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[bookmark: _Toc514780755][bookmark: _Toc38799188][bookmark: _Toc38802050][bookmark: _Toc39131257][bookmark: _Toc39150460][bookmark: _Toc71833641] Introduction


Our brand AB Connectors which is a Sub Group under the TT Electronics Company Pola Power section. This section specialises in delivering highly complex electronic connectors and interconnection systems for aerospace & defence, industrial and rail applications.
With commitment to a structured new product introduction process, we continue to invest in research and development of new materials and processes, surface treatments and the very latest manufacturing technology and techniques to ensure its products meet the most exacting standards encountered in such demanding harsh environments.
From plant layout to production line set-up and quick changeover processes, we offer the ideal service, with a flexible manufacturing environment and accredited facilities.

















The overall purpose of this study was to save the company money, time and to overall make the company more efficient. The summary of the project includes the company losing money on our connectors. We have a range of back shells which are sent to Bombardier within the rail industry. We sell a package to Bombardier which includes these back shells. When we sell these packages, we have some products in a negative and some in a positive profit margin. However, when these are added together the overall margin is profit.[bookmark: _Toc38802051][bookmark: _Toc39131258][bookmark: _Toc39150461][bookmark: _Toc71833642] Abstract 



 The Project that was chosen was implementing a Knurling Tool into our machine shop to improve the process times. When researching I found that the serration times were high and could be significantly improved. I found 3 solutions. These solutions were Knurling tool, Horn Groove Milling Tool on Emco and Bumotech. 

From using matrix analysis, the findings of what is the best solution was a knurling tool. This knurling tool saved around 60% on average for the time of each part. The result that was found was it brought the company £35,000 a year back on profit. To conclude this project was very successful in being implemented into the machine shop as it has saved process times and saved the company money, which was the main reason of the study. 






















· [bookmark: _Toc71833643]Serrations Project

My final Idea was to overcome the serrations in Machine Shop. This project would consist of me looking into a Knurling tool and other solutions to run on our Emco machines. We will need to investigate this project to find out how we could improve this process to increase efficiency, capacity and save the company money. The current machining method for these serrations is using a slot milling cutter which cuts one tooth at a time. The connectors that have serrations on are called “Heat Shrink Adaptor Shells”. The initial problem that started this investigation was raised because of the capacity of these Heat Shrink Adaptor Shells was increasing by a very large amount. Due to the amount of time it takes to machine one tooth. The capacity and efficiency we could produce these parts at meant we would start to lose profit on these connectors. A connector with serrations is shown in Fig.1
 
[image: ]Fig.1


In this drawing (Fig.2) you can see the serrations at the end of the connector. Below shows our current way of machining our serrations.

[image: ]
Fig.2








[bookmark: _GoBack][bookmark: _Toc38802053][bookmark: _Toc39131260][bookmark: _Toc39150463][bookmark: _Toc71833644] Feasibility Study 

The project that I will decide to do is add a Knurling Tool in the machine shop. By looking at the mind map and considering the business requirements I chose this project. The project would have massive cost saving benefits and capacity measures that will come out of it. The other projects will be implemented but this project is a priority because the estimated savings per year would be approximately £35,000. Whereas the other 2 project ideas have a current process that does work but just needs improving and won’t have a loss at the same rate as the Knurling project per year. 



· [bookmark: _Toc71833645]Technical + Operational Study 

When investigating on how we can improve this we had to look at each process in the package. When investigating our Assembly shop floor where they then build the back shells we found that the process there would not be possible to increase or improve. With assembly we have jigs that are Poke-yoked, and the process is as near to self-automation unless we purchased a machine it could not be improved. This meant we could only improve them in the machine shop.  We first looked at the capacity of our machines but would not be able to increase this unless our process changed. With our back shells we are unable to change features or material which would improve or machining times on the parts. We are unable to change these as the specifications need to meet our Mil-Spec 5015. When searching the process and cycle times of our parts the serration timings were the highest. They currently create these serrations by using a slot milling cutter which cuts one tooth at a time. 


