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Abstract

Grid integrated photovoltaic (PV) system is capable of maximizing solar energy conversion by minimizing power losses. Conventionally,
the grid integrated PV system uses boost or buck-boost DC-DC converters in the DC link for lifting up the PV output. Also, a separate
complex circuit is used for active power compensation in the grid end. This paper proposes an advanced DC-DC converter by name
Super-Lift Converter (SLC) in the DC link of grid integrated PV system. Unlike the conventional DC-DC converters, the proposed
converter lifts up the DC link voltage thrice that of the input voltage. In addition, the proposed SLC is regulated using a PI controlled
active front end (AFE) topology, which results in operation of unity power factor at grid end. The suggested system is simulated using
MATLAB software. The presented results such as grid end voltage and current, input and output power of SLC and DC link voltage

validates the effectiveness of the developed system.
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1. Introduction

In Modern days, solar energy is considered as one of the most
reliable alternate for electrical power generation because it is
environment friendly and daily available form of renewable energy
[1]. Photovoltaic (PV) arrays are key equipment for capturing the
solar power. The power generated in the PV panel is of a certain
voltage level, which does not meet the grid requirement. The DC-
DC Converter [2] plays a vital role to overcome the
abovementioned problem. Though the DC-DC converters have
more advantages, problems like duty cycle loss, high voltage
ripple, complex control circuitry, etc., are still existing [3]. Several
DC-DC converter topologies and control methods are discussed in
the literature [4-7]. Those converters overcome the problems on
output voltage ripple. But, the complex control topology and
increased number of energy storage devices add disadvantages for
those converters.

A study on high voltage gain boost converter involving zero
voltage switching is presented in [8]. The main advantage of the
proposed converter is it has reduced voltage stress across the main
switch, which is very essential for renewable energy system.
However, it suffers from power balancing issues. The power
derived from PV panel is not constant throughout a day. Hence, it
is necessary to tie the solar power with the grid power. Integrating
the grid with PV leads to power quality issues at grid end.
Therefore, an active power balancing circuit is required at the front
end of the system. The topologies discussed in [9-12] eliminates
additional power balancing circuits with the help of active power
balance and it also reduces fluctuating neutral point currents using
passive power balance.

On the other hand, maximum power point tracking (MPPT)
approach using DC-DC converters is a trending research in the
renewable energy conversion domain. For achieving MPPT, certain
converters [13 & 14] interfaces sources of different voltage current
characteristics with a load establishing high efficiency. Some
strategies [15] use super capacitors as a constant voltage source and
adapted to varying load conditions. This method reduces the
charging and discharging pattern of the battery which decides
fluctuation in PV and load power [16].

MPPT techniques has many algorithms by comparing there
characteristics (Perturb & Observe, IC methods) are preferable [17
& 18].The tracking speed and accuracy gets varied for a different
MPPT technique. Recently ,new  Artificial intelligence(Al)
methods are introduced to control the disadvantage of classical
MPPT [19 & 20].these methods are used to identify the MPPT
algorithm by artificial neural networks technique (ANN).thus the
overall advantage of using MPPT are improved efficiency,
increased running time, no frequent collapse of PV power.

This paper proposes a high efficient solar energy conversion
system using Super-Lift Converter (SLC). The SLC is an advanced
DC-DC converter belongs to the Luo converter series [21].
Conventionally, the system designed with PV panels use a boost
converter in the DC link part, which maintains the output voltage
only twice that of the input voltage and also, the ripple in the DC
link voltage is more than 25%. The suggested work implements a
SLC instead of boost converter. The proposed system has the
following features:

. Efficient utilization of solar power.

. A DC-link voltage level 1.5 times greater than that of
the conventional DC-DC converters.

