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[bookmark: _Toc103709495][bookmark: _Toc58234437]Introduction
The purpose of this report is to describe process adopted within this project and reflect upon the methods used and the outcomes obtained. The project was to design a new system that would make access to and the adjustment of a pneumatic switch quicker, safer and easier. The nature of the problems that drove this project are detailed in section 1.1. 
This report aims to analyse the methods used to create decisions. This will be followed by making recommendations for improvement and what, if given the opportunity, would be done if this project could be started over. This would be done by selecting areas where decisions were made that directly impacted the project outcome. This includes time management, selection processes and design decisions. 
Another objective of this report is to analyse the outcomes and establish whether the solution was fit for purpose. This would be done by using recognised analysis tools to identify weaknesses in the design. From there, it can be established whether these features were crucial to the specification or unnecessary.

[bookmark: _Toc103709496][bookmark: _Toc58234443]Problem Brief
The current plant equipment required a switch to be adjusted to change the maximum travel of a pneumatic cylinder. The cylinder dictates pump travel and flow rate. The previous setup had the switch held onto the frame of the machine with two cap head screws. To adjust the position of the valve, the cap head screws were loosened whilst the switch was held, and the switch adjusted according to the flow rate required. To maintain the new position, the cap head screws were tightened. 
This caused a problem where the adjustment was very difficult, as the switch had to be held steady for the correct adjustment to be made. Not only this, but the switch was positioned low in a cabinet, below the line where lid meets the frame. This places the maintenance personnel in an uncomfortable position to adjust the switch, meaning that adjustment was not always accurate and would take a lot more time to complete. There was a concern there are safety implications as the space around the machine are tight, so further research was required. 
The personnel responsible of this adjustment are the maintenance department. Before production start-up and during production, the maintenance department were required to adjust the switch to the correct flow rate. The duration of this task, previously, was between 3-4 hours. whilst there are other tasks to be performed elsewhere, this activity would take a lot of time from a maintenance personnel’s shift, making it uneconomical. A form of linear actuation was considered to solve this issue. 
The previous setup had the equipment stored in a steel cabinet. The reason for this being that the switch is sensitive and is positioned in a busy area of the building where it could be hit. Hitting the switch would cause misalignment with the position of the pump. 
This means that all adjustment must be done inside the cabinet, making it difficult with the raised lip from the base of the cabinet (as highlighted below). The switch/valve was also surrounded by the frame of the machine itself, meaning that adjustment was blind whilst it was held in place by personnel. The previous setup is shown below.
600mm
1600mm
1500mm

This lid covers much of the front and top of the cabinet. When it is opened, it gives access to the machine. Only the most necessary parts were added to these diagrams for simplicity. See below how restricted the view is around the machine, given its position in the cabinet. 
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Whilst the lid does open to give access, the plate at the front of the cabinet hinders access around the equipment. Additionally, the switch needed to control the pump was positioned at the opposite side of the machine frame (shown in grey).
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[bookmark: _Toc103709497]Project Planning
In order to manage time and all the tasks that had to be completed, a Gantt chart and flow diagram were constructed. The purpose of the Gantt chart was to identify tasks to be completed, set a duration of each task and when they should be stated or completed. This provides a graphical view of the project, rather than a list of jobs with little to differentiate them. Appendix B shows the completed Gantt chart. Thirty weeks was the given timeframe to complete the project. At the end of this period, the product had to be complete and working with an evaluation of the design.
Appendix A shows the project flow chart. The purpose of the flow chart is to place each task in order of how they should be completed. Within the flow chart, there are multiple paths to be taken to achieve the same outcome. The path containing the most important activities is known as the critical path (F.K.Levy, 1963). The critical path analysis has found the most direct path as shown above. This will form the basic path taken throughout the project. Tasks adjacent to the critical path will be completed but is not critical to completing the project. All tasks within the critical path will be completed as a matter of priority.
[bookmark: _Toc103709498]Feasibility 
It is important to consider the feasibility of a project outcome within the set deadline. In this case, the outcome should not enough warrant more than thirty weeks of work. Within the Gantt chart, additional time had been allocated to each task, providing some form of contingency if any unforeseen circumstances were encountered. Similarly the process flow diagram, combined with critical path analysis, established all the steps that had to be completed before an outcome could be reached. This way, there were fewer unforeseen tasks to be completed and allowed time to be distributed amongst these tasks according to the workload each would bring. Completing these planning activities provided reassurance the project was feasible within the deadline. 
[bookmark: _Toc103709499]Reflection on time management and planning
Positive steps were taken in planning the project and time management. By completing these planning tasks, a holistic view of the project was created which made allocating and managing time simple and quick. An issue that was highlighted at the end of the project was the lack of material that recorded each task in detail and any obstacles encountered. Therefore, a form of record keeping such as a logbook can demonstrate a cause and effect when issues arise (Chartered Institute of Building, 2011). Bethencourt (2022) maintains a logbook can make reviewing and analyses quicker and simpler as it is recorded in the moment.











