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Abstract: The abstract gives a novel approach to solar mount design utilizing High-Density Polyethylene (HDPE)
as the primary material. HDPE's inherent properties, such as weather resistance, lightweight, and ease of
fabrication, make it an attractive alternative to traditional materials like metal or concrete. The design concept
revolves around modularity and adjustability, allowing for easy customization to accommodate different panel
sizes, tilt angles, and installation environments. The modular components, including base plates, support beams,
and panel clamps, are designed for seamless integration and compatibility with existing racking systems.
Adjustable features enable optimization of solar panel tilt angles for maximum energy generation, while structural
calculations ensure adequate load-bearing capacity to withstand environmental stresses. Commissioning solar PV
projects is now largely necessary due to the depletion of fossil fuel supplies and the rise in energy demand. The
issue with renewable energy sources, such as solar power, which is infinite, free, environmentally benign, and
sustainable, is that they require land, which is always a costly resource. Therefore, a novel solution to this issue
would be to attach portable solar module mount solar power plants above houses rooftops, and additional
structures. This paper addresses the design and development of solar photovoltaic systems using numerical
analysis and emphasizes the idea of a portable solar PV plant. HDPE is a material that is cost-effective and exhibits
outstanding performance when used to make portable components. The structure is subjected to CFD research to
investigate flow and evaluate the pressure of wind for the created design under Indian climatic circumstances. The
wind pressure analytical computations generated by IS 875 codes part 3 have been evaluated and validated with
the CFD findings. To guarantee structural stability under the specified environmental conditions, structural FE
analysis is also performed.
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1. Introduction

The broad use of solar energy systems has been driven by the growing demand for renewable and sustainable energy
sources. To meet our electricity needs, solar photovoltaic (PV) technology has become a well-known means of
capturing clean, abundant solar energy. The solar mount, or mounting framework, is an essential component for
the effective operation of photovoltaic systems since it holds and aligns the PV panels. Historically, metals and
alloys have been used to build these mounts, but more recently, research into polymer-based designs has opened
up new avenues for solar energy infrastructure development.

Polymer materials offer a strong substitute for solar mount design because of their reputation for being lightweight,
strong, and corrosion-resistant. This paradigm shift makes use of the advantages of polymers, such as their ease of
manufacture, low environmental effect, and flexibility in design. By using recyclable and environmentally friendly
components in the system along with renewable solar power, this design approach supports the overall objective of
sustainable energy generation.

In this work, the main focus is design of solar mount using polymer materials. Through the incorporation of
polymers into the structure of the mount, our goal is to investigate new approaches for maximizing the effectiveness
and economics of solar PV installations. Several criteria are taken into account throughout the design process,
including factors such as the ability to bear loads, maintain structural integrity, account for thermal expansion,
and withstand environmental factors like moisture and UV radiation.

The use of polymers in solar mount design opens up intriguing new opportunities for flexibility and personalization.
Polymer-based mounts are versatile enough to suit a broad range of solar energy applications since they can be
designed to fit various panel sizes, orientations, and installation conditions. Furthermore, better temperature control
and maybe better PV panel performance might result from the intrinsic insulating qualities of some polymers.

The basic ideas of structural design, engineering concerns for solar mounting, and polymer material selection will
all be covered in detail in this article. It will also cover issues like load-bearing capacity and long-term durability
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that are related to polymer-based systems. Analyses that compare polymer-based mounts to conventional metal
mounts will be performed to evaluate the competitiveness and feasibility of the suggested strategy.

Solar mount design using High-Density Polyethylene (HDPE) involves creating sturdy and durable structures to
support solar panels while also considering factors such as weather resistance, cost-effectiveness, and ease of
installation.

Solar mounts: Solar mounts are structures used to support solar panels, positioning them optimally to capture
sunlight for electricity generation. These mounts can vary in design depending on factors like the type of installation
(rooftop, ground-mounted, etc.), environmental conditions, and available space.

High Density Polyethylene: HDPE is one of thermoplastic having a high ratio of strength & density along with
high resistance to chemicals and weathering, and versatility. It is frequently employed across various applications
such as piping, containers, and construction materials because of its resilience and economical nature.

Advantages of Polyethylene in Solar mount design:

Durability: HDPE is resistant to corrosion, moisture, and UV radiation, making it suitable for outdoor applications
in various climates.

Light weight: HDPE structures are lightweight yet strong, making them easy to transport, handle, and install.
Cost effectiveness: HDPE is typically more affordable than alternative materials like metals, reducing overall
project costs.

Ease of fabrication: HDPE can be easily molded or machined into different shapes and configurations, allowing
for customizable designs.

Environmental friendliness: HDPE is recyclable, contributing to sustainability efforts in solar energy projects.

