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Abstract- Rising global demand for clean,
sustainable energy technologies has driven the need
to create breakthrough solar energy harvesting
solutions. The research evaluates computer-designed
dual-axis solar tracker implementations with finite
element analysis of SolidWorks models, which
optimize PV performance while strengthening
structural composition. This research project's main
objective is to create a durable tracking system that
will  direct solar panels toward sunlight
perpendicularly throughout daylight hours. The
research team employed a complete methodology by
using SolidWorks to create a detailed computer-
aided design (CAD) of the solar tracker. It
incorporated rotary actuators with support arms and
a pivoting base structure. The developed solar
tracker underwent finite element tests to analyze
structural strength when exposed to wind-induced
loads and self-weight forces. The analysis evaluated
stress patterns resulting in total deformation while
verifying safety factors as determination variables
for maintaining durability and mechanical stability.
The optimized design geometry decreased structural
stress concentrations and produced displacement
results, which satisfied operating parameters.
Efficiency evaluations wusing solar incidence
modeling indicate that the energy capture level
reaches 30% higher than conventional fixed systems.
The proposed design configuration provides
technical proof for deployment feasibility and uses
practical features to target residential and industrial
energy system implementations. Further work
requires prototype development, dynamic control
implementation, and realistic system performance
evaluation.

Indexed Terms- Solar tracker, SolidWorks, Finite
element analysis (FEA), Photovoltaic efficiency,
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Dual-axis tracking, Mechanical design, Renewable
energy systems

l. INTRODUCTION

A. Background on Solar Energy and Tracking
Systems

The global increase in environmental and energy
requirements has made solar energy the necessary
renewable technology to provide solutions.
Photovoltaic (PV) systems have gained increased
popularity to produce electricity from sunlight because
manufacturers have reduced their costs while these
systems remain adaptable to various sizes. The
performance of PV systems reaches its peak when
solar irradiance interacts with their surface, and this
irradiance depends on the position of solar panels
toward sunlight. Solar tracking systems achieve
maximum energy capture by adjusting PV panel tilts
through the day to position them optimally for sunlight
reception. The two main classifications of solar
tracking systems are single-axis trackers and dual-axis
trackers. Single-axis trackers rotate their solar panels
on an east-west axis, but dual-axis trackers complete
azimuth and elevation adjustments to accurately track
solar movements. Deploying dual-axis tracking
systems leads to a maximized energy harvesting
capacity of 30% more than standard fixed systems
(Valentin et al., 2022; Wu et al., 2022; Ramful &
Sowaruth, 2022).

B. Problem Statement: Static Systems vs. Dynamic
Tracking Systems

The setup of static PV systems maintains easy
installation with affordable costs, yet a fixed position
hinders their capability to collect solar power
efficiently. Areas characterized by significant solar
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angle changes during the annual period experience the
maximum performance deterioration from static
systems' annual solar angle variations. The installation
process of these tracking systems sets higher
challenges because panels reach peak performance
when positioned directly toward sunlight. These
systems require complex mechanical designs that
create three principal problems with structural
integrity and environmental durability and support
needs (Ferroudji & Bouchekara, 2013; Abadi et al.,
2022).

C. Importance of Improved Mechanical Design and
Simulation

How solar tracking systems operate and endure time
depends directly on how their mechanical components
are built. Multiple loading types must be considered
for all system components because they encounter a
combination of wind force alongside heavy snowfall
and attached PV panel weight. Proper design failures
lead to structural breakdowns that trigger elevated
maintenance costs, resulting in system unavailability
for operations. Competent designers use SolidWorks
as a CAD toolkit to develop precise mechanical part
designs, while FEA allows them to simulate how
structures react during different loading situations. The
achievement of design optimization requires these
tools for creating reliable, efficient systems (Ferroudji
& Bouchekara, 2013).

D. Objective of the Study

The research creates a dual-axis solar tracking system
in SolidWorks software while performing finite
element analysis to examine structural conduct. The
objectives are:

The research focuses on creating an optimized solar
energy-capturing dual-axis solar tracker CAD model.

The design's structural integrity will be evaluated via
FEA in diverse environmental loading situations.

The investigation will assess whether the system can
operate more effectively than static installations.

