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The environment in which many manufacturing companies operate is becoming increasingly turbulent and to be successful with increasing competition within a global marketplace and rising operating costs provides business managers with a significant challenge (Azad, 2019). With rise to the digital age, it is assumed that robots and automation will dominate the manufacturing industry (Oztemel, 2018). Automation can support organisations in continuously improving processes to eliminate waste and maximise throughput, fundamentally allowing them to be at the forefront of their given industry. 
Wall Colmonoy is regarded as a well-established company within the manufacturing industry and has been a market leader for producing hard surface and wear resistant alloys since 1938 (Wall Colmonoy, 2019). However, in 1976 began manufacturing components via the investment cast route, commonly known as the lost wax process. A part-process of this manufacturing process is the shelling operation, which has historically been a manual task. The manual nature of this process operation has a significant impact with the repeatability for a consistent shell, this results in run outs of the material during the casting process, therefore increasing reject rates within the process.  Additionally, the current manual set-up of the process restricts the capacity within the department, impacting lead times for potential customer enquiries, ultimately resulting in the loss of the customer’s potential order.
With a shift within the manufacturing industry due to digitalisation, such as industry 4.0 and automated manufacturing, the continued increase of the GDP within the manufacturing sector, as well as Wall Colmonoy’s business strategy to increase the company’s turnover by four times by 2025, the company have deemed the possibility of the installation of a fully automated robotic shelling system to help maintain the company’s strong hold in the market sector. The objective of this automated process is to establish a repeatable process, reducing the overall reject rate, and increase the capacity capabilities.
This report reflects on the project team selected to undertake the project, the plan to establish a successful justification, and installation of a robotic shelling unit within Wall Colmonoy’s casting department, and areas in which the project could have been improved upon.


[bookmark: _Toc8847568]Main Report
Companies must consider many aspects of a proposed project; these include project planning and best practices when implementing a successful project in their organization. This allows for them to be the most efficient, effective and as sustainable as they can be. With the high tempo surrounding many projects within the competitive market that is the manufacturing industry, there is minimal opportunity for areas of risk to be highlighted, the inclusion of these will help mitigate the opportunity of risk potential (Allen, 2015).


[bookmark: _Toc8847569]Project Feasibility
In order to determine the feasibility of the proposal for the installation of an automated robotic shelling system, the proposal had to be justified. This required data gathering to establish the potential payback of the unit when considering the areas for improvement. The main areas considered were the reject rates for run outs experienced due to the lack of repeatability in the process, reduced manning and potential for increased capacity. A run out is where the shell of the mould has been breached with the alloy cast into the mould, resulting in an incomplete fill and rejected components. Reject rates for the process were gathered from weeks 15-38, 2016 – See figure 1 in appendix. This data recorded a reject rate of 2.37% due to mould run outs.
Initially three proposals were derived and highlighted to the senior management team. These proposals were based on varying capacity capabilities within the drying conveyor. The proposals were for an increased capacity of 90,180 & 270 moulds per conveyor – See figure 2 in appendix for justification versus potential payback of the unit.


[bookmark: _Toc8847570]Current Process – Manual Shelling
The operation for the shelling of wax tree within the investment casting process is currently manual process. The operator selects the correct tree from the conveyor, walks to the shelling tank, dips the mould, walks to the refractory fluidised bed, dips the mould and returns to the conveyor. This process is repeated three times, with an additional final dip at the end of the process to seal the mould. A drying time of 2 hours is required per shell coat applied to ensure that the mould is sufficiently dry prior to applying the next coat. Therefore, the whole process takes 8 hours. Restrictions of the current process
· Waste filed process (Single mould shelling, time consuming, not a lean process)
· Capacity constraints due to longer processing time (1 conveyor cycle per 24 hours)
· Fully operator reliant
· Lack of repeatability resulting in increased reject rates



[bookmark: _Toc8847571]Proposed Process - Automated Robotic Shelling 
The implementation of an automated robotic shelling unit is aimed at eliminating areas of waste within the process, increasing the potential for improved capacity and increasing the repeatability of the process. Wall Colmonoy selected the initiative for automation, in order to align with the industry’s movement into fully automated processes for replacing manual labour for repetitive tasks (Bond, 2013) Projected improvements on the current process. 
· Reducing waste from the process (Shelling 5 moulds at a time)
· Increase capacity of conveyor from 72 moulds to 90 moulds, 
· Reducing drying times aimed at doubling capacity capabilities (2 cycles per 24 hours)
· Remove opportunity for operator variability (Improve repeatability, reduce reject rates)
· Reallocation of manning

