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Abstract: This paper stresses on the voltage control technique used in CSI based grid connected
PV. The process utilizes unit conversion for tracing the maximum power point and interlinking the
photovoltaic array to the grid. The maximum power point is systematically interacted with a fuzzy
logic controller. A proportional controller is emphasised to control the current injected into the
photovoltaic grid. Simulation results presented here to validate the component models and the chosen
control algorithm.
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Introduction: Grid-Connected
Inverter systems have become an important
power generating method and the number of
these systems connected to the grid is always
increasing. Therefore it is important to limit the
harmonics generated by these inverters to limit
adverse effects on the grid power quality. This
means that the design of these inverters
should follow harmonic limits set by IEEE
1547 THD of the grid voltage/current should
be maintained below 5%. In grid connected PV
system, DC link voltage control and inverter
For Correspondence:
vikram.patil2383@gmail.com
Received on: XXXX 2017
Accepted after revision: XXXX 2017
Downloaded from: www.johronline.com

output current control are necessary. As
power output of the PV plant largely
depends
on
the
solar irradiation and
temperature, the wide variation of these
parameters result in high voltage ripple in the
Dc-link which propagates to the utility grid and
cause power quality problem due to nonsinusoidal current injection to the grid.

Fig. 1: Block diagram of PV system
These wide variations in the input result in
high input ripple in DC side which will
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propagate through the inverter to AC side
and cause poor power quality and current
harmonic injection into the grid. Grid-connected
PV systems using a CSI have been proposed and
successfully delivered PV power to the grid,
with a low total harmonic distortion (THD).
However, an ac current loop is essential in the
grid connected application in order to limit the
current and quickly recover the grid current
variation during varying weather conditions.
Fig. 1 shows the blocks that constitute the
system studied in this paper. The PV array
feeds the single-phase DC-AC inverter(CSI).
This kind of single-stage PV system has been
presented using an analog control approach
Proposed System- To design a grid-connected
PV system using a CSI, the relationship
between the PV output voltage and the grid
voltage is derived as follows By neglecting
inverter losses, the PV output power is equal to
the grid power
(1)
VPVIPV = 1/2Ig,peak Vg,peak cos θ
where θ is the phase angle, Vpv and Ipv are the
PV output voltage and current, respectively,
while Vg, peak and Ig, peak are the grid peak
voltage and current, respectively. The grid
current is equal to the PV output current
multiplied by the inverter modulation index M
Ig, peak = MIPV
(2)
Substituting (2) into (1), assuming unity power
factor, the equation describing the relationship
between the P-V output voltage and the grid
voltage is,
VPV =1/2MVg,peak.
(3)
Therefore, in order to interface the PV system
to the grid using a CSI, the PV voltage should
not exceed half the grid peak voltage. The CSI
is utilized to track the PV MPP and to
interface the PV system to the grid. In order
to achieve these requirements, three control
loops are employed,
namely MPPT, an ac
current control loop, and a voltage loop.
MPPT Control- The PV array power and
current characteristics are highly nonlinear and
are affected by the irradiance and temperature
variation. Therefore, a maximum power-point
tracker (MPPT) is required to handle such
problems and ensure that the PV system is
operating at the maximum power point (MPP).
Many different MPPT techniques have been

proposed. The Existing techniques vary in
simplicity, accuracy, time response, popularity,
cost, and other technical aspects.

