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Abstract

The Power Quality (PQ), security, reliability etc., are the prime objectives of the power system. The
protection is developed in such a way that it should be selective, fast, reliable and the cost effective.
The study about the islanding protection in Low Voltage (LV) CIGRE distribution and networks like
this has been proposed in this paper. This is achieved by developing the protection against the
short circuit faults which might appear at the Medium Voltage (MV) bus. The protection of the
network with significant penetration of the Distributed Generations (DGs) is a complicated pro-
cess. The DG units which are directly connected to the grid such as synchronous or induction ge-
nerators contribute large short power, whereas the DG units which are connected to the grid via
inverters carry small amount of the short circuit power. This creates the problems in the protec-
tion of the network. If the proper protection coordination measures have not been taken, it might
cause the mal-function of the protection devices which put the portion of the power network into
the security threats. The selection of the islanding protection devices in this paper is made to pro-
tect the network against bi-directional currents at the time of short circuit fault. The LV CIGRE
distribution network will enter into islanding if a fault is cleared at the MV bus by the proposed
islanding protection devices. It is therefore, essential to detect the islanding in the CIGRE power
network. The detection of the island in this network is another major objective of this paper. The
detection of the island is proposed by using the technique which is based on the voltage phase angle
difference. The simulations are carried out by using DIGSILENT power factory software version 15.0.
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1. Introduction

The large scale integration of DG units into the distribution grid presents several problems for the network. The
islanding is one of the challenging problems in the electric network. Islanding, Loss of Grid (LOG) [1] is a situ-
ation where electrical system becomes electrically isolated from the rest of the power network and yet continues
to be energized by the DG units connected to it. The main cause of the LOG is the occurrences of the faults in
the network. If fault is not removed or a faulty portion is not quickly isolated from the healthy system, it will
propagate into healthy parts of the network and will cause possible damages to the equipments available in the
network. The urgent action is necessary to be taken in order to protect power network. The protection of the
power network together with DG units and its coordination is complicated because of the bidirectional flow of
the current and the difference in short circuit level of DG units and main power grid. This paper describes the
new method of islanding protection.

It is also necessary to detect islanding in a power network as fast as possible as it might cause injuries to line
worker and may create reclosing problems. Several island detection techniques have been proposed in the lite-
rature [2]-[6]. The island detection techniques can be generally divided into two categories: active methods and
passive methods. The main passive techniques used for islanding detection include under/over frequency, vector
shift, Rate Of Change Of Frequency (ROCOF) [7] [8], Under/Over Voltage, rate of change of voltage and power
factor [9] etc. The main active techniques include reactive power Error Export Detection (REED) [10], fault
level monitoring [11], and system impedance monitoring [5].

Passive methods are familiar for detecting LOG because of their simplicity and low cost. The ROCOF and
vector shift methods are the most common methods used among the passive methods. These methods especially
ROCOF method have some of the disadvantages that they do not properly differentiate between the island and
transient conditions. Unnecessary tripping might occur in the case of sudden load changes, faults etc., if ROCOF
method is used to detect islanding.

This paper describes the detection of LOG by using new technique which is based the voltage phase angle
difference between the grid and the distribution system. This method is described in [7] but further details are
added in this paper.

A test distribution network set up by CIGRE comprising Wind Turbine Generator (WTG), Photovoltaic (PV)
solar generation units and sensitive power electronics based equipment such as Voltage Source Converters
(VSCs) at different locations has been chosen for the study. The single line diagram of this distribution system is
shown in Figure 1. Further details of CIGRE network can be found in [12].

The LV CIGRE distribution network modeled in DIgSILENT power factory software 15.0 is shown in Figure 2
together with appropriate protection devices.

Due to economic reasons, the protection of whole CIGRE network is mainly performed by the fuses. The de-
tailed study about the protection of entire CIGRE network done by the author is presented in [13]. The LOG
protection is performed by using fuse mainly in this study but the under voltage relay is also used to clear a fault
if fuse is unable to detect faults in some conditions.

2. Simulations Results

The simulation results of the islanding protection and islanding detection are presented in the section given be-
low.

2.1.Islanding Protection

A three phase fault with a fault impedance of zero ohm (Z, = 0) is applied at time t = 5 s on the MV bus (i.e.,
bus RO). There is a bi-directional flow of the current to the fault point in this condition. A fuse FO as shown in
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Figure 1. The single line diagram CIGRE distribution system test
network [12].
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Figure 2. The CIGRE network modeled in DIgSILENT power factory together with protection devices.
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Figure 2 is used to disconnect the faulty section from the grid side. This enters the distribution network into isl-
and. Fuse FO is selected to the next higher rated available than that of a fuse F1 to ensure the protection coordi-
nation. Fuse F1 does not clear a fault because it was selected for the protection in the forward direction (i.e., in
the grid connected mode). The distribution network has a small amount of short circuit power when it is isolated
from the grid, that’s why fuse F1 does not clear a fault from the backward direction. The details about why fuse
F1 do not clear a fault are described below with the help of simulation results.

A fault still exist in island portion of the network as it was only cleared from the grid side, therefore; to clear a
fault in island portion of the network; a new approach of using the under voltage relay is introduced in this re-
port. The under voltage relay RO as shown in Figure 2 is used to isolate a fault from the DGs side of the net-
work in this regard.