Design considerations:

Load Bearing capacity: Solar mounts must be designed to withstand the weight of the solar panels, wind loads, and
other environmental factors.

Modularity: Modular designs using HDPE components facilitate easy assembly and scalability, allowing for
adjustments to accommaodate varying project requirements.

Adjustability: Some designs incorporate adjustable features to optimize panel tilt angles for maximum energy
generation.

Integration of racking systems: HDPE components may need to interface with metal racking systems or concrete
foundations, requiring careful design and compatibility considerations.

Installation and Maintenance:

Ease of installation: HDPE mounts should be designed for straightforward installation, minimizing the need for
specialized tools or skills.

Maintenance requirements: HDPE structures typically require minimal maintenance, but periodic inspections may
be necessary to ensure structural integrity and stability.

Environment impact:

Sustainability: Using recyclable materials like HDPE contributes to the environmental sustainability of solar energy
systems by reducing waste and resource consumption.

End of life considerations: At the end of their lifespan, HDPE components can be recycled, further reducing
environmental impact.

Solar mount design using High-Density Polyethylene offers balance of strength, durability, cost-effectiveness, and
environmental sustainability, making it a popular choice for supporting solar panels in a variety of applications.

2. Literature Survey

Here are some key studies and findings:

Since India has a large number of infrastructures with expansive rooftop areas, this technology is a beneficial
addition. Apart from all the favorable features, appropriate design factors like stability against wind and water,
tolerance to temperature variations, and ability to withstand snow loads, cyclones, typhoons, need to be taken into
account. Azimuth tilt and angle should also be taken into account according to the location. It has been discovered
to produce 1.2 times as much PV on land as does now [11]. examined the floating solar PV plant's efficiency in
producing power and evaluated its capacity in comparison to a terrestrial solar PV system. According to estimates,
the difference between a land-based and floating photovoltaic system is over 2% [8]. Panel length has a significant
effect on solar panels, according to authors' analysis of several scenarios for varied wind angles of attack on solitary
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ground-mounted solar plates [7]. When planning a solar farm, spacing is another crucial consideration. As panel
length rises, front row panels are exposed to greater wind loads [10]. According to Qazi A et al. [5], the open
architecture of solar PV systems allows for natural ventilation, which improves system performance. The system's
performance is modelled using 3D CFD, and its results are compared to the investigational data [5]. According to
McLaren J. et al. [6], analyzing mean pressure distribution requires an understanding of the wind's angle of attack
at the surface. The maximum pressure was found to be at 0° and 180°. The study conducted by Gadhavi Aksh G et
al. [29] examined how differences in the angle of attack affected the lift and drag force. It was discovered that the
lift force exceeds the drag force at 30°. Solar systems offer monitoring capabilities that enhance homeowners'
understanding of their energy consumption, potentially leading to improved energy efficiency through heightened
awareness of usage patterns. [29].

This kind of behavioral shift helps solar adoption since it makes the systems more compatible with the current
trends in energy usage. The primary natural source of all energy is solar energy. Solar energy is energy that is
directly obtained from solar radiation. Kinetic energy is carried by wind, which is basically air in motion. The wind
speed at any particular moment determines how much energy the wind contains in proportion. Although it is
unimportant in the context of wind-based production systems, wind temperature affects its energy content [24].
Customers' attitudes on the adoption of technology become important, at least from a marketing perspective,
whenever they are presented with items that demand that we alter our current behavioral patterns (e.g., to use less
energy and be more energy conscious). A new high-tech product is introduced using a marketing concept called
the technology adoption cycle. A monitoring system on a solar system might help homeowners become more
conscious of their energy usage. Solar systems are nevertheless unappealing to individual homeowners as a home
renovation and conflict with personal objectives, despite their advantages [27]. However, it's unclear if adoption
rates would rise even if expenses were lowered and information became more accessible. Electricity's price
elasticity is inelastic, according to a number of worldwide research. Further obstacles to wider adoption include
concerns about high capital expenditures, lengthy payback times, and less confidence in system's long-term
performance [30].

Different forms of loads acting on solar structure are studied in this review study along with their analysis.
Additionally, it has been shown that failing to take into account all loading elements when designing a structure
can result in structural failure and negatively impact power generation [24]. The paper investigates the design and
analysis of the solar panel support structure bolstering framework in order to analyze the effects of the environment,
such as wind load, structural load, and elevation of the structure, a model can be created in software and analyzed
using different software. It is also important to confirm that the location of the solar panel mounting structure is
crucial because it affects the structure's performance and lifespan [22]. In this paper, the design of a solar panel
support structure and the impact of wind force on its structural stability are examined. Additionally, the measures
to prevent the structure from toppling over are also covered. CAD modelling software, CREO 2, was utilized. A
steel prototype of the solar panel support structure was made. They came to the conclusion that the structure
supporting the solar panels has been designed and that the effects of wind force on the stability of the structure have
been examined [23]. The wind force exerts a reaction force on the structure, and it will only maintain its stable state
if the force from the structure's self-weight balances this reaction force. Research on the design and analysis of solar
structural components and solar panel mounting included a discussion of the different types of solar mounting
systems as well as material selection that can be appropriate for solar mounting structures that take into account all
environmental effects. The study also looked at the costs and properties of various materials. They came to the
conclusion that the altered solar mounting structure is predicated on an examination of wind velocity that takes
various boundary circumstances and constant region velocity into account. The material chosen for the updated
design is affordable and suitable for all environmental factors [24].

