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[bookmark: _Toc129791763]1.0 Introduction 
[bookmark: _Toc129791764]1.1 Would automating the investment casting assembly process be a viable concept?
This research proposal will investigate the concept of replacing what is known as the more ‘traditional’ method of assembling within the investment casting process, with a collaborative robot. Understanding the reasons for, as well as potential limitations against the concept. The feasibility of automating the assembly process will be examined. As well as the current state of automation technology, the potential advantages, and disadvantages of automating the process, and the obstacles that must be overcome to make automation a viable concept. 
Investment casting is a process for producing complex and high-quality metal components. This process involves creating a wax pattern of the part, then coating the pattern with ceramic material to create a mould. The wax is then melted out of the mould, and molten metal is poured in to create the final part. The assembly process for investment casting involves attaching various parts onto a runner system, also known as a tree, (Brooks, 2005). 
The manual assembly process for investment casting can be labour-intensive and time-consuming, leading to longer lead times and increased production costs. However, with advances in automation technology, it may be possible to automate the assembly process to improve efficiency and reduce costs, (N.C.R, 1999).
The ultimate aim of the research proposal is to understand whether automating the investment casting assembly process is a viable solution for improving the efficiency and cost-effectiveness of assembly production.
[bookmark: _Toc129791765]1.2 Traditional Process
Investment casting, which can also be recognised as lost-wax casting, is a manufacturing process in which a liquid metal is poured into a mould, that has been produced from a wax runner system. The moulding is created by coating the wax tree with a refractory material and then heating it to remove the wax, leaving a cavity in the shape of the final finished product. The metal is then poured into the cavity, allowed to cool, and solidify, and the mould is broken away to reveal the finished part, (Sias, 2005).
The assembly process that is referred to within the investment casting process, is when parts are assembled onto a wax tree, which acts as a runner system. They are assembled using  manual labour, traditionally an operator would use glue or a micro flame to assemble the parts onto the tree. It can be argued to be a time-consuming and therefore a costly process, (James, 1998). 
[bookmark: _Toc129791766]1.3 What is Automation?
Automation indicates the use of technology to perform tasks without human intervention. Within an industry environment, it refers to the use of control systems and technology, such as robots and computer software, to carry out tasks, such as manufacturing processes and assembly line operations, with the reasoning being supported by increased efficiency and accuracy. The goal of automation is to reduce the need for human labour and improve productivity and quality, while minimising the number of errors and costs, specifically the large labour costs. Automation can be applied to a wide range of industries, including manufacturing, agriculture, transportation, and healthcare, among others (Kongoli, 2012).















[bookmark: _Toc129791767]2.0 Literature Review
[bookmark: _Toc129791768]2.1 Waxroom Assembly
Within the investment casting process, wax room assembly refers to the process of creating a wax model ready for use in investment casting. It is the initial step in the process. In the wax room, operators assemble individual wax components onto a “wax tree” to form a completed wax model that is the same shape and size as the final product. This is done by dunking or injecting wax into a tool, (Brooks, 2005). 
The assembly process within investment casting refers to the process of combining multiple wax patterns, each representative of a specific part of the final product, into a single assembly that can be used to produce the final casting, the parts are assembled to the tree via glue or micro flaming, (Bralla, 1998).
[image: Chart, diagram

