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Abstract— The main design
objective of the solar
photovoltaic (PV) systems is to
extract the maximum power
from the PV systems for a long
time. The amount of power
extracted from the PV array
can be affected by temperature,
solar irradiation, dust
accumulation, wind speed, PV
array configuration and shading
pattern. Often, the PV arrays
are completely or partially
shadowed and has Dbeen
recognized  as a  major
challenging concern which can
reduce the output power of PV
arrays due to mismatching
power loss between the PV
modules and represents
multiple = Maximum  Power
Points (MPPs) in the electrical
characteristics (I-V and P-V
characteristics). The key
objectives of this paper are to
model, simulate and study the
effects of PSCs on the electrical
characteristics of Series (S),
Series—Parallel (S-P), Bridge
link(BL) and Honey- Comb (H-
C) PV array configurations
under various shading patterns
such as, short and narrow, short
and wide, long and narrow, long
and wide, and diagonal shading
patterns by using a

MATLAB/Simulink simulation
model. The performance
analysis of the PV array
configurations is carried out by
considering the maximum
power generated (Py;p), open-
circuit voltage (Voc), voltage at
maximum power point (Vypp),
short-circuit current (Igc),
current at maximum power
point (Iy;pp), The simulation and
performance analysis of PV
array configurations is
performed with 36 modules.

Keywords— photovoltaic (PV)

systems, Configurations, Maximum
Power Points

1. INTRODUCTION
The ever-growing demand for a

low-cost energy and an in-
creasing concern about
environmental issues has

motivated an enormous attention
in the utilization of freely and
abundantly available renewable
energy sources such as solar, wind
tidal energy etc. Among these
renewable energy sources, solar
Photovoltaic (PV) systems has
attracted more attention due to the
decrease in the price of PV
modules, intentional government
subsidies and innovative business

jespublication.com

Page 1287



ISSN:0377-9254

Journal of Engineering Sciences

models in the residential,
commercial and utility power
systems (The solar energy can be
easily converted into electrical
energy using PV
cells/modules/arrays. The
performance and efficiency of PV
systems depend on many factors;
such as solar irradiation, temper
ature, aging effect, potential
induced degradation effects etc. In
general, the variations in solar
irradiation and temperature will
be considered as the most
affecting factors of PV generation
systems. The temperature has an
enormous effect on aging of PV
modules. If the PV modules are
subjected to higher temperatures,
it can lead to  module
delamination, creation of bubbles,
corrosion etc. Under uniform
irradiation condition (i.e., all the
cells in a module or array receives
the same irradiation), PV systems
represents a unique Maximum
Power Point (MPP) in the non-
linear -V and P -V
characteristics. This MPP can be

tracked by employing
conventional Maximum Power
Point Tracking (MPPT)
techniques.

Under the Partial Shading
Conditions (PSCs), commonly
referred to as mismatching

conditions, certain cells or
modules in a PV array are shaded
by passing clouds, trees, poles,

buildings, bird droppings and
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some other objects Therefore,
under PSCs PV modules represent
multiple maximum power points
(MPPs) in the non-linear I-V and
P —V characteristics. The presence
of multiple MPPs in the -V and P
—V characteristics and to track the
global MPP, soft computing based
MPPT techniques are efficient
Due to PSCs, PV systems are
prone to mismatching power
losses, and hence the maximum
power generation capability and
efficiency of PV  systems
decreases. In addition, due to
PSCs, the mismatching power
losses in a PV system are also due
to dust and soiling, defects of
bypass diodes, different
positioning of the PV modules in
the same string with respect to
solar  irradiation,  differences
between the PV cells physical
parameters, manufacturing
tolerances etc. These mismatching
power losses in a PV system can
be reduced by employing various
approaches; these are PV array
configurations.

2. PV CONFIGURATIONS
* Begin with an overview of
solar energy use globally and
the role of photovoltaics in
renewable energy. Discuss the

basic principles of
photovoltaic technology,
including how solar cells
convert sunlight into
electricity.
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* Provide a brief history of
PV array  configurations,
detailing the evolution of
different wiring schemes and
layout designs.

