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Abstract—this paper analyzes the anti-islanding scheme in grid
connected PV system when open switch fault occurs in the voltage
source inverter (VSI). Voltage source inverter plays a major role
in islanding detection for grid connected DGs, any fault in the VSI
will affect the islanding detection scheme. Hence in this paper a
passive anti-islanding scheme is carried out considering single
open switch fault in inverter. A simple algorithm is used to detect
the open switch fault condition and location of the faulty switch,
eliminating the need for additional sensors. An auxiliary switch is
provided to bypass the open faulty switch. The overall scheme is
modelled using MATLAB/Simulink.

Index terms—anti-islanding, distributed generation(DG), open
switch fault, microgrid, solar photovoltaic(PV), voltage source
inverter(VSI).

1. INTRODUCTION

Solar photovoltaic (PV) based microgrids are gaining high
attention nowadays due to the abundant supply of solar energy
and complete depletion of fossil fuels. There are many issues
related to grid connected distributed generation (DGs such as
PV), one of the issues is the interconnection protection of utility
and PV. The protection system must be designed in such a way
that satisfies the state regulations and norms related to grid
connected microgrid system. Anti-islanding protection is an
additional protection scheme required by the utilities.

When the main utility is disconnected from the power
system and the DG continues to supply the local load, the
condition is termed as Islanding. The main aim of anti-
islanding protection is to disconnect the PV system from the
local load when there is loss of utility supply. In some cases the
PV system may operate independently even though there is loss
of utility supply, when the PV output matches the local load.
But it is not desirable due to some factors such as

e Itis a danger to utility workers, to work near energized
power lines when the utility is disconnected.

e  Poor power quality to end users.
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e Damage to equipments if PV is not disconnected
before auto reclosing time of utility.

e Loss of control and uncoordinated protection.

According to IEEE standard 1547[1], it is not desirable for
PV system to operate during islanded operation. There are three
main methods used for islanding detection - passive islanding
detection, active islanding detection and communication based
detection. Here in this paper passive islanding detection is
implemented due its fast detection and improved power quality
than the active method.

In the passive islanding detection, voltage source inverters
(VSI) play a major role since the DGs are mostly inverter based
[2]. Hence it is important to analyze the inverter based
problems. Many faults can occur in the VSI, some of the
important faults are open switch fault and short switch fault.
The short switch fault can be easily identified since it causes
over current in devices, but it is not easy to detect and locate
open switch faults in inverter [3]-[4]. There are many reasons
for the open switch faults like high collector current, thermal
cycling and failure in gate driver circuits. When open switch
fault is not detected quickly it will cause distortions and other
secondary faults in the system which will also affect the
islanding detection.

The passive anti-islanding method relies on the parameters
measured at the point of common coupling (PCC). Many
passive anti-islanding schemes were proposed earlier, a wide
literature review is available for the passive anti-islanding [5]-
[10]. Here in the proposed system, the voltage at the PCC is
monitored continuously; also other parameters such as
frequency, active power and reactive power are monitored and
measured at the PCC. Any deviation from the nominal values
will disconnect the PV from the load. If the open switch fault is
not detected quickly, it will affect the parameters at the PCC
which will affect the islanding detection causing the anti-
islanding scheme to maloperate. Hence the open switch fault is
detected soon by an algorithm using RMS current, average
current and calculating the normalised current. The algorithm is
discussed in detail in section III. An auxiliary switch is
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provided to bypass the faulty switch to provide continuous
supply.

In this paper, the description and modelling of PV is carried
out in section II. The system model is discussed in section III.
In section IV overall control scheme is explained and the
simulation outputs are described in section V. Finally the
conclusion is drawn in section VI.
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Fig.1.single line diagram circuit of the test system

II. PV MODEL

In this section PV modelling is shown in detail. In the
proposed PV system, perturb and observe (P&O) algorithm is
used for Maximum power point tracking. The PV module
specification is given in Table.1.

