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ABSTRACT

The output voltage accessibility from the sustainable source like photo voltaic (PV), power modules and battery banks are too low in practical
utility. Therefore, the accessible voltage must be ventured up impressively before interfacing with the load. The performance of the PV panel is
dependent on energy from the sun and temperature of the cell. Subsequently, the most extreme output power of the PV module fluctuates with
the progressions in solar irradiation and temperature of the cell. The overall efficiency of solar PV panel improves by tracking the maximum
power with help of power electronics devices. The maximum power point tracking achieved by the Perturb & Observe (P&O) controller for
comparative analysis of the boost converter(BC), interleaved boost converter(IBC) and interleaved boost with Lifting capacitor (IBC Lift C). In
this paper IBC is proposed. Two interleaved stage simulated and results are compared and analyzed in this proposed method. All methods are

simulated in Matlab/Simulink software.
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Introduction

In present day’s electric power is generated with various
sources such as PV, wind, fuel cell, tidal, etc. Among which,
the solar PV electrical power generation has played a vital
role in the past two decades. The maximum power point
tracking (MPPT) is used to trace the maximum voltage and
current automatically in the solar PV array. Different MPPT
control techniques used to capture maximum energy to the
solar PV modules (1-7). H. Malek et al (8) discussed the
faster MPPT applied to the solar panel. The efficiency of
Solar PV is low because its output power depending upon
on irradiation & cell temperature, which increase the output
side voltage and power with the help of DC-DC BC. The
boost output voltage to be increased by the various duty
ratios modeled with DC-DC converter (9-11). Normally BC
is used to improve the high voltage gain also increasing the
efficiency level. If the DC-DC converter switching
frequency is limited, the output voltage is diminished. In
(12) dealing to with comparison of a standard BC to the
quadratic BC. In (13-19) completely discussed to be
modeled the ripple free boost converter topologies.
Nowadays modified BC required because of better
efficiency to increase the output voltage and obtain the
smooth waveform. The modified BC and phase shifted pwm
techniques used is called the IBC (20). A proposed new
topology to be modeled IBC. The various stages of IBC are
discussed in (21-29). In spite of this authors discussed the
model for the IBC. This paper additionally proposes one
more method to simulate and compare the result to the IBC.
The proposed new method is called IBC Lift C. The solar
PV MPPT using P&O for the BC, IBC and IBC Lift C are
simulated in Matlab/Simulink, at difference irradiance and
constant cell temperature. The above three methods are
simulated and their performance analyzed individually. Also
comparative analysis of IBC and IBC Lift C is discussed in
detailed in this paper.
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Modelling Of Solar PV Cell

The PV modules are arranged in series and shunt for
obtaining the appropriate level of voltage and current values.
The numerical displays are necessary to determine the
generating voltage and power under various loading
conditions. Fig.1 shows the PV equivalent circuit. Equation
(2) is determines the output of PV current.

=11, (quvH*RSe)/nKT =)V, —IxR.)/R, (1)
Where,

I =Output Current PV Cell in A.

Ipc = Photocurrent in A.

I = Diode Saturation Current in A.

q = Charge of an electrons (1.6x10™°) in C.

V,y = Output Voltage PV Cell in V.

Rs. = Series resistance in ohm.

K= Boltman’s Constant in J/K.

T = Temperature in K.

n=Ideality factor (1~2).

R, = Parallel resistance in Q.
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Figure 1. PV Cell Equivalent Circuit

The photocurrent relies upon sunlight-based irradiance and
cell temperature which is indicated by the accompanying
condition from reference (1) and use (2) to get the photo
current values.

Hirr
IPC = Iscc + I(i (Tcell _Tref )X

1000 (2)
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lsec = Short Circuit Current in A.

k; = Temperature Coefficient.

Teen = Cell Temperature in K.

Tt = Reference Temperature of a cell in K.
Hi = Solar Irradiation in W/m?.

Electrical Parameter For Solar PV Module

Solar PV module simulated with help of Matlab software,
the electrical parameter listed in the Table 1. Also, in Fig.2
and Fig.3 shows the I-V and P-V characteristics of solar PV
module.

Table 1 Type Styles Solar Pv Module Electrical Parameter

Module Parameters 1Soltech 1STH-215-P
P(Peak Power ) 213.15 W
V. (Open Circuit Voltage) 36.3V
Vmp (Voltage at MPPT) 29V
Neen (Cell per module) 60
I, (Short circuit current) 7.84 A
Imp (Current at MPPT) 7.35A
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Figure 2. Different Irradiation Level PV module I-V
characteristics(Array type: 1Soltech | STH-215-P)

Voltage (V)

Figure 3. Different Irradiation Level PV module P-V
characteristics (Array type:1Soltech | STH-215-P)

Design Of DC-DC Boost Converter

Fig.4 shows the MPPT based BC which comprises of a
diode, inductance (L) and capacitance (C). The BC is
utilized for boosting the level of output voltage. The DC
sources such as DC generators, batteries, etc have the ability
to take care of BC. It is observed that the duty cycle also
increases to obtain the MPPT in the PV module of the BC,
with expansion in solar radiance and temperature of the cell.
Equation 3 gives the output voltage of BC.
V.

