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[bookmark: _Toc188992521]Abstract 
This report examines material selection for three common objects found in a car workshop, each made from a distinct material category: metal, polymer, and ceramic. The study evaluates material properties, manufacturing methods, mechanical and thermal characteristics, lifespan, cost considerations, and alternative materials. Justifications for material selection are based on factors such as strength, cost, weight, and ease of manufacturing. The manufacturing methods are compared in terms of complexity, production rate, and processing costs. The impact of mechanical and thermal properties on functionality is assessed, and recommendations for alternative materials and processes are provided.
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Introduction
Aims
This report examines three objects commonly found in a car workshop: a steel spanner (metal), a polyurethane car bumper (polymer), and a ceramic spark plug (ceramic). These objects were selected due to their critical role in automotive maintenance and repair. Understanding these material properties helps engineers and technicians make informed decisions about durability, cost-effectiveness, and real-world performance.
Objectives
The objectives of this report are to identify three objects from a car workshop, each made from different primary materials. It aims to justify material selection based on mechanical and thermal properties and compare manufacturing processes by evaluating their complexity, production rate, and cost. Additionally, it analyses the lifespan and cost-effectiveness of each object and explores alternative material choices and manufacturing methods.










Literature Review 
Material selection is fundamental in engineering and manufacturing, directly influencing product performance, longevity, and cost. Metals, polymers, and ceramics each offer distinct advantages and limitations, affecting their application in automotive contexts. Metals are widely used in automotive components due to their high strength, durability, and resistance to mechanical stresses. Forged carbon steel, for instance, is preferred for hand tools like spanners because of its superior yield strength and wear resistance . Chrome-vanadium steel further enhances corrosion resistance, making it ideal for prolonged workshop use . 
The second material chosen is polyurethane, which is favoured in automotive manufacturing for their lightweight nature, impact resistance, and design flexibility. Vehicle bumpers that are predominantly composed from polyurethane can absorb collision energy efficiently, reducing structural damage and improving passenger safety . Injection moulding enables high production rates and cost-effectiveness, further supporting its widespread use within the industry.
The third material chosen in the report is Ceramics, these are essential in high-temperature applications due to their superior thermal stability and electrical insulation properties. Alumina ceramic, commonly used in spark plugs, offers excellent resistance to heat and mechanical stress, ensuring consistent engine performance . The manufacturing process sintering enhances the material’s durability, making it a cost-effective solution for long-term use.
The manufacturing processes and use cases give a focus towards the sustainability on the material as it is an increasingly important consideration in material science. While metals such as steel and aluminium are highly recyclable, ceramics present challenges in reprocessing due to their sintered nature . Advances in 3D-printed ceramics and bio-based polymers are emerging as potential solutions to improve recyclability and reduce environmental impact , this has also been confirmed by a study published in the journal ‘Polymers’ and discusses how 3D printing has facilitated the recycling of plastic waste into valuable raw materials, thereby promoting a circular economy and mitigating environmental harm.















Task-Specific Sections
Task 1: Selection and Description of Objects
The steel spanner, shown in Figure 1  is a fundamental tool in a car workshop, primarily made from forged carbon steel or chrome-vanadium steel. These materials offer high strength, durability, and resistance to wear and impact . Steel spanners are essential for tasks that involve applying high torque, such as loosening or tightening bolts and nuts, and their high mechanical strength and corrosion-resistant coatings ensure product longevity.

Figure 1 - Steel Spanner
The polyurethane car bumper, shown in Figure 2  is a vital component of modern vehicles. Made from a lightweight yet durable polymer, this material is chosen for its impact resistance and aesthetic versatility ). Polyurethane can absorb impact energy during low-speed collisions, reducing damage to the vehicle and improving passenger safety. It also allows for complex aerodynamic designs that enhance vehicle efficiency. 
Figure 2 - Car Bumper
The ceramic spark plug displayed in Figure 3 , is made from alumina ceramic. Its exceptional thermal resistance and electrical insulation properties ensure reliable performance under extreme conditions ). Compared to metallic alternatives, ceramic spark plugs exhibit superior wear resistance, providing extended service life and engine performance. 