A. PV Module

Solar cell equivalent is represented by a single diode
mathematical model. It consists of photocurrent source I, a
nonlinear diode, internal resistance R, and Ry, as shown in
Fig.2. The relationship for the current and voltage in the solar
cell equivalent can be given as

AT V+1Ry
I= Iyl e e —1)— )
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Fsh

Where, I, is photocurrent; I, is diode saturation
current; q is coulomb constant (1.6026'19C); k is Boltzmann’s
constant (1.3810;3'23 J/K); T is cell temperature (K); A is P-N
junction ideality factor; Ry and Ry, are intrinsic series
resistances. Photocurrent can be given as

T = (25) Upirer + €2 (T = Trep)) &

Where, S is the solar radiation (W/mz); Sret s Tref » Iphrer 18 the
solar radiation, cell absolute temperature, photocurrent in
standard test conditions; Cr is the temperature co-efficient

(A/K).

Iph 1)

Fig.2. Equivalent circuit of solar cell

Diode saturation current in standard test conditions; E,
is the band-gap energy of the cell semiconductor (eV),
depending on the cell material.

TABLE 1.
REFERENCE PV MODULE SPECIFICATIONS

Description Rating
Voltage at maximum 22V
power (Vmp)
Current at maximum 9A
power
(Imp)
Open circuit voltage (Voc) 24V
Short circuit current (Isc) 10 A

B. P&O Algorithm

In the proposed system, P&O algorithm is used for
MPP tracking. The simulated block is shown in Fig.3.
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Fig.3. P&O algorithm flow chart

The P&O algorithm alters the duty cycle which
controls the power converter, in this way it monitors the p-v
characteristic to find the MPP. This perturbation causes a new
operating point with a different output power. If this new output
power is larger than the previous output power, this point is set
as the new operating point or else the same power point is
adjusted to a lower or higher working voltage, depending on the
previous step direction. In several studies, it has been shown
that P&O has led to efficiencies as high as 96.5% [11].
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Fig.4. Simulink model of P&O algorithm

III. SYSTEM MODEL

We can assume the PV system is connected to the utility
through the buck boost converter, inverter and circuit breakers.
The main controller unit controls the overall scheme. The
controller unit has information about the grid, PV generation
and the load demand, it coordinates the overall scheme. The
overall system scheme is shown in Fig.5.
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Fig.5. Block diagram of the proposed system

A. Passive anti-islanding scheme

The grid may be accidentally disconnected from the
interconnected system due to human error or the circuit
breaker may be opened due to some fault in the grid leading
to islanding condition. The PV should be disconnected as
soon as possible from the load and other devices in the
system during this islanding condition. In the proposed
passive anti-islanding scheme various parameters are
measured at the PCC such as voltage, frequency, active and
reactive power. During normal operation the grid supply
and PV generation equals the load demand, but during the
islanding condition the parameters at the PCC will
considerably change when there is high mismatch between
the PV generation and load demand. For analyzing the open
switch fault condition we are considering high mismatch in
this paper.

Measure V & I
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Y
. Stop
Islanding detected by

Fig.6. Anti-islanding scheme flow chart

The threshold values must be set carefully, the
measured parameter values are compared with the threshold
values. When the measured parameters deviate from these set
values the PV is disconnected from the system quickly. The AP
and AQ values are as shown in the single line diagram. RLC
load is used as local load in the system, RLC load’s
active/reactive power and its voltage/frequency relations are as
follows

P=vYP 3)

Q = v?(wl — 1 wl) @)

B.  Open switch fault detection

The proposed open switch fault detection scheme is easy to
implement, simple and cost effective, since it doesn’t need any
additional sensors or hardware. It uses only the information of
phase, normalised and average currents. The flow chart for
open switch fault detection is given below

Sense iam, ibm, lem

Calculate RMS
current and
vector modulus

Calculate
normalised
curfent

Compare with
threshold value
1

| Fault status=1 |

!