. Ripple-free DC-link voltage and current.
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2. Proposed System

The schematic of the proposed system is shown in Fig.1.
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Fig. 1: Schematic of the proposed system

The complete system is divided into three stages. The first stage is
to convert three phase AC power into fixed DC power using Diode
Bridge Rectifier (DBR); the second stage is to convert the
invariable DC power from DBR to variable DC using SLC and the
last stage is to convert the DC power from SLC to variable
voltage/variable frequency AC power using Voltage Source
Inverter (VSI). In addition to the forward path, the PV array is
integrated in the DC bus of the proposed model. Most PV based
systems include a PV array, a DC bus capacitor, an intermediate
DC-DC converter, a DC-AC inverter and an output filter. But,
integrating PV based system with grid is a complicated one
because; the power quality at the grid end is highly affected due to
the injection of harmonics by the non-linear loads. The proposed
scheme overcomes the above said problem by implementing a
novel Active Front End (AFE) scheme at the DC link part along
with the enhancement of maximum power point tracking (MPPT).
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A. Working and Significance of SLC ’[

The positive-output super-lift converters [22] is classified into five 1 o
subseries and are the main, additional, enhanced, re-enhanced, and (b)
multiple-enhanced series. The elementary circuit from the main YYD N
series, which is an immediate evolution of voltage lift converter, is 4 L21 A1
implemented for the proposed system. The overall circuit of the c21

SLC along with the equivalent circuit during switch ON and OFF l
is shown in Fig.2. CT
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Fig. 2: (a) Overall circuit of the SLC, (b) SLC during switch ON, and (c)
SLC during switch OFF
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The input voltage to SLC from DBR charges the capacitor C21 to
Vige, during switch ON period and the current flowing through the
inductor L1 raises with respect to Vige. During switch OFF period
of SLC, the capacitor Cz1 discharges and the current flowing
through the inductor La2: reduces with — (Vode— 2Vidc).

The typical output voltage of the SLC is

2-
Vo(de) = ﬁVi(dc) @)

where, Vo(dc)and Vj(dc) are the output and the rectified input
voltage of the ESLC. The output current of the SLC is given by,

l-a
lo(de) = E'i(dc) @
where, lg(dc) is the typical output current of the SLC, and

li(dc) is the input current of the SLC.

With respect to the firing angle (a) of SLC, the voltage transfer
from DBR to VSI in terms of gain (G) is expressed as,
2-a
G = — 3
1o @)
The voltage transfer gain of the conventional boost DC-DC
converter in the proposed system is given by,

1
Ta @

On substituting the value of a = 0.5 in equations (3) and (4), the
voltage transfer gain G for SLC is 3 and the voltage transfer gain
G for boost converter is 2. This indicates that for the similar
conduction duty, the SLC generates one and half times lifted
voltage transfer than the conventional boost converter. The ripple
content in the current flowing through the inductor “L21” is
expressed as,

Vo(dc) - 2Vi(dc) J
Ay =| ——— Toff
21 [ Loq
where, Toff is the OFF time of the SLC.

®)

B. Control Topology of SLC

The active front end topology using proposed super-lift
converter is shown in Fig.3.
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Fig. 3: Proposed AFE Scheme

Any one phase supply voltage is involved in this topology to
generate the reference current for inductor Li1. The supply voltage
is sampled using sample - hold circuit and converted to per unit
(p.u.) form. The amplitude of negative half cycle in p.u. voltage
waveform is shifted to positive half cycle using zero cross

detection arrangement. The output of zero cross detection is
multiplied with the PI controller output for producing the reference
current of Li1. Here, the supply AC voltage is taken for generating
the reference inductor (L11) current and hence, the phase angle at
which the voltage waveform follows will be equal to the phase
angle of current waveform across the inductor (Li1). Thus, the
achievement of zero phase difference between the supply voltage
and current is validated. Finally, the error in the inductor (Li1)
current is processed through the hysteresis current controller to
generate the gate signal to SLC.

3. P1 Controller Design for SLC

In the second path of the AFE scheme, the actual DC link voltage
which is the output voltage of SLC is compared with the reference
DC link voltage and the error is processed by the proportional plus
integral (PI) controller. The control action of PI regulator is
dependent on the proportional time constant (Kp) and the integral
time constant (Ti). The values of Kp and T are determined by using
Ziegler-Nichol’s tuning method [23].

According to the Ziegler-Nichol’s tuning method, the values of Kp
and T, are calculated from the delay time constant L and the time
constant T, which are observed from the step response S-shaped
curve of SLC. To attain the S-shaped curve, the state space model
of the SLC [24 & 25] is to be developed.