Using the internal system, I can look at all the process of the part. (Fig.3)
[image: ]












Fig.3


When looking through the processes we could improve the machine times. The current machining times for the whole connector are 229 seconds. Refer to this in Fig.4 
[image: ]Fig.4

I then timed on the machine when the serration time started. These varied between 36-90 seconds depending on the amount of serration teeth.  We could massively improve this process and save nearly half the time it takes.

· [bookmark: _Toc71833646]Economic Summary 

To be able to go ahead with this project we would need to justify the project. We created a CEA to show a cost justification and payback time. 

With using a spreadsheet and collecting data from last year we could justify the project. After a meeting and working out times I put in an estimate of our new times we would be hoping for. This is referred to in Fig.5
[image: ]
Fig.5


I then worked with my manager to put in place the CEA. Below you can see the justification and payback time. As you can see that the pay back would be completed within a year. We would have massive savings across the part with the average of 60% time saved per part. This is referred to 
Appendix 1
	


[image: ]See Appendix 1













[bookmark: _Toc38802054][bookmark: _Toc39131261][bookmark: _Toc39150464][bookmark: _Toc71833647] Design Brief 

Business Name: AB Connectors 
Client Contact: Dave Clarke (ATM Machine Tools)
Contact Number: +44(0)118 977 0099

Due Date for Completion: 

The start of the design was 01/02/2021. 
We had a completion date for the end of April 2021 allowing time for the supplier to provide our tools. Also, it gives us time to trial and get the new tooling up and running before the project end of 22/05/2021. 

Review Date: 

We had many meetings with the supplier and many meetings with the engineers internally in our business. These meeting we discussed the design and the project. This allows us to keep track of where we are at in the project. See attached Record of Meetings and Gantt chart in the appendices that show our review dates. 

Budget: 

Our Budget was £3,500. This is shown in the CEA that is attached in my appendices. 

Product/Service/Brand Name: 

The product we are making is a “Traction” product. The brand within the Traction product is a “Heat Shrink Adaptor”

Key Objectives: 

The key objectives of the design and project were to reduce the cycle time of the product we are making. This would increase capacity on our machines. It would also improve efficiency. 

Regulatory Issues: 

The regulations that could impact our design would be that the serrations on the connector need to be to spec and drawing. The serrations on our connector will then fit into a back shell. These serrations act as a locking mechanism, because as the train moves there will be a high rate of vibration. These serrations need to ensure vibration capabilities so that the product is not impeded. 

Scope: 

The whole scope of the project is to improve the current process of how we produce serrations on our Heat Shrink Adaptor Shells. The current process produces one tooth at a time using a slot milling cutter. In our Heat Shrink Adaptor range we have many sizes from 10 to 40. Our most common connectors are a size 18, 22, 28 and a 40. The cycle time for the serrations vary between them most common sizes from 36s to 90s. The final product and final cycle time estimate should be between 15-26 seconds per cycle time for all of them connector sizes. So, the project is expected to deliver an all-round better cycle time. This then improves capacity, efficiencies and saves the business money. 

Purpose and Function:

The purpose and function of the tool would be explained to the operator that will be using this tool. We will also ask the operator on their approach and if they have any better ideas that they could add and help the project.  When purchased we would need to fully train and conduct trials of the new tool with the operators. The training will include how to use the new tool. It will also include how to set this tool in our machines. We will also then take in comments and feedback from the operators and take them into account. 

Format:

When sending the supplier drawings or models we need to ensure they are in a format that they can open and view. 

Design Project Plan: 

The project plan is stated in the Gantt chart that is attached in the appendices. 

Attachments: 

All drawings, models and sketches are attached in the appendices. 


Measures of Success:

The measure of success will be controlled through trials and after the project is completed. The measure of success will be if the new cycle times of the serrations are quicker than the current cycle times. Another measure of success would be if the current cost of the connector decreases in price due to the new cycle times on the serrations. Meaning we can stay competitive within the rail industry by lowering our cost. This gives us more capacity and can bring us more work with a better profit margin. 





