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Abstract - The penetration of Distributed Generation (DG)
sources such as Photovoltaic (PV) power plants are becoming
more prominent in the electric grid due to the incremental
demands for electrical energy. However, fault condition in the
grid, not only can cause the disconnection of grid connected
PV systems but also disturb the stability of the main grid and
can cause detrimental influence on the availability and
reliability of the whole system. Due to this, many countries
have established grid code requirements for grid connected PV
system that should be met. Hence a control strategy has been
proposed in this paper in accordance with the grid code
requirements, in order to withstand the low voltage condition
in the grid. Therefore the widespread loss of generation can be
avoided to a great extent. The functionality of proposed
control strategy is verified using Matlab/Simulink
environment under unbalanced fault in the standard IEEE
power system.
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1. INTRODUCTION

Advancement in Power electronics has lead to the large
scale integration of renewable energy systems with electric
power distribution network. Though integration of
Renewable Energy Sources (RES) is an inevitable operation in
the electric grids, such integration of renewable energy
sources such as Photovoltaic (PV) system to the conventional
electric grid infrastructure is a challenging task, due to their
intermittent nature of electric power generation. And the
challenge includes the disconnection of PV system from the
grid under fault condition, which further leads to instability
in the grid integrated photovoltaic system and results in
system wide power outages.

With the significant share of power produced by the
distributed generation system such as solar energy sources,
the grid code standards for connecting these sources to the
electric grid have been updated. These standards enforce that
the Photovoltaic system must stay connected to the grid even
under fault conditions in short periods and must help the grid
to come back to normal conditions. This ability of the system
to stay connected to the grid during fault condition is known
as Low Voltage Ride Through (LVRT) .The significance of
LVRT is analyzed by introducing fault in the individual buses

of the system and the voltage of near and far end buses of the
system is analyzed during fault condition.

2. IEEE 14 BUS SYSTEM

In an interconnected power system, the buses are
connected either with one device or a combination of devices
like generators, loads and voltage control equipments. Each
bus in the power system is associated with four quantities,
bus voltage magnitude, phase angle, real power and reactive
power. In a load flow solution two out of four quantities are
specified and the remaining two are required to be obtained
through the solution of the equations. Depending on which
the quantities have been specified, the buses are classified
into three categories such as Generator bus, load bus, swing
bus. Totally there are five generators and nine loads in the
IEEE 14 bus system. The single line diagram of IEEE 14 bus
system is depicted in the figure 1.

Fig -1: Single line diagram of IEEE 14 bus system

The minimum and maximum limits of voltage magnitude
and phase angle are considered to be 0.95 puto 1.05 puand -
45° to +45° respectively.

The bus data indicates the voltage magnitude of IEEE 14
bus system and the voltage magnitude of bus 1 is 1.06 pu,
bus 2 is 1.045 pu, bus 3is 1.01 pu, bus 6 is 1.07 pu and bus 8
is 1.09 pu respectively and the voltage magnitude of all the
other buses are 1.0 pu as shown in tablel.
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Table -1: Bus data of IEEE 14 bus system

Bus No Voltage Magnitude (pu)
1 1.06
2 1.045
3 1.01
4 1
5 1
6 1.07
7 1
8 1.09
9 1
10 1

11 1
12 1
13 1
14 1

According to the values obtained from the bus data and
by taking the single line diagram as reference the IEEE 14
bus system is simulated.

3. LVRT CONTROL APPROACH

The control of the system can be divided into two main
parts, boost converter control as shown in Fig.2 and grid tied
inverter control.

3.1 Control of the Boost Converter

The schematic of the boost converter power stage is
shown in fig. 2. It consists of the power switch (IGBT),
inductor, output diode D and filter capacitor C.

In the continuous conduction mode, when the switch of
the converter is in the on state, the current in the inductor
increases linearly, and at that moment, the diode is in the off
state. When the switch is turned off, the energy stored in the
inductor is discharged through the diode to the DC link [4].
The switching action will produce a pulsating current. The
capacitive filter will smoothen itand provide a DC voltage to
the inverter.
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Fig -2: Boost Converter Control Diagram

In this paper, the Perturb and Observe (P and O)
Technique is used to track the point of maximum power as

shown in Fig.3.
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Fig -3: Flow Chart of P and O Algorithm

In this technique, the Maximum Power is calculated
based on the measurements of the Temperature and the
Irradiance of the PV panel used in the system [5].

