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[bookmark: _Toc131192187]Executive Summary
David Roberts Engineering Ltd, is a family run business, compliant with the exacting standards of 9001:2008 and customers specific requirements. The company is specialised in designing and manufacturing 1 Off prototypes. The services provided are:
· Copy services
· Reverse Engineering
· In house Design 
· 2D drawing
· 3D modelling

In David Roberts Engineering Manmeet Singh is employed as CNC Programmer and Design Developer and attends the University of Wales Trinity Saint David Swansea 1 day a week to complete the bachelor’s degree. 
Manmeet works in both the turning and milling section, but currently he is employed on the Doosan Puma GT2600M Lathe, which is mainly used to make average sized parts, this machine is very efficient on batch work, so the company has decided to keep it involved in making parts of batches of 100 Off or 50 Off, the stock that is used to make these kind of parts is usually round bars with approximate length of 110mm. Manmeet’s job is to:
1. Draw a part in 3D or 2D
2. Select the appropriate tools
3. Program the machining cycle on the CAM software (Computer Aided Manufacturing), the software that we use is EdgeCam 2022 R1.
4. Run the machine
5. Improve the program
6. Inspect and pack the products

This report shows how a problem was identified on the shopfloor of the company. Then the problem is analysed, and an appropriate solution is identified which is then measured against previously collected data. 

The problem identified has been in the company for many years. As the company does a lot of protype work and does not get an ample amount of production work, it cannot afford to invest in spindle reducing sleeves which can be sourced very easily from the manufacturers. For this reason, the workforce in the company is not able to secure the stock bar in the machine effectively as it is only held by the chuck on one end, and the other end runs freely in the very big clearance of the spindle. This causes vibrations as well as compromising health and safety of the operators and the machine itself. 

The solution created is then implemented in the workshop which then allowed to do a very in-depth control and analysation of the positive change within the company and working lifestyle of the operators.


[bookmark: _Toc131192188]Define
David Roberts Engineering produces a lot of 1 off and 20 off parts. The parts machined on the Doosan Puma GT2600M, are mostly machined out of a stock bar. Every month the GT2600M must machine a component of a batch of 120 Off.
The problem that the programmers are encountering on this machine is that they are not able to use the machine to its highest speeds and feeds, because the stock bar is clamped in the chuck but, is not balanced or clamped in the back of the spindle bore. 
When the stock is not balanced at the back of the bore it causes a lot of problems, they are listed below:
· Poor surface finish
· Poor tolerance
· High vibration
· Long machining cycles
· Waste of inserts
· Waste of material
· Damage to the machine
Poor surface finish, this is caused because the material is not balanced properly, which creates vibrations. These vibrations cause very small distortions in the parts and they also cause the tool to wear a lot quickly then if it was supposed.
The tolerance is not always achieved as the tool wears in a non-consistent manner, which causes have machined parts with not a consistent dimensional size. The inserts used to cut the material are wasted a lot, because the machine creates unnecessary vibration which wears the inserts a lot more quickly.
When the machine is not machining the parts at a consistent size, some of the parts have to be scrapped.
If the machine is used at its maximum RPM, it may cause damage to the user or itself as the part may come out of the chuck and either hit the user or damage the panels of the machine itself. Also, high RPM and unbalanced stock causes the machine to moves out from its place as the vibrations created are intensive.
When the machine vibrates, it damages itself. It can be damaging the ball bearing on the saddles which means that the machine will have an excessive backlash.  
That’s why it is extremely important to solve this problem.
[image: ]The process is shown below 
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The Doosan Puma GT2600M, machines 120 Stainless Rollers every month for one of the customers of the company. When the machine was machining these parts, data was been collected by Manmeet Singh, which is shown below. 
	Part
	Data
	Part
	Data
	Part
	Data
	Part
	Data

	1
	61.08
	7
	61.08
	13
	61.03
	19
	61.07

	2
	61.08
	8
	61.08
	14
	61.08
	20
	61.07

	3
	61.03
	9
	61.07
	15
	61.08
	21
	61.07

	4
	61.09
	10
	61.06
	16
	61.08
	22
	61.10

	5
	61.07
	11
	61.05
	17
	61.07
	23
	61.08

	6
	61.07
	12
	61.06
	18
	61.08
	24
	61.08



One part was measured after every five parts machined.
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The graph above shows the sizes measured of the workpiece. It can clearly be seen that 10 of the parts have been scraped as they were machined under tolerance, this was caused by the vibrations created by the machine as the cut metal welded on the cutting insert. The target size for the machine was set to 61.08mm if the insert wears the part will be still in tolerance. 