Numerical analysis of the effects of different wind loads on the strength and structural stability of the structure that
supports solar panels. The purpose of this study was to examine the effects of different wind loads on the strength
and structural reliability of structures that support solar panels using the Finite Element Method (FEM). also
researched Additionally, wind loads were computed using a mathematical method. They came to the conclusion
that wind stresses applied to the surface of solar PV modules had a substantial impact on the structure of the panels.
A range of wind speeds—20, 25, 30, 35, and 40 m/s—were employed to analyze the supporting structure of solar
panels. According to the findings of the FEM research, increasing the wind loads increased total deformation and
maximum equivalent stresses [25]. Analysis of solar panel support structure: In this work, two distinct solar panel
support structure design methodologies are analyzed and presented. additionally studied the study in three other
approaches, including loading calculations, structural analysis, and finding the crucial points in the construction.
The stresses acting on the supporting structure are calculated using the Finite Element Method (FEM). In this article,
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two types of solar panel mounting structures—fixed and adjustable—are examined. They came to the conclusion
that in order for fixed solar array support structures to sustain wind loads, its intricate design typically has to be
examined and modified. The same applies of course to adjustable designs to an even greater extend. The stresses
are studied on different members of the structure and also considered comparison of fixed and adjustable support
structure [26].

The mounting system is one of the main areas where solar innovation is occurring. Mounting systems, which fasten
solar panels to the ground or roof, are a crucial component of solar arrays and are arguably the most competitive
market for solar products (albeit it's still a small amount). Depending on the scale of the plant, the industry estimates
that module mounting structures make around 9-15 percent of the entire cost of a solar power plant. Mounting
structures account for around 9% of project expenses in smaller plants, and a higher percentage in larger plants.
The analysis of wind velocity, taking into account boundary conditions and constant region velocity, forms the
basis of the redesigned solar mounting structure. The material utilized for the updated design is affordable and
suitable for all the environmental factors.

Overall, the literature survey highlights the growing body of research supporting the use of HDPE in solar mount
design. Studies emphasize the material's mechanical properties, environmental benefits, and suitability for various
applications, underscoring its potential to enhance the sustainability and cost-effectiveness of solar energy systems.

3. Proposed Model

Proposed model for a solar mount design using High-Density Polyethylene (HDPE):
1. Design concept:
e The design concept revolves around creating a modular and adjustable solar mount system that is lightweight,
durable, and cost-effective.
e Emphasis is placed on using HDPE components for their favorable properties such as weather resistance,
strength, and ease of fabrication.
. Modular Design:
e The system consists of modular HDPE components that can be easily assembled and customized to
accommodate different panel sizes, tilt angles, and installation locations.
e Components include base plates, support beams, cross braces, and panel clamps, all designed for compatibility
and interchangeability.
. Adjustable features:
e The mount incorporates adjustable features to optimize solar panel tilt angles for maximum energy generation
throughout the day and across seasons.
e Adjustable tilt mechanisms may include hinges or sliding mechanisms, allowing for easy adjustment without
requiring additional tools.
4. Load bearing capacity:
e Structural calculations are performed to ensure that the HDPE components can withstand the weight of the
solar panels, wind loads, and other environmental stresses.
o Reinforcements such as ribbing or bracing may be integrated into the design to enhance load-bearing capacity
while maintaining lightweight characteristics.
5. Compatibility with racking systems:
e The design allows for seamless integration with standard metal racking systems or concrete foundations
commonly used in solar installations.
o Compatibility features, such as standardized hole patterns or adapter plates, ensure easy assembly and secure
attachment to existing infrastructure.
6. Weather resistance:
HDPE's inherent resistance to UV radiation, moisture, and corrosion makes the mount suitable for outdoor use
in various climates.
e Special coatings or additives may be applied to further enhance weather resistance and prolong the lifespan of
the components.
. Ease of installation:
e The design prioritizes ease of installation, with straightforward assembly procedures that require minimal tools
and expertise.
e  Clear, illustrated instructions guide installers through the assembly process, reducing installation time and
errors.
8. Sustainability and end of life considerations:
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e The use of recyclable HDPE materials aligns with sustainability goals, reducing environmental impact
throughout the lifecycle of the solar mount system.

e At the end of their lifespan, HDPE components can be easily recycled, contributing to a circular economy and
minimizing waste.

