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Executive summary
An electrically powered model cable car's design and development process, completed as part of the Level 3 BTEC in Engineering, is shown in this paper. The main goal was to design a small cable car system that could move tools and small parts throughout a workshop automatically, maximising productivity and minimising human labour.
Key methodologies and tools that were not utilized in this project included Gantt charts for project planning and tracking, qualitative and quantitative data analysis to evaluate design options, radar diagrams for visual data representation, Failure Mode and Effects Analysis (FMEA) to assess and improve reliability, and Quality Function Deployment (QFD) to align the design with user needs and expectations. This report goes into detail about what each of these methodologies are and how they could have been implemented to improve the project.
Introducing Computer-Aided Design (CAD) and 3D printing could have been highly beneficial. CAD can produce precise designs, while 3D printing allows for quick prototyping and adjustments, which enhances the project's efficiency and accuracy if used.
This report discusses importance of thorough planning, continuous evaluation, and the use of advanced engineering tools in the completion of engineering projects. The information gained from this report will be valuable for future projects ensuring better designs and executions.










Contents
Introduction	3
Design specifications	4
Materials and components	5
Design flow chart	6
Design outcome	7
Ghantt charts	8
Aims and objectives	10
Qualitative and quantitative data	10
Radar diagrams	12
Failure mode analysis	15
Quality function deployment	17
3D Printing and CAD	19
Conclusion	22
Bibliography	22















[bookmark: _Toc167033517]Introduction
Whilst studying for my level 3 BTEC in engineering I was tasked with designing an electrically powered model cable car. It had to meet certain requirements to meet standards and specifications. In this assignment I will be describing how it went, what went well and how it could have been improved. The design can carry components to different places within a workshop on a wire, it can travel back and forth automatically with no human engagements. You can use it in any workshop area for carrying items such as tools, equipment, small parts and more. This was the main aim of the project.
The design presented in this project has three wheels and an elastic band, it sits on the cable wire with the wheels balancing on it, then the motor is connected to a battery powering it to be able to turn the wheels. Also, this is connected to an ON and OFF button to make it user friendly, it has a box for the components to fit into such as the battery and weight that is specified to be carried (in this case a kinder egg filed with sand) and the motor is secured into a hole in the chassis. When the design is on the wire it goes across and hits the other side where I got a switch rod to activate the switch mechanism for it to turn around. The switch is glued to the top with two rods on either side so that when the cable car reaches the end of the cable line the rods will hit the wall and flip the switch allowing the motor to switch directions and resulting in the cable car returning.
To decide on what design was going to be used, four initial starting ideas were created to get some ideas flowing but after this, no techniques were used to help with the decision, it was just decided based on which one was thought to be best. In the report, the four ideas have been placed into techniques to help decide which would be best or even if it would have been worth using any of them.
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A product design specification is a statement of how a design is made, what it is intended to do, and how far it complies with the requirements. “A specification is most often a text file in which all the expected elements of the project are listed: the subpages or views, functionalities, formal requirements and implementation time.”[endnoteRef:1] (Miarka, P, et al., 2021) The product should be directly influenced by the analysis of research. This will ensure quality of design and that the product is fit for purpose. A specification is a statement that tells the designer exactly what the product must do and what the design requirements are. Below are the specifications that were required for the project. [1:  Miarka, P. (2021) Project specification. what is it and what should it contain?, Droptica. Available at: https://www.droptica.com/blog/project-specification-what-it-and-what-should-it-contain/ (Accessed: 22 May 2024).
] 


	General requirements
	Specific requirements
	Acceptable performance

	Move both directions
	Switch direction

Must not bounce off wall to switch direction
	Switch once sensed close the wall

Don’t break and hit wall


	Motor must run
	Motor must be able to run 

Should move the design along the wire
	Run for 5 minutes

Move it from one end of the wire to the next

	Must be able to carry egg
	Egg must fit in the design.