Fig. 2: Block diagram of the proposed MPPT
controller.
To operate the PV at the MPP, MPPT is
used to identify the optimum grid current
peak value. Any conventional MPPT technique
can be used. However, to prevent significant
losses in power, the tracking technique should
be fast enough to handle any variation in load or
weather conditions. Therefore, a fuzzy logic
controller (FLC) is used to quickly locate the
MPP. The inputs of the FLC are
∆P = P(k) − P(k − 1)
(4)
∆I = I(k) − I(k − 1)
(5)
and the output equation is
∆D = D(k) − D(k − 1)
(6)
where ∆P is the PV array output power change,
∆I is the array output current change, and ∆D is
the boost converter duty cycle change. To ensure
that the PV output power does not diverge from
the optimum point during varying weather
conditions, ∆P passes
through
a
gain
controller to reverse its direction. The
variable inputs and output are divided into
four fuzzy subsets: positive big (PB), positive
small (PS), negative big (NB), and negative
small (NS). Therefore, the fuzzy rules algorithm
requires 16 fuzzy control rules; these rules
are based on the regulation of hill-climbing
algorithm. To operate the fuzzy combination,
Mamdani’s method with Max–Min is used.
The fuzzifications of the hill-climbing rules are
shown in table I. After simulating the PV system
and studying the behavior of the controller
inputs and output, the shapes and fuzzy subset
partitions of the membership function in both of
inputs and output figure shown in Fig. 4. The
last stage of the fuzzy controller is the
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defuzzification where the center of area
algorithm (COA) is used to convert the fuzzy
subset duty cycle changes to real numbers
∑ µ ni(Di)Di
∆D = ∑ µ ni(Di)
(7)
where ∆D is the fuzzy controller output and Di
is the center of max–min composition at the
output membership function. The FLC computes
variable step sizes to increment or decrement the
duty cycle, therefore the tracking time is short
and the system performance during steady-state
conditions is much better than conventional
method.
To ensure synchronization between the grid
current and voltage, a sinusoidal signal
generated by a phase-locked-loop (PLL)is
multiplied by the MPPT output. Fig. 2 shows a
block diagram of the MPPT structure.

Table 1- Fuzzy Rules of Hill climbing search
method
Voltage And Current Loop Controllers - The
current controller can have a significant
effect on the quality of the current supplied to
the grid by the PV inverter, and therefore it is
important that the controller provides a high
quality
sinusoidal output with minimal
distortion to avoid creating harmonics. Two
controllers which are used in current controlled
PV inverters are the PI controller with the grid
voltage feed-forward and the PR controller.

Fig. 3: Membership functions: (a) input ∆P , (b)
input ∆I, and (c) output ∆D.
A shortcoming with the PI controller generally
is that it is not able to follow a sinusoidal
reference without steady state error due to the
dynamics of the integral term. The inability to
track a sinusoidal reference causes the need to
use the grid voltage as a feed-forward term to
obtain a good dynamic response by helping
the controller to try to reach steady state
faster. A current controller which is more suited
to operate with sinusoidal references and does
not suffer from the above mentioned drawback
is the PR controller. The PR controller provides
gain at a certain frequency (resonant frequency)
and almost no gain exists at the other
frequencies. For precise control of the singlephase inverter, proportional resonant (PR)
control is employed in the voltage and current
loop controllers. The basic principle of the PR
controller is to introduce an infinite gain at a
selected resonant frequency in order to
eliminate steady-state error at that frequency.
The PR controller transfer function is expressed
as,
(8)
where Kp is the proportional gain, Ki is the
integral gain, e is the signal error, and ωo is the
fundamental angular frequency. From the
equivalent circuit of the CSI ac side, which is
shown in Fig.5 and the PR controller equations,
the ac current and voltage loops are designed,
where Iin is the CSI output current, Cf is the
filter capacitor, Lf is the filter inductor, R is the
inductor internal resistor, Ic is the current

www.johronline.com

97 | P a g e

Patil V.S. & Thakur A., J. Harmoniz. Res. Eng. 2017, 5(2), 95-99

passing through the capacitor, Ig is the grid
current, and Vg is the grid voltage.

output current waveform and the Grid voltage
Vg and Grid current Ig are verified through
simulation results.

Fig 4 - Equivalent Circuit of CSI
Fig 7 - Grid Current & Voltage

Fig 5 - AC Current & Voltage Loops
Simulations And Result- In order to validate
the theoretical analysis, closed loop operation
of grid connected photovoltaic system using
single phase current source inverter is
simulated
on
MATLAB/Simulink.
The
simulated closed loop system has taken the
circuit parameter values are shown in A. The
simulated PV array is connected to the Double
tuned resonant filter which mitigates the DC
side harmonics.

Fig 9- Active - Reactive Power Profile

Fig 6 - Simulink Model of Grid Connected PV
with CSI
The regulated dc power from PV side is fed into
CSI to convert it from dc power to ac power.
The MPPT of this PV plant is controlled by
using FLC and The PV array is simulated by
using matlab/simulink is shown in Fig.7. To
ensure synchronization between the grid current
and voltage, a sinusoidal signal generated by a
phase-locked-loop (PLL) is multiplied by the
MPPT output and produce reference signal will
be sent to the PR controller. The output of the
PR controller is then sent to the PWM block to
generate the pulses for PV inverter. The CSI

Fig 10 - PV Output Power
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