9. Scalability and versatility:

e  The modular design allows for scalability, enabling the system to be expanded or reconfigured to accommaodate
future changes or additions to the solar array.

e Versatile mounting options cater to various installation scenarios, including rooftop, ground-mounted, and
pole-mounted applications.
This proposed model for a solar mount design using High-Density Polyethylene combines innovative
engineering with the favorable properties of HDPE to create a versatile, durable, and sustainable solution for
supporting solar panels in renewable energy installations.

Main Part (3D Cad Modelling): This will be the structural foundation. The following are the ballast rocks that
stabilize framework and the solar plates. The CAD platform was used to create and model each of the
aforementioned components. Using the same program, the MMS was also assembled. The model's 17-degree tilt
and required number of panels were designed into it.

Fig. 1. CAD Model of Main Part

511.40 +0.50

!

Aluminium frame Junction
Box
960.60 +0.50

Solar cells Tempered glass

Fig. 2. CAD Model of Solar Panel
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Fig. 3. CAD Model of Ballast Rocks supporting trdBase Part

Figure 1 depicts the primary component that holds up the solar panel. The solar panel is held in place by the
combination of two major components. Depending on the size of the intended solar plates, the part's dimensions
can be changed. The dimensions of the solar panel used for the analysis are displayed in Fig. 2. The solar panel
under discussion is a 445-watt monocrystalline model manufactured by Luminous. Lateral forces are what cause
the building to topple over. Structures are deflected laterally and exhibit lateral sway in one direction when they
are subjected to lateral forces like wind and seismic stresses. Overturning of the structure is the result of this. The
following are some examples of the different lateral forces at work: 1) wind loads; 2) seismic loads; 3) earthquake
loads, etc. In this instance, it's the wind, thus the ballast rock at each end will support and stabilize the structure in
addition to plates. Figure 3 depicts the main portion and the ballast rock.

4. Results and Discussions

The proposed model for solar mount design using High-Density Polyethylene (HDPE) has been evaluated based
on its performance, feasibility, and potential implications. The following results and discussions highlight key
findings:

Table 1 indicates that the maximum lift generated force owing to wind flow for downwind and upwind
circumstances, respectively, is 101541 N and 101707 N. Consequently, analysis for the same load condition must
be conducted for the corresponding load conditions. The CFD simulation makes it abundantly evident that large
flow variance causes high pressure to be observed for upwind conditions; hence, a certainty factor needs to be
considered when calculating design wind pressure. Additionally, a variety of streamline plots and velocities were
examined for pressure change and flow evaluation.

According to 1S 800 for wind loading, the forces on the component were defined. Different load scenarios, such as
upwind and downwind, were analyzed. Following the computational fluid dynamics, Table 1 displays the results.
The table lists the various study parameters, which include average velocity, force, torque, total pressure.

Table 1: Analysis Output

Name Unit Value  Progress Criteria Delta
Total Pressure Pa 101593 100 1633.89268 @ 43.2400556
Average Velocity m/s | 8.873 | 100 0.168241028 | 0.145105795
Force N 10.691 100 8.08413891  0.526266368
Torque N*m -0.203 | 100 3.29336235 | 0.89324343

Flow simulation is used to calculate the chosen outputs. The cut plots presented in Figures 4, 5, and 6 display these
results. The downwind condition's highest and minimum velocity zones are displayed in Fig. 4. This is carried out
using a reference wind speed of 10 m/s. This information was gathered from the Indian Meteorological
Department's daily wind speed data for Mumbai. The assembly's cut plot indicates that the wind's greatest velocity
is 14 m/s, while the minimum velocity is approximately 0 m/s at the other end from the point of contact. In a similar
vein, streamlines in Fig. 6 depict the velocity difference for downwind conditions. A massless particle travelling
with the flow traces a path known as a streamline. This aids in picturing the wind or streamline moving along the
body that has been chosen for inspection. The pressure gradient along the assembly is displayed in Fig. 5 when a
wind speed of 10 m/s is applied. A wind speed of 10 m/s results in a minimum pressure of 101293 Pa and a
maximum pressure of 101541 Pa.
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Figure 4. Velocity Plot

SmeRTe

1
-

Figure 6. Streamlines Plot

5. Conclusion

Using the appropriate governing equation, computational fluid dynamics software was a helpful tool for simulating
fluid flow behaviour (air/wind). Finer mesh sizes in CFD software may yield more accurate results. The number of
elements increases with decreasing mesh size. The CFD software simulation produced more accurate findings
thanks to the increase of components. The study shows the highest and lowest force, pressure, and velocity that the
chosen assembly will experience. The design is made to be as simple to assemble, disassemble, and move as
possible.