A Proportional-Integral (PI) controller together with the
MPPT algorithm is used to control the boost converter to
achieve the expected Maximum Power Point (MPP)
operation under the normal grid operation conditions as
well as under grid fault conditions. Using the PI controller,
the loop forces the voltage of the dc-bus to track the voltage
reference with the PI controller in order to obtain the
desired voltage from the PV panel.
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3.2 LVRT Control System

The three phase, two stage grid interfaced photovoltaic
system is composed of a boost converter and a three phase
inverter. The grid code requirements for grid connected
photovoltaic systems should be met and these requirements
impose that the photovoltaic power generating plants should
stay connected to the grid in case of voltage sag, which is
usually caused by grid faults. This ability is known as Low
Voltage Ride Through (LVRT) capability.
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Fig -4: Block diagram of LVRT control strategy for grid
connected PV system

The block diagram of the low voltage ride through control
strategy of grid connected PV system is depicted in the Fig.4.
The voltage and current from the grid and the inverter is
taken as the reference for generating the control signal for
the grid connected photovoltaic inverter. The voltage from
the grid and the inverter voltage are synchronized by the use
of Phase Locked Loop (PLL). Thus by controlling the pulse
given to the PV inverter connected to the grid, the low
voltage ride through operation can be obtained [1].

The voltage from the grid and the inverter voltage are
synchronized by the use of Phase Locked Loop (PLL). Thus
by controlling the pulse given to the PV inverter connected
to the grid, the low voltage ride through operation can be
obtained. PLL is a control system that generates an output
signal whose phase is related to the phase of an input signal,
it consists of a variable frequency oscillator and a phase
detector in a feedback loop.

5. SIMULATION RESULTS

Simulation is developed in MATLAB/SIMULINK platform
to verify the effectiveness of the proposed control scheme.
The three phase grid connected PV system is simulated
under unbalanced fault in the grid. The PV panel output
voltage is shown in Fig.5. The voltage of the photovoltaic
module is measured under standard test conditions (STC) of

1000W/m? solar irradiance and 25°C PV module
temperature.

Since the output from the PV module is not sufficient for
feeding into the electrical grid directly, it is stepped up by
using a (dc-dc) boost converter. The boost converter is
connected to the three phase inverter via a dc link capacitor.
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Fig -5: PV Panel output voltage

The output voltage of the PV module is a constant dc of
magnitude 400V.
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Fig -6: Boost Converter output voltage, Current

The output voltage obtained from the boost converter is
1200V and its output current is 2A as depicted in the fig.6.

The PV integrated IEEE 14 bus system is simulated under
unbalanced fault condition and the voltage magnitude of the
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near and far end buses of the PV system is analyzed [11].
Initially the faultis simulated in the bus 4 i.e., to the near end
bus of the PV system and the voltage of the IEEE 14 bus
system is analyzed as shown in the fig.7. The voltage of the
IEEE 14 bus system is simulated in terms of per unit (pu)
value in other words its simulated in terms of magnitude
rather than nominal value for obtaining simplified analysis
of the system.

:
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Fig -7: Output voltage under fault at bus 4

The fault is simulated for a very short duration of (0.2-0.5)
seconds i.e,, 300msec. It is observed that the severity of
voltage dip is severe in the bus in which the fault is located
when compared to the far end buses and the photovoltaic
system is able to retain its nominal voltage once the fault is
cleared.
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Fig -8: Output Voltage under fault at bus 1

Similarly the faultis simulated in the far end buses of the
PV system such as bus 1 and bus 13 as shown in fig. 8,9 and
its voltage is analyzed. And it is observed the voltage dip is

prominent in the bus1,13 at which the fault is simulated
when compared to far end buses.
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Fig-9: Output Voltage under fault at bus 13

Thus it is inferred that the system is able to ride through
the low voltage for a short period of time as specified by the
Indian grid code standard [2].

3. CONCLUSION

The analysis of Low Voltage Ride Through (LVRT)
capability of the grid connected solar photovoltaic system is
carried out. From the results provided by the performed
MATLAB simulations, under unbalanced faults itis observed
that the voltage dip is prominent in the buses nearer to the
location of fault than the far end buses. And the photovoltaic
system is able to withstand the low voltage for short period
of time as specified by the Indian grid code standard,
indicating that the photovoltaic system stays connected to
the grid during the fault condition, providing low voltage
ride through of the photovoltaic system.
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