[bookmark: _Toc38802055][bookmark: _Toc39131262][bookmark: _Toc39150465][bookmark: _Toc71833648]Product Design Specification 







1. Performance 
· Needs to meet our company’s serration specifications. Referred in Fig.6
· Needs to be able to create 16 - 70 serrations on a connector. Number varies due to size of connector.
· Round shank of the tool needs to be a diameter of 16mm and a max length of 80mm to fit into our tool holders.
· Needs to machine “Aluminium Alloy to B.S.4300/5 FCI TF”
· Needs to meet our “Angular tolerance of ±2⁰”
· Needs to meet our “All Decimal Places tolerance to ±0.1⁰” (Subject to setup)
[image: ]




Fig.6


2. Target Product Cost 
· Meet our Budget of £3500

3. Product Life Span
· Knurl lasts between 2,000 – 5,000 connectors 
· Tool Holder lasts several years with just normal wear & tear. 

4. Spare Parts Cost 
· Spares cost to be between £200-£300
5. Machine Capabilities
· Must not run on a Y Axis 
6. Cycle Time 
· Needs to meet a cycle time of 20-30s for all connector sizes.
7. Capacity
· Needs to meet a quantity of around 120,000 connectors

8. Working Environment
· Within CNC Turning Centre 

9. Maintenance
· Lubrication with good quality grease

10.  Shipping & Transportation 
· Courier when order and complete to ship

11. Standards & Specification 
· Conform to Mil Spec 5015
· STD ISO for tool 
· Knurls to BS 1789









When conducting my initial research on my project idea. I found many websites that gave me detailed information about tooling and machines. I also had books within my workplace that I could investigate.[bookmark: _Toc38802056][bookmark: _Toc39131263][bookmark: _Toc39150466][bookmark: _Toc71833649]Initial Research 



The main websites I researched were:

· http://www.atmmt.com/ - ATM tooling mainly helps and supplies products to people with knurling problems. They provide knurling tools, tool holder and other types of knurls. I got into contact with someone from there company. I explained to them my problem and my possible solution ideas. They took these into account and gave me some help and a quote for 2 possible solutions I was looking into. One solution being a knurling tool. As you can see below I added a snippet of our emails which shows him explaining and showing me an option of a product, they sell. Refer to Appendix 2 for record of emails with supplier

[image: ]
See Appendix 2

· https://www.phorn.co.uk/ - I researched into Horn and looked at the solutions they could help me with. I spoke with a sales representative of Horn. I was able to get a lot of information about a solution I could have to put the serrations on the product. This idea was polygon milling with an end tooth cutter. Fig.7 shows the types of cutter we could use. 
[image: ]
	











Fig.7

 The solution with this was using this cutter we would need to machine on the Y axis. Unfortunately, our Emco machines do not have a Y axis. However, our Bumotech machines do have a Y axis. So, a solution I will investigate in the future would be to see if I could put this polygon milling feature on to the Bumotech. 

















For my project I used Microsoft Project 2010 to produce a Gantt chart. I used a Gantt chart as it was easy for me to schedule my tasks. It was easy to understand for myself and others who had to read my Gantt chart. It was also an easy way to change and edit if I didn’t meet my tasks or if priorities changed throughout the project. By the end of my project I had a First draft, second draft and then a final draft which showed all the dates I completed these tasks accurately. [bookmark: _Toc38802057][bookmark: _Toc39131264][bookmark: _Toc39150467][bookmark: _Toc71833650] Gantt Charts 



Fig.8 shows my First Draft of my Gantt chart. In my first draft of my Gantt chart I placed down all my tasks I needed doing and estimated what dates that I should hopefully complete these tasks. 

[image: ]Fig.8

On my first draft my estimated dates were normally around 1 week to 2 weeks for each task. This would allow me to gather information, ask for information or ask and get pointed in the right direction of who can help me. It also gave me time for me to work and complete a lot of the project myself. I have also tried to consider suppliers. Suppliers can take a couple of days to reply for emails plus if they were to send me parts or tooling that would take several days to get here. 