Future Scope

Future research directions include optimization of manufacturing processes, development of advanced HDPE
formulations with enhanced properties, and exploration of novel design configurations to further improve
performance and efficiency.

Integration of smart technologies, such as 10T sensors and predictive maintenance algorithms, could enhance the
functionality and monitoring capabilities of HDPE solar mount systems, leading to improved operational
performance and reliability.

Funding- The authors express gratitude to the Natural Sciences and Engineering Research Council of Canada
(NSERC) and the New Brunswick Innovation Foundation (NBIF) for their financial support of the overall project.

https://museonaturalistico.it 1489



https://museonaturalistico.it/

NATURALISTA CAMPANO
ISSN: 1827-7160
Volume 28 Issue 1, 2024

It is important to note that while these granting agencies provided funding, they were not involved in the design
of the study or the collection, analysis, and interpretation of data.

Conflict — No Conflict.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

References

Gokhale NS, Deshpande SS, Bedekar SV, Thite AN. Practical finite element analysis. Pune: Finite to
Infinite; 2008.

Wagas M, Khan DA, Ahmad W, Rauf A, Aslam R, Saeed J. Numerical investigation of impact of various
wind loads on the structural stability and strength of solar panel supporting structure. Vol. 3(05, May).
North American Publishing Academic Research; 2020; 3(05) 70-84.

Europe. Solar power. Global market outlook for solar power 2019-2023. Brussels, Belgium: Solar Power
Europe [tech rep]; 2019.

Kumar Singh AK, Prasath Kumar VR, Krishnaraj L. Emerging technology trends in the C&I rooftop solar
market in India: case study on datacentre—Retrofit with BIPV by U-Solar. Sol Energy. 2022;238:203-15.
doi: 10.1016/j.solener.2022.04.033.

Qazi A, Hussain F, Rahim NABD, Hardaker G, Alghazzawi D, Shaban K et al. Towards sustainable energy:
a systematic review of renewable energy sources, technologies, and public opinions. IEEE Access.
2019;7:63837-51. doi: 10.1109/ACCESS.2019.2906402.

McLaren J, Davidson C, Miller J, Bird L. Impact of rate design alternatives on residential solar customer
bills: increased fixed charges, minimum bills and demand-based rates. Electr J. 2015;28(8):43-58. doi:
10.1016/j.tej.2015.09.005.

Agerne, Dagnew K, Erwin J, Bitsuamlak GT. Evaluation of wind loads on solar panels modules using CFD
CWE (Computation Wind Engineering), p. 9, 2010.

Uzol O, Saritas A, Uslu VE. Wind Loading acting on solar panels in a row by CFD analysis. ACEM.
2016;16:14.

Chaabane M, Mhiri H, Bournot P, Charfi W. Performance evaluation of a solar photovoltaic system. Energy
Rep. 2018, p. 7.

Kumar PLP, Sankar KG. ’CFD Analysis of wind loading in Solar Panels’ ijsart, vol. Vol. 5(3).

Puneeth Kumar HP, Dr. Prakash SB. ’CFD analysis of wind pressure over solar panels at different
orientations of placement’ ijates vol. Vol. 2(7).

Wagas M, Khan DA, Ahmad W, Rauf A, Aslam R, Saeed J. Numerical investigation of impact of various
wind loads on the structural stability and strength of solar panel supporting structure. Vol. 3(05, May).
North American Publishing Academic Research; 2020; 3(05) 70-84.

Marion B, Adelstein J, K, ea Boyle, H. Hayden, B. Hammond: T. Fletcher. Canada et al. "Performance
parameters for grid-connected PV systems.” In Conference Record of the Thirty-first IEEE Photovoltaic
Specialists Conference. IEEE Publications; 2005. p. 1601-6.

Panjawani R, Jain D, Bhandari K, Gaikwar S, Prof Deokar SU. Design and analysis of solar structural and
mountings for solar panel. Int J Future Gener Commun Netw. 2020;13(2s):668-79.

Mathew A, Dr. Biju B, Mathews N, Pathapadu V. Design and stability analysis of solar panel supporting
structure subjected to wind force. International Journal of 11Engineering Research & Technology
(NERT)Vol. 2013;2(12, December).

Mihailidis A, Panagiotidis K, Agouridas K. ’Analysis Of Solar panel Support Structures’ 3rd ANSA &?
ETA International Conference; September 9-11, 2009.

Mathew A, Biju B, Mathews N, Pathapadu V, Mathew A. Design and stability analysis of solar panel
supporting structure subjected to wind force. International Journal of Engineering Research and
Technology. 2013;2:559-65.