	Egg shouldn’t fall out and should stay in the design for the 5 minutes that it works

	Battery power
	Must power motor 
	Should power motor for up to 5 minutes and be able to power it in opposite direction

	Design cost
	Amount spent must be within the given money
	Under £20


(Russ, K, et al., 2019)


[bookmark: _Toc167033519]Materials and components
1 motor                 cost = £1
1 battery                cost = £3	
5 wheels/pulleys cost = £1.20
1 band                     cost = 10p
7 pieces of wood cost =£3 
Glue                         cost =50p
14 Nails                 cost = 50p
2 washers             cost=30p
4 nuts                    cost=80p
Total = £10.40   
[endnoteRef:2](Russ, K, et al., 2019) [2:  Russ, K., 2019. Project. Gower college Swansea. Materials and components.
] 

This list shows that the design meets the cost specifications, an improvement could have been to use more of the budget provided to as only £10.40 was used and the specification said that £20 was the limit. In doing this the design could have been improved which would have resulted in better performance. Also, by spending more a different process could have been used and might have met other specifications required.
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Test
If passed proceed 

Design prototype

[endnoteRef:3](Russ, K, et al., 2019) [3:  Russ, K., 2019. Project. Gower college Swansea. Design flowchart.
] 

Start

Review test and analyse the data found

	
Take photos of the design after each stage

Research 


			


Produce working drawings
Design specification

	 

I plan on using acrylic

Decide what material to use, what material are you planning on using?

4 initial design ideas





Start 8 weeks of manufacturing

Present the presentation

Annotated drawings


[image: ]
Yes
Preparation for presentation
Was my presentation ready by the deadline? 
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	[endnoteRef:4](Russ, K, et al., 2019)	 [4:  Russ, K., 2019. Project. Gower college Swansea. Design outcome.
] 
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A Gantt chart is a type of bar chart that displays the start and end dates of the different components of a project and serves as an illustration of the project timeline. The Gantt chart is named after Henry L. Gantt, who created it in the 1910s, is an essential tool for project management.
[image: ]





[endnoteRef:5](Russ, K, et al., 2019) [5:  Russ, K., 2019. Project. Gower college Swansea. Gantt chart.
] 

This is a Ghantt chart to show how the eight weeks of production was planned out, a steady pace was implemented as you can see completing steps week by week. To improve this, a second Ghantt could have been made to show what the order of production was once completed. This would have allowed for reflection on work and allow me to be able to improve with any future projects by referencing this one. An example of this is shown below.
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The Ghantt chart above demonstrates what happened throughout the production and would have been very useful at the time. As you can see in the first one it was intended that tasks were spread out and done bit by bit, doing a task each session, but because in some lesson not much work was done it meant a lot of work in one lesson was needed to be done to catch up, if it was to be done again it could be ensured that more consistent work could be carried out appropriately.  This also comes down to the organisation of the plan, there could have been better steps in place so that the project was keeping up to date with the Ghantt charts.
Caughron, J.J., et al 2008 tells us that the Gantt chart was “pioneered by Henry Gantt and was designed to aid in scheduling complex interdependent tasks”[endnoteRef:6] (Caughron, J.J., et al 2008). Geraldi, J & Lechter, T., 2012 explains that a Gantt chart “can be useful to cope with some of the “complicatedness” of projects, and embraces the importance of time and timing, it is based on principles that are not valid to all projects.”[endnoteRef:7] (Geraldi, J & Lechter, T., 2012). Although, Geraldi, J & Lechter, T., 2012 suggests that Gantt charts fails to acknowledge insights of years of information, organisation, research, and project management. It can be seen how this has affected the work as there is no clear indication that research had been done on the project. However, without research and organisation the project would never have been able to be completed in the time scale given. The research done was sufficient to indicate which materials would perform best, accurate measurements, how to produce a switch mechanism and how to put all the chassis together.  [6:  Caughron, J.J. and Mumford, M.D., 2008. Project planning: The effects of using formal planning techniques on creative problem‐solving. Creativity and Innovation Management, 17(3), pp.204-215.
]  [7:  Geraldi, J. and Lechter, T., 2012. Gantt charts revisited: A critical analysis of its roots and implications to the management of projects today. International Journal of Managing Projects in Business, 5(4), pp.578-594.
] 

