Materials Selection and Design Risk Assessment of a Domestic Solar Tracking System - Gonçalo Fonseca

1. Materials Introduction
This section emphasises on the material selection and design considerations associated with the development of the domestic solar tracking system project. The system was designed to have the capability to allow a photovoltaic panel to pivot on the apex of the roof structure in order to maximise solar exposure and system efficiency throughout the day. Due to the system being expose to environmental aspects and continuous movement produced by the mechanism, material selection played a critical role in the overall design requirement for this system.
The final design of the system consisted of Grade A photovoltaic panel supported by an anodised aluminium frame and base plate, as well as several standard off-the-shelf components including pillow block bearings, shafts, fasteners, and a linear actuator. The requirements of the selected materials and standard components were to provide critical structural support while lowering overall system weight and resistance to outdoor environmental conditions.
This section of the report evaluates the reasoning and critical thinking behind the material choices used within the design. Consideration is also given to the influence of material selection on manufacturability, maintenance, sustainability, and long-term operational performance. In addition, a design risk assessment is included to demonstrate how potential mechanical and environmental risks were considered during the development of the solar tracking system.

2. Material requirements
When carrying out the analysis on the material requirements for the solar tracking system There were some aspects that largely influenced engineering decisions such as environmental exposure and structural demands associated with how the design would be secured to the roof while minimising maintenance requirements and increasing system longevity. As the system is designed for continuous repetitive operations, the selected materials were required to provide sufficient mechanical strength, corrosion resistance, durability, waterproof capabilities and low maintenance characteristics to ensure reliable long-term performance.
One of the primary system considerations during material selection was the reduction of overall system weight. As the mechanism is mounted on an apex roof structure, excessive weight would increase the total load applied to the roof and supporting fixings. Having this into consideration the usage of lightweight structural materials were therefore preferred while still maintaining enough material toughness and rigidity to be able to withstand long term use and support the weight of the solar panel and other required components. Materials with high strength-to-weight ratios are commonly used within structural engineering applications to reduce loading without significantly compromising mechanical performance (Ashby, 2011).
Secondly, corrosion resistance was also considered a critical requirement due to continuous exposure to rain, atmospheric moisture, and temperature variation to which can case accelerated component degradation and directly affect material lifecycle. 
Outdoor mechanical systems tend to show more vulnerability to environmental degradation, particularly when exposed to cyclic weather conditions over extended operational periods. Materials with strong natural corrosion resistance or protective surface treatments were therefore prioritised to improve long-term durability and reduce maintenance requirements (Davis, 1999).
In addition to structural and environmental considerations, the materials selected for the system also required suitable manufacturability and availability has the system was design with the intention of long-term usage. The use of standard off-the-shelf components reduced manufacturing complexity and simplified future maintenance requirements or part replacement procedures complexity. This approach to the design was to try and give the end user a weather though reliable product without increasing both manufacturing and purchasing costs.
Sustainability was another important consideration during the material selection process. Recyclable materials and durable components were prioritised during the analysis and selection phase contributing towards reducing lifecycle environmental impact and improving long-term environmental footprint. Materials capable of maintaining structural and functional performance over extended service periods are particularly beneficial within renewable energy systems, as increasing operational lifespan improves the overall energy return of the system (Kalogirou, 2014).

3. Materials Selection and Justification
The material selection procedure for the domestic solar tracking system was focused on ensuring that the system had the appropriate structural performance, weight reduction capabilities, durability, and long-term outdoor reliability to justify the higher price point. Due to the rooftop installation of the solar tracking system, the selected materials were required to withstand continuous environmental exposure including rain, wind loading, temperature variations, and moisture ingress while maintaining sufficient structural strength to support the photovoltaic panel and associated mechanical components during operation.
3.1 Grade A Photovoltaic Panel

When selecting the solar panels, the category can be divided into 3 sections, Grade A, Grade B and Grade C. For the purpose of this design grade A was selected due to its higher overall performance when compared to the other 2 grades.
A Grade A photovoltaic panel was selected for the solar tracking system due to its increased reliability, and operational efficiency when compared to lower-grade alternatives. Grade A panels are manufactured using defect-free photovoltaic cells and typically demonstrate improved electrical performance, reduced degradation rates, and increased operational lifespan (Green, 2019). Since the effectiveness of the tracking system is directly related to the energy output of the solar panel itself, the use of a high-quality panel was considered essential to maximise overall system performance.

In addition to how these panels perform electrically, Grade A panels generally demonstrate lower annual cell degradation rates, commonly estimated at approximately 0.3–0.8% per year, allowing improved long-term power generation when compared to lower-grade photovoltaic modules decreasing return on investment periods (Jordan and Kurtz, 2013). Since the reliability of the solar tracking system is directly related to the energy output of the panel itself, using a higher grade panel will maximize the energy output of the system but also increasing system reliability.
3.2 Anodised Aluminium Frame and Base Plate
Anodised aluminium was selected as the primary structural material for the support frame and base plate due to its favourable combination of low density, corrosion resistance properties, and structural performance. Aluminium possesses a density of approximately 2700 kg/m³, which is significantly lower than mild steel that is approximately 7850 kg/m³, this core choice in the design provides the system with essential reductions in structural loading while still maintaining sufficient mechanical strength for the application (Ashby, 2011). The reduction of the load was a particular critical point due to the system being mounted in the apex of the roof. 