[bookmark: _Toc103709500]Research

In this section, research was completed to find information that would be relevant to the specification and the final design.

[bookmark: _Toc58234446][bookmark: _Toc70270393][bookmark: _Toc103709501]Standards for working access
Now that is has been established that the cabinet is not a confined space, working access must be considered, as adding additional access facilities after the project (rather than designing it into the project) can be very costly.
Access to the work area is important as it can influence the posture of the personnel accessing the cabinet. There are standards in place to give guidance on the dimensions and nature of the access arrangements to work areas. 
BS EN ISO 14122 is the standard that governs working access and working arrangements around plant and machinery. According to extracts of the standard, the minimum walkway width over distances longer than 2000mm is 600mm. As the cabinet is held at ground level there is no need for stairs or ladders; nor does working at height regulations apply.  What this standard tells us it that the area around the access point to the machine must be at least 600mm wide. 

[bookmark: _Toc103709502]Leadscrew
This type of mechanism is used to generate motion in a linear direction by turning a thread in either clockwise or anticlockwise (Automotion Components, 2022). The motion is translated to a slide that is connected the screw with a matching, interlocking thread as shown in the diagram below.
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There are many features to each thread. These include the Outer/Lead diameter, screw/core diameter, the lead/pitch and the shape of the thread form. The thread form can vary according to application. Most fasteners have a v-thread for high strength, even distribution of force and standardised dimensions (Costen, 2020). Having a standard dimension makes sourcing and replacement easier, as it negates the need to replace all threaded parts if one component fails. Other thread forms like square and buttress threads are weaker in some parts due to the sharp corners seen in one or more parts of thread form (Costen, 2020). Square threads are commonly used in precision lead screws as its lower contact surface area makes is more efficient than ACME or V-threads. Square, buttress and ACME threads are often more expensive but scarce (Costen, 2020).
For use as a leadscrew, there are more factors to be considered. These include the pitch or lead of the thread. The lead is equal to the pitch on a single start thread but is double the pitch on a two-start thread. Two-start threads increase the lead angle of the thread. The lead angle is the name given to the incline of the thread helix. The lead angle is responsible for the way a nut reacts when positioned on the leadscrew. When loaded vertically, a leadscrew with a lead angle higher than six degrees will generally fall down the length of the leadscrew under its own weight (Automotion Components, 2022). For applications where the leadscrew is vertical and the position of the nut is to be maintained, a lead angle of 6 degrees or less is required (Automotion Components, 2022). Mitsubishi Materials (2022) provides the following formula to calculate the lead angle. 

Where,
ϴ = Lead Angle	(°)							de = Effective diameter of thread (mm)
l = Lead (mm)
The formula can establish if a selected thread would be suitable for use in vertical applications using the conditions provided by Automotion Components (2022). 
According to Automotion Components (2022), the torque required to turn a leadscrew with an applied load can be calculated with.

Where,
C = Input Torque (Nm)					P = Screw Lead (mm) (lead = pitch if single start thread is used)
F = Force on the nut (N)					η = Breakaway Efficiency (assumed efficiency factor of 0.2)
[bookmark: _Toc103709503]Manual Force
If a lead screw was to be used, this would require a turning force (or torque) to generate motion. Therefore if the product is to make the process of adjusting the switch easier and quicker, the required torque to move the switch must be manageable. According to the British Standards Institution (2018), all latches and locks should have a maximum turning force of 0.5Nm. This would make adjusting the switch accessible to all if a manual turning force was required.