Figure 3 - Spark Plug

Task 2: Manufacturing Methods Comparison
The steel spanner is made using forging and heat treatment, refining the material’s microstructure, increasing strength, and improving durability . Metal forging is a manufacturing process that involves shaping metal using compressive forces to improve its strength and durability. The process begins by heating a metal billet or workpiece to increase its malleability, allowing it to be deformed. Depending on the application, forging can be conducted at different temperatures: hot forging (above the metal’s recrystallisation temperature), warm forging (below recrystallisation but above room temperature), or cold forging (at room temperature). Once heated, the metal is placed in a die and subjected to high pressure through either a hammer or a press to shape it into the required form.
The polyurethane car bumper is produced via injection moulding, this is a widely used manufacturing process for producing plastic components in high volumes with precision and consistency. The process begins with feeding thermoplastic or thermosetting polymer granules into a heated barrel, where they are melted and mixed using a rotating screw. Once the material reaches the correct viscosity, it is injected at high pressure into a mould cavity, which is designed to form the desired shape of the final product. 
The ceramic spark plug is processed through powder compaction and sintering, this method enhances mechanical strength and durability . Sintering is conducted in a high-temperature furnace (typically above 1,500°C), where the ceramic particles fuse together, enhancing strength, density, and thermal stability. This process eliminates porosity and ensures the insulator can withstand extreme temperatures and electrical stresses in an engine environment.
Task 3: Mechanical and Thermal properties Comparison
It can be seen below in Table 1, that the steel spanner exhibits high strength and ductility, making it ideal for high-torque applications. It also has superior thermal resistance, with a melting point of approximately 1400°C. The polyurethane car bumper, on the other hand, has moderate strength but high flexibility, allowing it to absorb impact efficiently. However, its thermal resistance is relatively low, with a melting point of around 160°C. The ceramic spark plug offers excellent thermal resistance and durability under extreme conditions, with a melting point of about 1200°C, though it lacks ductility.
Table 1 - Comparison of Material Properties.
Property	Steel Spanner	Polyurethane Car Bumper	Ceramic Spark Plug
Strength	High	Moderate	Low
Ductility	High	High	Low
Thermal Resistance	High	Low	High
Melting Point	1400°C	160°C	1200°C
Weight	High	Low	Moderate

Task 4: Lifespan and Cost Analysis
A steel spanner has a lifespan exceeding ten years due to its durability, wear resistance, and corrosion protection. The estimated manufacturing cost ranges from £3 to £10 per unit, depending on material quality and processing. Its longevity and reliability make it a cost-effective tool for both professional and DIY use. 
A polymer bumper has a lifespan of over ten years, offering impact resistance, flexibility, and weather durability. The estimated manufacturing cost ranges from £20 to £100 per unit, depending on material type, moulding process, and finish, while the retail price typically falls between £100 and £500. Its lightweight construction and ability to absorb impact make it an essential component for vehicle safety and aesthetics. 
A ceramic spark plug has a lifespan of 20,000 to 100,000 miles, depending on usage and material quality. The estimated manufacturing cost ranges from £1 to £5 per unit, with a retail price typically between £5 and £20. Its ceramic insulator provides excellent heat resistance and electrical insulation, ensuring reliable engine performance and longevity.
Task 5: Material Selection and Alternative Choices
Material selection can be optimised by considering mechanical performance, cost, and manufacturing feasibility for each item. The steel spanner is traditionally made from chrome vanadium steel, but an alternative material could be titanium alloy, offering a lighter weight and corrosion resistance but at a higher cost. 
Traditional Polymer bumpers can be made from carbon fibre-reinforced composites, these could offer improved impact resistance and weight reduction, albeit at a higher cost. However, an improved manufacturing process could involve resin transfer moulding (RTM) for greater structural integrity.
A ceramic spark plug relies on alumina (Al₂O₃) ceramic for heat resistance and insulation, but zirconia (ZrO₂) ceramic could provide better thermal shock resistance and improved durability. There are limited improvements in the manufacturing process beyond advanced sintering techniques, such as hot isostatic pressing (HIP), which enhances material density and lifespan.
Conclusions
This report highlights the vital role of material selection and manufacturing processes in automotive engineering. The analysis of metals, polymers, and ceramics demonstrates the unique benefits of each material, reinforcing their suitability for specific applications. Furthermore, the evaluation of manufacturing processes underscores the importance of balancing cost, production complexity, and durability when making material choices. 
Future advancements in material science such as lightweight composites, 3D-printed ceramics, and biodegradable polymers could revolutionise material selection, improving both performance and sustainability. As the industry moves towards more environmentally responsible solutions, the exploration of innovative materials will become increasingly important.
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