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The manufacturing industry is a consistent and flexible area that has essentially pioneered industry in and of itself. Manufacturing has moulded the way in which trading occurs, adding a much-needed level of diversity offered by companies that compete against one another to push competitive products in the markets they specialise in. Beyond the value that manufacturing is held to, it is equally as important to consider how valuable the processes that take place behind the scenes, within manufacturing, truly are, as well as how much of a baring they have on how efficient a company can be. 
The industry today relies significantly on automation, limiting the use for human interference. Generally, it is an all-round more efficient method of production since it lacks the consistency issues that are unavoidable in humans, with the main issue being fatigue, which is commonly attributed to most human errors (1). An example of how disproportionate human error is in comparison to automation error is highlighted in a study conducted by INPO, it was found that 92% of all root causes of incidents/errors in the United States nuclear power industry were manmade (2). 
However, the reliance on automation over the years has transitioned into a dependency, placing far more emphasis on the functionality of machines to ensure they are performing to the expected standard. The problem with this dependency, is that large machines manufacture products on a huge scale, so when they experience a breakdown, the company loses out massively, not only on production but also financially, since severe breakdowns may require a new investment to be made. This can be very costly, all the while the production rate has dropped significantly, having a direct impact on the profit that will be made in that week/month.
To conclude this section, it is inevitable that at some point, automation in the workplace will require human input, whether it is for maintenance or repair, so it is essential to improve the method of interaction that takes place between both humans and automation to reduce the severity of any effects that occur when the automation fails. This partially correlates with a paper written by Dr. Wiegmann and Dr. Shappell who stated “Clearly, if accidents are to be reduced further, more emphasis must be placed on the genesis of human error as it relates to accident causation” (3).
Ecolab, otherwise known as Economic Laboratory, is a global corporation that leads the frontier in manufacturing and supplying water, hygiene and energy technologies/services to businesses around the world. Ecolab makes use of automation to help aid the production of products that are demanded on a global scale, and just like other manufacturing companies, the constant worry of machine failures is very prevalent. Ecolab record any machine failures/faults on paper which is then typed up into a spreadsheet, completely fraying away from a more efficient, automated method of storing the data and producing information.
[bookmark: _Toc501282902]Machine fault management technology and methods
Automated machines that contain a plethora of individual components are susceptible to faults been as there is a higher chance of incidents occurring that can render the machine incapable of performing its designated task. It is for this reason that methods of managing machine faults need to be applied to ensure that there is a level of preparation capable of dealing with the potential event of undesirable loss, in place. 
[bookmark: _Toc501282903]Fault Tree Analysis
One method of keeping on top of susceptible machine faults, is called fault tree analysis. Fault tree analysis is a top down deduction system that is used to identify the stems within a system that can lead in to incidents that will incur a loss. This method essentially details all the understood faults that will transpire into failures/incidents, and in turn, links each of them via contributory events that categorise the incidents by pre-defined conditions. This essentially groups the faults and their attributed failures into types, making the analysis of potential solutions easier to devise, since one solution can be used to solve/prevent several incidents that can lead to the same failure type (4). Overall, what the fault tree analysis attempts to succeed in, is providing people with knowledge of the things that can go wrong with the system that concerns them, which aids them in the identification of the early stages associated with big incidents that can occur with the system, all with the intention of trying to prevent the early stages from progressing to the point of a system failure. The good points associated with the fault tree analysis method are:
· Clearly defined incidents 
· Clearly defined faults that occur in the build
· Clearly defined relationships between faults
· Categorises incidents into type
· Simplifies the solution analysis process 

[bookmark: _Toc501282904]Process Failure mode effect analysis (PFMEA)
PFMEA is an analysis tool used for identifying and evaluating a process’ potential failures with the intention of reducing the risks of the failures occurring (5). It utilises a four-step system each of which is given a score to establish a rating that determines how problematic the potential failure could be. This score is based on a scale from ‘1-10’, ‘1’ is scored to represent a minimal level and ‘10’ is scored to represent the highest level. The four steps are comprised of the following: (5)
· Severity – Rates the impact of the failure
· Occurrence – Rates the frequency of the failure
· Detection – Rates the difficulty in the failure being detected
· RPN (risk priority number) – Is the total score given to the failure (Severity, Occurrence and Detection score multiplied together)

PFMEA is a very useful way of evaluating a process’ potential failures because it provides the failures with a score that is beneficial because, added measures such as baselines can be set by the business to use as criteria, so, in an event where a potential failure exceeds the baseline RPN, an investigation can be done to see how the failure’s RPN can be reduced. The good points associated with PFMEA are as follows:

· Gives a clear indication of how problematic a failure is, based on RPN
· Each step has a written evaluation, contextualising the rating
· Defines areas of the failure that are significantly problematic through the step ratings

