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Introduction 
The project is based at the scale department at Renishaw PLC. Renishaw is a specialist in metrology with products able to measure to ten microns. Renishaw products are used in the production of processors, semiconductor materials and other products which require high precision. Currently there is a worldwide shortage of the previously mentioned products, which has put a strain on the department. Seeing demand multiply by 10 for some products; one of these products is narrowmet scale. 
Narrowmet is effectively 100 millimetre long 10-millimetre-wide piece of steel which has been plated with lines engraved onto the top surface. When applied with Renishaw readheads the scale can be used to measure distance to an accuracy of 10 microns. 
Due to the increased demand; there is a need to increase the production rate of narrowmet at every point of the process. The cutting of material has been allocated to me, this project report will outline the planning, research, implementation and evaluation stages. 
Project brief 
In the Linear scale department, there is a need to increase the production of narrowmet. This project will be to increase the output of narrowmet production to meet demand. The current process involves using a Brilliant 250 saw. The saw uses internal coolant system, which is contained inside the unit, creating a clean process. The saw blade uses abrasion to cut the material, this is a longer cut than a normal saw as the resistance of the saw. The narrowmet saw process requires one operator, every job takes an hour of cutting. 
The project needs to reduce the time taken by changing the functionality of the saw via its program or by its design. This could be though increasing the speed the saw cuts, the number cut at once, automation of the saw system. 













Aims and objectives
The objectives and aims need to be SMART, which stands for specific, measurable, achievable, realistic and time bound. SMART stands for: 
· Specific: detailed, clear and exact state what the project is for.
· Measurable: there needs to be a way to measure the project through statistics.
· Achievable: are the objectives set need to be attainable. 
· Realistic: the goal needs to be in the realm of possibility.
· Time: are the objectives achievable in the time given. 
(BBC, 2018)
Aims:
· To be able to increase output of narrowmet from the current rate to meet the demand of the market. 
· To cut labour costs for the process, which ultimately leads to cost reduction for the product.
· Maintain the current standard and quality of the parts. 
· Cut down on scrap currently produced from undersized/oversized parts.
· Maintain communications with shareholders and their needs.  
Objectives:
· Produce an array of ideas capable of solving the issue and presenting them to shareholders.
· The product needs to be easily interchangeable if needed.
· Creating a design through solid works to accomplish my aims.
· Trouble shooting flaws in the design and creating work arounds. 
· Complete and integrate the new model into production by May. 
The project needs to increase the rate of production whilst lowering manpower hours. To measure the project’s success the current timing and output will be measured against the new process. ultimately a cost benefit analysis will be carried out to show the project is making a net savings. The project is achievable and realistic whilst also challenging. It requires an in-depth knowledge of solidworks however it is not an impossible feat. 3 months is a suitable time period to produce a finished product. 
(hartman, 2004)








Project plan 
Phase 1: Planning
· Feasibility study and a suitability study – to determine if this project is worth doing and if the solution is suitable. This will be done by calculating savings annually and working out how much the initial set up costs are. 
· To produce the project plan (this current document), I will need a Gant chart to monitor and review the weekly progress made, this will help time management and a lot more or less time weekly to be able to complete the project on time.
· Talking to shareholders – recording needs and aspirations for the project.
· Mind mapping – to create ideas idea’s which would be prudent and possible problems which will need overcoming.
· Research – to determine other issues with the saw, where more time could be saved, how to optimise the process. 
· Critically evaluation – the planning stage of the project and if the project plan has been suitable in aiding in the project process.
· Legislation and any ethical based problems which need to be addressed and researched into for the project.
I will seek to complete the 1st phase by the 28/02/2021.

Phase 2: Implementation
· Critical path analysis
· Sketch a rough design
· Produce a 3D design of the project on solidworks. 
· Review design with shareholders
· Finish of design
· Bill of material 
· Ordering of material 
· Assembly 
· Testing 
· Safety documentation and work instructions 
I will seek to complete the 2nd phase by the 16/04/2021



Phase 3: Outcome
· Analyse the effectiveness of the result. 
· Assessment of any lingering issues with the product.
· Write a technical report on the design the advantages and detailing how the process can be repeated.
· Carry out a Cost benefit analysis. 
I will seek to complete the 3rd phase by the 07/05/2020.