Description automatically generated]
[bookmark: _Toc129705181]Figure 1: Wax Tree
[bookmark: _Toc129791769]2.2 Cobots (Collaborative Robots) 
A cobot, short for collaborative robot, is a type of robot designed to work alongside human workforce. Unlike traditional industrial robots, cobots are designed to be safe for human interaction and to work with people in a suitable proximity. They typically have safety features such as sensors and software that help prevent collisions or other dangerous interactions with humans. 
Cobots are used in a variety of applications, including manufacturing, packaging, assembly, and material handling. They are becoming increasingly popular as companies look for ways to automate tasks while maintaining human participation in the process. Cobots are seen to increase efficiency, improve quality, and reduce costs while allowing workers to focus on higher value tasks (Sowa, 2021).
[bookmark: _Toc129791770]2.2.1 Cobots vs. Robots
An article by Nigel Smith (2018) discusses cobots and robots, and specifically the key differences between the two, as they can often be confused with one another.
Robots are said to be bigger, more complex machines that can perform a wide variety of tasks in industrial and manufacturing settings. Frequently used in applications where speed and precision are critical, such as assembly lines. Robots usually operate in isolation from human interaction, with health and safety concerns considered, with safety barriers or cages to protect workers from harm.
Cobots are designed to work with human interaction in a collaborative environment. They are generally smaller and more flexible machines that can be simply programmed to perform a variety of tasks including handling and inspection. Cobots are designed to be safe and user-friendly, with sensors and other features that enable them to detect and avoid collisions with humans. They are said to be easy to reprogramme or reconfigured for different tasks, making them highly versatile.
Another significant distinction between robots and cobots can be cost. Traditional robots can be very expensive, often requiring significant investment in programming, setup, and maintenance. In contrast, cobots are generally less expensive, making them more accessible to smaller businesses. While robots and cobots share many similarities, the key difference between the two is that cobots are designed to work collaboratively with humans in a safe and user-friendly manner, while traditional robots are typically larger, more complex, and more expensive machines that are designed for specific industrial applications.
[bookmark: _Toc129791771]2.2.2 Advantages and Disadvantages of Cobots 
There are multiple advantages and disadvantages of using cobots, that can be argued to be as follows, (RetiSoft, 2023):
2.2.2.1 Advantages
· Are designed to work alongside humans, reducing the risk of work accidents and injuries, therefore improving health and safety.
· Can work anytime including 24/7, performing repetitive tasks with consistency and accuracy, resulting in increased productivity.
· Perform tasks with a high level of precision, leading to fewer errors and higher quality products.
· Easily programmed/reprogrammed to perform different duties, making them ideal for companies with changing manufacturing needs.
· Cobots are often less expensive than traditional industrial robots, making them accessible to small and medium-sized businesses.
2.2.2.2 Disadvantages
· Have limited lifting capacity and are not suitable for heavy-duty tasks, making them inappropriate for certain manufacturing processes.
· Despite cobots often being less expensive than traditional robots, their initial cost can still be significant for small businesses.
· Cobots require programming to perform specific tasks, which can be complex and time-consuming, as well as consideration needed for training, competency of operator.
· The use of cobots may reduce the demand for human workers, leading to job losses in certain industries.
· Reliant on technology and may not be able to perform tasks in the event of a technical malfunction or power outage.
[bookmark: _Toc129791772]2.3 Automation within Manufacturing Industry 
An article by Peshkin (1999) states how automation is seen to be widely used in the manufacturing industry to improve efficiency, reduce costs, increase product quality, and enhance production processes. Automation technology, such as robots, computerised control systems, and machine learning algorithms, can perform tasks such as material handling, assembly, and inspection with increased speed, precision, and repeatability compared to manual processes. The use of automation in manufacturing has allowed companies to increase productivity and reduce the need for manual labour. It has also made it possible to perform tasks that are too dangerous or difficult for humans, such as handling hazardous materials or working in extreme environments. In addition, automation has made it possible to achieve higher levels of consistency and accuracy in production, leading to fewer defects and increased customer satisfaction.
Examples of automation in manufacturing include automated assembly lines, robotic material handling systems, computer-controlled machine tools, and 3D printing. The widespread adoption of automation technology has been driven by advances in sensors, control systems, and software, as well as the increasing affordability of robotic systems. Automation is expected to continue to play a major role in the manufacturing industry as companies seek to stay competitive in an increasingly global and technology-driven market (Sorell, 2022).