* Discuss early challenges
and technological
advancements  that  have
influenced the development of
PV array configurations over
time

2.1 Series PV configuration

All of the PV modules are wired
together in a series connection in
this setup. When PV modules are
connected in series, the same
amount of current passes through
each one, thus their total current
equals that of the PV array
current. total voltage produced by
a PV array, which is the same as
the voltage across all modules in
thearray added together

T
Hi

Fig. 1 Series configuration
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2.2  Series-Parallel PV
configuration

It the widely used popular
topology for both stand-alone PV
systems and systems that connect
to the grid. The PV panels are
linked together to form a string to
get the desired output voltage and
current. The output current of an
S-P structure is equal to the total
current of all the strings, and the
output voltage is equal to the
voltage across any one of the

strings.

Fig. 2 Series-Parallel
configuration

2.3 Bridge-Link configuration

In  Bridge-Link PV array
Configuration is formed by
connecting each four PV modules
such a manner that they form a
bridge, after forming these bridges
are connected with cross ties.
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buildings, poles, and

accumulated dirt or debris on the

cven

panels themselves. simulation and
study the effects of PSCs on the
electrical characteristics of Series
(S), Series—Parallel (S—P), Bridge
link(BL) and Honey- Comb (H-C)

= PV array configurations under

Fig. 3 Bridge-Link various shading patterns such as,

configuration short and narrow, short and wide,

long and narrow, long and wide,

2.4 Honey-Comb PV and diagonal shading patterns by
configuration using a MATLAB/Simulink.

The honey bee's home, a hexagon,

4 PERFORMANCE

served as 1nsp1rat%on for this ANALYSIS

layout. Honey bee hives take on a

hexagonal shape when six This section discussing the
modules are joined together, and performance of SP, BL, HC PV
in this arrangement, all hexagonal array  configurations  under
structures are held together using various PSCs.  All the

Cross-ties.

configurations’ performances are
evaluated by simulating them in
Matlab/Simulink  environment.

The of all
configuration’s performances are

analysis

carried out under uniform

insolation and then it can be
extended under various PSCs

s s SP BL HC
Fig.4 HOney—COmb Conﬁguration -l'nil'or Row Colm Unifor o = Colm Unifor . = Colum Unifor o = Colum
113:;1 11727.3 11728. el 19;.2 A 19;5,5 19;5.7 o 1956.2 19:.5
[ 2! 8227 8209 4926 4925 4761 4925 4925 476 4926 4925 47.59
3 PARTIAL SHADDING -9353 —— 7952.8 e 13112 1527.4 e 1332.0 152.2 B 13;).5 153.6
- 7.693 7652 7518 4548 4547 4137 4559 4515 4142 4621 457 4105
Non-uniform Shadlng on - 7%, 5"’;" 704 5967 6514 7205 962 6598 7104 S067 6555
photovoltaic (PV) arrays can B 0o : : o 3 0o 0 2 2 0 1 2
L . . [OOBMccenew 1414 1256 1255 1415 1256, 1371 115 1255 1389 1413 1256 1380
significantly impact their
. . Table 1: Parameters under Uniform,
performance  and  efficiency. , .
. . Row, Column shading conditions
Shading can occur due to various
factors, such as nearby trees,
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Table 2: Parameters under Diagonal,
Center and Short and Narrow(SAN)
shading conditions

s sp BL HC

SAW LAN  LAW SAW LAN  LAW SAW LAN 1AW SAW LAN

117105 U744 116054 19542 19595 19362 1956 19581 1938 19573 19632

8204 8207 818 4922 4138 402 90 4933 402 4923 4754

76991  $3226 85709 16672 15828 16368 16944 16143 16494 16799 16201

9125 5331 3417 4736 3833 4309 4798 6000 4380 49 3962

Table 3: Parameters under Short and
Wide(SAW), Long and Narrow (LAN)
and Long and Wide(LAW) shading
conditions

5. CONCLUSION

. A detailed investigation
on 6x6 conventional Solar PV
array configurations such as
Series, Series- Parallel, Bridge-
Link, Honey-Comb under
different shading conditions is
done also finding the Peak
power and efficiency.