In my second draft of my Gantt chart I updated it. I updated it due to me missing some actions or completing these actions quicker than planned. At the time I updated my second draft I had finished the implement stage. Fig.9 is my second draft you can see how after the implement stage it still has an estimate of 1 week per task. I am hoping to follow this plan but things in day to day work can take longer than planned. For example, for my Product Design Specification you can see this took a total of 1.8 weeks and not the planned 1 week. This was delayed because I was waiting for the supplier to reply. We needed this reply to see if they could meet our requirements. Although the weeks were changed and moved I still met my deadline date that I set for the “Plan & Monitor Section” and the “Implement” Section. 
[image: ]Fig.9

In my third and final draft I made sure everything was up to date and showed how the project progressed of the months of the project. In Fig.10 you can see compared to my first draft that I had to extend the project. This was due to me waiting for the tooling from the supplier to come in. We also had a break down on a machine had it was down for a week. Therefore, it took 2.2 weeks to complete the “Charts, Models and Prototypes” task. I waited for the tooling, so we could trial the tooling. I could then complete charts to show the results compared to the old times. In the future to change the way I plan a project I would give myself more time for a task. This is due to me not taking into account factors such as Machine Breakdowns, bank holidays and supplier times. Also having to consider how the companies priorities can change, and projects can be pushed to the side for a certain amount of time. 


[image: ]Fig.10

See Gantt chart in Appendix 3


[image: ]When monitoring my Gantt chart, I used Critical Path Analysis (CPA). CPA is a way of tracking the path of your project. Tracking this path is critical as you can see if you are on track to finish on the date you set or not. In the image below by making some of my tasks it tells me whether I am going to meet my deadline or not. In this case I was not going to meet my deadline by 3 days. I then had to investigate the problem and either reschedule or add more time to the overall project which is what I done in the end. Fig.11 refers to the critical path analysis within my Gantt chart. [bookmark: _Toc71833651] Critical Path Analysis  


Fig.11












Referenced in Fig.12 you can see that on some critical tasks that I was going to meet my deadline with the tasks I scheduled. I did meet that deadline for them critical tasks. This tool makes it helpful and easy to understand where you stand with the timeline of your project. 
[image: ]Fig.12
[image: ]I also had a date where I was going to finish 1 day early. This allowed me to have a safety factor just in case anything went wrong. This means that I could have a day to fix any issues that happened on them tasks. Fig.13 shows the date that I would finish early. 
Fig.13
[bookmark: _Toc38802059][bookmark: _Toc39131266][bookmark: _Toc39150469][bookmark: _Toc71833652]Evaluation of Project Plan 


I started planning my project by putting all my headings and tasks into a Gantt chart. Using a Gantt chart was a massive benefit to my project. This was a benefit because I could see when my project will end and if anything was to go wrong or overlap. For example, a couple of times throughout the project plan I needed to edit and change the dates. Therefore, I produced 3 drafts. The Gantt chart was very easy to change and edit if I didn’t meet my tasks or if priorities changed throughout the project. Another benefit of how I planned my project was using Critical Path Analysis (CPA) within my Gantt chart. By using CPA this allowed me to see if I was going to make the deadline on my tasks that were critical. For Example, some tasks needed to be completed before I could start the next task. CPA allowed me to see if I would meet the target of this task and if not, I could amend the task that followed.

I could have improved a lot in my project planning. One improvement would be that at the start my scheduling was unrealistic. On some tasks I set a week when in hindsight it took longer. This caused one of my tasks to be late which was picked up by using CPA. I was not going to meet my deadline by 3 days. I then had to investigate the problem and either reschedule or add more time to the overall project which is what I done in the end. In my project 3 days did not really cause many problems and could readjust some of the other tasks. However, if this project was more complex then 3 days is a lot of time to be waiting to do another task. So, for the future I would schedule better allowing more time and get the duration of the tasks I have set checked by someone else. Another improvement would be using another planning technique in my project plan.  Other than this the project plan was successful and was completed a little later than I planned but still in a good time. It also gave me a lot of experience and taught me a lot on how to plan my next project.




