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[bookmark: _Toc135830970]Abstract
This report explores how Richwest Engineering Ltd, a manufacturer of engineering goods, handled its largest manufacturing contract to date. Following an informative review of project management and process improvement literature, the report seeks to apply the methodologies retroactively to determine the strengths and weaknesses of the project. An analysis reveals that many of the company's struggles stem from a lack of production documentation and slow unexpected changeovers. Based on these observations, the report concludes with several recommendations for improvements to address these shortcomings, using established tools and theories. Overall, the company provided uncompromising customer service by remaining agile and prioritising customer service.
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Richwest Engineering Ltd has provided engineering and manufacturing services since 2007 (Companies House, 2023). They specialise in supplying one-offs and small-batch production. Most of their customers stem from the automotive and electronic industries, as mentioned on the homepage of their website (Richwest Engineering Ltd, 2017a). Regardless, they are willing to accept work from most industries, often resulting in a busy production schedule of diverse components, often demanding several manufacturing and post-production processes to complete. The computerised numerical control (CNC) machines the company has at their disposal (Richwest Engineering Ltd, 2017b) aid in manufacturing various complex components. An article from the Caerphilly Observer (Williams, 2021) mentions the company's involvement in developing the "BPS7 Prototype", a sports car they have helped to tune and provided custom components for and is an excellent source of pride for the company.

In May 2020, a valued customer approached the company with an exciting offer. They wished Richwest Engineering Ltd to become a significant parts supplier for their products. According to a document prepared by the administrative director (Speake, 2023a), after a lengthy quotation process, the company received an order for 11,550 components worth £111,415.50 on July 20, 2020. The contract presented a new challenge for the company as they had never faced such a significant order in quantity or value, with the deadline set for July 5, 2021. During a discussion, the director (Speake, 2023b) accredited many of the hardships encountered during this project to global and supply chain disruptions caused by the coronavirus pandemic and conflict in Eastern Europe, leading to difficulties in sourcing materials and increasing energy bills. As a result, Richwest Engineering Ltd and the customer reassessed the contract and extended the completion date to April 14, 2023, almost two years beyond the original deadline.

[bookmark: _Toc135830973]Aims and Objectives
After completing the manufacturing contract, Richwest Engineering Ltd received correspondence from the customer on the possibility of renegotiation and renewing the contract for an extra sixty-six per cent of component volume. Thus, this report reflects on the success of the initial order to assess the feasibility of accepting the new contract while also offering recommendations for improvement to both business and production. This report will look to complete several objectives. First, it will feature a detailed analysis of the established literature about project management and process improvement methodologies. The results of this research will help prepare a hybrid framework consisting of appropriate tools and models to analyse the company and their operations.

In addition to these aims and objectives, the structure of this report will follow Kolb's Learning Cycle, a model for reflecting on personal experiences and analysing them to apply newly-found theories and information to the situation (University of Hull, 2022a). This model is preferable due to its ease of application compared to others, such as Gibbs' Reflective Cycle. While both models could apply to this project and are similar in several facets, Gibbs' model features an extra step to describe feelings and emotional responses, an area beyond this report's scope (University of Hull, 2022b).


[bookmark: _Toc135830974]Literature Review
[bookmark: _Toc135830975]Different Approaches to Project Management
The project's success depended on project management; a thorough review of the established literature is paramount to this report's analysis. This section examines two well-known methodologies: Waterfall and Agile Project Management. It is worth noting that Dr Winston W. Royce and the authors of the Agile Manifesto created their respective frameworks to serve software development. (Royce, 1970; Kent et al., 2001). However, this report will also investigate their applicability to a manufacturing job shop. Several surveys (KPMG, 2017; Project Management Institute, 2022; Project Management Institute, 2023) suggest that implementing an organised project management strategy will increase the likelihood of success when executing organisational projects, with thirty-one per cent of failures stemming from poor upfront planning.