[bookmark: _Toc103709504]Design for Assembly (DFA)
Despite the fact this product will not be produced on a large scale, it is important to consider how a product is assembled for all applications. It remains pertinent in this application to support maintenance of the product and the machine itself. The more time taken to disassemble and assemble a product, the longer the downtime and a greater potential loss of earnings. Design for assembly establishes how efficient an assembly is by dividing the necessary and unnecessary parts and express the ratio of essential parts to total parts as a percentage. This method of DFA was developed by Geoffrey Boothroyd, Peter Dewhurst and Winston Knight. The formula for design efficiency is given below. 

Where,
A = Essential parts								B = Non-essential parts
An unnecessary part is broadly defined as a component that is not required to be separate due to movement, material or adjustment (Morgan, 2022). A higher design efficiency indicates the assembly should be quicker to assemble, saves the cost of procuring more materials and reduces product mass (Morgan, 2022). Yet, DFA does not consider the additional cost for more complicated, consolidated parts (Naiju, 2021). This means heavily DFA influenced designs are normally produced in large quantities where tooling and initial production costs are absorbed by greater sales volumes (Naiju, 2021). 

[bookmark: _Toc103709505]Recyclable Materials
In order to reduce the impact of this project on the environment, materials used to construct the final product should be sustainable or at least recyclable. Holmes (2021) states materials that can be recycled infinitely includes metals, such as aluminium, and glass. Given the properties of metals, this would seem an ideal choice. Yet, Saint Gobain (2019) argues that there are other factors to consider such as the grade of material, as they are often mixed to make alloys, and surface treatments. This can complicate the process, but processes must adapt to the type of waste being produced (Saint-Gobain, 2019). It would be responsible to use metals like aluminium which, according to Moore (2020), is comprised of approximately 56% recycled material. 















[bookmark: _Toc103709506][bookmark: _Toc58234449]Specification
The final product must solve the problem that has been encountered during use of the machine. The purpose of the specification is to list the requirements of the final product and what must be considered and implemented for it to be a successful outcome. This specification will look at the functional requirements of the final product as well as the impact it will have on safety and the environment.
The specification will aim to solve the following problems with the current adjustment setup
· To reduce strain on personnel
· To reduce the time taken to adjust the switch.
· To be able to withstand conditions of the working environment
· To Increase the accuracy of the adjustment of the switch
· To have as little environmental impact as possible
· To be safe to use
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[bookmark: _Toc103709507]Reflecting on the specification
The specification used information obtained from the problem brief and research to create a list of requirements that, as it was believed at the time, captured all the requirements pertinent to the final product. The problem brief provided information on the issues encountered within the old process. With this information recorded, the research added limiting factors and metrics to compare with the final product. This was not the case for all items in the specification, with some having no comparable features. Product Plan (2022) stipulates a specification must have items that can measure the success of the product or project and should consider the users’ requirements. Although the specification captured the problems with the process, it did not utilise user requirements. In this case, Quality Function Deployment (QFD) would enable requirements to be converted directly into specifications using a recognised and uniform approach (Hessing, 2016). QFD analysis is a thought tool developed by Yoji Akao to categorise the voice of the customer into a list of specifications to be interpreted and focus on particular requirements. Using a QFD analysis also prioritises particular features that are critical to the user (Hessing, 2016).By prioritising requirements, time would have been better spent on critical areas and potentially created an easily interpreted specification. In foresight, this could have been used to identify the requirements of a new product, ensuring the brief is better understood and considers all areas that may propagate issues in the design phase.

[bookmark: _Toc103709508]Design solutions 
The following solutions are intended to answer the problems outlined in the design brief and to align with the specification set out at an earlier stage in this portfolio. 