I conducted a Matrix Analysis to find out the best solution to my initial problem. My initial problem was finding a way to better create serrations on the end of the connectors we produce. The current process is a milling cutter and milling each serration one tooth a time. The 3 solutions I had are stated below in the matrix analysis. To conduct this Matrix analysis put down 10 main factors we needed to [image: ]investigate when trying to choose the best solution. [bookmark: _Toc38802061][bookmark: _Toc39131268][bookmark: _Toc39150471][bookmark: _Toc71833653]Matrix Analysis 


The project solution was decided from this Matrix Analysis table. Within the table it was shown that the Horn Groove Milling tool on the Bumotech looked like it would be the best option. However, this solution will not meet our capacity. For the Bumotech to meet our capacity it will need to free up most of its work currently machined to fit a main part of the Emco products. This would not be suitable. In the future this solution will be investigated if we would free up capacity of the Bumotech. The best option then is to go with the conical knurling tool. 



· [bookmark: _Toc71833654]Current Process[bookmark: _Toc38802062][bookmark: _Toc39131269][bookmark: _Toc39150472][bookmark: _Toc71833655] Product / Component Ideas 



The current machining method for these serrations is using a slot milling cutter which cuts one tooth at a time. The connectors that have serrations on are called “Heat Shrink Adaptor Shells”. The initial problem that started this investigation was due to the capacity of these Heat Shrink Adaptor Shells was increasing by a very large amount. Due to the amount of time it takes to machine one tooth at a time the capacity and efficiency we could produce these parts at meant we would start to lose profit on these connectors. Refer to Fig.14 for an image of the connector. 
 
[image: ]Fig.14
In this drawing you can see the serrations at the end of the connector. Fig.15 shows our current way of machining our serrations. This incluses all speeds and feeds. 

[image: ]

Fig.15




· [bookmark: _Toc71833656]Conical Knurling Tool (1)
The Conical Knurling Tool is a knurling tool which can add serrations to a part.  See in Fig.16 the drawing of the tool. 
[image: ]

Fig.16


The Conical Knurling tool rolls onto the connector forming the serrations. This solution will allow us to meet our quantity of last year of 119,050 parts. The serration times would be lowered from over a minute to around 15-26 seconds. This would be dependent on the size of the connectors and how many serrations it had. The Conical Knurl will bring massive savings to the company. It could bring back around £35,000 back of profit to the company. The initial product cost is very high but with savings of £35,000 in a year the payback would be less than a year.  This was the quote I received from the supplier for the tooling and a quantity of 10 knurls. 
[image: ]


See Quote in Appendix 4
















The machining method and set up procedure of the Conical Knurling Tool is stated in Fig.17
[image: ]Fig.17

· [bookmark: _Toc71833657]Horn groove Milling Tool on Emco Machines (2)

When looking at other solutions polygon milling was looked into. The idea was to put this method on the Emco machines. We had information from suppliers and pictures and videos on how this would machine.  See Fig.18 for how the tool and tip looks. 

[image: ]Fig.18

This method would not be able to be used. After looking into this solution, the machining method needed to be on a Y Axis. The Emco machines do not run on a Y axis. This means that this solution is not viable.















My final Solution was to go with the Conical Knurling Tool. This idea was chosen as it was the most suitable in the company’s current time. For example, the benefits of the conical knurl are:[bookmark: _Toc38802063][bookmark: _Toc39131270][bookmark: _Toc39150473][bookmark: _Toc71833658]Evaluation of Final Design 


· Creates Serrated edge to our Mil-spec 5015
· Meets our 2019 quantities and more
· Serrates parts at a speed of 15-26 seconds. Old times were between 36 and 90 seconds. 
· Estimated savings of £35,000 a year

These are massive benefits on improving the company. The design to complete this project would entail:

· Creating a model drawing of a part with serrations
· 3D print this and send to supplier of tool to visualise and check if this will be suitable option
· Get actual times and justify the purchase
· Create CEA to purchase the tooling
· Trial tooling in house on products
· First off, all products
· Send some products to Ab Test for Spec tests
· Sign off Project

To conclude this project will be implemented in the company to save the company money, time and overall making the company more efficient. The main outcome would be to produce these parts quicker but still to the same standard. After we change the process we need to make sure we are we still meeting the Mil-Spec 5015 standards and if it conforms to our drawings. We have gauges here that are controlled by our quality department that can check all the features on our connectors. We can also send connectors out to be fully tested. This solution will bring an average of 60% time saved per part. 





When conversing with the supplier they asked for a prototype of our product so that they could visualise and get an idea of what we are asking. By sending them a prototype they could understand and better decide on if they could meet our requirements or not. Due to our drawings being old we didn’t have any model drawings of our connectors. I needed a model drawing, so I could link it to our 3D printer to produce my prototype part. [bookmark: _Toc38802064][bookmark: _Toc39131271][bookmark: _Toc39150474][bookmark: _Toc71833659] Designs 3D Drawings / Prototypes 


I did a model of the Size 40 connector. (Fig.19)
[image: ]Fig.19


I first drew the connector to the dimensions of our older drawings. I drew this sketch then revolved it fully. After revolving it I had the main body of the part. (Fig.20)
[image: ]
Fig.20
[image: ]After I had the main body of the model built up I then needed to add the serration pattern to the top. The serration I used is stated on all our old drawings and needs to meet this specification. (Fig.21)



Fig.21




Copying the specification on our drawings I created the serration then patterned it 360 with 70 serrations. This perfectly meets and has a perfect serrated edge around the connector. (Fig.22)

[image: ]









Fig.22









The image referenced as Fig.23 show how I added the serrated edge. 
[image: ]










Fig.23









After the serration I just added the chamfers (Fig.24) and the thread (Fig.25) onto the bottom of the connector. This was then ready to send to the 3D Printer.  
[image: ]







[image: ]Fig.24








Fig.25



To send it to the 3D printer I needed to export the file into a STL File. By doing this I could then allow the 3D printer to make our component. Referenced below are image of the 3D printer model (Fig.26) and the finished part (Fig.27 & 28). I 3D printed in a Black Resin.  
[image: C:\Users\cameron.dickson\Downloads\98011359_694662607963768_1677104898530869248_n.jpg][image: C:\Users\cameron.dickson\Downloads\97994987_691615908270926_4526654719757647872_n.jpg][image: C:\Users\cameron.dickson\Downloads\97006429_194011344952898_1368112203793694720_n.jpg]








Fig.26Fig.27
Fig.36


Fig.28
Within our company we need to meet the requirements of a Mil-Specification and the tolerances on our drawing to ensure the product can withstand the harsh environments they are put in. After we machine our parts we do checks to ensure they are meeting the dimensions on the drawing. [bookmark: _Toc71833660]Reliability (Quality, Testing) 


Fig.29 shows the checks we do for the P80-40-SCHSA, so we know it meets the drawing. It also shows the location, so you can find these gauges easily and efficiently. 

[image: ]














Fig.29


This shows they need to carry out 6 first off checks before allowing running more parts. 
These gauges are shown in Fig.30
[image: ]



















Fig.30

A tool company’s use is called DFR. DFR stands for Design for Reliability. 
Due to the process that was changed we needed to make sure that the product was fully compliant to the Mil-Spec5015. To check this, we sent the products out for testing. These tests included Vibration testing, corrosion testing and humidity testing. Refer to Fig.31 & 32.  For the results from Ab test on the test results.  
[image: ]Fig.31