Kumar P 2005 discusses the importance of using Gantt charts for managing large scale projects. Kumar P 2005 mentions how an effective “cost and schedule control system must be established in order to deliver the construction projects on time”[endnoteRef:8] (Kumar, P.P., 2005). This is demonstrated in the Ghantt chart above, as the image shows a timeline of which dates are the start and finish of each individual task. Maylor, H., 2001 states how a Gantt chart is a “hybrid approach” (Maylor, H., 2001) meaning that the approach combines all the projects best ideas to identify the main objective with a timeline of events, which in a workplace would show “practice of project management”[endnoteRef:9] (Maylor, H., 2001).  [8:  Kumar, P.P., 2005. Effective use of Gantt chart for managing large scale projects. Cost engineering, 47(7), p.14.
]  [9:  Maylor, H., 2001. Beyond the Gantt chart: Project management moving on. European management journal, 19(1), pp.92-100.
] 
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“Project objectives are critical in providing direction, focus, and criteria for project success. They guide decision-making, facilitate effective planning, and contribute to the overall effectiveness and efficiency of project execution.”[endnoteRef:10] (Atlassian (Accessed May 2024) [10:  Atlassian Project objectives: What they are & how to write them, Atlassian. Available at: https://www.atlassian.com/work-management/project-management/project-objectives#:~:text=Project%20objectives%20are%20critical%20in%20providing%20direction%2C%20focus%2C,the%20overall%20effectiveness%20and%20efficiency%20of%20project%20execution. (Accessed: 22 May 2024).] 

The aims and objectives for this project are listed below and talked about in further detail.
Identifying flaws
Throughout the development stages, it became clear that identifying potential flaws early in the process would have been crucial. For example, issues with the pulley system that came during testing could have been anticipated and addressed more effectively. Doing this would reduce risks and enhance reliability.

Highlighting successful aspects
Lots of the project was executed successfully, the design met the basic functional requirements. The use of simple, cost-effective materials and components also demonstrated resourcefulness. Reflecting on these successes are essential for ensuring better strategies in future projects.

Improvements on equipment and techniques used
There were notable opportunities for improvement in the equipment and techniques used. For example, introducing Computer-Aided Design and 3D printing could have greatly improved the design phase, producing better precision and the ability to quickly draw designs. These technologies would not only enhance the accuracy of the final product but also save considerable time and resources.

Improvements on materials
Researching more sustainable and environmentally friendly materials would be a valuable improvement. While the project stayed well within budget, using higher quality materials could improve the durability and functionality of the cable car. Future projects should consider materials that are not only strong and cost-effective but also easier to produce and more sustainable.

Recognition of the need for Group Work and Teamwork
The importance of teamwork, especially for larger-scale projects would be very beneficial for future project especially in the workplace. Collaborative efforts can bring diverse perspectives and expertise, leading to more innovative solutions.

Better research and storage of data throughout projects
Utilizing tools like qualitative and quantitative data analysis, radar diagrams, and Quality Function Deployment (QFD) would provide a more structured approach to decision-making. Maintaining detailed records and systematically storing data would support continuous evaluation and improvement for any future projects.
[bookmark: _Toc167033524]Qualitative and quantitative data
Quantitative data tables are representations of data that have been quantified, counted, and measured in words. There are two different kinds of variables. One variable it called “quantitative variable in which numbers are used to order or to represent increasing levels of that variable”[endnoteRef:11] (Cramer., 2003). This can be used alongside qualitive data as mixed methods. The qualitative and quantitative table below is another way the project planning could have been improved. [11:  Cramer, D., 2003. Advanced quantitative data analysis. McGraw-Hill Education (UK).] 