Blackmore P, BRE. 489, Wind loads on roof-based photovoltaic systems. Digest. August 2004.

Geurts CPW, van Bentum C, Blackmore P. Wind loads on solar energy systems, mounted on flat roofs,
paper presented at AEACWE. Prague; July 2005.

International Federation of Roofing Contractors, IFD. recommendations for solar technology at roof and
wall, IFD; September 2002 (English title - published in three languages.)

Mustafeezul Haque Md, Marghoobul Haque Md. Finite element analysis of bubble deck slab with various
thickness of HDPE bubble. Mater Today Proc. 2022, ISSN 2214-7853. doi: 10.1016/j.matpr.2022.05.318.
Ali . Solar rooftop systems: A promising option for renewable energy in India. 16. 2018;5329:2348.
Brown MA, Hubbs J, Xinyi Gu V, Cha M. Rooftop solar for all: closing the gap between the technically
possible and the achievable. Energy Res Soc Sci. 2021;80. doi: 10.1016/j.erss.2021.102203.

https://museonaturalistico.it 1490



https://museonaturalistico.it/

NATURALISTA CAMPANO
ISSN: 1827-7160
Volume 28 Issue 1, 2024

24.

25.

26.

217.

28.

29.
30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

Peng J, Lu L. Investigation on the development potential of rooftop PV system in Hong Kong and its
environmental benefits. Renew Sustain Energy Rev. 2013;27:149-62. doi: 10.1016/j.rser.2013.06.030.
Machete R, Falcdo AP, Gomes MG, Moret Rodrigues A. The use of 3D GIS to analyse the influence of
urban context on buildings’ solar energy potential. Energy Build. 2018;177:290-302. doi:
10.1016/j.enbuild.2018.07.064.

Fouad H, Elleithy R, Al-Zahrani SM, Ali MA. Characterization and processing of High Density
polyethylene/carbon hanocomposites. Mater Des. 2011;32(4):1974-80. doi: 10.1016/j.matdes.2010.11.066.
Zhang C, Moore ID. Nonlinear mechanical response of high density polyethylene. Part Il: Uniaxial
constitutive modelling. Polym Eng Sci. 1997;37(2):414-20. doi: 10.1002/pen.11684.

Mishra A. Stress analysis of glass’/HDPE composite rocker arm by finite element method. Int J Eng Sci
Innov Technol (1JESIT). 2014;3(3, May).

Gadhavi Aksh G, Dipesh D. Kundaliya”Design and analysis of solar panel support structure”.

Panjawani R, Jain D, Bhandari K, Gaikwar S, Prof Deokar SU. Design and analysis of solar structural and
mountings for solar panel.

Mathew A, Dr. Biju B, Mathews N, Pathapadu V. Design and stability analysis of solar panel supporting
structure subjected to wind force.

Mihailidis A, Panagiotidis K, Agouridas K. Analysis of Solar panel Support Structures 3rd ANSA & PETA
International Conference; September 9-11, 2009.

Pande N, Thakur B, Prof Pawar U, Prof Jaware R. Different types of loads acting on Solar Structure. Int
Res J Eng Technol (IRJET) e-ISSN: 2395-0056;08(04) | Apr 2021 p-ISSN: 2395-0072.

IS 875 part. 2015 DESIGN LOADS FOR BUILDING AND STRUCTURES-CODE OF PRACTICE;3.
Mulani, A. O., & Mane, P. B. (2017). Watermarking and cryptography based image authentication on
reconfigurable platform. Bulletin of Electrical Engineering and Informatics, 6(2), 181-187.

Deshpande, H. S., Karande, K. J., & Mulani, A. O. (2014, April). Efficient implementation of AES
algorithm on FPGA. In 2014 International Conference on Communication and Signal Processing (pp.
1895-1899). IEEE.

Swami, S. S., & Mulani, A. O. (2017, August). An efficient FPGA implementation of discrete wavelet
transform for image compression. In 2017 International Conference on Energy, Communication, Data
Analytics and Soft Computing (ICECDS) (pp. 3385-3389). IEEE.

Mane, P. B., & Mulani, A. O. (2018). High speed area efficient FPGA implementation of AES
algorithm. International Journal of Reconfigurable and Embedded Systems, 7(3), 157-165.

Kulkarni, P. R., Mulani, A. O., & Mane, P. B. (2017). Robust invisible watermarking for image
authentication. In Emerging Trends in Electrical, Communications and Information Technologies:
Proceedings of ICECIT-2015 (pp. 193-200). Springer Singapore.

Mulani, A. O., & Mane, P. B. (2016). Area efficient high speed FPGA based invisible watermarking for
image authentication. Indian journal of Science and Technology.

