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Abstract: The demand for renewable energy sources has increased due to growing concerns over climate
change and the depletion of fossil fuels. Solar energy, as one of the most abundant and clean sources of energy,
plays a vital role in addressing this issue. One of the challenges associated with solar panels is their fixed
orientation, which results in inefficient energy capture due to the sun's changing position throughout the day.
This research focuses on the development of a non-electrical rotating solar panel system driven by a clock-
driven mechanism. The primary goal of this project is to design a system that autonomously adjusts the
position of solar panels to maximize energy absorption without relying on electrical components, thus
reducing costs and energy consumption.
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1. Introduction

As the world continues to confront the challenges of climate change and the depletion of fossil fuel resources,
the importance of renewable energy sources, particularly solar energy, has never been more pronounced. Solar
energy offers a clean, sustainable, and increasingly cost-effective alternative to traditional energy sources (1).
Solar photovoltaic (PV) systems, which convert sunlight into electricity, have become one of the most widely
adopted technologies for harnessing solar power. However, despite their vast potential, solar panels still face
a significant limitation: their inability to automatically adjust to the changing position of the sun throughout
the day. (2) This leads to reduced energy efficiency, as fixed solar panels can only absorb maximum sunlight

when directly aligned with the sun, which only happens at certain times during the day (3).

To overcome this limitation, solar tracking systems have been introduced. These systems move solar panels
throughout the day to follow the sun’s trajectory, ensuring optimal exposure and, consequently, higher energy
production (4). Traditionally, solar trackers rely on electrical components such as motors, actuators, and
sensors to track the sun's movement (5). While such systems have proven effective, they come with certain
disadvantages, including the complexity, cost, energy consumption, and maintenance requirements associated

with their electrical components (6). Furthermore, the reliance on electrical components increases the
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likelihood of system failure, especially in off-grid or remote locations where access to repair services and

spare parts can be limited (7).

In light of these challenges, there has been growing interest in the development of non-electrical tracking
systems for solar panels (8). A promising approach to this problem is the use of mechanical systems that can
rotate solar panels without relying on electrical power (9). This concept draws inspiration from traditional
clockwork mechanisms, which utilize a combination of gears, springs, and levers to produce controlled
mechanical motion (10). The application of such a mechanism to solar tracking offers a potential solution that

is not only efficient and reliable but also simple, cost-effective, and low-maintenance (11).

The development of a non-electrical rotating solar panel using a clock-driven mechanism represents an
innovative step in solar technology (12). By utilizing a clock-driven mechanism, solar panels can
automatically adjust their orientation throughout the day to maximize sunlight exposure, without requiring
electricity or external power sources (13). The clockwork mechanism, based on gears and springs, can be
designed to rotate the panel incrementally, mimicking the sun’s movement across the sky in a simple,
mechanical manner (14). This eliminates the need for electrical motors, sensors, and controllers, making the

system more affordable, energy-efficient, and sustainable (15).

The concept of solar tracking is not new(16). For decades, researchers and engineers have been working to
develop systems that allow solar panels to track the sun (17). These systems are classified into two main
categories: single-axis trackers and dual-axis trackers (18). Single-axis trackers rotate the panel on one axis,
typically east to west, while dual-axis trackers allow the panel to adjust its position on both axes (east-west
and north-south), thus more closely following the sun’s path (19). While these tracking systems can
significantly increase energy production, they often rely on electrical components to control the movement of
the panels (20).

The widespread adoption of electrical solar tracking systems has been hindered by several factors, such as
high costs, increased system complexity, and the energy consumption required to power the tracking
mechanism (21). Additionally, the mechanical components in traditional systems can degrade over time,
leading to maintenance challenges and reducing the overall lifespan of the system. This has led to a search for
more sustainable and cost-effective alternatives that can improve solar panel efficiency without the reliance

on electricity (22).