The qualitative and quantitative table below could have helped to choose the design that was used, it shows which one is the best ranked. The top score doesn’t have to be the design used but it would have influenced the decision in a beneficial way. Design three got the worst score because of how big it was, it would not have been very agile, it was clunky and weighed a lot (the heaviest design). The first design was rated the best because it was the first design that was thought of which meant it was fresh and unique.
Qualitive data tables are typically data sources for interviews, documentation, and field notes. It could have been used to keep track of which design would have benefited the project, each design is scored out of five to determine if the design would be beneficial to the project, then the totalled scores would identify which design best suits the project. Cloutier, C et al., 2021 mentions how qualitative research tables can sort large amounts of data which allows for the reader to easily examine the information within the data table. This allows for data to be seen from diverse angles and help conclude on an outcome. Cloutier, C et al., 2021 discusses in this paper how when a researcher uses a qualitative research table it can be considered trustworthy as “the reader can access whether the researcher have been honest in how research has been carried out and reasonable in the conclusions they make”[endnoteRef:12] (Pratt et al., 2020) this can reflect on the perspective of the researcher which will draw attention to the criteria that has been identified.  [12:  Cloutier, C. and Ravasi, D., 2021. Using tables to enhance trustworthiness in qualitative research. Strategic Organization, 19(1), pp.113-133.
] 

This qualitative and quantitative table can be identified as a mixed method research. This type of research focuses on “creating generalizable outcomes from a qualitative approach”[endnoteRef:13] (Strijker, et al., 2020), mixed methods tend to be used for results that are taking a holistic view which would help resolve a type of research question or project. A mixed methods such as this one would be more time consuming as there are multiple different aspects to research and consider, while also scoring considering each of the specification points and the designs, then to total it all up to identify the best possible outcome and design. Mixed methods are typically “for the broad purpose of gaining breadth and depth of understanding or corroboration, within a single study or closely related studies”[endnoteRef:14] (Pluye et al., 2009) this is supporting the table above with the purpose of function, aesthetics, preference, time, and difficulty. [13:  Strijker, D., Bosworth, G. and Bouter, G., 2020. Research methods in rural studies: Qualitative, quantitative and mixed methods. Journal of Rural Studies, 78, pp.262-270.
]  [14:  Pluye, P., Gagnon, M.P., Griffiths, F. and Johnson-Lafleur, J., 2009. A scoring system for appraising mixed methods research, and concomitantly appraising qualitative, quantitative and mixed methods primary studies in mixed studies reviews. International journal of nursing studies, 46(4), pp.529-546.
] 

	Specification points
	Design 1
	Design 2
	Design 3
	Design 4

	Function
	5/5 
This design will work well when being used because it is lightweight, and it is designed well. Also, it will hold the egg well.
	2/5
This will not last a very long time because it is moved by springs bouncing back and forth so it would not meet specification.
	3/5
This design is the heaviest design out of the 4 which means that it will need more power to run.

	4/5
Design four would work well because it has balloons which will make it weigh less. May not be realistic.

	Aesthetics
	4/5
This design is not messy with loads of wires; it is quite neat and simple.
	5/5
This design has got springs on either side which makes it unique.
	2/5
Design three is not appealing due to the fact it is big and a lot of wires will be needed.
	5/5
This design looks good because it has balloons on it and fans which make it look aesthetically pleasing.

	preference
	5/5
This might be the most desired design because it was the first idea. 
	4/5
This design is simple and easy so would be preferable.
	2/5
This design is complicated and would be the most expensive. 
	3/5
This design is also complicated and unrealistic so it would not be preferable.

	time
	4/5
This design would take a long time to make because of the motor connections and the way it is designed. Still quick compared to others.
	5/5
This design would be the quickest to make because there Is no wires, only bands to connect the motors.  
	1/5 
This design would take long to make because it’s big and there will be a lot of wires to be connected. 
	4/5
This wouldn’t take long to make because it’s easy and only needs fans to run it.

	difficulty
	4/5
All the design will be difficult to make but in comparison this one would be easier than others.
	5/5
This design would be the easiest to make because it only needs springs to bounce it back and forth.
	1/5 
This design would be difficult to make because it has two fans which need powering by batteries.
	4/5
This would be easy to make because you just attach balloons to it and hook it onto the railway. 