[image: ]Fig.32




[bookmark: _Toc71833661]Analysis of Project Findings 

[image: ]The findings of this project were successful. After the project I investigated the overall profit margin. The margin beforehand is shown below in Fig.33 
Fig.33
[image: ]As you can see that due to the parts on these shells we are losing this amount of profit each year. These shells are only part of the package we sell so overall, we make a profit. The project goal was to lower these profit margins to increase our overall Profit. Fig.34
Fig.34
In Fig.34 you can see the new costs after we put the Conical Knurling Tool in the process. As you can see we are now getting back around £36,795 of the profit back over all the shells. You can also see that we started to make a profit on the one shell without the package increasing it.
I created a presentation to explain and show my project journey to the managers above me. [bookmark: _Toc71833662]Presentation 


Project Presentation.pptx – Appendix 5[bookmark: _Toc71833663]Evaluation of Project Outcomes & Planning 





The project outcomes were very successful. It was successful as my overall goal was to lower the profit margin as we were negative on them certain parts. I lowered 3 sizes of the connector and on the last size I made the connector profitable by implementing this Knurling tool and speeding up the process. 

My ability to use Critical Path Analysis was good as then I could work out the deadline of my tasks. I could have improved a lot in my project planning. One improvement would be that at the start my scheduling was unrealistic. On some tasks I set a week when in hindsight it took longer. This caused one of my tasks to be late which was picked up by using CPA. I was not going to meet my deadline by 3 days. I then had to investigate the problem and either reschedule or add more time to the overall project which is what I done in the end. In my project 3 days did not really cause many problems and could readjust some of the other tasks. However, if this project was more complex then 3 days is a lot of time to be waiting to do another task. So, for the future I would schedule better allowing more time and get the duration of the tasks I have set checked by someone else. Another improvement would be using another planning technique in my project plan. 



My performance within this project was mainly successful as the product that was implemented met the design spec and produced our connectors to the Mil Specification and tolerances on our drawing. The Conical Knurling tool came into our budget of £3500. I personally thought I conducted the project well and was able to follow a Gantt chart. I used a Gantt chart and noticed how effective this was to plan a project. I would also recommend me getting more relevant people involved in the planning stage. Overall the actual project went well with only minor problems throughout it. I thought my performance was professional and mature. I have learnt a lot from this project and have gained a lot of experience and in the future will take into consideration the issues that I had and try to overcome these. [bookmark: _Toc71833664]Evaluation of my Performance 



I would also try to meet with the relevant people more often. Referenced in Fig.35 a Record of meeting is shown. This meeting wasn’t conducted with some of the people that I would speak to daily about this project and that’s something I would learn from and apply in my next project. 
[image: ]







Fig.35
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HORN Groove Milling Tool Carbide Tips Qty|
1price=£150

_ Machines on a ¥ Ax

Driven tool service £750

HORN Groove Milling Tool Carbide Tips Qty 1
Price=£150
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2. Compare the cycle time.
2-1 Ordinary way

Dia. 32mm 18-teeth with T-slot cutter to make 28 notches
Machining each tooth

Cuting length per notch = 15mm

Tool speed= 600min-1

Feed = 0.02mm/rev

15(mm) x 28/600(rpm)/0.02(mm/rev) x18(teeth) =117 sec
Total 131 sec including 28 times C-axis indexing
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Face Knurling AB
Ensure that the conical knurl s lubricated to the pin with good quality “waterproof” grease.
The tool should be perpendicular to the workface for the correct contact.

The AB connector teeth that this setup is proposed for are of a fixed pitch.

‘The conical knurl allows for correction to provide best possible pitch match.
‘Tracking varies according to the diameter and also to the width of the track.

“Trials only need to be performed with the pre cut band, not the whole connector.

Tracking - Adjust the X position of the tool to give the correct number of teeth lining.

up at each rotation. Thereis a lttle leeway here but the better you have this, will also
extend tool life.

With pressure knurling you would normally aim to knurl to a depth 25% of the pitch required.

“The full depth is ultimately half the pitch at 90 degrees. Your application is 100 degrees so you
need a lttle less.

At 25% we are allowing the displaced material to form up to its crest within the root of the knurl

What you need to overcome:

As you have a narrow band the material will ‘bleed" out at the sides, which needs to be cut in
cycle post operation.