[bookmark: _Toc131192189][image: ]QFD 
The QFD below evaluates the demanded quality against the quality characteristics, the demanded quality is what the external and internal customer requirements are, and the quality characteristics is what are the functional requirement of the product is going to be to meet the customer demands. The functional requirements are set by Manmeet to make sure that the products cover all the customer requirements.
As shown in the image Above the demanded quality section is filled with the relevant customer requirement.
In this section there is also need to indicate the importance of the requirements of the customer, this is indicated from 10 (Extremely Important) to 0 (Not Important).
· Surface finish lower than 1.2 um – if this surface finish is achieved there in not need of grinding the parts, which means that the cost of the product is lowered.
· Faster product delivery – this allows the external customer to mount the part very quickly on the machinery and it helps the internal customer as they won’t get the delayed delivery penalty.
· Lower product price – this allows the customer to mount the part very quickly on the machinery.
· Follow given tolerances given on the drawing – The tolerance given on the drawing should be achieved.
· Clamp the workpiece securely – This is an internal customer requirement, as this will ensure that the vibrations are minimal and the health and safety of the workers is not compromised.
· Less wastage of cutting inserts – This will help reduce the final cost of the product as the minimal investment in the equipment has been made.
· Decreased wastage of material – This will also reduce the overall cost of the product as the amount of wastage of material is minimal.
It is very clear that the most important customer requirement is that the products should be priced low and they should be delivered faster. And the second most important customer requirement is that the given tolerances on the drawing should be achieved.

[image: ]
In the image above are shown the quality characteristics which is set by Manmeet Singh, this is set to ensure that all the customer requirements are followed.
Use the VCMT 107.5 degree insert tool from WNT – This tool is very important for the company as it allows to produce the product very efficiently, this tool performs very well in achieving the required surface finish, that is why it has a very strong relationship with the requirement of the surface finish(Surface finish lower than 1.2 um). And this tool also has strong relationship with the ‘follow given tolerances on drawing’.
[image: ]Use a bar feeder – This is a solution to the requirements of both customers, as seen in the image above this has very strong relationship with ‘Clamp the workpiece securely’ as the bar is held square all the way up to the end of the spindle nose, and ‘faster product delivery’ as the rpm of the machine spindle can be increased. It also has a strong relationship with ‘surface finish lower than 1.2um’, this is because this bar feeder will eliminate the vibrations in the machine and it will help achieve the surface finish required.
This section is very important as the Quality characteristics need target values to aim to make sure that the customer requirements are followed correctly. In this section the company has to indicate the difficulty level that is going to be when trying to achieve the target from 0 (easy to accomplish) to 10 (extremely difficult) then the weight/importance for each quality characteristic is calculated and as seen above the Reduce cost of batch not lower than £20 weight/importance value is 600.0 and the ‘Only leave 0.1mm on the part-off component’ weight/importance is 118.5 which is a big difference but the cost of the product is more important for the external customer than the metal left on the part-off part. That is why it is important to reduce the cycle time and waste material to reduce the cost of the product supplied to the external customer.


[bookmark: _Toc131192190]Measure
[bookmark: _Hlk11693742]Manmeet has also calculated process capability by the data provided in the define state.
To calculate the Cp and Cpk there is need to find the mean from all the sizes achieved.

After calculating the mean there is need to calculate the Standard Deviation 



After calculating the Mean and Standard Deviation Cp and Cpk can be calculated as shown below









Below is shown the quote for the customer, depending on the order of the batch. The batch size is 120 and the cycle time for the stainless rollers is 15 mins.
	[bookmark: _Hlk7944835]Batch Size
	Variable Cost
	Fixed Cost
	Total Cost
	Margin Cost

	0
	0.00
	188.50
	188.50
	-.-

	1
	188.50
	188.50
	377.00
	188.50

	2
	156.00
	188.50
	344.50
	32.50

	3
	128.00
	188.50
	316.50
	28.00

	4
	108.00
	188.50
	296.50
	20.00

	5
	103.00
	188.50
	291.50
	5.00

	6
	101.00
	188.50
	289.50
	2.00










After the margin cost has been calculated there is need to calculate the Averages which are shown below.