Cobots can support wax room assembly within investment casting by performing tasks such as wax injection, layering, and shaping. Cobots are well suited for these tasks due to their precision, repeatability, and ability to work near human workers. For example, a cobot equipped with a wax injection system can automate the process of injecting wax into a mould, freeing up workers to focus on other tasks such as preparing and maintaining the moulds. Cobots can also be used to layer wax to build up the desired shape, or to perform other wax-shaping tasks, such as trimming and finishing. By automating these tasks, cobots can increase the efficiency and consistency of the wax room assembly process, leading to improved production times and reduced waste (El Zaatari, 2019).
In an article by Liu (2022) discussing the application and development of cobots, it is stated that cobots can play a valuable role in supporting wax room assembly within investment casting by automating tasks, improving efficiency, and enhancing the overall production process. With health and safety being a large positive as they are designed to be safe for human interaction, with safety features such as sensors and software that prevent dangerous interactions. This makes them ideal for use in a manufacturing environment, where workers and robots often work in proximity.
[bookmark: _Toc129791773]2.4 Case Study 1: A & A Pattern & Foundry
There are cases in which companies have shown the potential success of applying automation within their industry, as mentioned in an article by author Woodruff (2012); 
One such case study involves a company called A&A Pattern and Foundry, located in Bensenville, Illinois. A&A specialises in producing metal parts for a range of industries, including aerospace, defence, and medical devices. Previously, the company depended on manual labour for many steps of the investment casting process, including wax injection and ceramic coating. To improve productivity and reduce the risk of workplace injuries, A&A began integrating cobots into their workflow. Specifically, the company implemented a collaborative robot from ‘Universal Robots’ for wax pattern assembly and injection. Overall, the integration of cobots into the investment casting process at A&A is said to have been successful. The company has seen significant improvements in efficiency and safety and plans to continue expanding their use of cobots in other areas of their operation.
[bookmark: _Toc129791774]2.5 Case Study 2: Signcast
Another case in which company have shown the potential success of applying automation within their industry, is the company Signicast (Signcast, 2023); 
Signicast, is a Wisconsin-based investment casting company. Signicast specialises in creating precision parts for a variety of industries, including aerospace, automotive, and medical. The company has implemented cobots into their investment casting process to assist workers in performing tasks that require high precision and repetitive motions. The cobots at Signicast are used in several stages of the investment casting process, including wax assembly, shell coating, and shell removal. In the wax assembly stage, the cobots are programmed to apply a consistent amount of adhesive to each wax component before they are joined together. This ensures that the parts are securely attached and minimises the risk of defects during the casting process.
The implementation of cobots at Signicast has resulted in significant improvements in their investment casting process. It has increased efficiency and productivity, reduced costs associated with labour, and improved the overall quality of the final product. Additionally, the use of cobots has allowed workers to focus on more complex and skilled tasks, enhancing their job satisfaction and reducing the risk of repetitive motion injuries. Overall, the case study of Signicast demonstrates the benefits of using cobots in investment casting. By incorporating cobots into their manufacturing process, Signicast has been able to improve efficiency, reduce costs, and enhance worker safety while maintaining a high level of precision and accuracy in their final products.
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[bookmark: _Toc129791776]3.1 Planning / Gantt Chart 
It can be argued to be important in any project including research, to ensure planning is carried out. Planning is the process of defining goals, determining actions needed to achieve those goals, and creating a process for implementation and execution. Effective planning can help to ensure the achievement of desired outcomes, minimise risks and obstacles, and optimise resources and efforts (Bhattacharya, 2009).
In general, planning involves several key steps, such as:
1. Defining objectives and goals: Clearly articulating what is wanted to be achieved and why.
2. Conducting a situation analysis: Assessing the current situation and identifying any relevant constraints or opportunities.
3. Identifying alternative courses of action: Generating a range of options for achieving the goals.
4. Evaluating alternatives: Assessing the potential impact and feasibility of each option.
5. Selecting a course of action: Deciding which option is the best fit for the goals and resources.
6. Implementing the plan: Taking the necessary actions to put the plan into effect.
7. Monitoring and adjusting: Regularly reviewing progress and making any necessary adjustments to keep the plan on track.
A useful method of planning can be achieved by creating a Gantt chart, which are widely used in project management, as they provide a clear visual representation of the project schedule and help project leads to identify potential problems, prioritise tasks, and communicate project status to stakeholders, (Sharon, 2017). 
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[bookmark: _Toc129705182]Figure 2: Project Gantt Chart
A basic overview of the Gantt chart steps was as follows;
Planning Phase
· Scope project – To understand if automating the investment casting assembly process is a viable concept 
· Create project plan / Gantt Chart
· Research investment casting
· Research wax room assembly