To compensate for this you need to allow the band you will knurl to have more length to it.
You will need to go deeper than the 25% to eventually reach full form.

Trial initially 25% and make incremental steps to give you a root position on the workpiece that
offers the required crest.

In the event that the material flows sideway too much the band you knurl can be made wider
equally either side and the trial repeated.

o knurl the form and clean up either side is a very short process compared to milling.

Your trial on your fist shell size wil give you the depth set up for al the series with some minor
adjustment possibly.

‘The X value for the tool obviously varies for each shell size.
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6 pairs of mated connectors and various body shells were submitted to the Test Houss for testing as
per customers insiructions.

‘Sample Identification
Part Number : See customer supplied data sheet (Appendix D)
Quantity 6 pairs of mated connectors & 6 connector sholls.
Sample Numbers : See customer supplied data sheet (Appendix D)
Test Applied
Test : 3.17-Salt Spray Corrosion. (Connector Shells)
(Refer to Sample Matrix Appendic D - sample numbers 13 to 18 incl)
TestSpecification  :  MIL-DTL-38999L - para 3.17 and 4.5.13
Test Conditions ¢ 1AW EIA364-268,
5% Salt soluton wih a ph of 6.5 10 7.2,
Cab temperature 34C 10 36C.
Falloutrate of 0.5 0 3.0mL per hour.
Test Duration 1 500 Hrs.

Test Comments

‘The samples were suspended via nylon thread in the above salt almosphere.
A photo of each sample was taken at the initial, 250nours and final stages of test.

Visual Examination - Post test.
‘Samples 13 to 17 satistactory, on completion of the washing procedure there were no signs of
permanent degradalion o the connector shell

‘Sample 18 - Evidence of staining and light corrosion 1o surface finish which could not be removed
by the washing procedure. No apparent signs of penertration through o the base metal.

See Appendix A" for Sall Spray lest sel-up.

See Appendix &' for photographs at pre-test, after 250 hrs and 500 hrs

Test Result

See test result sheet for further details and evaluation of the 500 hour salt spray test.
Satistactory.
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Test Applied

Test © 30-Humidity. (Sample 1and 2)
TestSpecification  :  MIL-DTL-38999L - para 3.30 and 4.5.26.
Test Conditions ¢ 1AW EIA36431

Pre condition samples al +50°C for 24hs pror o test.
Cycic humidily between -10C and +65C as per figu re 1.

Test Duration © 10cydles.

Test Comments

The sample was mounted i the vertical orientation during the humidiy test.

During the final cycle the insulation resistance was measured and found to be outside the specified
limits. The sample was then eturned to foom ambient conditions and re-measured witin the.
recovery period. the sample was siil found 1o be outside the specified limis.

See test result sheet or inital and fina Insulation resistance and DWV test results

Aew sample was then re-submitted with the test results recorded within the altached test report
ENV3395 (Appendix '1). See Appendix A" for Humidily test set-up.

Test Result
Submission 1 sample - Unsatisfactory.
Submission 2 sample - Satisfactory.

Test Applied
Test © 3.38.1-High Temp with contact loading. (Samples 3 o 12)
TestSpecification  :  MIL-DTL-38999L - para 3.38.1 and 4.5.34.1
Test Conditions : Cabinot Temporature +175C.
1 pair of contacts from each connector to be loaded with the
specified weight during test.
Test Duration © 250hours,
Test Comme

Contact locationiretention was measuerd on each contact pair prior 0 femperature test,

‘Samples were moitored for electrcal continuty during test.

Visual Examination.

No elocrical discontinuity or dropped weights obsorved during the high temperaturo test.

On completion of test, various samples found o be outside the specified Imits of contact retention.
‘The test was the aborted by the customer.

New samples were then re-subrmitied with the test results recorded wihin the altached test report
ENV3396 (Appendix '2). See Appendix A'for High lemp | contact loading test sel-up.

Test Rosult
Submission 1 samples - Unsatisfactory.
Submission 2 samples - Satisfactory.
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