[bookmark: _Toc103709509]Solution One
The purpose of this design is to refabricate the container holding the equipment to allow for better access to adjust and carry out routine maintenance. The SWOT analysis (Strengths, Weaknesses, Opportunities and Threats) below highlights the key features and potential faults to be expected from this solution. See Appendix D for the concept drawing.
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[bookmark: _Toc103709510]Solution Two
Instead of changing the housing, this design uses a motor to adjust the valve rather than a maintenance personnel The SWOT analysis. See Appendix E for the concept drawing. [image: Graphical user interface, table
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[bookmark: _Toc103709511]Solution Three
This design is similar to solution two. However, it uses a handle to provide manual adjustment rather than a motor. See Appendix F for the concept drawing. 
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[bookmark: _Toc103709512]Final design
Again, a final design decision solution will be made based on comparisons between each potential solution and how their attributes will provide benefits or problems for the final user (maintenance personnel). This has been completed using a SWOT analysis as it is a consistent method to compare the positive and negative attributes of each design (MarketLine, 2022). For the final drawings see Appendix G. 
The best solution for this problem is solution three. It has the least number of weaknesses and threats to the project and providing a higher number of strengths. For instance, solution three is the simplest to manufacture, is more durable and safer to operate. This coincides with the requirements of the specification where it highlights the need for a simple solution.
Additionally, the specification demands parts from reclaimed materials. All parts of this system are relatively small and made from common materials in any workshop which makes manufacture possible from smaller material stock. Additionally, the materials in this concept are recyclable. 
In terms of product safety, this new system removes personnel from the mechanism, reducing the chance of injury by a considerable margin. For instance, this concept eliminates the need for hands to be in the vicinity of moving parts. Changing the position that is needed to make adjustments will reduce the likelihood of developing strains.
Comparing these features to the other two solutions, it suits the specification completely and provides the best solution that brings the lowest cost to the company.

[bookmark: _Toc103709513]Reflection on design selection
The SWOT analysis was used with the intention to objectively assess each solution. What can be concluded from this section is that a SWOT analysis does not indicate the best solution clearly. This decision is left to the user, which is often unclear and has found to be time consuming to justify. Searching for suitable tools that make decision-making quicker and transparent will be a priority in future projects. In this case, a Pugh Analysis would have been a more effective substitute for SWOT analysis. Hessing (2022) defines a Pugh analysis as a system that finds an optimal concept by comparing a range of “alternatives” with the highest priority criteria using a matrix-based scoring system. Each concept is rated by higher performance (+1), no change (0) or lower performance (-1) (Hessing, 2022). This simple approach to selecting a concept would have saved considerable time and justified such a large project decision quite effectively. In future projects, this system could be used to combine desirable attributes of each concept to create a final design with a greater compliance to the specification.

[bookmark: _Toc103709514]Design Failure Mode and Effect Analysis 
 The purpose of the Design Failure Mode and Effect Analysis (DFMEA) is to establish all potential modes of failure, what impact it would have and measures to prevent failure occurring or to mitigate its severity. What can be seen in this DFMEA (see Appendix C) is that the most severe failures are some of the least common.
The most frequent issues involve threads, being either fasteners or threaded components like the handle. Being a one-off product, it would be uneconomical to design and manufacture parts that are secured without fasteners. Instead, effort will be placed to ensure the fasteners will not work loose once operation begins. These considerations can be seen in the actions column of the DFMEA and within the general assembly drawing. These include the use of thread lockers or locking fasteners that are designed to prevent fasteners and other threaded parts loosening overtime.

[bookmark: _Toc103709515]Design Calculations
To ensure this solution does not strain the users’ wrist as they use the adjustor, the torque required to move the switch and nut will be calculated below. This will be using the equation found during the research into potential solutions.

The force is calculated using the following formula.

Where,
F = Force (N)								g = acceleration due to gravity = 9.81 m/s2 
M = Mass (kg)
The leadscrew intended to be used has an M10 x 1.5mm thread. This means the pitch is 1.5mm. The breakaway efficiency factor is set at 0.2. The mass of the switch and adjustor block is 0.127kg.

[bookmark: _Toc103709516]Force calculation



[bookmark: _Toc103709517]Torque calculation



This calculation shows that the force exerted by the user would not be enough to cause strain or restrict access to individuals suffering with strength or dexterity limiting conditions. 

[bookmark: _Toc103709518]Thread lead angle
Using the formula

Substituting dimensions of the M10 thread from Roebuck (2007).