Of the two approaches, Waterfall is the traditional approach to project management, emphasising the project planning process and aiming to gather detailed project requirements to create a sequential plan before initiating work (Royce, 1970; Adobe Communications Team, 2022; Maylor and Turner, 2022). Five distinct stages dictate what tasks to complete and progress; like a waterfall, the project must flow downwards through the stages with little to no regression. These stages are as follows; "Initiation, Planning, Execution, Monitoring, and Closing" (Calvello, 2021). Of the five steps, the first two are essential to this method, as that is when the team will identify the necessities, challenges, and risks. During the planning stage, the preparation and presentation of a Gantt chart will often occur and provides an overview of the project, detail milestones and assign tasks (Calvello, 2021; Mrsic, 2023). Gantt charts are beneficial as a time management tool; this report uses one to estimate and plan the work required to achieve the deadline and is available for observation in Appendix A.

Proponents of the Agile model claim that an incremental approach to project planning is more beneficial than traditional project management methodologies due to its inherent ability to adapt to frequent feedback (Association for Project Management, 2015; Gemino et al., 2021). In addition, the concepts of continuous change, interpersonal communication, and prioritising customer satisfaction are at the heart of the guiding principles of Agile (Kent et al., 2001). Developing products and services occur through iterative sprints; each sprint will feature planning, building, testing, and reviewing stages (Dybå and Dingsøyr, 2008; Axsom, 2022) with daily team meetings.

Despite its intended use case of software development, some advocate its applicability to other types of projects, resulting in the emergence of the Agile Manufacturing (AM) method (Gunasekaran, 1999; Neumeyer, 2023). Between the effects of the coronavirus pandemic, and the advent of Industry 4.0, many within the manufacturing industry are looking for ways to remain adaptive in this environment with changing demands (Fictiv, 2021; Axsom, 2022), especially job shops specialising in high-mix, low-volume manufacturing, like Richwest Engineering Ltd. According to Quinn (1996) and Gunasekaran (1998), the key to agility in a machine shop comprises one's ability to change from the manufacture of one component to another and to respond to customer demands. A report from Fictiv (2021) supports these claims, with sixty-eight per cent of respondents placing agility as a top priority and eighty-four per cent of respondents utilising companies that offer cloud manufacturing.

[bookmark: _Toc135830976]Frameworks for Improving Company Performance
Since manufacturing is such a dynamic industry, companies must be willing to adapt to remain competitive. This section seeks to collect and examine the guiding philosophy behind two well-known and often utilised methodologies to improve manufacturing and business processes: Lean manufacturing and Six Sigma. The former originates from the work of Taiichi Ohno through the development of the Toyota Production System (Bozzone, 2001; Lean Strategies International LLC, 2021) for the automotive industry in post-World War two Japan. Meanwhile, the latter stems from Bill Smith, an engineer at Motorola, in the 1980s (Montgomery and Woodall, 2008; Pierce, 2020). These approaches ease process improvements by systematically and incrementally changing existing practices and ideologies. A review of the established literature is necessary to determine its effectiveness in application to a machine shop operating a high-mix, low-volume model.

Originating in the mass-production operations of the Toyota Motor Corporation, Lean Manufacturing prioritises identifying and eliminating waste in all facets of the process (Lean Strategies International LLC, 2021; Axsom, 2022). According to Ohno (1988), seven types of waste create inefficiencies in a production system, with over-production and inventory having the most significant effects on production (Elven, 2018; Lean Strategies International LLC, 2021). Additionally, Womack and Jones (2003) outline these wastes and the five lean principles to mitigate waste while claiming that a conversion to a lean-conscious system will result in double productivity while reducing inventory by ninety per cent. The wastes and principles are as follows:


Seven Wastes in Production
1. Transportation
2. Inventory
3. Motion
4. Waiting
5. Over-Processing
6. Over-Production
7. Defects
Five Principles to Lean Thinking
1. Specify Value
2. Identify the Value Stream
3. Flow
4. Pull
5. Pursue Perfection

However, Bozzone (2001) disputes these relevancies in the modern machine shop, claiming that some of these principles present themselves in job shops due to the inherent differences in business models between mass and volume production. Take Richwest Engineering Ltd, for example; if not for their customer placing an order, they would not be manufacturing those specific components. Instead, they would be satisfying the demands of another customer. Thus, the company already operates on a pull system, resulting in less inventory and over-production than mass production.