· Research cobots / automation
· Identify cobots that could be used to trial wax room process
Practical / Testing Phase
· Data collection of manual wax assembly (2 Week Time-Study)
· Data collection of cobot trial assembly (1 Week Time-Study)
Results / Feedback / Analysis Phase
· Collate data
· Analyse and compare results
· Record results
· Write up findings
Project Review Phase
· Identify best suited process
· Identify if results can justify the investment of a cobot 
[bookmark: _Toc129791777]3.2 Team
Building a team is often essential when conducting a research propsal as it can help to bring together a diverse range of skills and perspectives that can help to improve the quality of the research. Building a research team requires careful consideration of factors such as the size of the team, the skills and expertise required, and the roles and responsibilities of each member. It is important to ensure that the team is well-structured and that all members understand their responsibilities and how they contribute to the success of the project (Parker, 2008).
Within this research propsal, a team was built consisting of the project lead to provide overall direction and management. A health and safety operator, to understand what concerns would be possible through the implementation of a cobot should the project progress. A quality engineer to understand how the proposed process may affect other stages throughout the process. Finally, a shopfloor operator, as they would be able to provide a useful insight of what is needed to improve the process, as they are part of the current practice. Should this project advance through the research stage, then the team size would potentially increase. 
[bookmark: _Toc129791778]3.3 Research
Research is a crucial process that helps to expand knowledge and understanding of the topic that requires to be better understood. It is important to get varied levels of research to either act as support for a point trying to be made, or to use as an argument against why something could be challenged, (London, 2019). 
An article by author Lambert (2019), also discusses the importance of research, stating it is an essential component of any engineering project, as it helps to inform the design and development process and ensures that the project is based on sound scientific principles. It helps to identify the problem, develop innovative solutions, evaluate options, reduce risks, ensure compliance with regulations and standards, and facilitate collaboration with other experts.
[bookmark: _Toc129791779]3.4 Ethical Issues
Ethical issues refer to moral questions or dilemmas that arise in various aspects of society, including personal and professional life. Some common ethical issues include:
1. Privacy and confidentiality
2. Honesty and integrity
3. Conflicts of interest
4. Responsibility and accountability
5. Fairness and justice
These issues can have far-reaching consequences, both for individuals and for society, and they often require careful consideration and decision-making, (Elswick, 2017). 
Ethical issues that should be considered with this research proposal would be that of considering the feeling of the employee, with essentially the purpose of the research project being replacing an operator with a cobot, they could feel their job is at risk. It would be important to plan, how to approach dealing with this, ensure they feel part of the project, i.e., they would be working alongside the cobot, instead of being replaced by it. Also, to understand if there would be other areas that the operator could be utilised. 
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[bookmark: _Toc129791781]4.1 Time Study
Time studies are techniques used in industrial engineering to analyse and improve work processes. These studies involve the observation and measurement of the time it takes for a worker to perform a specific task or series of tasks, with the goal of identifying opportunities to increase efficiency and productivity (Delaere, 2009).
Within this research project a time study was undertaken in the Wall Colmonoy wax room, with timings for the assembly process being considered. 
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[bookmark: _Toc129705183]Figure 3: Waxroom Assembly - 2 Week Time Study
A full 2-week time study was undertaken (Figure 3), considering the highest runners of parts to be targeted. As they would likely have the best possible chances of financial or process improvement success.  The 3 biggest runners of parts for Wall Colmonoy are inserts, pennies and slugs. 
[bookmark: _Toc129791782]4.2 Trial
Trialling refers to a valuable process that provides many benefits, including reduced risks, improved product development, and increased market acceptance. By trialling a product or service, companies can ensure that they are well-prepared for a successful launch (Gold, 2021).
Wall Colmonoy worked alongside the University of Wales Trinity Saint David (UWTSD) as part of a research project that could benefit both parties, it offered Wall Colmonoy the ability to have a greater understanding a potential new investment. In return, it helped UWTSD better utilise and test their equipment.  
There were 2 different tasks that UWTSD helped Wall Colmonoy with;
· Simulate using the simulation software Siemens, how the proposed cobot would increase the productivity of assembling parts.
· Using UWTSD own cobot the UR10, trial parts for 1 week on site in Wall Colmonoy, understanding the suitability of the automation, (i.e., would the cobot effect/damage the complex part geometries) 
Giving the 2-week time study results to UWTSD, using the software Siemens, a current and future state of the assembly process was created. With operators considered for the current state, and cobot as the future state. The data was collected as the average number of parts/trees assembled per day. 
Current State
	Daily Throughput

