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Abstract

The presence of the inverter distributed generations in the power systems can bring about incoord-
ination in the protection system performance while enjoying various advantages. In this paper, a suit-
able solution, independent of relay settings, is presented in order to solve the protection problems of
inverter island microgrids with circular arrangement. The presence of distributed inverter generation
sources causes a change in the direction and amplitude of the fault current at the microgrid level. This
problem is more visible in microgrids with circular arrangement. Therefore, conventional protection
schemes that consider a single path and a high fault current level compared to load current may be
problematic. An important factor for the proper design of a protective system for microgrids is the
contribution of the injecting fault current of the inverter sources. In this paper, a protection strategy
based on the inverter control of sources is presented and ordinary overcurrent relays with the same
characteristic curve are used. When a short circuit fault occurs in the microgrid, an adaptive current
limiting strategy is applied using the virtual impedance loop. In this case, the share of fault current of
each source is controlled according to the position of the fault, and sources closer to the fault produce
a larger fault current. Therefore, the current passing through the protective equipment is closer to the
fault than other equipment in the micro grid. And without the need for making connection between
protective equipment, the protective coordination is guaranteed.
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Figure (5): Output stream of resources in the state without applying the proposed method
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Figure (6): The current passing through the protection equipment in the state without applying the proposed method
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(Yo)



obdials arad - B jol - ces)S dul s Gl Salen cble> g,

30 50 100 300 500 1K

s ? W0 a0 w0 ks S ————_ i —
3 3 3 3
1| 1 T 1
5| 5 5 5
w 3 3 8 2 3
e - Pbz | 5 L,
3 / 121.2 A, 0.278 s 2 —
3 PD7&8 n PLA
4| [117.2A, 0.304 R AF[18A 0291 A
05| 1 os 05 - 108
03| | 03 03 - 103
.01 [ R L L L Lo .01 01 — — - - e 01
30 50 100 300 500 1K 30 50 100 300 500 1K
(b)
Vo, o, Slee jlam A gV oV al, goue (&) Uas g48g Loy j0 V al, goue ()

ol i3y Jlasl g o)l s <l yo (GBla> ol (S :(1e) JSb
Figure (10): Curve of protection relays in symmetric error mode and application of the proposed method, (a) Relay curve 1 at the time of
error, (b) Curves of relays 2, 7 and 8 after relay operation 1

S A AR PR AR
2‘MWW(P@UWW@‘WWMWMWMWM

ol ﬁWWWM‘W&Wo&v“v%*ﬁm*ﬁﬁﬁﬁﬁﬁWW -

1
o

12
r'oo

13
o

* M:'L)YW‘M&MWJW&WMW‘WWﬁﬁﬁﬁﬁoﬁ%**

SOl o9y Jlosl g o 4SBT (3Ll gllas el 50 @l (29,5 oLy (V) S5
Figure (11): The output current of the sources in the case of an unbalanced single-phase fault to ground and the application of the proposed
method

ol 5l g aS o Jos g yod 5 s g5 ol ol jo solaiinn 88y g5ludgaze iy, Col (astine a5 b e
e Lgan e Il B ol 31 5 it 5 sl ot csjlossly 6 e ol Lo (ooleii s, <5
S5 sl 38y e 53 45 ol e (V1) U3 e 500 e 135 e pli ], oo 5 (e e Jly sl
Lz £4-89 31 amy adl < /IYOA Loy ;0 (VW) g b oS el ol VYo /A Bl Y sd) 5l (g h0ee by e (e 4
A5 0SS o pome Voad) 5l by o i ) Ay 0 Shee 5l am S e oo (o a4 o) 0 SSGF lgies

Bebon )l B p Gblis (Sialen 5 05 oo Joo (Fwyd 4 ) a3 Shas sl am 4l VAP ()

%)



VO-YY VY-

Ol /il g Joz o)lods fo55lg0 Jluw /50 Gt )0 aiedign sla by, 4 pid

200

3

150
100
50
‘l‘l‘l‘lll llllllllll
0 EAMMM]
VAR YRR AT AdY)
sl o N M1 (M1 M1 ¥ M1 1 0
-100 +

150 -

-200

|||

PD1
PD2
- PD3
PD4
PD5
n| Pd6
PD7
PD8
PD9
PD10
PD11

—
=

PD12

39 - 41 42

43
Time(s)

44

45 46

47

Gy 9y Jlos!l g (o) 41 BT sllas > ) SBlas Ol 51 5)see by :(VY) Sl
Figure (12): Current passing through protective equipment in single-phase fault mode to ground and applying the proposed method
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Figure (13): Curve of protection relays in single-phase fault mode and application of the proposed method, (a) Relay curve 1 at the time of
error, (b) Curves of relays 2, 7 and 8 after relay operation 1
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Figure (14): Source output current in two-phase asymmetric fault mode to ground and apply the proposed method
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Figure (16): Curve of protection relays in two-phase fault mode and application of the proposed method, (a) Relay curve 1 at the time of
error, (b) Curves of relays 2, 7 and 8 after relay operation 1
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Figure (15): Current passing through protection equipment in two-phase fault mode to ground and applying the proposed method
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