[bookmark: _Toc103709519]Assembly Efficiency
Using the component appraisal chart in appendix H, the number of essential, non-essential parts and assembly efficiency are listed below.
Essential = 4
Non-essential = 23
Total = 27




This low design efficiency can be attributed to a large number of fasteners. Considering this product is one-off, heavily consolidated parts will only add cost and make sourcing procurement more difficult; with the latter being a specified item.

[bookmark: _Toc103709520]Reflecting on the design process
As seen by the techniques used in this process, considerable effort has been made to ensure the design is useable and complies with the specification. Completing the DFMEA allowed issues with the design to be identified and for changes to be made. In future projects, DFMEA will be used to identify failure modes in assemblies where there is a risk of injury or collateral damage. The design calculations were completed with same intention, which proved the design can be used by most people and will hold the position of the switch when the machine is operated. Given more time and budget, it would have been beneficial to use 3D (three dimensional) printing to produce consolidated parts to improve the design efficiency and reduce assembly time. 


[bookmark: _Toc103709521]Project Implementation
With solution 3 being selected for development in the final design. The following design has been produced. The detailed drawings for the final solution can be found in Appendix G. 
The design of the cabinet remains the same with only the frame receiving modifications.
[image: ]
Figure 5: The cabinet featuring the modified frame.
The Leadscrew is fitted onto the frame by drilling and bolting the brackets to the frame. The lead screw can be easily removed if it is not needed or requires maintenance.
325mm
mm
310mm
310mm

Figure 6: The modified frame with the new adjusting mechanism


Figure 7: A cross-sectional view showing the switch in two different positions.
The system works by turning the leadscrew using the handle attached at the top. This will cause the block and attached switch to move either up or down depending on the direction of rotation. This adjusts the distance between the top of the frame (where the pump stroke starts) and the end of the stroke where the switch is positioned. Access is no longer required to the rear of the machine (the portion on the right of the frame in this case) so the risk of entrapment is eliminated. 
[image: ]X

Figure 8: The manufactured mechanism with the switch (behind the blue panel) Fixed to the carrier marked X.
The finished mechanism was made from reclaimed materials in the workshop. Once manufactured and assembled, it was tested for function. The mechanism worked smoothly, with the carrier moving from one end of the leadscrew to the other. Unfortunately, no images could be taken of the mechanism in situ due to company policy. The mechanism, attached to the frame, was installed into the production line. The total time taken to adjust the mechanism (pump stroke length) was 1 hour, 4minutes. This is a significant reduction from the original 3-4hour adjustment time recorded previously. 








[bookmark: _Toc103709522]Evaluation
In this evaluation the areas that will be assessed includes:
· Project outcome
· Planning and time management 
· Research and knowledge
In each section, both the strengths and weaknesses will be discussed. This will help conclude the findings and lessons learnt in completing this project.
[bookmark: _Toc70270431][bookmark: _Toc103709523]Project Outcome
The final product must meet the specification set out in section four in order to be considered fit for purpose. For this reason, the following specifying criteria are included in the evaluation.
· To reduce strain on personnel
· To reduce the time taken to adjust the switch.
· To be able to withstand conditions of the working environment
· To Increase the accuracy of the adjustment of the switch
· To have as little environmental impact as possible
· To be safe to use
[bookmark: _Toc103709524]To reduce strain on personnel
Different to the old method of adjusting the switch, this product stops personnel holding the switch in one hand whilst the other tightens/loosens the holding screws. Now, personnel must loosen the locking nut, turn the handle to the correct setting and secure the locking nut again. This operation can be completed with one hand and does not encourage the user to assume strained positions such as resting on the knees or twisting the back.
[bookmark: _Toc103709525]To reduce the time taken to adjust the switch.
Due to the simplicity of the new adjustment process, the time taken to adjust the switch has been reduced by 73.3%. Human error has been eliminated by supporting the switch between steps in the operation, removing the need for further adjustment to correct this error.
[bookmark: _Toc103709526]To be able to withstand conditions of the working environment.
The design was supported with analysis methods such as the DFMEA and numerous calculations to ensure that all failure modes were considered and mitigated in the design stage. The calculations ensure that the correct thread was selected, ensuring the switch would be supported and secure after adjustments were made.
[bookmark: _Toc103709527]To increase accuracy of the adjustment of the switch
Using the thread information from Roebuck (2007), turning the leadscrew one complete turn will move the switch 1,5mm, which is within the 2mm specified limit. Using the previous method, the distance travelled by the switch could not be measured. The switch could not maintain its original position hence the distance travelled could not be measured.
[bookmark: _Toc103709528]To have as little environmental impact as possible
All parts of the product can be recycled as they are all metal components. Similarly, each part was manufactured from reclaimed materials where possible. Each part required little processing to achieve the end product, which reduced the total waste produced further.
[bookmark: _Toc103709529]To be safe to use
This product eliminates the need for personnel to place their hands in the way of moving parts. Edges and corners are broken with a small radius to prevent lacerations. The handle is purpose made and manufactured from recyclable plastic to eliminate sharp edges or splinters. The handle is placed above the frame which reduces the distance personnel must lower themselves to reach the handle. Combining the facts that the system is operated mechanically by the operator and the gap between the leadscrew and the machine frame is small, it is almost impossible for entrapment to occur.
[bookmark: _Toc103709530]Suggested improvements
It was highlighted in the assembly efficiency and the DFMEA, there are many fasteners within the assembly, all of which are at risk of loosening as the machine is operated. To reduce the number of parts, the adjustor base and base could be consolidated to reduce the number of fasteners required to hold the frame. Utilising 3D printing could yield parts that do not require fasteners (Low, 2022). Instead, the frame could use snap fit connectors to match the holes and contours of the frame. This has the benefit of reducing the potential issues and cost of labour through automated processes (Low, 2022).
Whilst there are other analysis methods available to use such as Finite element analysis, it was decided these would not add any benefit to the project, due to low cost, small size and nature of the product. Other than the failure modes highlighted in the DFMEA, there were no other reasons to warrant further validation. 