	
	Trees
	Parts

	Total
	77
	1684



Future State
	Daily Throughput

	
	Trees
	Parts

	Total
	113
	3545



The simulation results suggested an increase in the number of parts the assembly could produce per shift, at approximately a 30% growth.
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[bookmark: _Toc129705184]Figure 4: UR10 Cobot

In the 1-week trial that Wall Colmonoy used the UR10, the company was happy with the overall performance, as the cobot successfully lifted parts without causing any issues/damage, with the bonus being the cobot could communicate and work alongside the wax injection machines Wall Colmonoy had. This created the potential scenario that the automation concept would increase the company equipment it already had. 
[bookmark: _Toc129791783]4.3 Concept Proposal
BAW Automation, a company Wall Colmonoy invited to attend site, quoted for a fully automated assembly process. They initially wanted to understand the current procedure, determine how they could improve the process through automation, and produce a recommended concept proposal.
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[bookmark: _Toc129705185]Figure 5 : BAW Concept Design
The concept design, as seen above with (Figure 5), was a full concept of automating the assembly process through a universal cobot and linking it with a wax injection machine, the investment cost would be approximately £100k. It is based around a tree being placed into the guarding, which is there for health and safety reasons. The cobot will assemble parts from the wax injection machine to the wax tree. There could be argued to be a disadvantage of the concept, that an operator is still heavily needed for the process to work, when the expectation for automation is typically to limit operator need or remove it.
[bookmark: _Toc129791784]4.4 Cost-Benefit Analysis
Within Wall Colmonoy, using data based on average orders between 2017-2021, it can be calculated that the average yearly labour savings would be £8,663. The data is based off the full labouring cost of an individual when they perform the assembly process.
Using the BAW Automation concept of £100k, it can be calculated that the payback of the investment would be 8 years, this typically could be argued to not be a viable concept; as for a company such as Wall Colmonoy, any investment would have to be 5 years or less payback. 





[bookmark: _Toc129791785]5.0 Evaluation
Automating the investment casting assembly process can be argued to be a viable concept, as automation has the potential to bring many benefits to this manufacturing process, such as increased efficiency, reduced errors and waste, improved consistency, and lower labour costs (Maki, 2022).
However, the feasibility of automating investment casting assembly depends on various factors, such as the type of components being manufactured, the size and complexity of the production runs, the availability of automation technology and equipment, and the cost-effectiveness of the automation solution (Groover, 2008).
In some cases, investment casting assembly may be better suited for manual processes, especially for small-scale production runs or when highly specialised or customised components are being manufactured.
Ultimately, the decision to automate investment casting assembly should be based on a careful cost-benefit analysis and consideration of the specific needs and requirements of the manufacturing process.
Potential next steps could be seen as having further trials on parts to understand if simulation created by institutes such as UWTSD matched real circumstances, and to also research other cobots available, as there could be alternatives in the market that may prove more cost effective to a company. 