Proposed New Layout 
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[bookmark: _Toc8847572]Project Management - Prince 2
In order to manage a project, it is important to consider a structure to follow to maintain full visibility of all aspects of the project. Prince2 is a project-based approach containing 7 individual steps which focus on the organization, and particularly their control over their chosen project from start to finish (Slate, 2019). This approach was deemed as an appropriate monitoring tool when determining suitable project planning media for clarity on the status, and overall progression on the project to successfully install the automated robotic shelling system.
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(TutorialsPoint, 2019)
In conjunction with using prince2 project management to maintain full visibility of the projects progress throughout, we used a Gantt chart – see figure 3 in appendix, in order to track the proposed timings of each milestone against the actual time in which it took. This allowed us to visibly see if any area of the project was failing to meet the proposed timeframe and impacted any other activity.
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Within an interconnected world there are technological breakthroughs rapidly shifting the boundaries between the work tasks performed by human operators and those performed by machines/fully automated robotic systems (Schwab, 2018), it is inevitable for companies in the manufacturing industry that change is a necessity. Having reviewed the project undertaken for the installation of the automated robotic shelling unit, it is apparent that this was a pioneering project for the company and their journey into the new digital age. Wall Colmonoy had no previous experience with integration into the new digital age which was becoming more widespread within the manufacturing industry.
The industry 4.0 concept describes an adequate production chain, that extends from the initial design stage, through to production, as well as incorporating aspects of customer services. The aim of this being to introduce autonomous decision-making technologies to reduce error rates, potentially caused by human factors and any in process inefficiencies. The basis of the industry 4.0 concept requires continuation innovation and improvement within a company, upskilling of their employees, but also highly depends on the culture within the organization (Mohelska, 2018). 
The introduction of new technologies within the manufacturing industry’s ageing workforce can potentially create a skills gap with the upskilling of the workforce failing to maintain pace with the technological advancements. Although continued growth in the manufacturing industry may result in more job opportunities, evidence suggests that this shift in skillsets towards automated processes in this dynamic manufacturing environment could potentially result in 2.4 million jobs remaining vacant by 2028 (Dollar, 2018).
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Establishing the right project team is the key contributor to the project being a success. Cross-functional teams have now become more apparent with organisations, with the diversity of the team allowing for aspects and areas of the project to be seen from different perspectives – See figure 4 in appendix. Previously this may have been overlooked with the more traditional organisational team functions, such as HR and manufacturing functions which are dedicated to a specialist outlook (Johnson, 2016). Ying-Jung (2005) considers that functional diversity is part of informational diversity, citing Jehn, Northcroft and Neale (1999) “differences in knowledge bases and perspectives that members bring to the group”. 
Consequently, when selecting the relevant cross functional team for this project, consideration was given to cover all aspects of the project so the individual’s specific skills could be fully utilised. As a benefit of this others within the team learnt a new set of skills by working with other functions. Such as the production supervisor learning project management skills from the project manager, similarly, I myself learning more about the production process within the area, and the needs of the production team. These new skills learnt will be invaluable for future tasks and projects within the company.
With the change to an automated robotic shelling system being integrated within the manufacturing process, one key element of risk that had to be considered was the impact to the existing production schedule. In an idealistic world, production would have been halted in order to complete all the necessary work uninterrupted. However, due to customer demands with orders already acknowledged and potential for additional order requirements aligned with continued GDP growth within the manufacturing sector which has continued to rise from 2016 throughout 2017 – See figure 5 in appendix, minimal disruption to the production schedule was of high priority. Therefore, the inclusion of the production manager and production planner within the team, was required to mitigate this potential risk to production capacity and key-performance indicators such as on time in full employed to measure and track performance. Their inclusion in the team was required to plan the production schedule with any potential disruptions considered, maintaining communication of the progress of the project and any potential impact on production scheduling. This ensured that any impact would be communicated to all relevant parties, including the customer to minimise disruption. Scott (2018) believes that rigorous cross-functional planning processes inclusive of sales and operations has helped companies better align themselves with customer demands. This was prevalent during this project.


[bookmark: _Toc8847575]Team Dynamics – Change 
The informational diversity gathered from establishing a dynamic cross-functional team facilitates engagement across all levels in addition to promoting less resistance from all stakeholders of the project. During the initial discussions surrounding the proposals to move the shelling process to an automated robotic shelling system, this was received with heightened negativity from many employees. Current working culture is such that change is considered as a negative activity and can be anticipated due to long standing resistance. Much of this is stemmed from the older generation within the workforce. Bower (2003) believes that these behaviours or unofficial laws have been learned, becoming the norm of a ‘That’s not the way we do things around here’ attitude.
The initial behaviour experienced is representative of the early stages of the Kubler-Ross change curve. 
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(Maltaverne, 2017)