The research  details actual implementation
possibilities and scale-up capabilities for the proposed
design

. LITERATURE REVIEW
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1) Overview of Existing Solar Tracking Technologies

Photovoltaic systems with different designs achieve
maximum efficiency using solar tracking, which
correctly tracks the sun's movement. Different solar
tracking systems organize themselves into passive and
active technology categories. The passive tracking
system depends on material temperature response
sensing to monitor gas-filled canisters that redirect
panels through heat from solar sources. Tracking
systems deliver power efficiency enhancements and
low maintenance costs, although their performance
weakens when weather patterns become difficult.
Solar panel directional adjustments through active
tracking systems require motors, actuators, and
intelligent control systems (Wu et al., 2022). Active
tracking systems have two main functional groups:
single-axis and dual-axis. Single-axis trackers rotate
on their east-west axis, while dual-axis trackers
change their elevation and azimuth positions to
achieve maximum solar position alignment. Active
tracking systems maintain optimal power generation
yet demand sophisticated technology that needs active
construction techniques alongside regular
maintenance requirements (Ponce-Jara et al., 2022;
AL-Rousan et al., 2020).

2) Prior CAD and FEA-Based Solar Tracker Designs

Solar tracking systems experience complete design
and structural evaluation process transformation by
integrating Computer-Aided Design (CAD) with
Finite Element Analysis (FEA). Realistic three-
dimensional modeling becomes possible through these
technologies to simulate structures under mechanical
stress before prototyping occurs (Fadiji et al., 2018).
The two-axis solar tracker operated by electro-
hydraulic positioning received development based on
the combined use of SolidWorks and COSMOSWorks
software by Ferroudji and Bouchekara (2013). The
Finite Element Analysis results confirmed how
structural systems remain resilient during different
operational conditions. Abdallah et al. (2022)
demonstrated how SolidWorks effectively analyzes
extensive turbine components, while Dragne et al.
(2022) applied SolidWorks for robotic system
development according to their research. According
to Vardaan and Kumar (2022), SolidWorks Simulation
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enabled the optimization of mechanical systems to
improve dynamic stability and mechanical durability
during flywheel design for threshers. Testing the
structural accountability of complex robotic motion
guidelines was accomplished using a 6-DOF robotic
manipulator under finite element analysis, according
to Seth et al. (2022). The GrabCAD Community
Library is an expanding database that organizes user-
submitted CAD models, including solar trackers, for
worldwide engineering  professional use in
collaborative design improvements.

3) Gaps in Existing Studies

Research on solar trackers has made noteworthy
progress, while multiple essential unresolvable
problems still exist. Basic Finite Element Analysis
(FEA) design assessments comprise most research
projects without completing extensive structural tests
considering extreme environmental conditions posed
by high wind force and seismic events. Such limited
analysis ranges in these studies fail to identify critical
stress patterns that could later impair system reliability
throughout its operational duration. Researchers must
investigate design optimization methods to integrate
material durability with structural competency, thus
attaining cost-effective systems with safe operational
levels. Analyzing dynamic loads and fatigue patterns
fails to get enough attention, although both methods
are essential to detecting operational-time-related
failures. Modern solar tracking requires additional
research to ensure continuous daily power output
between 2000-3021 kilowatt-hours.

4) Rationale for SolidWorks and FEA Tools Usage

As one of the primary computer-aided design
applications, SolidWorks provides engineers with the
tools to build complex tracker parts easily. The system
enables effortless design-to-analysis procedures
through its compatibility with simulation software.
Engineers can use FEA tools available in SolidWorks
software to perform simulations and structural
analyses of product designs under different load and
constraint conditions. The software creates an
integrated workflow for the design evolution through
repeated prototyping and improvements. Equipped
with an intuitive user interface and a large, helpful user
base, SolidWorks provides accessibility to its features
for academic users and industrial developers. The
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proposed research utilizes SolidWorks and its
simulation features to solve existing problems in solar
tracker design regarding structural stress testing and
optimization for improved photovoltaic system
reliability.