The selection of the aluminium components was also required to provide sufficient structural toughness to support the photovoltaic panel and associated mechanical parts during the pivot operation. Engineered aluminium alloys such as 6061-T6 typically possess tensile strengths in the region of 250–310 MPa while maintaining good machinability and corrosion resistance (Davis, 1993). This combination of moderate high strength and low weight characteristics makes aluminium highly viable for this system.
Corrosion resistance was another major factor influencing material selection. Aluminium when exposed to air forms a small layer of oxidisation, providing protection against atmospheric corrosion and environmental degradation (Davis, 1999). Furthermore, improve its longevity when installed, the structural components are anodised. The anodising process increases surface hardness and enhances resistance to corrosion, wear, and moisture protection, improving the suitability of the material for long-term outdoor applications (Habazaki et al., 2007).
There were other material alternative including mild steel and stainless steel that were considered during the material selection process. Mild steel was not selected due to its increased density, susceptibility to corrosion without protective coatings and high load characteristics. Stainless steel however provides excellent corrosion resistance but material cost made it less viable for this design application.
3.3 Standard Off-the-Shelf Components
The solar tracking system includes several standard off-the-shelf mechanical and electrical components that include pillow block bearings, shafts, shaft supports, fasteners, a linear actuator, actuator brackets, and light sensors. The aim of the use of many of the shelf components was to reduce manufacturing complexity and simplifying the installation process while improving long term system maintainability for the end user. Standardised components are commonly used within engineering applications due to their proven reliability, availability, and reduced production costs when compared to bespoke manufactured parts (Groover, 2020).
The use of off-the-shelf components also improved the practicality of the design by reducing part replacement waiting lists due to the lack of special machined parts. In the event of component wear or failure from the repetitive action, standard parts can be replaced more efficiently without requiring custom manufacturing processes. Components such as pillow block bearings were selected to give stable shaft support while reducing rotational friction providing a smoother pivoting movement. Similarly, the linear actuator provided controlled and repeatable movement of the photovoltaic panel by choosing this part the overall complexity of the pivoting movement was reduced by reducing the number of moving parts in the system.
The selection and sourcing of these components was also influenced by considerations including cost, availability, and ease of procurement. However, a more detailed evaluation of supplier selection, component sourcing, component description and procurement considerations is included within the procurement section of the report.

4.Material comparison table
4.1 Frame Material Comparison
	Material option
	Density (kg/m³)
	Typical tensile/yield strength
	Young’s modulus
	Main advantage
	Main limitation

	Aluminium alloy 6061-T6
	2700
	UTS 267–310 MPa; yield 253–276 MPa
	69 GPa
	Lightweight and corrosion resistant
	Lower stiffness than steel

	Mild steel
	7850
	Yield 250 MPa
	200 GPa
	High stiffness and low cost
	Heavy and corrosion prone

	Stainless steel 304/304L
	7900–8000
	Yield ~200–300 MPa
	190–200 GPa
	Excellent corrosion resistance
	Heavy and expensive

	Glass fiber (GFRP) composite
	1800–2200
	>300 MPa 
	20–50 GPa
	Very lightweight
	Difficult manufacture and repair



Full reference list can be found in the bibliography: Comparison of candidate structural materials for the solar tracking system. Material property data adapted from ASM International (1990), Callister and Rethwisch (2020), Davis (1994), and Stanciu et al. (2021).
The comparison table highlights that aluminium provides the most suitable balance between mechanical properties, weight reduction, corrosion resistance, and manufacturability for the solar tracking system. Mild steel and stainless steel offer higher stiffness which could enhance the system durability, however their densities are almost three times greater than aluminium, which would increase the load applied to the apex roof structure and the force required from the actuator to apply the turning moving on the panel. This made steel-based options less suitable for a lightweight rooftop mechanism.
GFRPwas also considered in this design however it offered the lowest density and good corrosion resistance; however, its mechanical properties make the product highly brittle. This could increase design uncertainty and make durability and system maintenance more difficult compared with metallic components. For this project, aluminium was selected because it provided a even balance between low mass, strength, corrosion resistance, repairability, and long-term environmental durability.