Go to faulty
switch block
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Fig.7. flow chart of open switch fault detection algorithm

The fault detection calculation is as follows, first the three
phase currents i,;, ipm, iom are measured and park’s
transformation is done to change it to stationary reference
frame

-y 1. 1.
‘d_alam_albm_alm (6)
. 1 .. .

g = E(lbm_ lcm} (7

Using the above values, the park’s vector modulus is
calculated as shown below,

—_ s .}
|13m| = _\‘Il{lri + lé} (8)
The normalised currents are calculated to detect the fault

irrespective of the operating condition by dividing the inverter
three phase currents by the park’s vector modulus.

lan = ©)
[Ezml

. _ iprms

ipn =10 (10)

fon =120 (11
[Tsml

Where i, iy, ien are normalised three phase RMS currents
and 1ams, Ibrmss lerms are three phase RMS currents. When an
open fault occurs in the system, one of the normalised three
phase RMS currents is increased. This value is compared
with the threshold value (twice as normal value) to check the
fault occurrence. If the fault is identified fault count is
increased till the fault is detected, then the fault location is
identified using the three phase average current and
normalised RMS current. The simulated scheme is shown
below in fig.
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Fig.8. Open Switch Fault Detection Simulink model

IV. OVERALL SCHEME OPERATION

The open switch fault analyzed here is introduced in upper
arm T35 switch. When the fault is introduced in the switch, the
normal operation is affected and the fault is detected within
0.2ms. Sensing the fault in the TS switch, an auxiliary switch is
provided to bypass the open fault switch to provide continuous
supply to the system. The switch is designed in such a way that
it will bypass any fault switch in the inverter irrespective of the
switch location.

The grid is disconnected from the system using circuit
breaker and the islanding detection scheme is operated. The
four parameters are measured in the PCC-voltage, frequency,
active and reactive power. The voltage limit is fixed between
270 V and 256 V. The voltage value is monitored continuously
and when there is deviation from the set value, other parameters
are measured at the PCC. The change in active and reactive
power should be below 15%. The frequency is fixed at 50 Hz.
Any deviation from the fixed values will be detected and the
PV is disconnected from the load. RLC load is used in this
system. The system is analyzed for different scenarios like
considering open switch fault alone, considering islanding
condition alone and at last considering both open switch fault
and islanding condition.
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Fig.9. Simulink of PV with MPPT

The above fig.9 shows the Simulink model of PV with the
buck boost converter.
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Fig.9. Islanding detection Simulink embedded block

V. SIMULATION OUTPUT

This section deals with the results obtained from Simulink
model of the proposed system
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TABLE II. BLOCK DIAGRAM PARAMETERS
System Parameter Value | 1
Grid Voltage IMVA ‘
£ l |
Grid Frequency 50 Hz 5
PV Rated Voltage 420 V < 1
Load Rated Power S5KW ‘ |

The above Table II gives the ratings of the system

: Time (S)
under study. The system results are as given below "

Fig.13 Load output during anti-islanding

g
3
Time (S) | i | | l-
Fig.10. PV input voltage
The Grid output waveform is shown in Fig.11. This
gives the grid output during islanding condition. Fig.14 Faulty switch and Auxiliary switch conduction

Power (W)

Time (S)

Fig.11.Grid output power
Fig.15.Breaker trip signal

] VI. CONCLUSION

In this paper the passive anti-islanding scheme is analyzed

' with the open switch fault detection. The proposed anti-

\ ] islanding and open switch fault detection is simple and easy to

' implement. The system under various scenarios is observed.

It can be observed from the system that the open switch

fault affects the islanding detection and when an auxiliary

Time (5) switch is provided to give continuous supply, the system works

Fig.12.PV output during anti-islanding well with the anti-islanding scheme. In future, multiple switch

faults can be analyzed in the inverter with an effective anti-
islanding scheme.

Power (W)
i
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