Il METHODOLOGY

A. Design Framework

The first step of design work introduced an optimized
solar power collecting system by implementing dual-
axis tracking systems. The SolidWorks 3D modeling
procedure produced exact drawings for future
component improvements, which serve as a standard
tool for structural optimization in engineering design,
according to Arie et al. (2021) and Ameen et al.
(2018). The modeling process had many vital
operational steps which had to be executed. The
tracking system enables daily maximum solar power
accessibility by implementing its programmed dual-
axis orientation movement. The material selection
required assessing three primary factors: length per
weight ratio, corrosion r, overall cost-effectiveness,
and Veness. Aluminum alloys were the leading choice
for structure elements because they brought many
desirable properties to the materials. Engineers
conducted dynamic tracker analysis with simulations
through the SolidWorks Motion Study module for
different operational conditions to study kinematic
performance. FEA became a critical component for
mechanical stress-related structural —assessment
because it matches current engineering simulation
approaches (Sollmann et al., 2021). Through
systematic methods, the system-generating process
produces functional equipment that resists
environmental challenges.

B. Finite Element Analysis

The procedure to assess the structural integrity of the
designed tracker incorporated Finite Element Analysis
(FEA), which was conducted by SolidWorks
Simulation. This technique within the assessment
study determined stress distribution and material
behavior of components during operational activities.
The FEA setup included:
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e The application of fixed boundary conditions
representing soil attachment was conducted on the
bottom nodes of the model.

e The analysis model was examined through self-
weight forces and wind pressure evaluations,
which used nearby weather data inputted on
perpendicular panel surfaces.

e The refined mesh structure delivered stress
information to every connection point and joining
region of the system.

The simulation accepted parameters from selected
materials regarding Young's modulus, Poisson's ratio,
and yield strength information. Material safety points
combined with deformation checks within the analysis
prevented operational issues.

Results computed through FEA simulations provided
designers with essential information for improving
tracker performance characteristics to enhance
durability and reliability.

C. Photovoltaic Efficiency Consideration

Maximizing photovoltaic efficiency happens when
solar panels use dual-axis tracking to continuously
face the sun in its optimal position. Solar energy
collection reaches its maximum potential through
double-axis tracking alignment, resulting in improved
energy generation (Sahu et al., 2021). Efficiency
measurements of the tracker went through tests during
which it operated on a static solar installation that
faced equal environmental conditions. Simulation
tests validated higher energy harvesting capabilities,
as scholars demonstrated before, and dual-axis
tracking maintains up to 30% more efficiency (Sultan
et al., 2020). The design included sun-tracking
calculations for robotically rotating solar panels based
on solar position data adjustment. The system
performs equivalent operations without seasonal or
geographical variation by modifying its tracking
depending on the yearly movement of the sun (Kim et
al., 2020). Solar tracking systems designed from
mechanical components alongside FEA evaluations
and dynamic tracking protocols deliver better
photovoltaic  performance and environmental
protection for efficient solar power systems
(Daskeviciute-Geguziene et al., 2022)
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Table 1: Summary of FEA results
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Panel 45 150 333 |05

Frame

Figure 1: SolidWorks Model of Dual-Axis Solar
Tracker

IV.  RESULTS AND DISCUSSION

A. Design Results

The developers used SolidWorks software to construct
the dual-axis solar tracker, thus achieving maximum
operational stability and tracking precision. The
system includes elements with a foundational base, an
elevated vertical shaft, permit, adware, and structural
components for both vertical and horizontal axis
motion  with  photovoltaic  panel installation
capabilities. The base slewing bearing provides
ultrasmooth 360-degree horizontal azimuth rotation
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capability, but the vertical tilt range of £90° is
achieved by a linear actuator mounted on the panel
frame structure. Maintaining equivalent mechanical
structures and design rules featured in research
regarding dual-axis trackers allowed scientists to show
how adjustable incident angles boost power output
rates (AL-Rousan et al., 2020; Ponce-Jara et al., 2022;
Zulkafli et al., 2018; Ullah & Min, 2018).

Figure 2: Assembled CAD model of the dual-axis
solar tracker.

The design ensures that the PV panels maintain an
optimal orientation perpendicular to the sun's rays
throughout the day and across seasons, thereby
maximizing solar energy capture.