	Total score
	22
	21
	9
	20


[bookmark: _Toc167033525]Radar diagrams 
This improvement is continued from the qualitative and quantitative table and visually shows what the outcome was, this gives it a much more professional and understandable look, the scores from the table previously are implanted into these diagrams. Radar plot diagrams are a powerful visualization technique as it is a clear way of presenting data. In this case these Radar plot diagrams are presenting various designs showing the different aspects that each design has to offer. “It is easy to implement with the most common software; however, the interpretation of the results strongly depends on the ordering of the indicators being displayed, and the presence of missing information for some indicators is impossible to distinguish from the “zero” value for other indicators.”[endnoteRef:15] (Stafoggia et al., 2011). This quote made it clear that the way for the plots to be displayed correctly was crucial, as if information is missing from the Radar plot diagram it makes it very difficult to identify the correct information provided. The diagrams below show what the radars would have looked like. [15:  Stafoggia, M., Lallo, A., Fusco, D., Barone, A.P., D'Ovidio, M., Sorge, C. and Perucci, C.A., 2011. Spie charts, target plots, and radar plots for displaying comparative outcomes of health care. Journal of clinical epidemiology, 64(7), pp.770-778.
] 

Design 1














Design 2



Design 3



Design 4 


As demonstrated in the diagrams above the information that has been provided is continuous in each diagram, this is even if the information is not necessarily needed. This is because the reader will need to have an understanding that the indicator for that specific design is not essential.  Giving it a simple look like this without all the texts from the table is an effective way of presenting the findings. This would have been a useful technique to use in the project.
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A FMEA (Failure Mode and Effects Analysis) is done to test the functionality, reliability, and conventionality of a product. The product goes through a series of tests to record the outcome, to make any changes to benefit the final product. A positive to completing an FMEA form would be “Assess the risk associated with those failure modes and prioritize issues for corrective action.”[endnoteRef:16] ( Lipol et al., 2011). This allowing the final product to go through the adequate changes needed to ensure the product is safe to use once testing has finished. A disadvantage in using FMEA is “the multiplication of the severity, occurrence and detection rankings may result in rank reversals, where a less serious failure mode receives a higher RPN than a more serious failure mode.”[endnoteRef:17] ( Lipol et al., 2011). This is because multiplication is invalid on ordinal scale numbers, which are what the ranks are. The ordinal rankings do not specify how much one rating is superior to another; it only states that it is. For example, “ranking of “2” may not be twice as bad as a ranking of “1”, or an “8” may not be twice as bad as a “4”, but multiplication treats them as though they are” ( Lipol et al., 2011). An example of an FMEA for this related project that could have been used is shown below. [16:  Lipol, L.S. and Haq, J., 2011. Risk analysis method: FMEA/FMECA in the organizations. International Journal of Basic & Applied Sciences, 11(5), pp.74-82.
]  [17:  Lipol, L.S. and Haq, J., 2011. Risk analysis method: FMEA/FMECA in the organizations. International Journal of Basic & Applied Sciences, 11(5), pp.74-82.
] 


[image: ]


As you can see from the FMEA table the main findings were that the motor, steel rods, storage and chassis were the main components that could have caused failure of the cable car. If this was used before proceeding with designing the model it would have allowed the user to focus on prioritising certain tasks to match this FMEA. This could have resulted in less time fixing failures as they would have already been noted before production. From reviewing the project, I can see that a problem occurred when putting the cable car on the wire to be tested “A difficulty for me was once I assembled it all together and put it on the wire, one of the pulleys didn’t work, to fix this I had to do a whole new pulley so that the design could travel on the wire.”[endnoteRef:18] (Russ, K, et al., 2019) By doing this FMEA table before production, it would have eliminated the time spent fixing this problem, this would have benefitted the production speed of the project. [18:   Russ, K., 2019. Project. Gower college Swansea. Achievements and difficulties.

