSQ components

for pre fault and fault currents

* Depending on the change of the operating mode, the authors
Compatation sl mpact cior (E1) propose the calculation of an new TDS.
Computation of a::lapti\'e relay fault M P _ 1
| DSy = );“ TDSa
¥ (M)'n,ew _ 1

Calculate trip time

Fig 3. Flow chart of the adaptive approach 1. Xf-| f-E Lﬁ
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3.Dynamic adaptive protection for distribution systems in Grid-Connected and Island Modes

= Status
(Grid/MG)| DERN)
'-----'----"-'I |
Phasor ; i
Estimation |! .
—='_ _ i i
| |
e 1 I
Binary to | | ig |
Decimal | 5%
3 .
5
______ Statusto |[=Elh
Ii— 1 sec If Minimum Fault |$ g: !
l| Moving Avg. [llCurrent Lookup L_'IE |
I—Y—ﬁ I_min_flt : I
) [ | i — S |
I 10 sec .
| Moving Avg. I I_load 1
| Dynamic Adaptive |
| Nll-%\gg%'ﬁ‘ég I Pickup CaICL)JIation I
Eq. (1 -
L_ (10 sec) Lot

Flg 4. Overview of the adaptive approach lII.

Image taken from: D i ive Protection for Distribution Sy in Grid-Connected and Islanded Modes.
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The paper is focused on the estimation of an Dynamic
Adaptive Pickup current (Ip )

Ly,y = 0 Linovy, +0 Urpgre = 0 Imovyy,)

Linovq s 18 @ 10-second moving average window filter.

I g 18 the minimum fault current estimation.
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4. An adaptive directional current protection scheme for distribution network with DERs

=TT T TST AN
| Trme I
b %'.4_ Z—» The system at the backside of the protection could be
:Es @ o st > replaced with a equivalent after fault occurred.
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| Backside =
| system Eppe :

Fig 5. Equivalent circuit of simple ADN

K,..K,E,
The setting formula ‘ Ip ad™= rel2d e
Ze + ZL

When the fault location a{ 8 When the fault location a) 8
L, _ V3 E, S V3 E, I, V3| E 3 E,
Wwa= Tz vaz| T 2 |z +pZ W= o \z.+az| 2 |Z+pZ
Image taken from: An adap! | current p network with DG integration based on fault steady-state component X J ' hE Lru
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IV. Results

Test system

Mode I: all sources are on.
Mode Il: only the DFIG based DER is on.
Mode lllI: only the PV-based DER is on.

Load 3

Fig 6. ADN used as test system.
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IV. Resulits

Test Results - Conventional Approach

Relay Mode I Mode II Mode III
® © Fault | PR BR Lp,q LIJ‘H At Lp,q t,rm LPR LBH Al
FL[ 3 10 (0296 0441 [N | 0315 0.121 - 0317 0.119 NN
Test Results - Adaptive Approach I
Relay Mode I Mode 11 Mode I1I
Fault | PR BR tpr tpp Al tpp tpr At tpp tpr At
FL[ 3 100206 0441 [ONER | 0.276 0.4 [OOAY | 0206 0452 JONH|
Fig 7. Primary and back-up relay for F1.
Mode I: all sources are on.
:zgg::;_OOHI:TYttthGDPﬂi::::dng:'?siz:"- Test Results - Adaptive Approach IT
' ' Relay Mode [ Mode II Mode 111
Fault | PR BR | tpp  tpg At tpr tpr Al tpr  tpr Al
FL[ 3 10 027 o407 [N 0207 o4nt [ONE | 0323 0457 [NSH
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IV. Resulits

Test Results - Conventional Approach
Relay Mode I Mode 11 Mode I1I
Fault | PR BR tpH lmq At LPR L;}H At LPR. LBR At
FL[ 3 10 (0296 0441 [ONERY [ 0315 o120 NN | 0317 0.119
Test Results - Adaptive Approach I
Relay Mode I Mode II Mode III
Fault | PR BR tpr  Upg Al tpr  Upp At lpp tBR
FL| 3 10 [0206 0441 [ONARY [ 0276 0.420 [ONR | 0.206 0452 .
Test Results - Adaptive Approach II
Relay Mode I Mode II Mode III
Fault | PR BR tpr  Upp At LPR tmg AY lpp tBR At
FL[ 3 10 (027 od0r JONE o207 o410 [N | 0323 0457 [ONGH

1 Conventional B0 Adaptive I¥ 8 Adaptive 11

Mode 1 Mode 11

Mode IIT

Fig 7. Relay R3's TDS for each mode operation.
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IV. Results

mﬁl = P Test Results - Adaptive Approach III
“he ™ " Relay Mode I Mode II Mode III
H \ Fault | PR | La Ip Trip | Lea Ip Trip | L,a 1p Trip
Lot e Fl 5 33 854 Yes | 43 636  Yes | 40 669  Yes
© 3 30 707  Yes | 40 574  Yes | 26 560  Yes
BATTERIES @ foma
h s s Test Results - Adaptive Approach IV
Relay Mode I Mode II Mode III
Fig 8. Primary relay for F1. Fault | PR | Iyea Ip Trip | Lyea Ip Trip | Lyea Ip  Trip
Mode I: all sources are on. 1 D 9‘4r1 1255 Yfes qu 1214 Yes 931 12%1 Yes
Mode II: only the DFIG based DER is on. 3 1356 1808  Yes | 1343 1791 Yes | 1340 1787  Yes

Mode Ill: only the PV-based DER is on.
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VI. Conclusions

* An ADN has different operating modes and the conventional approach does not guarantee
overcurrent relay coordination.

* Adaptive approaches | and Il can provide a solution to coordination with the calculation of TDS and Ip
for each operation mode. However, these schemes use adaptive parameters estimated using the fault
voltages and currents.

* The approach lll requires communication infrastructure, making the proposed scheme expensive and
vulnerable to cyber-attacks.

* Approach IV presents an adequate performance without communication infrastructure but has a long
time to detect the fault.
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VII. Questions
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