The result achieved by these equations are shown below.
	Batch Size
	Variable Cost
	Fixed Cost
	Total Cost
	Margin Cost
	AVC
	AFC
	ATC

	0
	0.00
	188.50
	188.50
	-.-
	-.-
	-.-
	-.-

	1
	188.50
	188.50
	377.00
	188.50
	188.50
	188.50
	377

	2
	156.00
	188.50
	344.50
	32.50
	78.00
	94.25
	172.25

	3
	128.00
	188.50
	316.50
	28.00
	42.60
	62.83
	105.50

	4
	108.00
	188.50
	296.50
	20.00
	27.00
	47.13
	74.13

	5
	103.00
	188.50
	291.50
	5.00
	20.60
	37.70
	58.30

	6
	101.00
	188.50
	289.50
	2.00
	16.83
	31.42
	48.25



[image: ]The data shown above has been represented in the graph below.
The graph above shows how the average costs have changed. As shown in the graph it is cheaper for the customer to order 6 or more batches. This is because, in the industry the price varies with the quantity bought, this includes materials energy consumption and labour. Once the machine has been set up for a certain job, it can carry on 24hrs on that job without any stops if the process is capable to so, this is why the price per batch goes down when bought in bigger quantities. 
[image: ]The company receives a big amount of 1 off and small production contracts, this is why the price per component are very high, as the time taken to set up a machine for one off job is very long and the tolerance requirements are also very complicated. This is why mass production products are very cheap and they also follow the requirements of the customer.
The graph above shows how the total cost of a batch comes down when the customer orders multiple batches, this graph has been drawn so the variance of the cost can be noticed very easily and also it will help the customers to buy the most efficient and effective batch quantity for themselves.
[bookmark: _Hlk8098827][image: ]The chart below shows the time taken to complete a batch over the last 6 years.
In the graph above it can be clearly seen that the time scale is not consistent. This is because before 11/2017 the company didn’t have the Doosan Puma GT2600M, so they were producing these parts on the Colchester 2000L. The Colchester had only 8 turrets positions which meant that the operator had to stop the cycle and make a tool change and then start the cycle. But in 11/2017 the company bought the Okuma; this machine is Japanese made and it is very agile. It is able to run at 3000RPM and it has also very strong motors which means that the operator can take bigger increments of cuts on the machine. When the part was produced in the GT2600Mthe time was reduced from an average of 3000 mins to an average of 1860mins. This was a great achievement for the company, but these cycle times can be reduced if the machine is used to its maximum capabilities. Now the machine is running only at 1200 RPM and the cuts are not very big because if the operator increases them, the machine will create very big amounts of vibrations.


[bookmark: _Toc131192191]Analyse
As seen in measure stage the Cp and Cpk of the Stainless Rollers process are respectively 0.518 and 0.414. The graph is shown below to have a quick recap about what happens when the machine is producing the part but can’t keep constant tolerance. SCRAP
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As seen in the graph there have been scraped 10 parts. The operator reported that when the machine was machining the parts there was excess vibrations which caused the insert to wear very quickly, and this is why these parts were out of tolerance. 
The machines target size was 61.08 which can be clearly seen in the graph. It has also been reported that when the vibrations are excessive the inserts coating wears and the metal welds on the insert, this is what causes the part to increase the size from the target size. The parts from 61.05 to 61.07 are very common as it is natural that the insert wears a little bit and the size changes. 
[image: ]As these parts require a lot of time to be machined, it would be really helpful if the vibrations in the machine could be eliminated and faster RPMs could be implemented in the cycle. 
The process capability chart is shown one left. It can be clearly seen on the chart that the process is not capable the size doesn’t stay within the specification. 
The process is not centred as the Cp is 0.518, which also means that significant number of defects are being made. 
[bookmark: _Hlk8098756]The Cpk helps to see if the data is centralised. This is very helpful when there is need to see if the data in centralised in the process. Also, Cpk is able to tell whether the process will be capable or not in the future, this is because it can be assumed`` in a state of statistical control.
The Cpk achieve for this process is 0.414. When the Cpk is 1.33 or higher, this indicates that the process is capable and it is also staying within the specification limits. If the Cpk is lower than 1.33, this means that the variation is too wide compared to the specification or the process average is away from the target.
[bookmark: _Toc131192192][image: ]Ishikawa Diagram – Cause and effect Diagram
This diagram has been daws so the operators can understand what the causes are to the non-constant dimensions. The causes that have been selected are Tooling, Machine, Cycle, Measuring Equipment, Material and operator. As the diagram shows, the operator has only one detail which is training. Training is very important as it allows the operator to understands their capabilities and feel competent. The Material has 2 details which are Wrong material and Wrong treatment, this is because if the materials supplied is a different material the tooling and the machine might react differently and it can also cause damage to the user. There are very less changes that the measuring equipment is not calibrated in this company but it could happen even is the equipment is dropped or damaged. Different operators can come with different sizes on the same part so this is very important that the micrometres are supplied with the ratchet system. One of the biggest problems are the Cycle, Tooling and machine because there are most chances that they will pop-out during the process. 