Hodge (2010) and Wilson (2010) agree with the previous statement and conclude that job shops face significant challenges when implementing lean in the traditional sense; instead, only selective principles help reduce waste. Most academics, when discussing lean manufacturing in the machine shop, come to similar conclusions; they suggest lean manifests itself through a reduction of lead times and quick changeover of tooling (Gunasekaran, 1998; Ohno, 1998; Bozzone, 2001; Axsom, 2022), somewhat overlapping with the philosophies of agile manufacturing.

Another helpful model for improving company performance is the Six Sigma method, a statistical approach to reducing variation and opportunity for defects to occur. In many ways, it shares similarities with Lean Manufacturing, as it recognises the importance of eliminating waste to reduce production costs, often due to rework (George, 2003; Montgomery, 2008; The Council for Six Sigma Certification, 2018). In addition, the method introduces the concept of process levelling, with Six Sigma representing a perfect process and One Sigma being the worst and unlikely to generate any profit for the organisation. Despite developments in the method with more tools and techniques, it began as a statistical representation and defect metric at the Motorola company, reflecting any process that presents 3.4 defects per million opportunities (Pierce, 2020).

An essential tool in the Six Sigma arsenal is the DMAIC. It is a five-step process: Defining, measuring, analysing, improving, and controlling (Thakur, 2023). The process assists in assessing and improving current processes by measuring and analysing statistical data from the current process before seeking to establish improvements. Regarding the company and project in review, this process applies to the machine shop, helping eliminate variability and reduce product defects through several studies (Bhusnur, 2017; Ismail, 2017; Sharma, 2017). Despite this, some manufacturers remain hesitant to install the method due to its heavy reliance on statistics and the preconception of the complexity to use. However, Irani (2020) acknowledges these concerns but urges companies to consider the importance of quality control and continuous improvements, even if it calls for a deviation from the Six Sigma framework.

[bookmark: _Toc135830977]Evaluating the Effectiveness of Lean Six Sigma
Many companies utilise a hybrid method rather than choosing between Lean Manufacturing or Six Sigma, allowing them to improve production speed and reduce variability while maintaining low costs (The Council for Six Sigma Certification, 2008). George (2008) mentions how Six Sigma can be a crucial tool for achieving Lean objectives, claiming that a ten per cent scrap rate will increase the process cycle time by thirty-eight per cent. The guiding principles are also an amalgamation of the two methodologies; the most relevant to the project is removing variation and bottlenecks from the process (Purdue University. 2021). Doing so will reduce the occurrence of product defects while improving the production flow, essential factors for any job shop.

While there are many benefits to using these methodologies and frameworks, several limitations may manifest during implementation, especially within small manufacturing businesses. The two most significant reasons are the investment costs to start the change programmes and the challenges associated with implementing change. For example, the Lean Six Sigma principles preach that all members must receive training to understand and participate in the projects (Montgomery, 2008; Purdue University, 2021). However, not only will this training be costly, but it will also take time to train all staff members. This barrier to entry can be unsettling to the uninitiated. Nevertheless, research by Thomas, Barton, and Chuke-Okafor (2009) proposes that small engineering companies can implement these tools for a low cost by adapting them to suit the business. As a result, the subject company increased their parts per hour by thirty-one per cent, with equipment effectiveness of fifty-five per cent.