Phase 4: Presentation and areas of improvement.
· Evaluation
· Create presentation – Summarise the previous 3 phases. 
· How it could have been improved.
· Justification on this improvement.
· Personal performance review.
· Give presentation – give presentation to peers to gain feedback on the project to have feedback on the project.
I will seek to complete the 4th phase by the 20/05/2020.
For a further breakdown see gant chart in the appendix 

The nature of the project will require little addition from colleagues barring creative input and possible improvements. The project will require the use of machine shop to produce the materials. This project will only need a small number of hours of the machines time as to not impede production. Communication between different shareholders of the product will need to be considered; shareholders being the operators, manager and the department heads who the machine belongs too. Communicate often to ensure these parts are completed in time so there are no set back to my time frame. If there are any push back to the date, I will need to compensate the time somewhere else in the time frame. 
The project will start on the 08/02/2021 with the planning stage and finish on the 14/05/2021 all above phases should be completed. If the project is completed in a shorter time frame, I can update and give the presentation at an earlier date.





Research of problem 
The Saw
The saw is a Metprep ‘brilliant 250’ abrasive cutting saw (Metprep, 2015), which works by wearing away the material rather than cutting at the part. The result is no sharp swarf only metallic dust. If there were swarf it could hinder any improvement added to the machine. The saw also uses an internal coolant system, making the process clean and easy, with no build-up of swarf. 
The process
Material enters the machine from the left-hand side on a ‘slip ramp’ going into the central chamber of the saw. The slip ramp can only accommodate 2 parts currently. In the central chamber there is a set of jaws which can only hold 1 part at a time and only cut once per stroke. The current settings to cut narrow met are 2500 rpm with a downward cut speed of 0.5mm/s; it also has a maximum cut distance of 9mm. Once the desired part has been cut it is placed on a foam toting tray. Parts are covered in coolant which needs to be cleaned from the parts. Once the parts are removed inside the saw needs to be blown down with air. 
There are several paths to go down to fix this issue; buying another machine having another operator to run it, increasing the settings on the saw to reduce cut time per stroke. Decreasing the distance, the saw must travel. Change the blade allowing for a blade which could rotate fast and cut quicker. 
The process results in each part taking 1 minute and 10 seconds. This is a very time-consuming process. There are 50 parts per job, with each job taking an hour. There are approximately a demand of 1200 narrowmet a week, this means there are 24 jobs a week. 24 hours a week multiplied by 52 weeks a year give 1248 hours of work. If we multiply this by the cost per hour of production, which is 42.25 per hour the costs per annum is £52,728.
The project will be looking into increasing the number of parts cut per stroke of the machine. This will require a few modifications to the machine including redesigning the Jaws, the slip ramps, introducing a dead fix for parts and clamping system to simultaneously hold parts at the same time. The idea would be to create jaws to hold 5 part at once, this will require apparatus to move parts into the machine at the same time to speed the process up. Included to this is also the clamp which needs to be detachable and suitable not to damage the parts. When parts are removed they’ll need to be deburred at the same time. 
This would reduce the cutting process by 80%which could see savings up to £40,000. This is due time saved in the process which would be around 900 hours of work. There will be other methods of measuring the successfulness of the project. 






Meetings with Share Holders 
There potential shareholders are my manager (engineering manager), the production managers and the operators who use the saw. Meetings have been carried out with individuals to gain a better idea of what is desired for the project.
Summaries of the meetings:
Operator: 
· The project needs to be simple to use.
· The slip ramps need a device to allow movement of each part at the same time.
· The slip ramps need to be able to fit all the material needed to fit a job.
· Loading the part into the toting needs to be defined, due to fears it would be a struggle.
Production management:
· Low amount of training required due to the high demand, nothing to complicated.
· The ability to change functionality of the saw from narrowmet to normal scale needs to be preserved (to allow for cutting of other products)
· Fears over downtime of the machine
Engineering manager:
· The project needs to be done outside work hours due to engineering needs.
· Keep costs low. 
· Ensure documentation is updated and that all files have been properly updated.
· Make spares of every part of the old module and new module.
· Will the cut stroke of the saw have to change?
· Do speeds and feeds need to change?
(Gifford, 2010)












Mind mapping ideas (AYOA, 2017)