The state space model of SLC is determined by assuming the state
variables P1 (current flowing through La1), P2 (voltage across Cz1)
and P3 (Voltage across Co). Neglecting the input and the output
resistance of the suggested SLC, the state space equation of SLC
during switch ON period is given by,

1
R 0 0 O Lyq
' -1 g 1
Ppl=|— 0 O [|P|+]|=—u (6)
. C21 C21
-1 3 0
F3 0O 0 —
LJ ] Co | L

where, u is the input variable (i.e.,) input voltage of SLC.
The state space equation of SLC during switch OFF period is
given by,

Al |0 ol [
. . 21 L21irp |y
Pl=|— O 0O (|P[+| O |u (")
. C21
P 0
T
L 1 | Co Co |

The averaging state space model of the proposed SLC is
expressed as,

L ettt L
Ffl lr La A L21
|22 L g Ry Ly ®)
S| G Ca C21
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Rl e 5 L L
L 1| Co Co | L Co |

Now, applying step input for the overall state model of SLC
represented in equation (8), the S-shaped curve is achieved and is
shown in Fig.4. By drawing a tangential line over the S-shaped
curve, the delay time constant (L=0.05s) and the time constant
(T=0.052s) are observed. The values of Kp (9.36) and T, (0.016)
are straight away taken from the Zeigler-Nichol’s tuning chart for
the corresponding values of L and T. The PI regulator with the
determined constants will eliminate the error in the DC link
voltage.
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Fig. 4: Step Response of ESLC

Finally, the signals from both the parallel paths are multiplied to
generate the reference current for the inductor L2i. The reference
and the actual current passing through the inductor La2iis compared
and the error is processed by the hysteresis current controller to
produce the gate signal for SLC.

4. Results and Discussion

To validate the effectiveness of the proposed scheme, the
Simulink model of SLC-based grid integrated solar energy
conversion system is designed. The simulation is conceded by
using MATLAB 2012a software. The simulation circuit
parameters are presented in Table 1.

Table 1: Parameters of Simulink Model

PARAMETER RATING
Grid Input AC supply 1 phase, 100 V, 50 Hz
Capacity of Solar Panel 100 W

inductors

L11 =3 mH, L21 =2.56 mH

capacitors

Ca1= Co = 2000 pF

Voltage Source Inverter (VSI)

insulated-gate bipolar transistor

The simulation result on utility end voltage and current in the
absence of the proposed AFE control is shown in Fig.5. It is very
clear that, the utility end PF is very poor in the absence of
proposed AFE control and also the line current is extremely
distorted. In the presence of proposed AFE control, the simulation
result on utility end voltage and current is attained and is shown in
Fig.6. The voltage and current waveform has the same, which
indicates the operation of the proposed drive with unity PF at
utility end.
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To validate the impact of SLC in solar energy conversion system,
the input power from PV array and the output power from SLC is
observed and shown in Fig. 7.
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Fig. 7: Input Power from PV array and output Power from SLC
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The result shown in Fig.7 authenticates that the presence of SLC
pumps up the DC link power three times than that of the input
power. Also, the ripple content in the voltage signal is less than
1%.

To show the superiority of SLC in the voltage pump up aspect, the
DC link voltage with respect to PV output voltage is attained and
shown in Fig. 8.
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Fig. 8: Input Voltage from PV and Output Voltage of SLC

The result shown in fig. 8 depicts that the presence of SLC in DC
link maintains the voltage ripple less than 1%. In addition, the DC
link voltage is lifted from 25V to 75V.

5. Conclusion

A Grid integrated PV system using SLC is presented in this
manuscript. The AFE control in this system works on prognostic
algorithm and the impact of the projected AFE control on grid end
and DC link part are deliberated. A comparison between the utility
end voltage-current with and without the suggested AFE is
analyzed through simulation. The results point out that the utility
end PF is unity for grid integrated PV system with the suggested
AFE, whereas the utility end PF is less than 0.5 in the
nonappearance of the amended AFE control. The ability to reduce
DC link voltage ripple less than 1% and the lift-up of DC link
voltage level three times that of the PV voltage are the major
advantages of amended SLC, which sorts it as a suitable substitute
for the traditional boost DC-DC converters in the solar energy
conversion system.
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