[bookmark: _Toc501282905]Root Cause Analysis (RCA)
Root cause analysis is an analysis tool used for the identification of a failure as well as how, and why it occurred. The purpose for using RCA is to prevent any recurrence of a failure, making processes as efficient as they are limited to be by essentially filling in the void that caused the failure to occur, with a devised solution (6). RCA works by first identifying the process failure, following this, the root failure must be found, which is determined through identifying how the failure occurred as well as why. This can be done by investigating the initial failure. This tool is simplified by adopting a step system like PFMEA, the RCA system consists of a total of four procedural steps that are as follows: (6)   
1- Data collection – Gather information on the failure
2- Casual factor charting – A diagram detailing the events leading to the failure
3- Root cause identification – Addresses the problems surrounding the failure to determine which one was the cause
4- Recommendation generation and implementation – Possible solutions are generated, and the optimal solution is implemented to prevent the recurrence of the failure

Root cause analysis is a great method of preventing failures from reoccurring through its last step of implementation, where the solution to deal with a failure is put in place, solidifying the process that suffered the failure. The process’ performance is made more efficient since it is no longer at risk from that type of failure happening again. The benefits from RCA consist of:
· Reduces if not, eliminates, the risk of a failure reoccurring 
· Highlights other problems that could lead to a potential failure during step two
· Other possible solutions can be used if the first solution fails since multiple solution ideas are generated in step four

[bookmark: _Toc501282906]Total Productive Maintenance (TPM)
TPM is an approach utilised for maintaining equipment, with the intended purpose of achieving perfect production, which by the standard of TPM, is defined by no breakdowns, no small or diminished production and lastly, no defects. This method places lots of emphasis on the employees that are associated with the machines, this is because they are the end-users and are expected to attain a level of respect for the equipment, as well as aspire to be as productive as possible, which by using TPM, is more achievable. TPM is broken down into five steps that are used to facilitate the aspiration of perfect production, the steps consist of the following five ‘s’: (7)
1- Sort –Sorting items into sets defined by their purpose such as critical, important, unnecessary 
2- Systematise – Items are to be returned to original location after use
3- Sweep – A thorough clean of the work place
4- Standardise – Employees agree on standards that must be held for keeping workplace and machines clean
5- Self-discipline – Employees must maintain the standards agreed on without fail
TPM is a solid method that if executed correctly, can significantly improve the production of a company by simply introducing a systematic method of organisation for employees to utilise. Implementing a system for employees to follow to ensure a neat and tidy workplace is maintained for them to do their job, reduces the amount of risks that can occur on the machine floor. The benefits posed by TPM are as follows:
· Production can be efficiently completed without reducing product quality
· Machines will last longer through being maintained more regularly


