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Introduction  

 The UVA Pinball Machine is an artifact of the Mechanical Engineering department. First 

worked on in 2016 by a previous Capstone group, today it is being revitalized by my technical 

team members and me. In a state of disrepair, my group and I were tasked with engineering a 

functioning pinball machine while simultaneously adding improvements. More broadly, 

considering the finite number of resources available on Earth and the certainty of consumption in 

modern society provokes a careful attitude when considering humans’ relationship with material. 

To constantly bring new ideas to life with virgin resources is an unsustainable practice. With the 

Pinball Machine, the unique opportunity arose to not only imagine how our engineering 

education could be applied in real life, but also to think critically about how to recycle materials 

and work within an already existing system; how to become good stewards of material that came 

before us. By reengineering the UVA Pinball machine, our group is solving the problem of 

combining existing material with new inventions to create an improved system.  

 Studying the relationship between Mechanical Engineers and ideas of sustainability is 

outlined in two halves: a historical part and a critical part. The historical half is to understand 

how sustainability practice in Mechanical Engineering has evolved over time, which can inform 

areas of improving sustainability implementation. The critical half is to identify what 

sustainability means to Mechanical Engineers and consider why it is important they incorporate 

sustainable practices in their work. Mechanical Engineers have the ability to bring systems into 

reality using their knowledge. Such an aptitude for production must be considered with caution, 

as a finite number of resources does not allow for unlimited creation of new products. By 

studying the relationship Mechanical Engineers have with sustainable measures, the research is 
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solving the problem of identifying the barriers to implementing sustainability in designs and 

highlighting areas of improvement in sustainable designing.  

 As our technical team works on redesigning and fabricating the Pinball Machine, 

applying a lens of sustainability broadens the understanding of our design, as the Pinball 

Machine is not being built in an isolated manner. Recycling and reusing some of the 2016 

Pinball Machine design requires that we look to the past work of the previous Capstone group 

and interpret their designs for the machine. Fabricating new parts requires that we consider how 

to implement them in the existing system and find where to source materials from. By looking at 

the past work and designing within an existing framework, we are reducing the amount of 

material output by reusing designs and adding new ones.  

 However, beyond recycling the Pinball Machine, it is important to consider where 

Mechanical Engineers stand today in their relationship with sustainability. Working on the 

Pinball Machine provides an opportunity to explore ideas of sustainability, but this project is not 

an isolated example. Across the Mechanical Engineering practice, many engineers, and many 

projects, have had similar potential for implementing sustainable ideas, ensuring that the product 

utilizes an efficient amount the finite number of resources available (Brown, 2011). By working 

on the UVA Pinball Machine, our technical team can gain experience on how to design 

sustainably, and by studying the relationship of Mechanical Engineers and sustainability, it can 

be understood in a broader context what responsibilities Mechanical Engineers have and how to 

improve sustainable design.   
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UVA Pinball Machine  

 My technical team and I have been tasked with retrofitting a pinball machine worked on 

previously by a Mechanical Engineering Capstone group in 2016. The UVA Pinball Machine 

provides an opportunity to utilize the theoretical knowledge from our Mechanical Engineering 

education and gain experience in engineering design.  

 Throughout the Mechanical Engineering coursework, many theoretical frameworks are 

taught that discuss how to model and design mechanical systems. Some of the most important 

courses relating to the pinball machine are those covering material science, stress on beams, 

mechatronic design, and 3D printing. These classes provided theory to help predict outcomes and 

inform design decisions, and their specific use is discussed further: material science provides an 

understanding of what properties certain materials have and which materials would be the best to 

use in certain situations; stress on objects concerns how objects bend or deform under a stress, or 

force over an area, and how to design objects as to minimize their deformation to prevent failure 

by breaking; mechatronic design is the discipline that combines mechanical engineering with 

electronics and software, helping to bring mechanical systems to life, by adding electrical 

components to help increase repeatability and longevity in systems; 3D printing concerns how to 

design forms in a Computer Aided Design (CAD) software, and then export that design to a 

printer, which can realize that design in real life, which can aid in fabricating unique parts special 

to the pinball machine. A problem can occur when Mechanical Engineers are proficient in theory 

but are unable to fabricate designs or bring an idea to life. The transition from an initial design to 

a working product is an involved process, requiring multiple iterations of design and working 

backwards in order to go forwards; a workflow which is not completely supported by theoretical 

classes. In order to improve our skills as Mechanical Engineers and to bring ideas to reality, the 
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UVA Pinball Machine can have theoretical knowledge applied to it, helping to mitigate the 

problems of wasteful design.  

 The pinball machine also provides ample opportunity to practice engineering design. 

