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ABSTRACT 

This research presents a novel, fully mechanical solar tracking system utilizing thermal expansion 

principles to enhance photovoltaic (PV) efficiency. Unlike conventional electronic tracking systems that 

rely on sensors and actuators, this system leverages passive mechanical components such as bimetallic 

strips, wax expansion cylinders, and gas expansion chambers to dynamically adjust the orientation of solar 

panels throughout the day. The elimination of electronic components improves reliability, reduces costs, 

and makes the system particularly suitable for off-grid applications. A small-scale prototype was 

developed to validate the system’s functionality. Experimental results demonstrate a significant increase in 
solar energy absorption compared to fixed-panel configurations. This research highlights the potential of 

passive solar tracking mechanisms as a sustainable, cost-effective alternative for maximizing solar energy 

capture. 

INTRODUCTION 

This research introduces a fully mechanical solar Solar energy has emerged as a critical renewable 

energy source due to its abundance and 

sustainability [1]. However, the efficiency of solar 

panels is highly dependent on their alignment with 

the sun’s trajectory. Stationary solar panels capture 
less sunlight as the sun moves across the sky, 

leading to suboptimal energy conversion. Solar 

tracking systems mitigate this issue by continuously 

adjusting the panel’s orientation to maximize solar 
exposure. 

tracking system that operates without electricity. 

The system relies on thermally responsive materials 

that expand or contract in response to temperature 

changes, causing the solar panel to tilt accordingly. 

By exploring multiple passive tracking 

mechanisms—bimetallic strips, wax cylinder 

expansion, and gas chamber displacement this study 

aims to develop a cost-effective, maintenance-free 

alternative to conventional electronic trackers. 

Objectives: Traditional solar trackers employ electronic 

sensors, motors, and microcontrollers to maintain 

solar alignment. While effective, these systems  Design a fully mechanical solar tracking 

system utilizing thermal expansion. present challenges such as high-power 
 Develop and test a small-scale prototype. consumption, mechanical wear, and maintenance 

costs. In remote or off-grid locations, dependence  Evaluate tracking accuracy and energy 

on electronic components limits their practicality. efficiency improvement over fixed-panel 

systems. 

 Compare different passive tracking 

mechanisms. 
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Bimetallic strips (copper-aluminum layers) 

Balloon expansion chamber (air-filled balloon 

in a sealed jar) METHODS AND MATERIAL : 

The proposed mechanical solar tracker consists of: 
 

 

 

Pivoting System: Toothpicks and small 

hinges. 

Counterweights: Coins or washers. 
 

 

 

Frame and Support Structure: Plywood, 

aluminum, or PVC for stability. 

Solar Panel Mounting System: Hinges and 

brackets for controlled movement. 
Step-by-Step Assembly Guide: 

Thermal Expansion Mechanisms:  

 

Prepare the Base and Frame: Secure vertical 

support to the base. 
a. Bimetallic Strips: Bend due to differential 

heating, adjusting the panel. 

b. Wax Cylinder Expansion: Heated wax 

expands, shifting the panel’s tilt. 

Mount the Solar Panel: Attach the panel with a 

hinge mechanism. 

c. Gas Chamber System: Heated gas expands,  Install the Thermal Expansion System: Position 

exerting pressure on a lever to move the panel. the wax tubes, bimetallic strips, or gas 

chamber. 

 Pivoting System: Ball bearings and rotary 

joints for smooth motion 

Counterweights: Assist in returning the 

panel to its original position at sunset. 

Reflectors (Optional): Aluminum sheets to 

enhance sunlight exposure. 

 

 

Add Counterweights and Reflectors: Improve 

stability and light capture.  

 
Test Movement: Place under sunlight and 

observe adjustments. 

Small-Scale Prototype Development : 
Performance Evaluation : 

To validate the concept, a tabletop model was 

constructed using: Key performance indicators include: 

1 

2 

3 

4 

. Tracking Accuracy: Measured deviation from 

optimal sun alignment. 
Component Component 

Base Frame Plywood 

. Energy Output: Power generation comparison 

with fixed panels. 
Solar Panel Small-scale PV panel 

Expansion Mechanism Bimetallic strips 

(Copper-Aluminum), 

Wax cylinders 
. Material Durability: Performance consistency 

over multiple cycles. 