 ] 


















[bookmark: _Toc167033527]Quality function deployment 
QFD (Quality Function Deployment) main purpose is to listen to the customers’ needs and expectations and make these changes. QFD is a method and collection of tools for efficiently defining client needs and turning them into intricate engineering specifications and plans for creating the products that meet those needs. QFD method is divided into five sections, Herzwurm et al 2006 tells us that the five modules are 1. To lay out the foundations, 2. Elicitation and assessment of customer needs, 3. Elicitation of solution criteria and construction of the HoQ, 4. Deployment of the VoC during the product development cycle, and 5. Documentation and softwear support of QFD projects[endnoteRef:19]  (Herzwurm et al 2006). In this case the QFD could have been used to ensure that the cable car met specifications. Instead of customers’ needs it could have been replaced with specific criteria to be met. An example of a QFD for the cable car is shown below. [19:  Herzwurm, G. and Schockert, S., 2006. What are the Best Practices of QFD?. In Transactions from the 12th Int. Symposium on Quality Function Deployment, Tokyo, Japan.

] 


[image: A diagram of a building
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Finding and measuring the needs and desires of customers is one thing, but putting these insights into practice that can be understood by a company is another thing. This can be backed up by Bouchereau et al., 2000 when they mention that “To succeed in developing thriving new products or improve on existing ones is not easy. Studies indicate that as much as somewhere between 35 per cent and 44 per cent of all products launched are considered failures.”[endnoteRef:20] (Bouchereau et al., 2000). It is clear to see that the success of a product highly relays on how the customers’ needs and expectations are met. In the QFD above the travel functions, materials used and the circuit board were the characteristics that related the most to the demand of the design. The demand being the specific requirements in this case. If this had been known whilst doing the project it could have been more priorities throughout. [20:  Bouchereau, V. and Rowlands, H., 2000. Methods and techniques to help quality function deployment (QFD). Benchmarking: An International Journal, 7(1), pp.8-20.
] 
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From looking through the project I can see a lot of time went into the building of the chassis, a way to solve this would have been to introduce 3D printing and CAD software. 3D printing is the process in which an object is designed physically using a three-dimensional digital model, this is done using software’s such as inventor, solid works and more. It is done by extruding molten material through a nozzle in layers. The printer then accurately creates an object through precise placement with the computers control. it places the molten material layer by layer until the object is created. The example I have just given can be backed up by Woodford, 2010. As Woodford explains “A typical 3D printer is very much like an inkjet printer operated from a computer. It builds up a 3D model one layer at a time, from the bottom upward, by repeatedly printing over the same area in a method known as fused depositional modelling (FDM).” (Woodford, C., et al 2010)[endnoteRef:21] [21:  Chris Woodford. Last updated: 5 June (2010) How do 3D printers work? Explain that Stuff. Chris Woodford. Available at: https://www.explainthatstuff.com/how-3d-printers-work.html#:~:text=A%203D%20printer%20essentially%20works,the%20next%20layer%20on%20top.   

] 

There are many different components within a 3D Printer that contribute the outcome of the design. These being the thermoplastic extruder, the linear motion system, the print bed and the cartesian robot. These all do different things for the product to be designed. The extruder pulls out the material into the shape of the object, the linear motion system allows the robot to move along linearly, the print bed is for the 3D printer to use to build on and the Cartesian robot is the movement in all directions for the nozzle to be applied. This can be backed up by Evans, 2012 as he goes into detail about the ways in which a 3D printer would work. “Central to a 3D printer is the idea of Cartesian robot. This is a machine that can move in three linear directions, along the x-, y-, and z-axes, also known as the Cartesian coordinates.” (Evans, 2012)[endnoteRef:22] [22:  Evans, B., 2012. Practical 3D printers: The science and art of 3D printing. Apress.
https://books.google.co.uk/books?hl=en&lr=&id=R4qxOQZV9T0C&oi=fnd&pg=PR3&dq=how+does+3D+CAD+printing+work+&ots=pCIjJXQ0Xt&sig=yIT5TVJD4zXPAxNqncoybP-WaPs&redir_esc=y#v=onepage&q=how%20does%203D%20CAD%20printing%20work&f=false.