[bookmark: _Toc103709531]Planning and Time Management
The duration of each task was managed using the process flow diagram and the Gantt chart. Using the process flow diagram, all foreseeable tasks could be managed and factored into the Gantt chart. This helped to prevent delays in the project and avoidable issues attributed to poor foresight. Further accounting for delays, additional time was assigned to each task if delays were encountered in completing the task itself. For this reason, the project was completed before the thirtieth week.
Although planning was meticulous, there was no formal method of recording completed tasks or further work to be completed. An improvement to this project would be to use a logbook to track progress, recording issues to address and noteworthy conversations (Pradip, 2021). Doing so would allow for a more accurate assessment of progress and to track other areas for improvement as issues arise (Pradip, 2021). This would be used alongside the process flow and Gantt chart. 

[bookmark: _Toc103709532]Research and knowledge
Research was invested into the nature of the project and potential answer which were explored in the design solutions. Pertinent areas of the specification were explored in this section, including environmental impacts of materials and safety issues. Informed design decisions were made which can be seen in the calculations for the leadscrew and design efficiency values. With this knowledge, areas for improvement were established in the design.









[bookmark: _Toc103709533]Conclusion
The project succeeded in creating a quicker and safer solution to adjusting the switch inside the cupboard. Issues with the previous solution were recorded and solved through research into relevant subjects, specifying outcomes and applying knowledge to problem.
 A project plan was created by identifying the critical tasks involved in a project of this magnitude. From there the tasks were assessed according to effort they require, and time was allocated to each stage of the project. This allowed the project to be completed with minimal disruption, foreseeing all tasks that were required to complete the project. Additional time was given to each task in case there was further disruption. Instead, the project was completed before the thirty-week deadline. This demonstrated good time management through planning and task management. Although, a logbook would make project decisions more traceable and easier to evaluate findings. 
Research into relevant areas like working conditions, leadscrews for actuation purposes, human factors and environmental impacts allowed decisions to be better informed. This knowledge was applied to the project to solve problems and ensure the product is useable for all personnel. The research conducted is pertinent to the underlying concepts of the project and the specification. It can be seen that this research is used to validate the final design decisions and meet the specification.
The design solutions were developed to encompass a number of avenues that could be pursued to achieve the correct outcome. This demonstrated an open-minded approach to the problem, willing to consider multiple different solutions to the same problem. SWOT analysis was used to objectively critique these solutions in order to find the closest match to the specification.
For the final design, knowledge obtained from the research was used to create balanced designs. The design efficiency indicates there is some improvement to be made. This has been discussed through the use of 3D printing, consolidating smaller parts and removing fasteners from the product. As discussed previously, this is possible if processes like 3D printing are accessible but removing many standardised components can make sourcing replacement parts difficult. In this instance, it was more economical to use higher quantities of standardised parts. 
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Project evaluation and conclusion
Introduction to the project
Plan the project stages
Allot time to each task to create a Gantt Chart
Conduct Research
Develop Product specification
Develop Ideas into concepts
Complete a Design FMEA
Calculate design attributes
Create a working model
Complete drawings
Manufacture Product
Test Product
Record and evaluate findings.
Make necessary changes
Live tests and evaluation
Prepare presentation material.
Perform Presentation.
Project Closure
Consolidate information into basic objectives
Compare/contrast Concepts to create a final concept
Key
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Appendix A: Process Flow diagram in conjunction with critical path analysis