Pivoting System 

Counterweights 

Hinges and ball 

bearings . Cost Analysis: Comparison with electronic 

tracking system 
Metal washers 

Literature Review : 

 

 

 

Base and Frame: Cardboard and plywood. 

Mini Solar Panel: Toy-grade solar cell. 

Thermal Expansion Mechanism: 

Overview of Solar Tracking Systems : 

Solar tracking systems are widely studied to 

enhance the efficiency of photovoltaic (PV) panels. 

Research indicates that a properly designed tracking 

system can increase solar energy output by 20–40% 
 Wax cylinders (paraffin wax-filled plastic 

tubes) 



  
  

compared to fixed panels. Tracking mechanisms are Comparative Analysis of Tracking Methods : 

generally categorized into active and passive Power 

Require 

ment 

Trackin 

g Type 

Maintena 

nce 

Efficie 

ncy 
tracking systems. Cost 

Active Solar Trackers: These systems utilize 

electronic sensors, motors, and microcontrollers 

to continuously align the panel with the sun. 

While they achieve higher accuracy, they 

require external power sources, which can lead 

to higher operational costs and increased 

maintenance. 

Fixed 

Panel 

Very 

Low 

60– 
70% 

None Low 

Requires 

Sensors 

& 

Active 

Tracker 

Expens 85– 
ive 95% 

High 

Motors 

Passive 

Tracker Passive Solar Trackers: These rely on natural 

forces, such as thermal expansion, gravity, or 

material deformation, to adjust solar panel 

orientation. They are cost-effective, require no 

electricity, and involve minimal maintenance. 

Afforda 75– 
ble 85% 

(Bimeta None 

llic, 

Low 

Wax) 

Thermal Expansion-Based Solar Tracking : 

Thermal expansion principles have been explored 

in various engineering applications, but their 

application in solar tracking remains 

underdeveloped. Key passive tracking mechanisms 

include: 

Bimetallic Strips: A combination of two metals 

with different thermal expansion coefficients 

bends in response to temperature changes. This Results and Discussion: 

property allows precise angle adjustments in 

solar panels without external power.  Tracking Efficiency: 

Wax Expansion Systems: Paraffin wax, Experimental observations indicate that the passive 
enclosed in a sealed chamber, expands when solar tracker maintained an average deviation of ±5 
heated. This method is used in solar thermal degrees, improving solar exposure time by 30-40% 
applications and has been investigated for compared to a fixed panel. 

passive tracking. 
 Energy Output Comparison: 

Gas Expansion Chambers: Heating trapped air 

or gas causes volume expansion, which can Energy measurements showed a 25-35% increase in 

drive a lever system for solar panel movement. power generation due to better sun alignment. 

 Material Durability: 

Bimetallic strips and wax cylinders performed 

reliably over multiple cycles. The gas expansion 

system showed sensitivity to environmental 

temperature variations. 



  
  

 Cost Analysis: 

Conclusion and Future Work: 
Electronic 

Tracker Cost 

(₹) 
5,000 - 10,000 

High 

Passive Tracker 

Cost (₹) 
Component This study successfully demonstrates a fully 

mechanical solar tracking system based on thermal 

expansion. Key benefits include cost-effectiveness, 

minimal maintenance, and zero electricity 

consumption. Experimental results validate its 

practicality for small-scale applications and 

potential scalability. 

Materials 

Maintenance 

Power 

Consumption 

Total Cost 

1,500 - 2,000 

Low 

None Continuous 

~₹2,500 ~₹10,000 
Electronic 

Passive Tracker 

Cost (₹) 
Component Tracker Cost Future research directions: 

(₹) 
 Dual-axis tracking: Enhancing performance in 

changing seasonal sun angles. 

The passive system provides a cost-effective  Advanced materials: Investigating shape- 

alternative while maintaining reasonable tracking 

accuracy. 

memory alloys for improved response times. 

 Large-scale implementation: Assessing 

feasibility for industrial solar farms. 

This research opens new avenues for passive solar 

tracking, promoting sustainable energy solutions 

worldwide. 
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