[bookmark: _Toc501282907]Machine fault management tools
[bookmark: _Toc501282908]Proprietary 
Machine fault management tools that share similarities to the current project proposed for Ecolab, are generally sold as proprietary systems with the main purpose being that, a company can buy into a package/suite offered by a vendor that will encompass multiple tools that address several different processes (10). Proprietary systems while being hailed as ‘good all around’, their downfall is that a company is forced to invest in the whole package. This can be detrimental to the company if only one of the tools offered in the package is needed, the company would be investing in a package that would poses no usefulness beside the one tool, which for the cost of such packages, would make the investment a waste of resources. 
[bookmark: _Toc501282909]Spreadsheet
Spreadsheets essentially bridge the gap between paper-based systems and computerised systems, basically functioning as a paper based system on a computer screen. However, a spreadsheet offers little to no added benefits in terms of data deduction or data analysis (11), leaving it to remain as a method of storing data whilst relying wholesomely on the individuals that use it to deduct the information manually, which is its largest downfall. Spreadsheets can be used for archiving data which is one of its strong suits.
[bookmark: _Toc501282910]Database
Databases are normally the next logical step from a spreadsheet, ensuring the maintenance and the retrievability of data, accompanied with a tool set far more useful and tailored for the process of data analysis (12). Databases are commonly found at the centre of most companies that deal with huge amounts of data quite simply because, they are extremely good at storing data as well as providing the necessary tools to query the data to deduct information. Database’s only true downfall is in the diversity of choice regarding what database technology is chosen, which, holds a significant amount of importance because the services offered by each technology vary and differ to fulfil different needs (13), so choosing the right database technology is crucial.
[bookmark: _Toc501282911]Rationale
Ecolab is becoming a global elite of the area it occupies within the manufacturing industry, and it is for this reason, that a more sophisticated system needs to be set in place to manage the machine faults that will in turn, minimise the down times caused by machine failures that could have otherwise been predicted and prevented, ultimately saving Ecolab resources. 
Regarding the existing methods employed for collecting data on machine faults and failures that have been researched, it is a certainty that each method will be sufficient in collecting the data. It is known to the researcher that the methods that have been explored, are in-fact utilised by Ecolab for monitoring machine faults and failures and since the data collection methods are not the area the project is trying to improve, the methods favoured by Ecolab will be utilised.
After researching some of the current technologies for monitoring machine faults, one of which is already adopted by Ecolab, it is apparent that none of the explored technologies will be as instrumental in a positive improvement that the project aims to achieve. It is for this reason that the project will be a bespoke system. This will ensure Ecolab are provided with a system that is built and tailored to facilitate the process of monitoring and managing machine faults and failures specifically for their company. This decision is better than the concept of proprietary technology as the company will not be forced to pay a large sum of money for a package of tools of which only one is needed. It is also better than the technology posed by standalone spreadsheets and databases because it will offer back-end manipulation through front-end interaction.
The system will provide Ecolab with the tools necessary to monitor their machine faults which in turn will provide sufficient knowledge as to whether a machine, based on its recent faults, should be due a failure. This will allow the end-user of the system to catch an emerging failure before it occurs, which will prompt a decision-making process on how best to deal with the problem. This should decrease downtimes in Ecolab by resolving the problems before they occur, which in turn, should save the company money, that prior, would have been lost in the downtime. The system will be comprised of an application interface that will be used by the end-users and a back-end database, where all the data is saved to and manipulated from the front-end application.
[bookmark: _Toc501282912]Aim
The aim of the project is to design and develop a bespoke software system to facilitate and improve the management of Ecolab’s machine fault data, with the intention of introducing a new and reliable method of identifying and subsequently, reducing, potential downtimes caused by machine faults and failures, at Ecolab.
[bookmark: _Toc501282913]Objectives
The objectives of the project:
· Conduct a literature review to research and critically review:
· Machine fault management technology and methods
· Machine fault management tools
· Design a front-end system that recognises the end-user’s transition from paper to software, so compensate by providing a simplistic and user-friendly interface
· Develop a system that encompasses relevant knowledge obtained from the research conducted in the literature review
[bookmark: _Toc501282914]Ethical considerations
The following issues will be considered:
· Collection of data that may be deemed sensitive to client 
· The method in which the data is collected
· The method used for storing Ecolab’s data
· The method used to ensure any Ecolab employee’s anonymity if they do not consent to be named
The necessary actions:
· Client must provide consent for the use of their machine data for the project to conform to the DPA 
· The terms of use on the data provided by the client must be outlined and agreed on with the researcher
· The client will be informed if the use of data changes before hand to ensure new agreements can be made regarding the use
· Any information obtained through means of the client’s employees will be given back to the participants to ensure the validity of the content before being used

[bookmark: _Toc501282915]Deliverables
· Project Proposal
· Project Plan
· Machine Fault Monitoring System
· 

[bookmark: _Toc501282916]Research Methodology
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The phenomenological philosophy best serves the research methodology for this project. This is because the philosophy revolves around interpretation (8) as opposed to fact finding, which is done through obtaining information from people rather than objects. The information gathered will therefore be subjective to the researcher as well as from the people who emit the knowledge and this, has been acknowledged. 
Reasons for using the phenomenological philosophy are as follows: (9)
· Humanistic approach that is concerned with more than just ‘what is’, but also answers for ‘why it is’ and ‘how it is’
· Minimal cost for applying the research with the main resource being the researcher
· The structure is lenient and flexible which means directional changes in research are easily accommodated 
· Generalisation is not a necessity in the project’s field of research
· Human research is required to a small degree to understand the interaction between the client’s current system and the end-users

Possible issues: (9)
	Issue
	Solution

	Collecting data can be time consuming
	Manage time proficiently by following the allocated set times for data collection specified in the project plan 

	The pace and progress of the project can be difficult to control
	Monitor progress using the project plan and adjust pace to correlate with the project plan’s allocated time slots


	The emphasis is humanistic and lacks objectivity or scientific rigour 
	This purpose of this research is to help address a problem for a single organisation which makes this an irrelevant issue. 




[bookmark: _Toc501282918]Approach
Inductive reasoning is the approach that is most commonly used in conjunction with the phenomenological philosophy, this is because inductive reasoning shares the same methodology regarding building a theory based on research (14) (15), as opposed to starting with a theory and testing the hypothesis to determine the theory’s validity. This is the reason that this approach has been adopted, to allow a theory to be built based on the research.
Reasons for using Inductive reasoning are as follows: (15)
· Coincides with phenomenology philosophy
· The researcher is not limited or confined by predefined boundaries and thus can operate freely 
· Inductive reasoning will identify probability which provides leeway in allowing the researcher to be wrong
· The researcher can subjectively convey the research without necessarily being wrong

Possible issues: (15)
	Issue
	Solution

	Inductive reasoning is based on subjective knowledge as opposed to proven, solidified knowledge, thus, some research may be biased or potentially incorrect
	Analyse the information thoroughly and compare knowledge to other sources to identify correlation. 