[bookmark: _Toc131192193]Improve
[image: ]To improve the process, an Adaptive bar sleeve has been drawn as shown on left This Adaptive bar sleeve fits on the stock bar and helps it to balance itself in the spindle bore. one end of the bar is gripped by the chuck jaws and the other end is gripped by the Adaptive bar sleeve, which helps in balancing the machine and eliminate vibrations. The advantage of this component is that it fits with collets which allows the operator to grip different size of bar just by changing the collet provided. This is very useful as David Roberts Engineering machines a big number of small contracts so, this will allow to grip different size of stock bar in the same component, lowering any expenses. 
[bookmark: _Hlk8099745][image: ]Unfortunately, the company was very busy and could not machine the components of the bar sleeve which meant that there was no change to collect the data. But in 04/2019 the company had a big contract of 360 parts, with an extra 5%. There was need to make a bar sleeve to balance the machine and optimise the cycle time, but didn’t had time to machine complicated part like Adaptive bar sleeve, so it was been decided to use a solution suggested by Manmeet Singh. The Adaptive bar sleeve was also drawn by Manmeet Singh so he came up with a similar idea but a lot quicker to machine as shown on the left. This was a bar sleeve would perfectly fit in the spindle bore of the machine and it would also grip the stock bar with the grub screw provided. 
By doing this Manmeet Singh was able to collect the data from the machine performance. The Adaptive bar sleeve had a same concept which was to balance the stock bar, so it was decided that the same data would have been achieved by the adaptive bar sleeve. So now this data can be used to check how much money and time has the company saved.
[bookmark: _Hlk8099886]The table below shows the dimensions achieved with the use of the bar sleeve.
	Part
	Data
	Part
	Data
	Part
	Data
	Part
	Data

	1
	61.08
	7
	61.07
	13
	61.06
	19
	61.06

	2
	61.08
	8
	61.07
	14
	61.06
	20
	61.06

	3
	61.08
	9
	61.07
	15
	61.06
	21
	61.06

	4
	61.08
	10
	61.07
	16
	61.06
	22
	61.05

	5
	61.08
	11
	61.07
	17
	61.06
	23
	61.05

	6
	61.07
	12
	61.07
	18
	61.06
	24
	61.05



As seen in the table this time the dimensions achieved were very linear and surprisingly the machine only consumed one insert for all of 120 parts. 
This is a great achievement as the machine vibrations have been eliminated and it saved a lot of money to the company as the cycle time have decreased.
When machining 5 batch for the customer the company was making £12.0 in profit per part, and now the company is making £18.0 per part machined, as the cycle time has decrease from 1800 mins to 1380. These figures are an estimate as the batch has not been completed yet. 
The dimensions achieved by the use of the bar sleeve has been shown in the graph below.
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It is very clear that all the parts produced by now are within the specifications. And this is a very good news for the company as there are not any scraps like used to get before.  

 
Now the Cp and Cpk value are higher, but they can be improved. They are low on purpose because the operators didn’t want to change the insert and waste money so that’s why the dimensions are more towards the LCL. If the operators want to change the insert every time the size goes down, the Cpk value would have been higher than 1.33. 
[image: ]The Chart is shown below.
This time the chart is a little bit more balanced, but it is more toward the lower spec limit. As said before this is done by purpose, so there is less wastage of inserts.