[bookmark: _Toc129791786]6.0 References
Bhattacharya. (2009). Creating a project plan: The secret sauce of a project is in its planning. Business Today (New Delhi, India).
Bralla. (1998). Design for manufacturability handbook (2nd ed.). McGraw-Hill.
Brooks. (2005). Mouldmaking and casting : a technical manual. Crowood.
Cohen, Shoval, S., Faccio, M., & Minto, R. (2022). Deploying cobots in collaborative systems: major considerations and productivity analysis. International Journal of Production Research, 60(6), 1815–1831. https://doi.org/10.1080/00207543.2020.1870758
El Zaatari, Marei, M., Li, W., & Usman, Z. (2019). Cobot programming for collaborative industrial tasks: An overview. Robotics and Autonomous Systems, 116, 162–180. https://doi.org/10.1016/j.robot.2019.03.003
Elswick. (2017). Data collection : methods, ethical issues and future directions (Elswick, Ed.). Nova Publishers.
Gold, Lincoln, G., Bednarz, J., Braunack-Mayer, A., & Stocks, N. (2021). Consumer acceptability and validity of m-Health for the detection of adverse events following immunization – The Stimulated Telephone Assisted Rapid Safety Surveillance (STARSS) randomised control trial. Vaccine, 39(2), 237–246. https://doi.org/10.1016/j.vaccine.2020.12.011
Groover. (2008). Automation, production systems, and computer-integrated manufacturing (3rd ed.). Prentice Hall.
Habib. (2020). Advanced robotics and intelligent automation in manufacturing. IGI Global.
Jakub Pizoń, Michał Cioch, Łukasz Kański, & Eduardo Sánchez García. (2022). Cobots Implementation in the Era of Industry 5.0 Using Modern Business and Management Solutions. Advances in Science & Technology, Research Journal, 16(6), 166–178. https://doi.org/10.12913/22998624/156222
Kongoli, & Kongoli, F. (2012). Automation (Kongoli, Ed.). IntechOpen.
Lambert. (2019). Practical research methods in education : an early researcher’s critical
guide (Lambert, Ed.). Routledge.
Lee, Blackburn, S., & Welch, S. T. (2015). Adhesion tension force between mould and pattern wax in investment castings. Journal of Materials Processing Technology, 225, 369–374. https://doi.org/10.1016/j.jmatprotec.2015.06.014
N.C.R. (1999). Automating Assembly. Appliance Manufacturer, 47(7), 45–.
Ortiz, & Vinjamuri, R. (2021). Collaborative and humanoid robots (Ortiz & R. Vinjamuri, Eds.). IntechOpen.
Overall Simplicity and Overhead Functionality. (2019). Foundry Management
Technology, 147(5), 26-26.
Pace, Brubaker, B., Decroupet, P., London, J., & Delaere, M. (2014). Unfolding Time Studies in Temporality in Twentieth Century Music. Leuven University Press
Parker. (2008). Team players and team work : new strategies for developing successful collaboration (2nd ed.). Jossey-Bass.
Peshkin, & Colgate, J. E. (1999). Cobots. Industrial Robot, 26(5), 335–341. https://doi.org/10.1108/01439919910283722
RetiSoft (2023) ‘The Advantges and Drawbacks of Collaborative Robots’ [Online] 
Available: The Advantages and Drawbacks of Collaborative Robotics | Retisoft
Sias. (2005). Lost-Wax casting : old, new, and inexpensive methods. Woodsmere Press.
Sieberg, & Laudato, A. (2010). Robots. Columbia Broadcasting System.
SigniCast (2023) ‘Investment Casting’ [Online]                                                           Available: Investment Casting | Prototype Casting | Surface Finishes (signicast.com)
Singh, & Singh, R. (2016). Development of functionally graded material by fused deposition modelling assisted investment casting. Journal of Manufacturing Processes, 24, 38–45.
https://doi.org/10.1016/j.jmapro.2016.06.002
Sorell. (2022). Cobots, “co-operation” and the replacement of human skill. Ethics and Information Technology, 24(4), 44–. https://doi.org/10.1007/s10676-022-09667-6
Sowa, Przegalinska, A., & Ciechanowski, L. (2021). Cobots in knowledge work; Human -- AI collaboration in managerial professions. Journal of Business Research, 125, 135–. https://doi.org/10.1016/j.jbusres.2020.11.038
Treusch. (2020). Robotic Knitting Re-Crafting Human-Robot Collaboration Through Careful Coboting (1st ed.). transcript Verlag. https://doi.org/10.14361/9783839452035
Veloso, Biswas, J., Coltin, B., Rosenthal, S., Kollar, T., Mericli, C., Samadi, M., Brandao, S., & Ventura, R. (2012). CoBots: Collaborative robots servicing multi-floor buildings. 2012 IEEE/RSJ International Conference on Intelligent Robots and Systems, 5446–5447. https://doi.org/10.1109/IROS.2012.6386300
Weiss, Wortmeier, A.-K., & Kubicek, B. (2021). Cobots in Industry 4.0: A Roadmap for Future Practice Studies on Human-Robot Collaboration. IEEE Transactions on Human-Machine Systems, 51(4), 335–345. https://doi.org/10.1109/THMS.2021.3092684
Why is research important? (2019). RCM Midwives, 22, 36–40.
Zhou, Wu, H., Rojas, J., Xu, Z., & Li, S. (2020). Nonparametric Bayesian Learning for Collaborative Robot Multimodal Introspection (1st ed. 2020.). Springer Nature. https://doi.org/10.1007/978-981-15-6263-1