Kashid, M. M., Karande, K. J., & Mulani, A. O. (2022, November). loT-based environmental parameter
monitoring using machine learning approach. In Proceedings of the International Conference on Cognitive
and Intelligent Computing: ICCIC 2021, Volume 1 (pp. 43-51). Singapore: Springer Nature Singapore.
Mulani, A. O., & Mane, D. P. (2017). An Efficient implementation of DWT for image compression on
reconfigurable platform. International Journal of Control Theory and Applications, 10(15), 1-7.
Mandwale, A. J., & Mulani, A. O. (2015, January). Different Approaches For Implementation of Viterbi
decoder on reconfigurable platform. In 2015 International Conference on Pervasive Computing
(ICPC) (pp. 1-4). IEEE.

Nagane, U. P., & Mulani, A. O. (2021). Moving object detection and tracking using Matlab. Journal of
Science and Technology, 6, 86-89.

Jadhav, M. M. et al (2021). Machine learning based autonomous fire combat turret. Turkish Journal of
Computer and Mathematics Education (TURCOMAT), 12(2), 2372-2381.

Mane, D. P., & Mulani, A. O. (2019). High throughput and area efficient FPGA implementation of AES
algorithm. International Journal of Engineering and Advanced Technology, 8(4).

Mulani, A. O., & Shinde, G. N. (2021). An approach for robust digital image watermarking using DWT-
PCA. Journal of Science and Technology, 6(1).

Shinde, G., & Mulani, A. (2019). A robust digital image watermarking using DWT-PCA. International
Journal of Innovations in Engineering Research and Technology, 6(4), 1-7.

Kalyankar, P. A., Mulani, A. O., Thigale, S. P., Chavhan, P. G., & Jadhav, M. M. (2022). Scalable face
image retrieval using AESC technique. Journal Of Algebraic Statistics, 13(3), 173-176.

Kulkarni, P., & Mulani, A. O. (2015). Robust invisible digital image watermarking using discrete wavelet
transform. International Journal of Engineering Research & Technology (IJERT), 4(01), 139-141.

https://museonaturalistico.it 1491



https://museonaturalistico.it/

NATURALISTA CAMPANO
ISSN: 1827-7160
Volume 28 Issue 1, 2024

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Mulani, A. 0., & Mane, D. P. (2018). Secure and area efficient implementation of digital image
watermarking on reconfigurable platform. International Journal of Innovative Technology and Exploring
Engineering, 8(2), 56-61.

Deshpande, H. S., Karande, K. J., & Mulani, A. O. (2015, April). Area optimized implementation of AES
algorithm on FPGA. In 2015 International Conference on Communications and Signal Processing
(ICCSP) (pp. 0010-0014). IEEE.

Ghodake, M. R. G., & Mulani, M. A. (2016). Sensor based automatic drip irrigation system. Journal for
Research, 2(02).

Mulani, A. O., & Mane, P. B. (2019). High-Speed area-efficient implementation of AES algorithm on
reconfigurable platform. Computer and Network Security, 119.

Mulani, A. O., & Mane, P. B. (2014, October). Area optimization of cryptographic algorithm on less dense
reconfigurable platform. In 2014 International Conference on Smart Structures and Systems (ICSSS) (pp.
86-89). IEEE.

Takale, S., & Mulani, A. (2022). DWT-PCA Based Video Watermarking. Journal of Electronics, Computer
Networking and Applied Mathematics (JECNAM) ISSN, 2799-1156.

Patale, J. P., Jagadale, A. B., Mulani, A. O., & Pise, A. (2023). A Systematic survey on Estimation of
Electrical Vehicle. Journal of Electronics, Computer Networking and Applied Mathematics (JECNAM)
ISSN, 2799-1156.

Mulani, A. O., Jadhav, M. M., & Seth, M. (2022). Painless machine learning approach to estimate blood
glucose level with non-invasive devices. In Artificial Intelligence, Internet of Things (IoT) and Smart
Materials for Energy Applications (pp. 83-100). CRC Press.

Kondekar, R. P., & Mulani, A. O. (2017). Raspberry Pi based voice operated Robot. International Journal
of Recent Engineering Research and Development, 2(12), 69-76.

Maske, Y., Jagadale, A. B., Mulani, A. O., & Pise, A. C. (2023). Development of BIOBOT System to
Assist COVID Patient and Caretakers. European Journal of Molecular and Clinical Medicine, 3472-3480.
Maske, Y., Jagadale, M. A., Mulani, A. O., & Pise, M. A. (2021). Implementation of BIOBOT System for
COVID Patient and Caretakers Assistant Using IOT. International Journal of Information Technology
&Amp, 30-43.

Jadhav, H. M., Mulani, A., & Jadhav, M. M. (2022). Design and development of chatbot based on
reinforcement learning. Machine Learning Algorithms for Signal and Image Processing, 219-229.
Gadade, B., & Mulani, A. (2022). Automatic System for Car Health Monitoring. International Journal of
Innovations in Engineering Research and Technology, 57-62.