A key area of interest in this search is the development of mechanical systems that are entirely self-sustaining
and do not require electrical power. A clock-driven mechanism, which has been used for centuries in the
design of timepieces, presents a promising solution (23). The clock mechanism uses a combination of gears,
springs, and rotational forces to generate consistent movement without the need for electrical input. This
principle can be adapted to solar tracking, providing a non-electrical solution that is both effective and reliable
(24).
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Concept of Clock-Driven Solar Tracking

The concept of a non-electrical rotating solar panel using a clock-driven mechanism involves using a
mechanical system that mimics the movement of the sun by automatically adjusting the solar panel’s
orientation (25). The key feature of this system is its reliance on clockwork principles, such as gears, springs,

and ratchets, to rotate the panel throughout the day without requiring external electrical power (26).

At the core of the system isa clock-driven gear mechanism that gradually moves the solar panel in a controlled
manner. The system typically consists of several components, including a spring-driven energy source, a set
of gears, and a rotation axle connected to the solar panel (27). The spring is wound at the beginning of the
day, and as it unwinds, it drives the gears, which in turn rotate the solar panel. The rate at which the spring
unwinds can be carefully calibrated to ensure that the panel moves in sync with the sun's apparent motion

across the sky (28).

To achieve this, the gears must be designed to provide precise control over the panel’s rotation. A clock-
driven mechanism allows the rotation to be gradual and continuous, with the solar panel adjusting its angle
incrementally over the course of the day (29). The gears and springs in the system would work together to
ensure that the movement is smooth and that the panel remains optimally oriented toward the sun as it changes

position in the sky (30).

A key advantage of using a clock-driven mechanism is its simplicity. With fewer components and no need
for electrical wiring, the system is not only cost-effective but also easy to maintain (31). The mechanical
components, such as gears and springs, are well-understood and have been used for centuries in various
applications, making them reliable and durable (32). Furthermore, the absence of electrical components
reduces the risk of system failure due to electrical malfunctions, making the system particularly suitable for

use in off-grid and remote locations where electricity is scarce or unreliable (33).
Advantages of a Non-Electrical Rotating Solar Panel

1. Cost-Effectiveness: One of the primary advantages of a clock-driven solar tracking system is its low
cost. Traditional solar trackers require expensive motors, actuators, sensors, and controllers, which
can increase the upfront cost of the system. In contrast, a clock-driven mechanism relies on simple
mechanical components that are inexpensive to produce and require minimal maintenance.

2. Low Maintenance: Mechanical systems, when designed properly, can be more durable and require
less maintenance than electrical systems. With no electrical components, there is a lower risk of
failure, and the system can operate reliably for extended periods with minimal intervention. This is
particularly beneficial in remote areas where access to repair services may be limited.

3. Energy Efficiency: A non-electrical rotating solar panel eliminates the need for additional energy to
power the tracking system. Traditional electrical tracking systems consume a portion of the solar

energy they generate to power the motors and controllers. With a clock-driven mechanism, the system
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operates independently of external power sources, maximizing the overall energy efficiency of the
solar panel.

Sustainability: The use of mechanical components instead of electrical ones makes the system more
environmentally friendly. Clock-driven systems do not require the production and disposal of
electronic components, reducing the environmental impact associated with the manufacturing and
disposal of traditional solar tracking systems.

Simplicity and Reliability: Clock-driven mechanisms are inherently simple and have been proven to
function reliably in various applications. The use of gears and springs ensures a steady and controlled
movement, reducing the likelihood of malfunction. Moreover, the simplicity of the design makes it

easier to understand, maintain, and repair if necessary.

2. Problem Statement

The inefficiency of fixed solar panels stems from their inability to track the sun's movement across the sky.

This limitation reduces the overall energy generation, especially in regions with low solar irradiance.

Moreover, most solar trackers use electric motors, which add to the system's cost, energy consumption, and

maintenance. A non-electrical, mechanical system could provide an affordable and environmentally friendly

solution for solar tracking.

3. Objectives

The objectives of this research are:

To design a non-electrical rotating mechanism for solar panels based on clock-driven principles.
To evaluate the efficiency of the proposed system in terms of energy capture.compared to fixed solar
panels.

To assess the cost-effectiveness, reliability, and sustainability of the system.