Vouw =71
1-d) (3)
Where
Vin = Input Voltage in V
Vout = Output Voltage in V
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d= Duty Cycle.
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Figure 4. MPPT based BC

Design Of Interleaved Boost Converter (IBC)

Fig.5 shows the circuit diagram of IBC in which the ripple
content in the input current and output voltage are reduced
in each phase. From the semiconductor switches, the current
stress and voltage stress decrease, in that the current splits in
to the parallel paths. Equations (4) and (5) are used to
decrease the ripple in lin of IBC.

Al, _ (1-d)**d*T,

in

Iin i
R “4)
-
(5)
Where,

T = Time Constant in second.
L+ = Equivalent inductance in H.
R=Load resistance in ohm.

lin = Input current in A.

Based on the values of the L and C, time constant (Ts) and
ripple current are reduced. Also, the voltage ripple reduced
keeping the switching period is less than the time constant.
Equations (6) and (7) are used to determine the voltage
ripple and time constant of IBC

AV, d~T,
VD R * COUt
(6)
T; - R * Couf (7)
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Figure 5. MPPT based IBC
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Design Of Interleaved Boost Converter Lift
Capacitor (IBC Lift C)

Fig.6 shows the simple two-phase IBC topology consisting
of a capacitor Cm. IBC Lift C having the two inductors (L1
and L2) , two diodes (D1 and D2) and two switches (S1 and
S2) are used. Total ripple input current decreases in phase
shift switching methods. The ripple content reduces the
input current and output voltage is same in the IBC
topology.
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Figure 6. MPPT based IBC Lift C

P&O-MPPT

The P&O approach utilizes voltage and current sensors to
measure the solar PV power output. The calculation of the
P&O MPPT procedure is shown in Fig.7. By modifying the
duty cycle (d) after a fixed measure of time, the P&O
calculation tests predicted input power. When the input
voltage and power levels are higher than the previous
calculated values, then the duty cycle reduces to achieve
closer maximum power.
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Figure 7. Flowchart of the P&O Algorithm

A.Simulations for BC, IBC and IBC Lift C

The standard DC-DC BC, IBC and IBC Lift C simulation is
carried out using MATLAB/Simulink software. Assuming,
the solar irradiation 800 W/m2 and temperature of the cell is
250 C. This section presents the simulation of the above
three methods.
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The simulation of BC is shown in Fig.8. Output voltage and
output power of BC increases based on the irradiation value
increased here to fix the temperature 250 C is constant. Thus
the output power gradually increased based on the time,
from the graph to be noticed that the maximum power
attained at the time depends upon 8 seconds. The output
power reached stable condition after 8 seconds only. The
transient’s behavior of the output response is more.

Figure 8. Simulation of BC

From the Fig.9 and Fig.10 shows that the input and output
voltages for the BC. The ripple output voltage 162.5 V
settled at 8 seconds.

Boost Converter input voltage in V

0 1 2 3 4 5 6 7 8 9 10
Time in second

Figure 9. Waveform of BC input voltage

Boost converter output voltage in V

Time in second
Figure 10. Waveform of BC output voltage
From the Fig.11 and Fig.12 shows that the ripple content

input and output current waveform of the BC. The output
current 4.15 A settled at 8 seconds shown in Fig.12.
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Boost Converter input current in A

Time in second

Figure 11. Ripple BC input current waveform

Boost Converter output current in A

| I I I I I
0 1 2 3 4 5 6 7 ] 9 10
Time in second

Figure 12. Ripple BC output current waveform

The input, output power of BC as shown in Fig.13 and
Fig.14. The output steady state power 620.5 W settles at 9.5
seconds, also output power having more transient’s
behavior.

700

600 [

500 -

400

300 |-

200 |-

100

Boost Converter input power in W

Time in second

Figure 13. BC input power waveform

Boost Converter Output Power in W

Time in second

Figure 14. BC output power waveform
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B. Simulation of IBC

IBC simulation as shown in Fig.15. To fix the exact values
of the L and C to attain the proper output voltage and output
power respectively. From the Fig.16 and Fig.17 shows the
IBC input and output voltages. IBC output voltage value
477.9 V settled at 1.35 seconds. The input and output
current waveform of IBC is depicted in the Fig.18 and
Fig.19. IBC output current 1.04 A settled at 1.35 seconds.
IBC output voltage and power values are shown in the table
Il and I1l. The output voltage, current and powers are very
smooth. Fig.20 shows the input power IBC, in which IBC
MPPT attained quickly compared with BC this shows in
Fig.21 very clearly. The output steady state power 510.1 W
settled at 1.35 seconds.

In this proposed method transient behavior of the output
response minimum. When the steady state converter method
is applied the output voltage of IBC is very smooth and
higher values. To run the simulation up to 10 seconds, the
irradiation level 800 W/m2 also maintain the cell
temperature 250 C is constant.

!