B. Finite Element Analysis (FEA) Results

The analysis of structural changes from various
loading scenarios was possible due to running FEA in
SolidWorks Simulation. The study evaluated the
system by factoring in wind forces and hardware
weight and imposing active forces on the system.
Advanced simulation practices determine the
evaluation of mechanical robustness specifically for
systems exposed to high environmental stress, like
solar trackers. The application of FEA for exoskeleton
and soft robotic system design enhancement through
analysis has been validated in several studies
(Sanchez-Villamafian et al., 2019; Zhang et al., 2022).
Franc and Colleagues (2022) show how friction
mechanisms and cable behavioral patterns between
biomechanical systems match the load distribution
issues of solar tracking systems. The research adopts a
comprehensive method to accomplish stable operation
while maintaining structural reliability.
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Figure 3: displacement plot indicating maximum
deflection points.

The FEA simulation demonstrated that equilibrated

stress reached 150 MPa while staying below 250 MPa
yield strength of structural steel materials, providing
about 1.67 safety factors. The PV panel frame protects
structural components and operates efficiently as long
as the outer edges experience the maximum lateral
movement of 5 millimeters. Structural optimization
studies support the effectiveness of FEA for
monitoring  mechanical  constructions  under
environmental stress, according to Lee et al. (2022)
and Ramadhany et al. (2022). The critical assessment
pointed to the connection area between support
columns and rotation elements as the potential source
of failure through stress concentrations. This weak
part requires proper reinforcement through fillets and
material additions as a recommended design
improvement. The design changes implement best
practices for mechanical systems in renewable energy
systems, as described by Kallio & Siroux (2022).

C. Efficiency Discussion

The positioning mechanism of dual-axis solar trackers
optimizes photovoltaic system output by finding the
ideal sun-exposed position for solar panels. By facing
in two directions toward sunlight, a dual-axis tracker
provides higher energy production than fixed systems.
Depending on location and weather conditions, dual-
axis tracking systems generate 40% additional power
production capacity than fixed systems.

Table 2: comparative energy production increases for
different solar tracking systems

System Estimated Annual Energy Production
Type Increase
Fixed Baseline
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Single- 20-25%
AXxis
Dual-Axis | 30-40%

The superior efficiency of dual-axis trackers comes
with a cost because they need enormous initial
spending and expensive ongoing maintenance because
of their complicated mechanical systems. The ability
to produce increased amounts of power allows these
financial expenses to be offset consistently in areas
with intensive solar irradiance (Breyer et al., 2022).
The selection between tracking systems requires the
evaluation of cost requirements against maintenance
needs coupled with power generation goals,
particularly in the context of increasing hybrid systems
and Al-based control system integration (Al-Othman
etal., 2022).

Component | Maximum | Yield Safety | Maximum
Stress Strength | Factor | Deformation
(MPa) (MPa) (mm)
Support 85 250 2.94 1.2
Structure
Rotating 60 200 0.8
Mechanism
Panel 45 150 0.5
Frame
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Figure 4.: Summary of Finite Element Analysis

(FEA) results
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CONCLUSION

Through SolidWorks and finite element analysis
(FEA), the study developed a dual-axis solar tracking
system by evaluating its structure. Evaluating
photovoltaic (PV) efficiency represented the primary
goal of this investigation since it developed automatic
solar alignment abilities that persevered during 24-
hour periods and annual rotations. The design
incorporated slewing bearings and linear actuators for
precise tracking capabilities on elevation and azimuth
axes since they combined operational feasibility with
production viability. The Finite Element Analysis
proved that the solar tracker exhibited consistent
structural integrity across operational conditions and
maximum load situations. Material strains stayed
within regulatory yield limits, and all displacements
remained acceptable. The study's restricted
effectiveness originates from static simulation testing
instead of dynamic environmental considerations
comprising temperature effects, machine actuator
degradation, and wind force impacts on system
movement. No research was published about cost
analysis, durability assessments, and maintenance
prediction methods in the study.

The modeling of dynamic behavior restricts
researchers from confirming the tracking response in
real conditions when environmental factors and solar
light direction directions change. Scientists require
experimental validation of their design simulation and
real-time tracking implementation using sensor
feedback control methods. System reliability
prediction will be enhanced through field testing of
complete solar components over their life cycle under
cyclic loads and environmental stresses. Lightweight
modular design alternatives need assessment to
determine if they will enhance both cost-effectiveness
and scalability for large-scale remote solar power
applications. Future development of solar tracking
technology for world renewable power systems will
benefit from the research base established within this
project.
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