4. Methodology

4.1 Conceptual Design

The system is designed using a clock-driven mechanism to rotate the solar panel. This mechanism operates

through a set of gears, pulleys, and springs, much like the gear-driven systems in traditional clocks (34). The

primary components are:

Gearbox Mechanism: A set of gears controls the rotational speed and direction of the solar panel.
The gears are connected to a central axle that allows the panel to rotate throughout the day (35).

Spring Mechanism: A spring-driven mechanism stores mechanical energy, which is gradually
released to rotate the panel. The spring’s tension can be adjusted to ensure the system operates at the

desired pace (36).
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e Pulleys and Cables: These components are used to transfer rotational energy to the solar panel,

adjusting its angle relative to the sun (37).
4.2 Working Principle

The clock-driven mechanism operates similarly to the movement of the hands of a clock (38). The gears are
calibrated to move the panel slowly throughout the day, ensuring that the panel stays oriented towards the sun
(39). The spring mechanism provides the force required for rotation, while the gears ensure the movement is
smooth and controlled (40). As the sun moves from east to west, the clock mechanism rotates the panel

accordingly, ensuring that the panel maintains an optimal angle to absorb sunlight (41).

4.3 Prototype Development

A prototype was built based on the conceptual design (42). The components included:

e A square frame to hold the solar panel (43).

e A mechanical gearbox with adjustable gears to control the rotational speed (44).
e A spring mechanism to provide continuous rotational force (45).

o Cables and pulleys to transmit motion from the gears to the panel (46).

e A base mount to stabilize the entire system on the ground (47).

The panel used in the prototype was a 20W solar panel, chosen to test the effectiveness of the mechanism on

a small scale before considering larger systems (48).

4.4 Testing and Evaluation

To assess the performance of the clock-driven rotating mechanism, the prototype was tested in a sunny

outdoor environment (49). Key metrics such as:

o Energy Efficiency: The amount of energy generated by the rotating solar panel compared to a fixed
solar panel of the same size (50).

e Tracking Accuracy: How well the panel follows the sun's path across the sky (51).

e Durability and Maintenance: The mechanical system's ability to function over extended periods
without failure (52).

Tests were conducted over several days to evaluate how well the clock-driven mechanism maintained the

solar panel’s optimal orientation relative to the sun.
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5. Results

5.1 Energy Efficiency

The rotating solar panel exhibited an increase in energy efficiency of approximately 25% compared to a fixed
panel. The clock-driven mechanism ensured that the panel followed the sun's trajectory, maximizing the

exposure to sunlight during peak hours.

5.2 Tracking Accuracy

The system was able to track the sun’s movement with a high degree of accuracy. While some minor
deviations were observed due to the mechanical limitations of the clockwork system, the performance was

satisfactory, particularly when compared to traditional motorized trackers.

5.3 Durability and Maintenance

The clock-driven mechanism proved to be highly durable. The absence of electrical components reduced the
risk of system failure due to power loss or electrical faults. The only maintenance required was occasional

winding of the spring, which could be automated for larger systems.

6. Discussion

The clock-driven mechanism for solar panel rotation is a viable alternative to electrically powered solar
trackers. The non-electrical design reduces energy consumption, increases sustainability, and lowers costs.
Additionally, the mechanical system requires minimal maintenance and is robust, making it suitable for off-
grid and remote applications. However, the system is limited by the mechanical constraints of the clock-driven
design. The rotational speed is relatively slow, and the system may require periodic manual intervention for
larger installations. Future improvements could include incorporating advanced materials to reduce friction

and improve the efficiency of the spring mechanism.

7. Conclusion

This research demonstrates that a non-electrical, clock-driven mechanism can effectively rotate a solar panel
to track the sun, thereby improving energy efficiency without the need for electrical motors or sensors. The

system is cost-effective, reliable, and environmentally friendly, offering a promising solution for solar energy
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harvesting, particularly in areas where electricity may be scarce or unreliable. Further research and

development could focus on scaling up the system for larger panels and automating the spring winding process

for continuous operation.
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