[bookmark: _Toc135830978]Methodology
Due to the project's complexity, adopting an exploratory sequential research design seems the most appropriate decision (Delve, 2023; Harvard Catalyst, 2023). Furthermore, since a manufacturing environment consists of countless assessable factors contributing to a successful project, a mix-method is necessary to collect quantitative and qualitative data for assessment. The exploratory sequential model is selected because this report focuses on a project nearing completion. Therefore, while there was an opportunity to collect some data, it made sense to identify what factors might affect the project by using the results from a qualitative data analysis to prioritise the quantitative data collection before project closure. In addition, the mix-model approach provides a deeper understanding of the manufacturing processes at Richwest Engineering Ltd, allowing the report to discuss several facets of the company in a deeper depth. Figure 1 features a flowchart detailing the project plan and the research design approach.
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[bookmark: _Toc135826436]Figure 1 Project Plan and Report Structure

[bookmark: _Toc135830979]Phase One: Qualitative Data Collection and Analysis
Following the decision to use the exploratory sequential research model, a series of tools are chosen with the knowledge and inspiration from the literature review. Much of this project took place within the manufacturing workshop. As such, much of this research intends to assess machine efficiency and production flow and use the results to identify any shortcomings in the company, as per the tools described by Lean Six Sigma outlined in the literature review. These include the Gemba Walk, Value Stream Mapping, and changeover procedures through a Videotape Analysis.

Gemba walks consist of a regular walking tour of the shop floor and are generally conducted by management and leadership to observe and identify value-adding and subtracting activities (Wilson, 2010; Castillo, 2018). At this stage, the goal is to understand the process and collect data to inform the project's next step. There was also a discussion with the administrative director to understand the entire process better, from the request for quotation up to delivery. This conversation helped visualise the stages leading up to production on the shop floor activities and the post-processing requirements before shipping and project closure.

Value stream mapping originates from Toyota, an often-used tool in the Lean manufacturing framework (Roser, 2015; Plutora, 2022). It is a tool for visualising the stages a product progresses through and helps identify value-adding processes and potential bottlenecks in the system. This tool is beneficial for implementing improvements and streamlining communication between production and planning. However, due to the variational nature of a job shop environment, there are inherent difficulties in applying value stream maps, as most jobs will require different materials, machining processes, and post-processing. 

These differences make it difficult to plot a map encompassing all products at Richwest Engineering Ltd. Instead, the purpose of the current value stream map in this report is to visualise how a predominantly milled component will flow through the organisation. Alves, Tommelein, and Ballard (2005) claim that while stream mapping can be applicable in job shops, it must be more flexible than in other industries and will likely require updating daily. They also suggest grouping products into families that share similar processes, supporting the choices made in this report.

Videotape analysis helps understand the machine changeover procedures better and identify non-value-adding activities. This activity aims to identify wastes in production, often due to motion and waiting, as Ohno (Lean Strategies International LLC, 2021) proclaimed when discussing some of the most significant wastes in the Toyota production line. In addition, this tool helps assess the efficiency of the changeover process and recommendations for improvement and identify whether it contributed to the project's success. Bozzone (2001) recommends involving another member of staff who is not involved in assisting in reviewing the footage. Unfortunately, this was not possible in this instance due to time constraints.

[bookmark: _Toc135830980]Phase Two: Quantitative Data Collection and Analysis
Once a good understanding of the organisation and the project has been developed through qualitative data collection, including face-to-face discussions with management and personal observations of ongoing processes, quantitative data were collected using the appropriate tools and techniques. Quantitative data is helpful when initiating and tracking continuous improvement efforts, as it allows for a numerical value to substitute the current condition for ease of comparison with future requirements. The tools predominantly used were a process-step analysis, calculating the overall equipment effectiveness, and analysing the results. In addition, the videotape analysis calculates process cycle efficiency to determine improvement opportunities. 

The overall equipment effectiveness analysis is a tool for quantifying productivity by expressing it as a percentage and considering the component quality, equipment performance, and machine availability (Lane, 2007; OEE, 2023a). Identifying these underlying losses will allow the organisation to improve processes relating to its machinery. Therefore, prioritising these low-scoring factors is crucial while conducting continuous improvement projects. Each factor can consist of two causes: stoppages and product defects. For a more detailed understanding of the efficiency at Richwest Engineering Ltd, this analysis must be rerun on several components to amass a larger sample of results. However, this was impossible because the project ended shortly after the first analysis.