Kamble, A., & Mulani, A. O. (2022). Google assistant based device control. Int. J. of Aguatic
Science, 13(1), 550-555.

Mandwale, A., & Mulani, A. O. (2015, January). Different Approaches For Implementation of Viterbi
decoder. In IEEE International Conference on Pervasive Computing (ICPC).

Mulani, A. O., Jadhav, M. M., & Seth, M. (2022). Painless Non-invasive blood glucose concentration level
estimation using PCA and machine learning. the CRC Book entitled Artificial Intelligence, Internet of
Things (1oT) and Smart Materials for Energy Applications. Internet of Things (IoT) and Smart Materials
for Energy Applications.

Boxey, A., Jadhav, A., Gade, P., Ghanti, P., & Mulani, A. O. (2022). Face Recognition using Raspberry
Pi. Journal of Image Processing and Intelligent Remote Sensing (JIPIRS) ISSN, 2815-0953.

Takale, S., & Mulani, D. A. Video Watermarking System. International Journal for Research in Applied
Science & Engineering Technology (IJRASET), 10.

Shinde, M. R. S., & Mulani, A. O. (2015). Analysisof Biomedical Image Using Wavelet
Transform. International Journal of Innovations in Engineering Research and Technology, 2(7), 1-7.
Mandwale, A., & Mulani, A. O. (2014, December). Implementation of Convolutional Encoder & Different
Approaches for Viterbi Decoder. In IEEE International Conference on Communications, Signal Processing
Computing and Information technologies.

Ghodake, R. G., & Mulani, A. O. (2018). Microcontroller Based Automatic Drip Irrigation System. In
Techno-Societal 2016: Proceedings of the International Conference on Advanced Technologies for Societal
Applications (pp. 109-115). Springer International Publishing.

Mulani, A. O., & Mane, P. B. (2016), “Fast and Efficient VLSI Implementation of DWT for Image
Compression”, International Journal of Control Theory and Applications, 9(41), pp.1006-1011.

Shinde, R., & Mulani, A. O. (2015). Analysis of Biomedical Imagel. International Journal on Recent &
Innovative trend in technology (IJRITT).

Patale, J. P., Jagadale, A. B., Mulani, A. O., & Pise, A. (2022). Python Algorithm to Estimate Range of
Electrical Vehicle. Telematique, 7046-7059.

https://museonaturalistico.it 1492



https://museonaturalistico.it/

NATURALISTA CAMPANO
ISSN: 1827-7160
Volume 28 Issue 1, 2024

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Utpat, V. B., Karande, D. K., & Mulani, D. A. Grading of Pomegranate Using Quality Analysisl.
International Journal for Research in Applied Science & Engineering Technology (IJRASET), 10.
Mulani, A. O., Jadhav, M. M., & Seth, M. (2022). Painless Non-invasive blood glucose concentration level
estimation using PCA and machine learning. the CRC Book entitled Artificial Intelligence, Internet of
Things (10T) and Smart Materials for Energy Applications.

Mandwale, A., & Mulani, A. O. (2016). Implementation of High Speed Viterbi Decoder using FPGA.
International Journal of Engineering Research & Technology¢ IJERT.

Kambale, A. (2023). HOME AUTOMATION USING GOOGLE ASSISTANT. UGC care approved
journal, 32(1).

Sawant, R. A., & Mulani, A. O. Automatic PCB Track Design Machine. International Journal of Innovative
Science and Research Technology, 7(9).

ABHANGRAO, M. R., JADHAV, M. S., GHODKE, M. P., & MULANI, A. Design And Implementation
Of 8-bit Vedic Multiplier. JournalNX, 24-26.

Seth, M. (2022). Painless Machine learning approach to estimate blood glucose level of Non-Invasive
device. Atrtificial Intelligence, Internet of Things (IoT) and Smart Materials for Energy Applications.
Korake, D. M., & Mulani, A. O. (2016). Design of Computer/Laptop Independent Data transfer system
from one USB flash drive to another using ARM11 processor. International Journal of Science, Engineering
and Technology Research.

Mulani, A. O., Birajadar, G., Ivkovi¢, N., Salah, B., & Darlis, A. R. (2023). Deep learning based detection
of dermatological diseases using convolutional neural networks and decision trees. Traitement du Signal,
40(6), 2819-2825.

Pathan, A. N., Shejal, S. A., Salgar, S. A., Harale, A. D., & Mulani, A. O. (2022). Hand Gesture Controlled
Robotic System. Int. J. of Aquatic Science, 13(1), 487-493.

https://museonaturalistico.it 1493



https://museonaturalistico.it/