4.2 Solar Panel Comparison
	Solar Panel Grade
	Cell Quality
	Typical Efficiency
	Main Advantages
	Main Limitations

	Grade A
	Defect-free cells
	18–22%
	Highest reliability, lower degradation, improved lifespan
	Higher initial cost

	Grade B
	Minor visual or manufacturing defects on cells
	15–18%
	Lower purchase cost
	Reduced efficiency and lifespan

	Grade C
	Visible defects or recycled/reworked cells
	<15%
	Very low cost
	Poor reliability and reduced operational performance



Full reference list can be found in bibliography: Comparison of photovoltaic panel grading classifications. Data adapted from Green (2019), Jordan and Kurtz (2013), and Messenger and Ventre (2010).
The comparison between solar panel grades highlights that Grade A panels provide the highest operational efficiency, reliability, and long-term performance when compared to lower-grade alternatives providing a higher return on investment. Although Grade B and Grade C panels offer reduced initial cost, they commonly contain manufacturing defects or damaged cells which can negatively affect electrical performance and increase cell degradation rates over time. Since the design aims to reduce the amount of solar panel installs with the use of the turning mechanism the effectiveness of the solar tracking system is directly dependent on the energy output of the photovoltaic panel, maximising panel efficiency was considered the most important design requirement.

5. Design Risk Assessment – Gonçalo Fonseca
	Action No.
	Area of Design
	Issue Identified
	Initial Risk Score (5x5)
	Corrective Action Implemented
	Residual Risk Score

	
	
	
	Sr
	L
	Risk
	
	Sr
	L
	Risk

	1
	Support Frame
	Excessive roof loading caused by structural mass
	5
	4
	20
	Use of lightweight anodized aluminum frame to reduce dead load
	5
	2
	10

	2
	Support Frame
	Corrosion caused by continuous environmental exposure 
	3
	4
	12
	Anodized aluminum and IP65 material selected.
	3
	1
	3

	3
	Rotating Assembly
	Bearing wear caused by repetitive pivoting movement
	3
	3
	9
	Use of pillow block bearings to reduce rotational friction and wear
	3
	1
	3

	4
	Linear Actuator
	Mechanical failure due to continuous operational cycling
	3
	4
	12
	Commercially rated actuator selected with suitable load capacity
	3
	3
	9

	5
	Electrical Components
	Water ingress causing Linear actuator failure and solar sensor malfunction
	4
	5
	20
	Use of IP rated equipment and electrical enclosures to protect from water/ moisture ingress
	4
	1
	4

	6
	Roof Mounting System
	Fastener loosening caused by vibration and wind loading
	4
	3
	12
	Nylock nuts to be used with spring washers.
	4
	1
	4

	7
	Solar Panel Operation
	Excessive wind loading during movement operation
	5
	4
	20
	Rigid aluminum support structure and reduced system mass
	5
	2
	10

	8
	Maintenance Access
	Difficulty replacing damaged or worn components
	4
	3
	12
	Use of standard off-the-shelf components for easy replacement
	4
	1
	4
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Figure 1 - 5×5 likelihood and severity risk matrix adapted from ISO 31000 risk assessment principles (ISO, 2018).
5.1 Risk Assessment Analysis
The risk assessment aim was to identify key problem areas prior to the design being built so solutions could be developed in order to help mitigate some of these risks. Due to the rooftop installation of the system, the assembly is continuously exposed to external environmental conditions including wind, rain and moisture. These conditions create risks relating to structural loading, corrosion, and electrical component reliability. Initial risk scores for excessive roof loading, wind loading during panel operation, and electrical water ingress were all classified as high-risk areas with scores that reach 20 helping to identify key problem areas.
The substitution of galvanised steel for anodised aluminium within the support frame significantly reduced multiple risks identified on the assessment table. Roof loading and wind loading during operation both achieved high-risk scores of 20, this was due to the mounting position of the mechanism and environmental conditions it is exposed to. By carrying out the substitution as aluminium as the primary structural material, the overall system weight was reduced while still maintaining sufficient structural strength to support the photovoltaic panel and associated mechanical components. Reducing the loading transferred on to the apex roof structure and also lowering the amount of stress applied to the linear actuator during movement operation, risk scores were reduced from 20 to 10.
Corrosion resistance was another major improvement identified within the final design. Continuous exposure to rain and moisture initially produced risk score of 12. To reduce this risk, anodised aluminium and IP65-rated materials selected. The anodising process improves surface hardness and environmental resistance while reducing the oxidisation chance of aluminium in the long term. As a result of these decisions, the residual risk score was reduced from 12 to 3.
The implementation of standard off-the-shelf components also contributed towards reducing operational and maintenance risks within the system. Components such as pillow block bearings, shafts, and linear actuators improved maintainability while reducing manufacturing complexity through part availability. Pillow block bearings minimised wear in the pivoting mechanism, decreasing the repetitive movement risk score from 9 to 3. Furthermore, the use of standardised components allows damaged or worn parts to be replaced more efficiently without requiring bespoke manufacturing procedures, reducing maintenance-related risks from 12 to 4.
The overall final design actions implemented significantly reduced most risks within the assembly. Through a combination of lightweight structural materials, IP-rated electrical components, and standardised mechanical components were all major deciding factors to the successful design of the system.
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