[bookmark: _Toc135830981]Assessing Bias and Limitations in the Approach
Despite the research method comprising a mix of data, the methodology still has some limitations. First, there is a noticeable bias towards qualitative data. There are two reasons for this: documentation and time constraints. The company seldom has extensive records regarding machine downtime, reworks, and defects, making the data collection portion of the research challenging. Fortunately, the project was ongoing when the assessment was initially assigned, providing an opportunity to collect data on machine performance and changeovers. While there was access to more information following project closure, there was a decision to refrain from using it in the interest of academic integrity.

There were also concerns regarding bias due to the overreliance on qualitative data and much of it relying on personal observations and discussions, especially since the sources were directly involved in the project. Efforts to mitigate personal bias during the research and analysis include conducting a literature review, using established tools and techniques whenever possible, and referencing well-known theories and models to support claims, as per suggestions from Shah (2019). At the end of the report, conclusions will be made based on objective data, frameworks, and the case studies explored throughout the report.

[bookmark: _Toc135830982]Analysis
[bookmark: _Toc135830983]Approach to Project Management
Discussions with the administrative director and personal observations reveal an absence of any formal project management methodology at the company. Instead, it manifests as a hybrid of traditional project management and agile but lacks the defining characteristics of the two. For example, the lack of documentation throughout the project made certain aspects of the reflection challenging (Royce, 1970). In addition, while the company remains agile in their workflow and response to customer feedback by inviting them for face-to-face discussions (Kent et al., 2001), its lack of sprint planning with regular meetings and reviews may have stunted its ability to respond quickly to ongoing issues in production. Figure 2 includes the planned initial timeline for the order and a revised production schedule based on customer demand. Note that the dates included in the revised program are estimated completion dates since deliveries were in smaller quantities instead of large batches.
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[bookmark: _Toc135826437]Figure 2 Planned and Revised Project Timelines

Following the initial request for quotations and project initiation, Richwest Engineering Ltd and the customer agreed to supply the customer with fifteen complete assemblies every month between September 2020 and July 2021, excluding December and January. However, the two decided to renegotiate delivery dates because of the coronavirus pandemic, with the final delivery scheduled for April 2023. As a result, the deliveries became sporadic due to fluctuating customer demand. Nevertheless, due to the company operating on a dynamic schedule, they successfully managed the variable workload and their other customers. However, management should have done better with material procurement; they purchased most of the materials at project initiation. Doing so defies the lean concept of just-in-time manufacturing and manifests waste through excessive inventory (Bozzone, 2001; Womack and Jones, 2003). This decision was especially detrimental due to the deadline extension, as it took longer to recuperate the initial costs than an incremental approach.

[bookmark: _Toc135830984]Evaluating Current Production Flow
Several walkthroughs and observations of the current processes revealed how product flows through the shop floor. Material deliveries are either brought to the workshop or directly to the warehouse at the rear of the facility, depending on whether the unloading can be by hand or requires a fork truck. The company keeps most of the material in the warehouse. However, during this project, they custom-built storage in the workshop near the turning machines to reduce waste in motion and easily track inventory levels for specific components that use the bar feeders. This change is an excellent example of how continuous improvement initiatives and knowledge of the seven wastes specified in the Lean manufacturing framework can help streamline processes (Ohno, 1988; Lean Strategies International LLC, 2021). However, there is a noticeable bottleneck regarding other functions. Figure 3 illustrates the current state value stream map for components that require the material cut to size and milling features. Due to the variable nature of the company, the map is general and for illustrative purposes only.
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[bookmark: _Toc135826438]Figure 3 Current State Value Stream Map of CNC Milling Components

At Richwest Engineer Ltd, there needs to be more communication between programmers on the shop floor and management regarding oncoming jobs. Sometimes engineering drawings and orders will be sent to production only to realise insufficiencies in tooling, leading to difficulties maintaining consistent flow and delays due to production downtime. In some cases, this also results in program rework for urgent jobs that cannot wait for tool deliveries. These factors may contribute to the bottleneck for the milling department, forcing the company to hold inventory for extended periods between the cutting and milling processes and causing unnecessary downtime due to excessive changeovers. A discussion with the director reveals a significant concern regarding the capacity of the milling machines. However, this requires further analysis to identify the root causes.