An area of potential weakness regarding individual involvement was the initial exclusion of any members of the operating team, particularly the team leader for the shelling area. Only upon discussion with the team leader did it become apparent of their frustration surrounding the change to the process and lack of communication in terms of timeframes. On reflection, a more thorough review of the team dynamics would be required for further projects, as it highlighted the importance of involving those individuals when such changes would impact on their daily roles and responsibilities.
However, to combat this negativity the mould room team leader was incorporated as part the project team. Though, initially the team leader experienced the same negativity surrounded the proposal with their denial and frustration of the proposed change. This negativity was removed once the team leader had been integrated as part the project team, surrounded by positive working energy, and become fully embraced within the change.
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The corner stone of any successful project within a company is the ability to foresee any potential risks that may impact a project, resulting in the failure to meet certain milestones which may or may not affect the overall project.
To establish the potential risks which could impact on the successful implementation of the automated robotic shelling unit we used a SWOT analysis tool – See figure 6 in appendix.
SWOT analysis allows you to organise risks that could impact you project from an internal perspective (Strengths & Weaknesses) areas which we were able to control, such as greater production capacity or lights out manufacturing, as well as the external factors (Opportunities & Threats) that were outside of our control (Parsons, 2018). On reflection of the project, one potential threat which was not actioned at the time of review was the potential for the project becoming late while running downscaled production capacity. This oversight resulted in increased costs to Wall Colmonoy due to the fact the supplier was late on delivery of the automated robotic shelling unit. In order to avoid a repeat situation with future projects we will tie suppliers into a contract for late delivery penalties.







[bookmark: _Toc8847577]Conclusion
With the ever evolving technological advancements in the manufacturing industry, and rapidly changing landscape from higher employee numbers to facilitate the basic repetitive tasks, to automation and robotics, figures suggest a significant shift within the next 15-20 years (Snyder, 2012). This change will inevitably require companies to change their approach in order to remain competitive within the market.  
Wall Colmonoy’s senior management determined that in order to remain competitive, the change towards automation with the installation of a robotic shelling unit within the casting’s investment route was necessary.
On review of the overall project conducted for the installation of an automated robotic shelling unit within Wall Colmonoy, the unit was purchased received and has been installed within the production process, deeming the project to be a success. However, there were areas in which we have identified opportunities for improvements when conducting further projects within the company.
The main area with consideration for improvement is to ensure that all aspects of external factors are reviewed and risk assessed at the start of the project, to avoid a repeat issue and any additional processing costs. 
Additionally, upon initial review of the project undertaken, the selection of the appropriate personnel to be involved as part of the team is vital to maintain communication with the personnel whose daily roles will be impacted with the outcome of the chosen project.
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Figure 1 – Data for quantity of moulds experiencing run outs versus quantity of moulds manufactured


Figure 2 – Cap Ex justification
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Figure 3 – Gantt chart tracking the project requirements and timescale
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Figure 4 – Table of Project Team roles
	Luke Davies
	Quality Technician / PM
	Co-ordinate project to ensure the project remains on course to achieve the plan set. Review data for quality reject rates. 

	Michael Shreeve
	Senior Engineer
	Liaise with supplier regarding specification / technical information for robotic unit. 
Lead training requirements for the unit

	Mark Carney
	Production Manager
	Monitor process parameters and impact of temporary layout on the production schedule

	[bookmark: _GoBack]Rhodri Williams
	Maintenance
	Quantify utilities requirements. Co-ordinate relocation of utilities

	Jamie Sweeney
	Production Planner
	To plan the production capacity accordingly to the time lien of work being conducted. Communicating potential delays/impact of customer order to the customer service team

	Mark Dewitt
	Mould Room Team Leader
	Retrospective inclusion. Discuss potential process related issues identified throughout project



Figure 5 – Data of GDP growth in the manufacturing sector 2016-2017













Figure 6 – SWOT analysis for automated robotic shelling unit
	SWOT Analysis

	Strengths
	Weaknesses

	Automated consistent and lean manufacturing process
	Major change to manufacturing process - To ensure consistency manual operation filmed and weights measured of dipped moulds, validating of aligned automated process

	Improved repeatability
	Reliance on sub-contractor to deliver 
turnkey solution - Rigorous pre project approval and technical scoping documents supplied to cover all aspects

	Covering loss of experienced workforce - 
Statistics show 55% of experienced operators will leave the manufacturing industry in the next 10 years
	Potential for upskilled personnel to leave,
 resulting in gap in knowledge - Keep cross-functional team with multiple individuals trained (knowledge management), with all necessary procedures documented

	 
	 
	 
	 
	 
	 
	 
	 

	Opportunities
	Threats

	Greater production capacity
	Perceived concern of robots stealing people’s jobs, 
with operators blocking and creating problems -Operator engagement, upskilling operators rather than make redundant

	Lights out manufacturing
	Project becoming late when running downscaled
 production capacity - No action taken

	 
	Justifications for improvements done in theory
 as validation not possible - Root cause investigation identifies inconsistency of shelling as primary cause of failure. Thus, automated process will provide the consistency required

	
	Ageing workforce - 
Statistics for 55% of workforce leaving manufacturing industry in the next 10 years compared to Wall Colmonoy workforce, with 60% of the workforce over 55 years old. Robotics mitigates this factor
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