] 

[image: ]The image below is an example of a CAD drawing that could have been used for this project. It has slots for the battery, egg, and motor so it is the same concept as the one already used but alternatively using a CAD software. It also has holes in it to make it lighter and is made from acrylic which is a cheap but durable plastic.







Advantages
There are many benefits to using 3D printing, these being:
· Print on Demand: This is an advantage because it allows the user to print as soon as the design is done.

· Minimise waste: 3D printing has very little waste due to the fact all that is needed is the materials for the parts itself. Also, the materials used can be recycled.

· Flexible design: most types of processes have a restriction on design, but this doesn’t apply with 3D printing, it allows the design to be as complex as needs be.

· Fast design and production: 3D printing is a very quick process and can produce objects within hours. As well as the printing being quick the design process is also, using software such as CAD, products can be produced extremely quickly.

· Environmentally friendly: When you consider that 3D printing means there’s less materials used and the better fuel efficiency because your using lightweight 3D printed parts, it is far more environmentally friendly than most other processes.

· Cost effective: All the points above conclude to make 3D printing cost effective. For example: less waste, saves time, less storage needed and more, these all lead to less money spent.












Disadvantages 
There are also some drawbacks that could have affected the project in 3D printing but the advantages it brings heavily out ways them. The disadvantages are:
· Materials: not all materials can be temperature controlled so many materials wouldn’t be able to be 3D printed.

· Restricted Build Size: 3D printers can only produce objects the size of the print chambers so anything bigger would have to be produced part by part and assembled at the end. 

This process was very usable as the college was providing acrylic based 3D printing, plastics are the most used material within 3D CAD printing this is because it is most suited to the process of 3D printing. A piece of work I found by innovolo on their website says that “The most common material used in 3D printing is plastic. This is because plastic is cheap, versatile, and easy to work with. It can be used to create objects of all shapes and sizes, and it can be easily modified or edited”[endnoteRef:23] (Innovolo, et al, 2022). This shows that plastics are used because of their material factors and is a great material to use. It would have worked well in this project. [23:  What materials are used in 3D printing? (2022) RSS. Innovolo. Available at: https://www.innovolo.co.uk/article/what-materials-are-used-in-3d-printing  (Accessed: March 6, 2023).


  Lipol, L.S. and Haq, J., 2011. Risk analysis method: FMEA/FMECA in the organizations. International Journal of Basic & Applied Sciences, 11(5), pp.74-82.


Pratt MG, Kaplan S, Whittington R (2020a) Editorial essay: The tumult over transparency: Decoupling transparency from replication in establishing trustworthy qualitative research. Administrative Science Quarterly 65(1): 1–19.] 











[bookmark: _Toc167033529]Conclusion
Despite some challenges, including time management and ensuring consistent progress, the project was successfully completed. Reflecting on the process, further improvements could include planning schedules and enhanced use of project management tools for better consistency. Throughout this reflective analysis report it allowed for improvement suggestions to be made for future projects that are undertaken in a similar environment. Potentially more information and background research on what equipment was going to be used in this project would have benefited and could be changed for future projects. This would allow for the project to be completed to a high standard of work as there would be full competency surrounding materials and workshop equipment. The qualitative and quantitative data would have allowed for easier decision making for what designs would have been best and the radar diagram would have made this easier to present and understand. Failure mode analyses would have decreased any risks with failures as it would have outlined them before manufacturing. A QFD would have shown what components to priorities to meet specifications and customer requirements and finally a CAD drawing produced by a 3D printer would have been beneficial to save time and have a more precise cable car design. 
Overall, this reflective project was beneficial to see what potential this design had, also identifying what could be improved on for the next project because whether it is similar or different, the basic fundamentals can be used for all types of work ultimately enhancing future projects.
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