[bookmark: _Toc135830985]Machine Changeover Procedures and Equipment Effectiveness
Two analyses are used during this section to understand the machinery's effectiveness at the company. The first tool used is the videotape analysis of the machine changeover procedure to deduce the elements involved and their impact on the duration of downtime (Bozzone, 2001). In this instance, the elapsed times of each activity are unimportant. Instead, the durations have been converted into percentages and plotted as the pie chart in Figure 4. As is evident, the most significant contributor to downtime in this job was the need to rework the machine program. However, before analysing in depth, it is necessary to understand that these results only represent one changeover. Despite this, it may provide insight into some of the company's challenges during this project.


[bookmark: _Toc135826439]Figure 4 Video Analysis of a Machine Changeover

The second analysis regards machine efficiency; the data in Figure 5 represents the information required to calculate the overall equipment effectiveness. This machine data helps determine the machining processes' performance, quality, and availability. The lowest-produced metrics are the ones that require immediate attention, purely based on the data available; it is unlikely that quality is of concern due to the low number of defects. The one rejected component during this production was used to set up the machine and dial in the product dimensions to meet tolerances.

	OEE Items
	Data

	Shift Length
	540 Minutes

	Planned Downtime
	90 Minutes

	Unplanned Downtime
	105 Minutes

	Ideal Cycle Time
	18 Minutes

	Total Count
	15

	Reject Count
	1


[bookmark: _Toc135826440]Figure 5 Overall Equipment Effectiveness Data Collection

As for calculating the metrics themselves, Equations 1, 2, 3, and 4 demonstrate how to calculate the availability, performance, quality, and overall equipment effectiveness of this process. According to the Lean Production (2023b) website, these calculations' results are not uncommon for most small manufacturing companies. Sixty to forty per cent indicates significant room for improvement, and based on the two low scorers, there is likely waste due to excessive stoppages and slow cycle times.


Equation 1 Availability


Equation 2 Performance


Equation 3 Quality


Equation 4 Overall Equipment Effectiveness

Overall, this analysis has highlighted some of the shortcomings in the project and the company's processes. According to the OEE results, there is room for improvement regarding availability and performance, supporting the conclusions drawn from the video analysis. In addition, these results indicate a potential bottleneck in the changeover capabilities on the shop floor and can be exceptionally costly for small batch components, where changeovers are frequent. Due to the variation of parts in this project, this has likely been a source of difficulties for the company.

[bookmark: _Toc135830986]Recommendations for Process Improvements
Based on the research and analysis detailed in this report, this section provides recommendations to improve the current processes at Richwest Engineering Ltd. The study identified several weaknesses that affected the project's success. These suggestions address these deficiencies by reducing waste, improving quality, optimising efficiency, and improving communication between the shop floor and management. Implementing these recommendations may prove costly in the short term, but they will only continue to affect the company if left to be. This section does not seek nor claim to have all the answers but hopes to invoke thought and consideration into the problems encountered.