. This research article has
investigated the performance of
S, S-P and H- C PV array
configurations by changing the
electrical connections between
the PV modules in a PV array

. that impacts the
maximum power generation
capability under different partial

641 3986 284 3685 2632 2831 3716 2655 2BH4 368 2

S SP BL HC
Diagonal  Cemter SAN  Diagomal Cemter SAN Diagonal Center SAN  Diagomal Center
0684 17803 1TS1 19642 19595 1961 19645 19665 19631 19656 19618
8209 $208 8208 4923 4913 4923 4837 92 93 92 9B
78598 0727 $3535 13086 14529 143 15995 16303 16506 1635 16317
59 7206 641 4559 4095 3798 4195 35 3303 38%
5967 17 535 96T 5950 4R 6710 614 S84 64 6090
6 4 3 2 3 4 2 2 4 2 4
1245 23 134 1245 1260 161 M00 1295 1S5 1330 129

SAN

19584

94

16474

3266

5381

139
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shading conditions; uniform,
short and narrow, short and
wide, long and narrow, long and
wide and diagonal shading
condition. * The H-C PV array
configuration  generates the
maximum power under all
above mentioned shading
conditions except in short and
narrow  shading  condition.
Therefore, from the MATLAB/
SIMULINK simulation results
on S, S-P and H- C PV array
configurations, it is concluded
that in most of the partial
shading conditions, the H-C PV
array configuration is the most
appropriate PV array
configuration for the generation
of maximum power compared to
Series S and S-P PV array
configurations

REFERENCES

[1] P. K. Bonthagorla and S. Mikkili,
“Performance analysis of PV array
configurations (SP, BL, HC and TT) to
enhance maximum power under non-
uniform  shading Eng.
Reports, May, 2020.

[2] S. R. Pendem and S. Mikkili,
“Modelling and performance assessment
of PV array topologies under partial
shading conditions to mitigate the
mismatching power losses,” Solar
Energy, vol. 160, pp. 303-321, 2017

[3]S. Bana and R.P. Saini, “Experimental
investigation power output of
different photovoltaic array
configurations under uniform and Partial
shading scenarios,” Energy, vol. 127, pp.
438-453,2017.

[4]S. R. Pendem and S. Mikkili,
“Modelling and performance assessment
of PV array topologies under

conditions,"

on

jespublication.com

Page 1291



Journal of Engineering Sciences

ISSN:0377-9254

partial shading conditions to mitigate the
mismatching power losses,” Solar
Energy, vol. 160, pp. 303-321, 2017
[S]C. E. Clement, J. P. Singh, E.
Birgersson, Y. Wang, and Y. S. Khoo,
““Hotspot development and shading
response of shingled PV modules,”’Sol.
Energy, vol. 207, pp. 729-735, Sep. 2020
[6]Taufik AO, Anwari M, Taufik M.
Modeling and simulation of photovoltaic
water pumping system. Proc Third Asia
Int Conf Model Simul, AMS ’09
2009:497-502.

[7]Alabedin AMZ, El-Saadany EF,
Salama MMA. Maximum power point
tracking for Photovoltaic systems using

fuzzy logic and artificial neural

Vol 15 Issue 05,2024

networks. : IEEE Power Energy Soc
General Meet 2011:1-9.

[8]Daraban S, Petreus D, Morel C. A
novel MPPT (maximum power point
tracking) algorithm based on a modified
genetic algorithm specialized on tracking
the global maximum power point in
photovoltaic systems affected by partial
shading. Energy 2014;74:374e388.

[9] Unal Yilmaza , Ali Kircaya , Selim
Borekcib .PV system fuzzy logic MPPT
method and PI control as a charge
controller, Renewable and Sustainable
Energy Reviews 81 (2018) 994-1001

jespublication.com

Page 1292



	2.1 Series PV configuration
	2.2 Series-Parallel PV configuration
	2.3 Bridge-Link configuration
	Fig. 3 Bridge-Link   configuration
	2.4 Honey-Comb PV configuration
	The honey bee's home, a hexagon, served as inspiration for this layout. Honey bee hives take on a hexagonal shape when six modules are joined together, and in this arrangement, all hexagonal structures are held together using cross-ties.
	Fig.4 Honey-comb configuration
	Table 2:  Parameters under Diagonal, Center and Short and Narrow(SAN) shading conditions
	Table 3: Parameters under Short and Wide(SAW), Long and Narrow (LAN) and Long and Wide(LAW) shading conditions