	Subjective data in some instances can contradict the researcher’s findings/purpose of research
	Using inductive research alongside the phenomenological philosophy, any contradictions can be analysed which can then lead the researcher in different directions.

	It is a possibility that a theory will not be devised 
	If the researcher is unable to correlate the research to the conclusion, a theory will not be made on the subject matter



[bookmark: _Toc501282919]Strategy
Action research is a strategy employed to add to the knowledge of an area (16) which in this case, is the use of software in the manufacturing industry and how it can benefit the manufacturer to use software as opposed to paper based systems. It relies on the researcher’s ability to solidly compare and evaluate two instances of a situation, where one instance is the original situation and the other, is the situation after a change has been implemented based on the conducted research (17). This strategy is very prevalent in the context of this project since a situation already exists, and the proposed project by the researcher is intended to improve the current situation by invoking change.
Reasons for using action research are as follows: (16) (18)
· Coincides with phenomenology philosophy
· The researcher is actively responsible for the intended change and not just an observer
· Cooperation between company and researcher will be required
· Allows the researcher to be wrong because if the situation does not get better after the change, it becomes valuable research for other researchers in similar situations
· Provides a good method of comparing how a change improves or worsens a situation

Possible issues: (19) 
	Issue
	Solution

	Time and resources to conduct research and implement the change to the situation
	Follow the project plan closely to stay within the time parameters for each task.

	Bias research
	Not necessarily an issue since the researcher will subjectively analyse the information.

	Results are not generalisable
	Results will not be generalisable, but the results will be valuable for research purposes eg. Why it worked/why it didn’t work. 





[bookmark: _Toc501282920]Time Horizon
Based on the time frame this project has been set, the only conventional time horizon to use would be cross-sectional. This is because cross-sectional time horizon addresses research projects that have shorter time frames by focusing on one set of data from one point in time, as opposed to multiple sets of data from different points in time, studying the change over time (20). 
[bookmark: _Toc501282921]Data Collection Methods
The data collection method best suited to action research consists of observation and interviews both of which can produce qualitative and quantitative data. Interviews with end-users will be conducted by the researcher and will provide information about the current system as well as what is specifically needed in a new system and why. This coincides with the action research methodology by collecting data at one point in time to be analysed (17). Secondly, observations are beneficial methods of collecting data because the researcher will know what data and information is relevant and useful. In conclusion, by using these two data collection methods, the researcher can control what data is collected as well as how, which is very beneficial since by using action research as a strategy of research, the researcher is ultimately the individual responsible for utilising the data and producing the change, and how the data is collected can be manipulated to suit the researcher (18).   
[bookmark: _Toc501282922]Development Methodology
Extreme programming will be the methodology used to structure the course of the project, because, a system such as the one that has been proposed will require a solid structure to maintain and organise the workload. Extreme programming also provides sequential steps to follow to ensure the system is built properly (21). The system will also require every function to work and this is more achievable by using the waterfall SDLC which places emphasis on not backtracking, so once a step has been complete, it cannot be worked on again (22). This too, places emphasis on the focus and completion of steps to the best standard possible to ensure there are no mistakes, since there will be no opportunity to go back and makes fixes. Also, the waterfall SDLC performs optimally when the requirements of the system are known at the beginning, which, is the case with regards to the proposed system (22).
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[bookmark: _Toc501282924]People
· Project End User – Michael O’sullivan – This person is one of the known end-users of the proposed system and will act as a source of information as well as test the final product

· Project Supervisor – Jeanette Adams, John Williams – These persons will provide the appropriate level of help and advice throughout the duration of the project


[bookmark: _Toc501282925]Application Packages
· Word processor – Microsoft Word – This will be used to document any relevant information for the project

· ERD Software – Data Modeler – This will be used to design the logical schema of the system

· Project Planner – Microsoft Planner – This will be used for the planning and control of the project

· Project Planner – GANTT PRO – This will be used for the time management of the project

· Task Breakdown – Microsoft Excel – This will be used to break down the tasks and milestones of the project

· Database Software – Microsoft Access/Oracle/SQL Server – This will be used to create the database

· Programming Software – Microsoft Visual Studio – This will be used to create the front end of the application if Access is not used


[bookmark: _Toc501282926]Programming Languages
While many languages can be used for this project, the reason as to why the following have been chosen, is simply to keep the project realistically achievable through allowing the researcher to stay within their comfort zone. The languages to be used are as follows:
· Database Language – SQL – This will be the language used to build and query the database

· Front-End Language – C#/VB – Dependant on the route that the researcher takes, one of these languages will be used in the development of a front-end system
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