Multicutter Saw
Design
Materials
Potential issues
Needed additions after project.
The design needs to be easily changed, creating a module to go on and off quickly is a must.
There needs to be spacing between each part cut to allow them to clamp without issue
The design should and can use current method of Clamping parts to make the process simple.
Aluminium should be used for the majority of module used, this way the module is light enough to be changed when needed
The Jaws themselves need to be steel, Aluminium would be to weak as it will be clamping onto steel they would also be used thousands of time and would need to be resilient
The method of clamping will use mechanical means and have handles made from plastic to use the clamps
Higher quality saw blade, able to cut quicker without scorching parts.
Possible to introduce an electronic clamping system to ensure the parts are cut to correct length.
It maybe possible to automate the entire system, would just need find a way of removing parts without human intervention
Positioning the module in the correct orientation, the angle at which the material needs to be cut needs to be at 90 degrees plus or minus half a minute
The slip ramps require 70mm of space to fit into the saw for the proposed project, this will require actual changes to the saw’s body
The space will be tight when trying to be able to make a module which is interchangeable with another 




























Summarise Planning and Research
The project will cover all concerns and problem solve the issues with the initial assessment. As such the project will use a module, which can be interchangeable with the already established jaw mount module. The module will need accurate placing each time requiring the use of dowls to locate the module instantaneously; using a spectrometer to measure the angle of the cut. There will also need to be a location for the bolts to slip into as well to secure the module. 
The saw will need to be modified to be able to accommodate 5 slip ramps into the machine. This will require removing the sides of the machine and laser cutting the necessary areas to allow for the increased width. The slip ramps will also be divided so the parts slide easily into the module. The slip ramps will also be long enough to accommodate 10 parts of raw narrowmet and can fit 2 jobs worth. With such a fast process it would be more advantages to assess parts after being cut, whereas before the parts were assessed before cutting.
The module will also require spacers between each part to ensure they do not slip and become bowed in the centre. On these spacers there will be curved edges to guide the parts into position. The system can still use the same method of clamping the narrowmet into place. Using a lever arch system to apply pressure to the parts, these parts will not change and can be lifted from the original design. 
The end stop will for now be a piece of steal positioned 100mm from the saw blade. The parts will also be clamped in the jaws by a rubber clamping system, to avoid damaging the parts. The clamp will work based on using a spring pressure to hold the parts and a handle to remove the parts simultaneously. The spacing of parts works well as they will need deburring after cutting, having the spacers in place will allow a customised whetstone to deburr the corners of parts.















Evaluation of designing the module
Developing a design and enhancing my 3D design skills was quite the challenge requiring many hours of research and development. It is quite a complex design and required many different techniques and with small features such as bolts pins and other components. It took significantly longer than originally theorised to complete the design process. There will be a list of YouTube and other sources used as educational guides in the references section. The design uses fillets, linear patterns, mirroring and shell cuts to make the final design. The design has been presented in screen captures at different parts of the process. The design of the additional ideas such as the clamp will be done later as of the current workload inside Renishaw. 
The design was peer assessed by a fellow technician before being presented to the senior engineer, who signed off on the project after adding some modifications to the design. The project was then submitted on the 5th of April to project development manufacturing, however; a lead time of 8 weeks was given which obviously is passed the end date of the project. 
Design process
This outlines the steps I took to produce the module which will be used on the saw:
1. Creating the base plate
2. Creating the block interlock structure
3. Creating parts responsible for clamping the parts
4. Creating the rods which the clamping elements will attach on 
5. On the clamping elements the dividers were added
6. The design was softened up (corners rounded and fillets added)
7. Channels made for the blocks to slide on
8. Clamping system introduced to place pressure on the parts.
9. Designed mirrored to make the two-system clamping system seen in the original system.
10. Interlock all of the moving components which have not been fixed
11. Check over work making sure there are no missing parts
(Tutorials, 2018)
Design
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Implementing the Project
On arrival of the project overtime was assigned to allow staff mainly the other technician and I to fix the module to the saw and carry out suitable testing of the project. The dowls worked as intended and allowed for easy fixture of the module to the saw base. The bolts aligned perfectly to their threaded holes to fix the module in place. Once the module was fixed the side ramps had to be changed, this was more difficult than previously assessed due to how the aluminium profile was in the way and would require replacing and modification. This was done with a hand saw and jaws to lower the hight of the bench all together. 
Once the saw had been set up the other technician and I began a prove out the machine to see if it was suitable to be handed over to production which it was. The number of parts were 2400 in the week of production. This was produced in 8 hours of work over the week and showed the improvements have worked as intended. This information will not be used in the cost benefit analysis as it needs to be operators carrying out the test as it is more of a true reflection of the module. 
Now that the project has been implemented and WI (work instructions), SDP’s and written over it was time to hand the project over to production. This required a week of supervision under guidance of the technicians to make sure that the operators did not do anything to damage the equipment, and to ensure that it was being run as intended (to be the most efficient). it is also good practise to allow the operators to settle to find their ‘Groove’ and to naturally optimise themselves. 

