Figure 15.Simulation of IBC

Interleaved Boost Converter input voltage in V

0 1 2 3 4 5 6 7 8 9 10

Time in second

Figure 16. Waveform of IBC input voltage
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Interleaved Boost Converter output voltage in V
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Figure 17. Waveform of IBC output voltage
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Interleaved Boost Converter output current in A

Interleaved Boost Converter input power in W

Interleaved Boost Converter Output Power in W

Interleaved Boost Converter input current in A

0 1 2 3 4 5 6 7 8 9
Time in second

Figure 18. Waveform of IBC input current
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Figure 19. Waveform of IBC output current
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Figure 20. IBC input power waveform
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Figure 21. IBC output power waveform
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C. Simulation of IBC Lift C

Fig.22 shows simulation result of the IBC Lift C converter.
From the Fig.23 and Fig.24 shows the IBC Lift C input and
output voltages. IBC Lift C output voltage value 470.6 V
settled at 1.87 seconds. The input and output current
waveform of IBC is depicted in the Fig.25 and Fig.26. IBC
output current 1.032 A settled at 1.87 seconds. The output
power is almost same as the IBC method. IBC Lift C
method output response behaviour transient’s minimum
compare with BC. The MPPT tracking quickly attained is
compared with BC. From the Fig.27 and Fig.28 shows the
IBC Lift C input and output powers. IBC Lift C output
steady state power 501.5 V settled at 1.87 seconds.

Overall voltage and power comparison carried out different
irradiation level solar PV module at constant temperature
250 C, listed in the Table 2. From the comparison, the
maximum power output attained in the method of IBC.
From the Fig.29 and Fig.30 shown the overall output voltage
and power compares in different irradiation value with
constant temperature.

The IBC MPPT is faster than the two methods. Power
Transfer efficiency is decreased in the IBC and IBC Lift C
compare with BC, because a greater number of elements
involved that so power loss increasing, it affects the output
power automatically. This paper analyses MPPT quickly
attained the method IBC.

Figure 22. Simulation of IBC Lift C

20

Interleaved Boost Converter Lift C input voltage in V

Time in second

Figure 23. IBC Lift C input voltage waveform
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o

Interleaved Boost Converter Lift C output voltage in V

Time in second

Interleaved Boost Converter Lift C Output Power in W

Figure 24. IBC Lift C input voltage waveform

Time in second

; Figure 28. IBC Lift C output power waveform
5 Table 2. Comparison of Output Voltage
£ Irradiation(W/m?) Viee | Visciit
™ | W
8 400 3517 | 3507
& 450 3729 | 3633
BT 500 392.8 381.7
2 S N N N N N 550 4055 | 398.8
0 1 2 3 4 5 6 7 8 9 10
Time in second 600 422 4151
Figure 25. IBC Lift C input t f 00 1583 a2
igure 25. ift C input current waveform 700 4513 1333
) 750 464.8 449.6
: " 800 4779 | 4706
3
£
: - oo WIBC Output Voltage inV
B g
8 02 ]
E 5 300
g o 2
E : w
0 1 2 3 4 5 6 7 8 9 10 2
Time in second § 100
Figure 26. IBC Lift C output current waveform :
= s Irradiation (W/m?)
§ : Figure 29. IBC and IBC Lift C output voltage Comparison
-§ Table 3. Comparison of Output Power
£ Irradiation(W/m?) Pisc W) | PiscLitc
W)
S 400 277.3 276.5
x o 450 311.8 299.8
T T 1 T 1 1 1 500 346 3324
| I e 550 370.2 358.6
2 &t B ¥ 8 & % 75 @ B 600 3975 | 3836
Time in second 650 4277 4051
Figure 27. IBC Lift C input power waveform 700 455.1 4338
750 484.1 4517
800 510.1 501.5

www.psychologyandeducation.net 2064



PSYCHOLOGY AND EDUCATION (2020) 57(9): 2059-2067

ISSN: 00333077

W |BC Output Power in W

600

IBC Lift C Output Power in W

Output Power (IBC and IBC Lift C) in W

Trradiation (W/m?)
Figure 30. IBC and IBC Lift C output power Comparison

The ripple content almost diminished in the simulation of
IBC and IBC Lift C methods. When these two methods are
compared the power losses is minimum in the IBC method
so that attained maximum power reached as the same time
quickly settles at steady state.

margin in this template measures proportionately more than
is customary. This measurement and others are deliberate,
using specifications that anticipate your paper as one part of
the entire proceedings, and not as an independent document.
Please do not revise any of the current designations.

Conclusion

In this paper comparative analysis of the two methods IBC
and IBC Lift C is done with help of MATLAB/ Simulink.
The performance of allmethods is analyzed. The P&O
technique is employed for solar PV module using the above
methods at various irradiations at constant temperature. The
IBC method has higher output voltage when compared with
boost and IBC Lift C method of same input voltage and duty
cycle. For the comparative table irradiation decrease output
power also decreases. The solar PV systems maximum
power obtained to the available maximum output power
with help of MPPT method. IBC maximum power 510.1 W
and IBC Lift C maximum power 501.5 W. The performance
of solar PV system IBC proposed method produces better
results when compared other two methods. The maximum
power tracking is more stable for IBC and IBC Lift C
compare with BC in relate to the performance, oscillation
and stability of photovoltaic systems.
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