2

image2.png




image3.png
Ceramic Cone

| —
| —
A-/
Wax Tree
[ —

Wax Part

Filter
| —





image4.emf
Cr

e

Research Project - Investment Casting Assembly 

Enter Company Name in cell B2.

UWTSD

Enter the name of the Project Lead in cell B3. Enter the Project Start date in cell E3. Pooject Start: label is in cell C3.

CD - Cameron Davies

T

h

1

C

24252627282930311 2 3 4 5 6 7 8 91011121314151617181920212223242526272829301 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930311 2 3 4 5 6 7 8 910111213141516171819202122

T

hi

TASK

ASSIGNED

TO

PROGRESS START END

DAY

M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S

C

el

Phase 1 - Planning/Preperation/Research

C

el

Scope Project CD 100% 29/10/2022 30/10/2022

R

o

Create Project Plan CD 100% 29/10/2022 30/10/2022

Research Investment Casting CD 100% 30/10/2022 22/11/2022

Research Waxroom Assembly CD 100% 30/10/2022 22/11/2022

Research 

Research Cobots / Automation CD 100% 30/10/2022 22/11/2022

Identify Potential Cobots To Trial on Assembly Process CD 100% 30/10/2022 05/11/2022

T

h

Phase 2 - Practical/Testing

Take Data Collection for Assembly Through Manual Labour ( 2 Week Time Study) CD 100% 22/11/2022 03/12/2022

Take Data Collection for Assembly Through Trialled Cobot ( 1 Week Time Study) CD 100% 03/12/2022 20/12/2022

Sample phase title block

Phase 3 - Results/Analysis/Feedback

Collate Results CD 100% 01/01/2023 07/01/2023

Analyse and Compare Results CD 100% 07/01/2023 10/01/2023

Record Results  CD 100% 10/01/2023 10/01/2023

Write up and present findings CD 100% 10/01/2023 17/01/2023

Sample phase title block

Phase 4 - Project Review

Identify Best Suited Process CD 100% 17/01/2023 18/01/2023

Identify if Results can Justify the Investment of Cobot CD 100% 18/01/2023 18/01/2023

This is an empty row

Project Start:

Display Week:



21/11/2022 28/11/2022 05/12/2022 12/12/2022

29/10/2022

24/10/2022 31/10/2022 07/11/2022 14/11/2022 19/12/2022 26/12/2022 02/01/2023 09/01/2023 16/01/2023


image5.emf
Machine Stock Code Part Number of Parts Required For Order Parts Per Tree Tool Set-Up Time Per Batch Average Processing Time Per Tool Processing Time Per OrderAverage Assembly Set-Up Time Average Assembly Time