[bookmark: _Toc131192194]Control
Once the bar sleeve was working correctly there was need to collect the data and make sure that the process is running within the specification limit. 
[bookmark: _Hlk8100890]During the production of the Stainless rollers the company had another emergency order, so they had to stop the production of the stainless rollers and start working with the new component which was called as ball and cup holder. 
This was very lucky as the operators will be able to collect data on a different part but and note how the machine was performing. the critical size of the part was an OD of 15mm and the tolerance was +0.0 & - 0.05.
Once the machine started running the new components the data was collected which is shown below. 

As clearly seen in the graph there were no scraps during the production of the ball and cup holder, and when the size was going towards the LCL the operator was either changing the insert or the wear offset, to ensure that process is very constant.
This type of production is optimal for our company as it only produces a small number of components.
[image: ]Once the 400 Off ball and cup holders were made, the production of the Stainless rollers continued and more data have been collected from them as shown below.
As seen the process is very stable, and in the future should be improved with the changes of the speeds and feed of the machine. The current process is working correctly for the quantity required of the products.














The improved production process is shown below in a format of process map.

[image: ]
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[image: ]
[bookmark: _Toc131192195]Evaluation of process map
The advantage of using a process map are:
Visibility End-to-End process, this is very useful, as seen in the process map before the process map allows to see how the continuous process of production in the machine is working, it shows the time and the inputs and outputs which effect the result achieved in the end.
Evidence Change, the process map allows to see where the changes have been made in the process from before to after, such as included in this report. This report shows that the machine stability has been improved and also the cycle time has been improved by 3 minutes per part.
Shows continual improvement, the process map shows how the process have been improved from before, it is very easy to add or delete a step from the process map. This allows the company to see how the process has improved their production.
The disadvantages of using a process map are:
Only End-to-End process visibility, one of the biggest disadvantages of the process map is that it only shows the repeated process, but it doesn’t show what is happening behind the process, such as when the Adaptive bar sleeve was implemented, it cannot be show because, the adaptive bar sleeve only fits once and then the machine runs on its own. So, it would be useful if the process map had included “behind the scenes”.
Below is listed what has been improved by implementing this solution as shown in process map:
· Poor surface finish
· Poor tolerance
· High vibration
· Long machining cycles
· Waste of inserts
· Waste of material
· Damage to the machine.


[bookmark: _Toc131192196]Evaluation
As the solution wasn’t actually machined, I can’t evaluate it with real figures, but is can get and estimate about how much the production would have improved.
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The first graph below shows how the production was before. The second graph shows how the production could have been if the Adaptive bar sleeve would have used.
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After evaluating these two graphs it can be clearly seen that there are no scarps in the second graph which means that the company would save money on material, inserts and it would save money as the cycle time is reduced from 15 minutes to 12 minutes per part.
As seen before in the report, the part sizes are very consistent as well, which means that the operator can judge if the tool is going to wear or not.
	
	Before 
	After

	Cycle Time
	15 mins
	12 min

	Cp
	0.518
	0.86

	Cpk
	0.414
	0.54

	Scrap Amount
	10 parts
	0 parts

	Money saved
	£0.0 per year
	£8640.0 per year

	Time saved
	0.0 mins
	84 hours per year




[bookmark: _Toc131192197]Conclusion
The adaptive bar sleeve would a been a perfect tool for usage in the work, but there wasn’t enough time to machine it, but it is proven how much time and money the adaptive bar sleeve would have saved.
Because David Roberts Engineering has a consignment of 120 off of the stainless rollers every month this solution has saved an estimate:
· 84 hours of labour work/year
· £8640.0 per year.
This is a very good solution as the company is saving 80 hours of labour work and it is also saving £8640.0 which is a 6 moths wage of an operator.
This has also reduced the cost of the inserts as there is less wastage of inserts now.
This solution also respects the health and safety of the operators because, the adaptive bar sleeve is not locked on the stock bar but it is gripped on it, so if the operator by mistakes drops the bar the adaptive bar sleeve will just slide shock absorbing and not causing any damage to the stock bar.
The collection of the data was carried out very effectively without effecting the cycle time of the machines in the company, the only problem that was faced, was to find a time space to machine the complicated parts of the adaptive bar sleeve. As the machines were very busy there was no chance to machine the solution suggested. Improvement could have been made if the parts would have been actually made and tested on the machine, and find the negative points of the solution and then improve it again. The advantage of this project was that the data was collected and it was present in very different types of form to understand how this solution improved the process.
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