Analysing the cost benefit
The operators have settled with the new equipment and are now familiar with it. Now was the appropriate time to carry out the investigation on how cost effective the new module was in producing narrowmet parts. Using a stopwatch, I measured how long it took to cut 5 parts compared to the normal 1. It took the operator 1.1 minutes to cut the 5 part and place the parts in the tray. I measured the time for each time he cut and put it to one side. It averaged out to 1.3 minutes per five parts as getting the parts out of the clamp was difficult. This will need investigating further to optimise the process. Then I recorded the time taken for each job to work out if the numbers matched up. 
Recording the time taken of the job shockingly was lower than expected, this was due to the operators carrying over an older method of cutting. It would be quite obvious however it wasn’t taken into account in the old process. The operators would begin the next stroke of the parts whilst they are deburring and placing parts into the toting. This decreased the time taken from the initial process considerably. It took 6 minutes to cut all 50 parts per job.  
I was told to take the cost of the process using original value without the operator process with the new process with the operator’s method to show a greater cost savings benefit for the engineering team. This resulted in a total cost savings of £46, 137 a year. 
 To calculate this, I used excel and some basic formulas, to calculate this:
1. I took the time of 1 part and multiplied it by 50 to give the time taken for 1 job
2. Multiplying the time taken for a job and multiplied by the number of jobs per week
3. Multiplying the hours per week by the number of weeks 
4. Multiplying the hours per year by the Renishaw price per hour of labour.
[image: ]




This table will be in the appendix 
The Engineering manager then advised me to double to cost savings as if an operator is no long doing that job he will be doing another job, meaning the cost saving had been doubled. This results in a cost saving of £92,274 a year, which is a huge cost saving.
Calculating the new efficiency involves taking the old timings for the process and dividing it buy the new timings and multiplying it by 100:
0.02/0.0025 * 100 = 800% 
This project has increased the process efficiency by 800% turning a weekly job of 24 hours a week to 3 hours job a week.
(Layard, 2003)

Possible improvements in future:
There is a good possibility of making the process fully automatic, using a piston to push parts into the machines. This would automate the installation and remove need to push the buttons to move and click the saw to begin cutting. As the parts move into the machine it could reach a infrared sensor engaging an electromagnet to clamp the parts down. The parts could then be cut and once the saw reaches to start position the piston pushes the next parts into position and pushs the cut part out. The parts would need to be deburred individually and loaded into custom made toting for an engraving project.
Project evaluation 
Overall, the project went as expected the planning and research phase went as planned, however; the difficulty of the design was unexpected. The project Planning was key set the project up to be a success by allocating a certain period to each stage of the project. The road map it laid out enabled quick allocation of time to major areas of the project. The project plan allowed for the creation of the gant chart which precisely showed me what needed to be done every week and it was easily followed.
Due to the knowledge of the problem, the department and access to the machine shop allowed me to quickly develop a solution to the problem. It shaped the project and future improvement to the process. 
The design of the project was difficult and challenging due to the small nature of the parts and its intricate system. I was also an electrical apprentice before transitioning to mechanical, thus I do not have much knowledge of using solid works only the knowledge gained from the university.
My thoughts on the project were that most of it was familiar to me, especially the research and planning stages. However, the design aspect was harder than I originally thought and would at some time stress me as the solid works software made some design aspects difficult.
Overall, I would conclude that in future I should assign more time to researching parts of the project I do not know well such as design. I would not change any of the project planning or research phases as they were straight forward. I would in future ask for assistance from someone who has more knowledge in of solidworks than myself to aid me in creating the model needed to create the model and teach me better methods of achieving the product. The project itself was a good test and good for the company and personal growth. 
In future I would divide up each part which needs designing between myself and the other tech in the area. Leading to a better back and forth on possible improvements and showing each other better way to solve problems.
Gibbs' Reflective Cycle 
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Appendix 
Gant chart
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Cost benefit analysis table
[image: ]
 pg. 2
image3.png




image4.emf
Column3 Time per part Time per Job Number of Jobs per week Number of hours per week Number of jobs per year Number of hours per year  Cost per year

Old time taken  0.02 1 24 24 1248 1248 £52,728.00

New time 0.005 0.25 24 6 1248 312 £13,182.00

Old time with operator method 0.01 0.5 24 12 1248 624 £26,364.00

new time with operator method 0.0025 0.125 24 3 1248 156 £6,591.00

Cost saving without operator method £39,546.00

Cost saving with operator method £46,137.00
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