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Appendix B: The Gantt Chart used to aid with time management
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Appendix C: The Design Failure Mode and Effect Analysis
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Appendix D: Solution 1
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Appendix E: Solution 2
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Appendix F: Solution 3
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Appendix G: General assembly and detailed drawing for the final design
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Appendix G: (Continued)
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Appendix G: (Continued)
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Appendix G (Continued)
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Appendix G (Continued)
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Appendix G (Continued)
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Appendix H: Component appraisal chart for calculating design efficiency (Morgan, 2022)
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Specification

o Requirement Description
Functional Specification
To reduce the time taken to Make the switch accessible in an open area of the BSEN 14122
adjust the switch. cupboard of approximately 600mm. This reduces
. the time taken to reach and adjust the
mechanism. It must be possible for the
adjustment process to be completed in less than 3
hours .
To reduce the time taken to The interface between personnel and the
adjust the switch. adjustment setup must allow for easy adjustment
2 of the switch. Any objects like handles and buttons
must be ergonomic and position the user’s hand
for larger adjustment if necessary.
To Increase the accuracy of The system used must be able to make fine
3 the adjustment of the switch | adjustments. Linear translation should be accurate
iithin 2mm.
To Increase the accuracy of | The system used must allow for the position of the
A the adjustment of the switch | switch to be maintained between steps of the
process. The system should not require personnel
to hold the switch in place as itis being secured.
To Increase the accuracy of | The system must have minimal backlash to avoid
the adjustment of the switch | inaccuracies in the position of the switch. Backlash
5 is the clearance between moving parts, which
should be minimalized avoid discrepancies in
adjustment.
To be able to withstand All parts must be able to withstand the working
. conditions of the working | loads of the switch and system. Forces include the
environment force of the cylinder hitting the switch and forces
applied during the adjustment process.
To be able to withstand All parts must have suitable corrosion resistance
conditions of the working | to normal working conditions. The materials used
7 environment must be stable at normal working temperatures
and must be compatible with chemicals in the
working environment and on human skin.
Tobe able towithstand | Mating surfaces must be compatible and wil not
s conditions of the working | seize with increased use. Seizing can be caused by
environment n or adhesion between layers of
surface corrosion.
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Safety Specification

To be safe to use

The switch must be able to be adjusted without

the need for the personnel to place their hands

into the moving parts of the machine as in the
existing setup.

PUWER, HASWA, EC
DoC

To be safe to use

The new setup must not create an entrapment risk
when used by personnel. Any significant moving
parts must be guarded against hands and items of
clothing.

PUWER, HASWA

To reduce strain on
personnel

The switch must be adjusted without the need for
personnel to kneel down into the cupboard to
adjust the switch. The system should less than

0.5Nm should a manual turning force be required

PUWER, extracts from
BS8300 - 2:2018

To reduce strain on

The switch must be locked into place with

PUWER (GOV.UK,

e e minimum effort to reduce strain. No excessive 2012)
. effort should be required as this can cause injury.
The switch must be adjusted with the least effort. PUWER

To reduce strain on
personnel

Extensive effort will result in strain of the hands,
feet, arms, or legs.

To reduce strain on
personnel

The switch must be able to be adjusted without
the need for the personnel to place their hands
into the moving parts of the machine as in the
existing setup. This will improve the overall safety
of the process, despite existing measures in place.