Recommendation One: Adopting a hybrid project management approach. Management will use the traditional method to initiate and develop a project plan before transitioning into a more agile workflow. Once transitioned, work will be organised into short sprints by selecting tasks based on current priorities and available material per the agile methodology (Kent et al., 2001; Association for Project Management, 2015). This approach would facilitate a dynamic scheduling system, and the regular team meetings will highlight production issues while improving team communication. In addition, if held daily, the sessions would help alleviate the problems identified during the analysis regarding insufficient tooling, as all members will be kept up to date and allowed to raise these concerns. While the two methodologies seem incompatible initially, research suggests that the two can be complementary in some scenarios. For example, Maylor and Turner (2022) acknowledge that a hybrid approach is necessary for many projects and that certain aspects of a project can be linear while others are iterative. Gemino, Reich, and Serrador (2021) support these claims, stating that fifty-two per cent of projects use a hybrid approach.

Recommendation Two: Drastic change in culture regarding the company's approach to continuous improvement through implementing the Lean Six Sigma approach to process improvement. One challenge encountered during the research of this approach was the application of the Six Sigma statistical techniques due to a need for more documentation. Implementing a new estimation sheet accompanying the engineering drawing on the shop floor will help gather the relevant data. In addition, this sheet will require operators to complete designated fields detailing cycle times, completion times, defects, and any other problems during the process. Lane (2007) mentions how a similar estimating and tracking sheet can be helpful in a job shop environment, suggesting that knowledge of expectations can increase productivity as the operators will become conscious of their performance.

Recommendation Three: Implement the single-minute exchange of die system to reduce changeover procedures. The goal is to reduce the time to ten minutes or less by converting the steps required into external processes to run alongside the machine (Lean Production, 2023a; Vorne, 2023). One of the most significant weaknesses of the project is the time it took to conduct the changeovers on the milling machines, with the analysis revealing two causes to be time spent finding and setting tooling and reworking existing programs. Vorne (2023) also suggests that an effective technique for reducing time is to provide advance notice of changeovers to employees. This simple change allows the machine setters to gather the tools and for programmers to revise programs while the machines are still running the previous job.

[bookmark: _Toc135830987]Conclusions
Reflecting on the manufacturing contract made it clear that the project had its fair share of challenges. However, despite this, the company endured and continued to provide exceptional service to their customer. The company embodied the guiding philosophies of the agile manufacturing methodology by adapting to changing demands and placing customer satisfaction as the highest priority. There was also observable evidence of continuous improvements during the project by installing dedicated storage near the machinery. While this report focused heavily on the weaknesses of the project, there were undoubtedly redeeming elements to the project. As a result, the customer insists that Richwest Engineering Ltd remain the sole supplier of components for their assemblies.

Despite this, some significant challenges tested the company's abilities and offered reflection and improvement opportunities. Unfortunately, the lack of ongoing documentation makes it difficult to pinpoint the causes. However, the research results in this report suggest that the company needs help to maintain a consistent flow, especially regarding machine changeovers. In addition, the lack of communication between management and the shop floor has led to unnecessary rework of programs due to insufficient tooling and slow changeovers. However, on a positive note, these deficiencies are not too detrimental to the company if they are committed to addressing them.

To better prepare the company for future projects, this report has offered several recommendations for improvement. First, the company may benefit from implementing a hybrid approach to project management to help better understand the project requirements while remaining agile during production. A part of the traditional management approach is maintaining documentation through the process, so an extension of the second idea is providing operators with a new estimation sheet. The sheet will require them to give start and end times, the number of defects, and any problems encountered. Furthermore, the third recommendation is to improve the changeover procedures by implementing the single-minute exchange of die system. As a part of this system, the machine setters will be notified of planned changeovers, so they may prepare the required tooling while the machine is running. While these suggestions may not be the answer to all the struggles at the company, it is a good starting point.

To conclude, the project undertaken at Richwest Engineering Ltd was the largest the company has yet to attempt. As a result, they encountered several challenges yet still managed to prioritise customer satisfaction and interaction. While the contract may not have been an outstanding success, they provided their customer with the entire order within the revised time constraints. As of the writing of this report, the customer wishes to continue with the company being the sole supplier of components for these assemblies. They have also relied upon the company to provide prototype components for a new product in development. Richwest Engineering Ltd will learn from these experiences and become a more competent precision component manufacturer.
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