MANUALCWX201040APV124407VALVE SEAT 16 8 0.1413 0.0103 0.1648 0.0633 0.0507

MANUALCWX20NS131731 VALVE SEAT 100 28 0.1447 0.0137 1.37 0.0633 0.093

MANUALCWX20NS131731 VALVE SEAT 100 28 0.1447 0.0137 1.37 0.0633 0.093

MANUALCWX201040APV112146VALVE SEAT 8 2 0.1413 0.0103 0.0824 0.0633 0.0523

MANUALCCL40DDC9229-1 PLUG 48 16 0.1447 0.0137 0.6576 0.0633 0.0676

MANUALCCL40DDC9229-1 PLUG 48 16 0.1447 0.0137 0.6576 0.0633 0.0676

MANUALCCL40DDC9229-1 PLUG 48 16 0.1447 0.0137 0.6576 0.0633 0.0676

MANUALCWDN798-5X10 DISC 40 4 0.1447 0.0103 0.412 0.0633 0.0495

MANUALCWDN798-5X10 DISC 40 4 0.1413 0.0103 0.412 0.0633 0.0495

MANUALCWDN798-5X10 DISC 40 4 0.1413 0.0103 0.412 0.0633 0.0495

MANUALCWDN798-5X12 DISC 16 4 0.1413 0.0103 0.1648 0.0633 0.0495

MANUALCWDN798-5X12 DISC 16 4 0.1413 0.0103 0.1648 0.0633 0.0495

MANUALCWDN798-5X12 DISC 16 4 0.1413 0.0103 0.1648 0.0633 0.0495

MANUALCWDN798-5X13-5 DISC 40 4 0.1413 0.0103 0.412 0.0633 0.0495

MANUALCWDN798-5X13-5 DISC 40 4 0.1413 0.0103 0.412 0.0633 0.0495

MANUALCWDN798-5X13-5 DISC 40 4 0.1413 0.0103 0.412 0.0633 0.0495

MANUALCCL40DDC8600-1 GUIDE PLATE 120 8 0.1413 0.0103 1.236 0.0633 0.0507

MANUALCCL40DDC8600-1 GUIDE PLATE 120 8 0.1413 0.0103 1.236 0.0633 0.0507

MANUALCCL40DDC7189-1 BAFFLE INSERT 220 20 0.1413 0.0103 2.06 0.0633 0.0761

MANUALCCL40DDC7189-1 BAFFLE INSERT 220 20 0.1413 0.0103 2.06 0.0633 0.0761

MANUALCCL40DDC7189-1 BAFFLE INSERT 220 20 0.1413 0.0103 2.06 0.0633 0.0761

MANUALCCL40DDC7189-1 BAFFLE INSERT 220 20 0.1413 0.0103 2.06 0.0633 0.0761

MANUALCCL40DDC8806-1 PLUG 176 16 0.1771 0.0271 4.7696 0.0789 0.0676

MANUALCWX6BSC174274200 PLATE 16 8 0.1413 0.0103 0.1648 0.0633 0.0625

MANUALCWX6BSC174274200 PLATE 16 8 0.1413 0.0103 0.1648 0.0633 0.0625

MANUALCWX20BER10913502 RING 56 56 0.1413 0.0103 0.5768 0.0633 0.1057

MANUALCWX20TP4722969501 FORCER 8 4 0.1413 0.0103 0.0824 0.0633 0.0664

MANUALCWX20BER108377R2 VALVE SEAT 64 8 0.1447 0.0137 0.8768 0.0633 0.0549

MANUALCWX20BER100411 IMPACT RING 72 12 0.1447 0.0103 0.7416 0.0633 0.0591

MANUALCWX201040APV036509BALL VALVE SEAT 16 16 0.1413 0.0103 0.1648 0.0633 0.0676

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X20X18 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CCL30DI36X18X23 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.1006

AUTO CWX20NS118642 VALVE SEAT 120 20 0.25 0.0139 1.668 0.0633 0.0543

AUTO CWX20NS118642 VALVE SEAT 140 20 0.25 0.0139 1.946 0.0633 0.0543

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL30DI34X22X24.5 INSERT  520 52 0.25 0.0106 5.512 0.0633 0.2208

AUTO CCL40GDC8917-1 BAFFLE INSERT 100 10 0.25 0.0222 2.22 0.0633 0.0466

AUTO CCL40GDC8917-1 BAFFLE INSERT 100 10 0.25 0.0222 2.22 0.0633 0.0466

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CWX201040FE613486 SEAMING ROLL 920 12 0.25 0.0222 20.424 0.0633 0.0769

AUTO CCL40DDC8563-1 INSERT  520 52 0.25 0.0139 7.228 0.0633 0.1006

AUTO CCL40DDC8563-1 INSERT  520 52 0.25 0.0139 7.228 0.0633 0.1006

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223

AUTO CRRNES000905 PENNIES 1800 180 0.25 0.0097 17.46 0.0633 0.4223
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