The current delivered by external gird which flows through a fuse FO is shown in Figure 3. It can be seen in
Figure 2 that grid delivers a huge amount of the current at the instant of a fault. When a fuse of 20 A (i.e., F0)
sees this value of the current it blows within a very short duration as shown in Figure 3. Hence, a fault has been
cleared from the grid side and should also be cleared from the DGs side very quickly.

The current seen by fuse F1 is shown in Figure 4. It can be seen in Figure 4 that the current which passes
through the fusing element of fuse F1 increases at the instant of a fault and soon it decays. The peak in the cur-
rent at the initiation of a fault is due to the current surge produced by DG units and it decays because of the cur-
rent limiters used for these units. This current is coming from the DG side of the MG and passes through the 400
kVA transformer used between LV and MV buses. This current flowing through LV to the HV winding of the
transformer (i.e., to the faulted point) passes through the transformer impedance. The current seen in Figure 4 is
small because of the transformer impedance. This current in the steady state condition after the current peak
does not reach to the value which melts fusing element.
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Figure 3. The external grid current.
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Figure 4. Current seen by fuse F1.
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The circuit breaker is used to clear this kind of fault in island portion of the network. The circuit breaker
receives a trip signal from the under voltage relay RO. The circuit breaker named VD4 made by ABB is used in
this regard. The minimum opening time of this circuit breaker lies between 33 - 60 ms [14]. The minimum
opening time of circuit breaker used for this study is selected as 33 ms. The time of the operation of a fuse FO
and circuit breaker receiving trip signal by under voltage relay RO is shown in Figure 5.

The plot in Figure 5 demonstrates the clearance of the fault from both sides of the network and islanding
protection has been achieved. The 1 on the plot in Figure 5 shows that a fuse operates in a normal operation and
the contacts of the circuit breaker are in a close position whereas 0 displays that a fuse has been blown out and
the breaker contacts are opened. It can be seen in Figure 5 that fuse FO clears a fault from the grid side faster
than the circuit breaker used on the DGs side of the network. A fuse blows faster because of severe current
flowing across its melting element.

2.2.Islanding Detection

The detection of islanding in CIGRE network is performed by using a technique which is based on the phase
angle difference between grid voltage and the DG side voltage. This islanding technique is described with the
help of the block diagram shown in Figure 6.
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The simple block of power network is shown in Figure 6. It can be seen in Figure 6 that the phase angles of
the voltages at the grid side and DG side are measured and difference of the phases is calculated. The network
changes its mode of operation from the grid connected to islanding according to the difference of the voltage
phase angles. The island is detected in the network if there is a phase angle difference between the two voltages
as shown in Figure 7.

It can be seen in Figure 7 that the phase angle difference of the voltages at the mentioned points in Figure 6
is zero in the normal operating conditions. This difference of the voltage phase angles changes when fuse FO is
blown out.

The Island Detection (ID) signal is shown in Figure 8. This figure describes that the system is connected to
the grid when there is no difference between voltage phase angles. The network switches to island mode when
the difference in the voltage phase angles is appeared. Hence, LOG is detected at 5.0001 s in the CIGRE low
voltage network.

This method of LOG detection performs well during sudden switching/variation of the loads and in the tran-
sient conditions somewhere in other parts of the CIGRE network. To see the effects on the transients and check
whether this method may not cause false detection in case of the fault, the study is performed by applying a 3-
phase fault on bus R11 at the time equal to t = 5 s. The voltage phase angles in this case can be read in Figure 9
and the ID signal is shown in Figure 10.

It can be seen in Figure 9 that voltage phase angles at the time of short circuit fault i.e., t = 5 s changes but
their difference is zero. Hence, system remains connected to the grid and there is no false detection by using this
method as shown in Figure 10. This is the main advantage of this method over other methods of LOG detection.

25.00
89165

4.324 deg

0.00

8.940s
2.6845 | 0.00 deg
0.00 deg

—25.00

—50.00

—75.00

—100.00
0.000 2.169 4.337 6.506 8.675 [s] 10.84

==mmmmmme Dumy1: Line-Ground Voltage, Angle in deg
Dumy2: Line-Ground Voltage, Angle in deg

Figure 7. Phase angle difference between the voltages.

1f i I
1/ \5.0001s |
1.000 ;
E / i
c 1
(=] |
'(/_’ 1
[=2]
c
£
£ N R S -
‘§ | 1
&
0 | | |
4.999 5.000 5.000 5.001 5.001 [s] 5.002

Time [sec]

Figure 8. Island Detection (ID) signal.

()



G. M. Bhutto et al.

0.04

0.00

—-0.04

—0.08

—0.12

—0.16
1.00 2.25 3.50 4.75 6.00 [s] 7.25

==mummmms Dumy1: Line-Ground Voltage, Angle in deg
Dumyz2: Line-Ground Voltage, Angle in deg

Figure 9. Phase angle difference between the voltages.

1

0.00 . ) } ; !
0.000 1.614 3.228 4,842 6.456 [s] 8.070
= Common Model-ID: switch

Figure 10. ID signal.

3. Conclusion

The protection against the bi-directional fault current in low voltage CIGRE network has been described in this
paper by using current based and voltage based protection devices. The overview of the available island detec-
tion techniques is presented and the detection of LOG is proposed by the technique which is based on voltage
phase angle differences. The working of this method has been validated by various simulations plots and its
main advantages over the other methods are also described with the help of the plots. The problems of voltage
and frequency in island Micro Grid (MG) will be tackled in future.
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