Mentioned previously, the non-trivial aspect of engineering design is the number of iterations 

required to achieve a working product in real life. Being able to work on the pinball machine 

provides my technical team with many tasks to practice iterating. Iteration counters theoretical 

knowledge because not everything in real life can be modeled, and iterations can be wasteful in 

terms of material not used in the final product. However, iteration is a critical step in Mechanical 

Engineering workflow because it is in the mistakes and flaws of the design that we are able to 

gain insight on where to improve and how to create a working product.  

 The forces of theoretical knowledge and iterative design provide a unique learning 

experience when fabricating the UVA Pinball Machine. By utilizing the ideas from the 

Mechanical Engineering education, smarter decisions can be made, however not all decisions 

will work seamlessly in real life. By utilizing the iterative process, mistakes can be realized. and 

improvements can be planned. The combination of these two forces creates an opportunity for 

students to work with sustainability in mind. With a project to openly fabricate systems, there is 

greater potential to approach problems with a sustainable lens, helping to increase the amount of 

work Mechanical Engineering students complete concerning sustainable ideas (Brown, 2012).  

 

Mechanical Engineers and their Relationship with Sustainability Measures   

 Given that Mechanical Engineers have the unique ability to use their knowledge of 

mechanical systems to fabricate designs in real life, there is an associated responsibility of 
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making sure what is fabricated is sustainable. Sustainable design is critical to preserving the 

planet and its resources, and by understanding how Mechanical Engineers sustainability into 

their designs, it is possible to see in what ways they can contribute to mitigating the climate 

crisis.  

 Identifying the barriers to sustainability implementation will help identify ways 

Mechanical Engineers can help create solutions to mitigate the climate crisis. In order to identify 

the barriers to sustainability implementation, a historical timeline is developed to understand 

where the relationship has been, and in what ways Mechanical Engineers have considered 

sustainability, and a critical perspective will be discussed, covering the modern definitions of 

sustainability and current examples of sustainable, or lack thereof, work Mechanical Engineers 

complete today.  

 The historical timeline will be developed by utilizing scholarly articles that describe what 

sustainability as a concept and its relationship to Mechanical Engineers. One of the main issues 

in understanding sustainability is that it has been defined in many ways by many groups of 

people (Fisher et al., 2021). For example, the definitions of sustainability defined in Mechanical 

Engineering itself differ, from understanding sustainability as a social concept (Johnson, 2022), 

to understanding sustainability as a means to lower cost and increase profit (Brown, 2012). 

Beyond the Mechanical Engineering space, there is variation in sustainability definition among 

higher education institutions at the Bachelor level (Segalàs et al., 2009).  

 Within a critical lens, many people have completed work creating frameworks to 

revolutionize how sustainability is approached, and scholarly articles concerning such work is 

studied in order to develop this lens. In order to address the complexities of the climate crisis, 

new solutions must be produced. For example, sustainability education is being implemented at 
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higher education institutions, and the design of sustainability curriculum is studied in order to see 

if they improve students’ outcomes (Kishita et al., 2018). Beyond educational institutions, there 

are examples of frameworks of sustainability outlines that describe a timeline of goals in order to 

achieve net zero emissions in the particular region of Texas in the United States (Webber, 2023). 

By studying how sustainability is taught, and looking at modern examples of its implementation, 

it can be determined how effective sustainable solutions are in delivering their goals and if there 

are weaknesses in sustainability education/implementation. Within the critical lens, the barriers 

to sustainable design, especially societal barriers are considered. The issues of seeking increased 

profits and implementation of economic policies antithetical to sustainable design cause 

sustainability applications’ realization to be slowed down (van der Leeuw et al., 2012).  

 The historical perspective then lends to the critical lens a timeline of where the definition 

of sustainability has been. This is critical to understand, as the changing conditions of the climate 

crisis require the understanding of sustainability to evolve with it, and by seeing what 

sustainability has considered, new areas can be identified and added to the definition in order to 

properly consider new aspects in sustainable design.  

 

Conclusion  

 My technical team and I will be working on a UVA Pinball Machine, with the 

opportunity to see how sustainability can be incorporated into the design process. Studying the 

relationship between Mechanical Engineers and sustainability will help to inform where 

Mechanical Engineers have been in terms of producing sustainable solutions and will identify in 
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what ways we can improve in order to meet the increasing and complex demands of the climate 

crisis.  

 With a project such as the Pinball Machine, sustainability design can be a challenging 

lens to implement, and the study of Mechanical Engineers and their relationship to sustainability 

will help to provide examples and inspiration to see how sustainability is a broad topic with 

many applications. By furthering the understanding of sustainability, the study will provide a 

broader, interdisciplinary definition of what sustainability is, which can provide engineers with a 

wider perspective on the multitudinous ways sustainability can be applied in any design.  
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