PUWER, HASWA, EC
DoC
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Environmental Specification

To have as ittle
environmental impact as
possible

Al parts of the machine must be recyclable

To have as ittle
environmental impact as
possible

Reduce waste by manufacturing parts from
reclaimed materials, without compromising other
specified items.
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Strengths

« Modification to allow better access.

« Eliminates all confined spaces by removing a side.
o Provides better visibility around the machine.

» Prevents entrapment with moving parts.

Weaknesses

« Remains the chance for entrapment with the machine.
e Cannot be manufactured from common materials
« Extensive work to existing setup with no replacement for production.

Opportunities

o Has the potential to be used with other pieces of equipment. Allows
for future modifications to be made.
« Provides an additional layer of safety.

Threats
o Cost of fabrication and loss to production would prove too high to
justify the changes.
o The total time required to complete these changes would impact
production output.
© Cost of additional/non-standard materials.
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Strengths
o A cost-effective design.
o Requires no specialist materials to construct.
 Eliminates the need for maintenance personnel to move the valve
by hand.
« A modification that requires no changes to the cabinet.
® The external switch allows adjustment whilst the machine is
running.

Weaknesses

« Fine adjustment is limited by the motor.

o An external switch allows the adjustment to be altered by
mistake.

o Additional cost of electrical components.

Opportunities

« Safer adjustment method to be employed in similar equipment
elsewhere.

o Reduce the time of adjustment.

o Safer method to adjust.

Threats
o Electrical components less likely to be off the shelf parts.
o Electrical regulations tests may incur higher costs of manufacture and
commissioning.
o Electrical components may not comply with environmental
requirements of the specification.
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Strengths
* A cost-effective solution.
« A safer solution, no need to interfere with moving parts of the machine
* Can be manufactured from small pieces of reclaimed material.
* Will not take considerable time or expense to install.
o Stops personnel straining to adjust
o Recyclable components

Weaknesses

o Access to cupboard still required to adjust.

Opportunities
o Can be implemented in other systems at low cost.

Threats
« Aligning time with Maintenance and production to install modification.
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PARTS LIST
ITEM QTY PART NUMBER MATERIAL DESCRIPTION
1 1 Unit 4 Equipment frame Steel, Mild
2 1 Unit 4 pneumatic switch Generic
3 2 1SO 7091 - ST 6 - 100 HV Steel Plain washers - Normal series - Product grade C
4 1 Unit 4 Adjustor Base Aluminum 6061
5 1 Unit 4 Adjustor Leadscrew Steel, Mild
6 1 Unit 4 Adjustor Block Stainless Steel
7 2 IS0 4762 - M6 x 16(1) Stainless Steel, 440C Hexagon Socket Head Cap Screw
8 1 Unit 4 Adjustor Top Bracket Aluminum 6061
9 1 Handle Polyethylene, High Density |Wixroyd handle Part Code:70580.W0060
10 2 IS0 4014 - M5 x 50(3) Stainless Steel, 440C Hexagon head bolt - product grades A and B
11 8 IS0 7092 - ST 5 - 140 HV Stainless Steel Plain washers-Small series-Product grade A
12 4 IS0 4032 - M5(4) Stainless Steel, 440C Hexagon nuts, style 1 - Product grades A and B
13 2 IS0 4016 - M5 x 25 Steel Hexagon head bolts. Product grade C
14 1 IS0 4762 - M4 x 10(1) Stainless Steel, 440C Hexagon Socket Head Cap Screw
15 1 1S0O 7089 - 4 Stainless Steel Plain washers - Normal series - Product grade A
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Does this part move
relative to all parts
which have already
been analysed?

Must the part be
separate to provide
the required
movement?

Is the movement
essential for the
product to function?

A
5

l

Is this part of a different
material to all parts
already analysed, with
which there was no
relative movement?

Is a different
material essential
for the product
to function?

Must the part be
eparate to satisfy the
different material
requirement?

N

l

Is the part separate
to allow for its
in-service adjustment
or replacement?

Must the part be

separate to enable

the adjustment or
replacement?

Is the adjustment
or replacement
essential?

L
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