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[bookmark: _Toc104563811]The Problem:

During the assembly process of one of our larger machines – the AM250 Additive Manufacturing machine, we use a variety of multi-cored cables of different lengths. Currently these are measure by the operator using a tape measure and then cut with side cutters or pliers to the desired length before being fitted to the machine and then terminated off. Short lengths are not a problem (i.e.: under 50cm) but longer lengths are more difficult to handle and increase the risk of measurement error. 















[bookmark: _Toc104563812]Identifying my target market:

My cable measuring and cutting product that I intend to design, and manufacture will be aimed towards the wire and cable industry. More specifically my product will be used in Renishaw at the Miskin site, where the workers in AM (Additive Manufacturing) will be able to use my product to measure lengths of cable to specified lengths. 
My design needs to appeal to the project leader who will review my project once a week. He must think that my product is needed and necessary in order for it to be made and used by my target market of the AM cell workers. 














[bookmark: _Toc104563813]Evidence of research into the problem:

[image: http://www.packingtables.co.uk/wp-content/uploads/2015/07/Cable-Rack-Unit-Base-407x407.jpg]I have been shown how the cable is stored, how it is measures, and how it is cut. The methods and storage for all types of cable is very similar. Most of the cable is stored on one of these racks, pictured below:







However, the larger reels of cable are stored on the floor next to the rack. 
	When the cable is required, it must be measured, and cut to specific lengths for its use. To measure the wire out the AM employees use tape measures and rules to measure the cable to length. Some cable is roughly cut by the employee’s experience and then taken to a rule that is glued to a desk, where the cable is lay straight and cut to length. With the larger reels that are not rolled out on the wire holding jig, the employees can often be found running up and down the walkway with a tape measure whilst rolling out as long as 30m of cable. However some parts require cable to a much shorter length of only 300mm. In a brief explanation of the problem by one of the workers, they often found themselves measuring out the cable from the rack, ready to cut, and they had left their cutters over on the bench, meaning they would then have to drop the cable on the floor, grab their cutters, re-measure and finally cut. Along with this problem of forgetting your cutters, some wire unspools from the reels, and is left to be trampled on, on the floor by passing workers, therefore rendering some wire useless. 
The way in which cable is stored is messy and untidy. The cable can take up too much room when it unrolls, and when measuring from the rack is space consuming, as the employee is stretching as far as they can to measure the wire. Using a rule and tape measure to measure the cable is not accurate enough, and can lead to different length cables, that should be the same length. Along with the issue of employees blocking the walkways by unspooling large cable in the walkway to try and measure out to a customer’s order. 
















[bookmark: _Toc104563814]Analysis of a competitor’s product:

There are many ways to measure items, however there are not many items in place that are able to measure a range of wires and cables to specified lengths. Some of the more traditional methods are already in place in the AM department. These methods include using tape measures, and rules. 
However, a company called Taymer have created modern way to measure wire and cables. They have created electronic wire measuring devices that can be adjusted to different thickness of wires. Some of their products range from small single core wire apparatus, right up to larger industry wire. Their simplest product is the LR100, pictured below:
[image: LR100 Length Measurement Device for Wire and Cable]








The cable spool is placed on the left-hand side and wound onto the coiler on the right manually. The wire is fed through the wire measuring device in the centre that counts the length of wire in metres. This device would be good for small wire. However, it doesn’t look like it would accommodate the larger reels of wire that re stored on the floor at Renishaw.
The LR100 metric wire measurer accommodates a wide variety of cable from .4mm to 24 mm diameter.  The product is made using stainless and heat-treated steels. The product uses a mechanical counter to display how much cable has been measured. The counter has a display of 4 figures, one of which is a decimal place figure. The unit has mounting holes so that it can be mounted to a bench top, or the optional wire spooling frame that is shown in the photo above.

[image: http://www.taymer.com/html/wp-content/uploads/LR300.jpg]The company also sell a larger product, the length rite 300. This would be more suited to use at Renishaw, this product is pictured below:









The length rite 300 can measure wire from 0.6mm right the way up to 12.7mm, with an accuracy of +/- 0.2%. this product has holes in its base so that it can be mounted to a worktop bench, this means it is small and light, with the weight at 3.2kg and the dimensions measuring: 228mm x 152mm x 228mm (L x W x H). The display readout is an electrical one rather than a mechanical readout system. This display can show up to 6 digits maximum. 
I am unable to find prices for any products made by Taymer. I believe I would have to enquire with their sales department in America. However I have sourced another company that makes very similar products. This company is called ERASER. The product that I have found the price of is pictured below:
[image: http://i.ebayimg.com/00/s/MTIwMFgxNjAw/z/MbEAAOSwj0NUj6Vw/$_35.JPG]








This product is the ERASER AR0640 wire measurer. It incorporates a mechanical counter, as the wire is passed through the 2 drums. The apparatus can measure wire from 0.40mm to 50.8mm ø, and can be mounted on a bench top. The display is a 5 digit display, with one digit as a decimal point for more accurate readings. However the apparatus only measures in metres, and with an analogue display.  This product was recently on eBay in America, and sold for the equivalent of £480. I believe the Taymer equipment will be around similar value. 









[bookmark: _Toc104563815]Competitors Summary

	Product
	Cost
(£)
	Dimensions
L x W x H
(mm)
	Minimum ø cable
(mm)
	Maximum ø cable 
(mm)
	Mounting options
	Display type
	Significant figures on display
	Weight
(KG)

	LR100
	260 (LR100 part only, no stand or cutter)
	n/a x 184 x 211 
	0.40
	24
	Bench top stand or custom bracket
	Mechanical 
(Metric and imperial options, but not interchangeable)
	4
	2.3

	Length Rite 300
	1950 (Taymer Quote)
	228 x 152 x 228
	0.60
	12.7
	Benchtop mounting holes
	Electronic
(both, interchangeable)
	6
	3.2

	AR0460
	990 (Amazon)
	157.5 x 178 x 259
	0.40
	50.8
	Mounting holes
	Mechanical
(Metric)
	5
	4.3









[bookmark: _Toc104563816]Update Brief:

[bookmark: _Toc104563817]Original Brief:
		You are required to review what current technology exists in the marketplace to facilitate the easy measurement of a running length of small diameter cable (or similar materials - such as rope) of up to 12mm diameter and then design and develop a cost-effective solution to achieve this task. Designed primarily to be used on a cable, your solution should be of suitable construction to locate on a work bench and be robust enough to withstand the daily rigours of a manufacturing facility. In principle, the operator would have some means of readout or display to tell them how much they have run through the machine which will enable them to cut the correct length. The machine could be totally mechanical or may incorporate electronics (e.g. for the display). 

[bookmark: _Toc104563818]Additions: 
	Your solution budget is £150, and the product must be ready for an unveiling at the Christmas party. It can either replace the old cable racks, but it has to hold all the cables, and measure them, or it can be a bench top design with a cable interchange system. The cable must be dispensing no slower than 1 metre every 10 seconds, and a cutting mechanism should try to be incorporated, or pliers attached to the product.






[bookmark: _Toc104563819]Questions to ask before the design process: 

1. Does the apparatus need to measure in both imperial and metric? If one unit of measure can be used, which one?
2. How many significant figures should the display show? How many of these digits should be decimal digits?
3.  What are the maximum dimensions of the bench top unit?
4. What are the maximum dimensions of the unit to replace the original cable stand?
5. What is the range of ø of cable?
6. Does any cable require different ways to cut it?
7. Any customer preferences or desires from the product? 
8. What is the budget of the entire project?
9. What is a suitable maximum time a new user should be setting up to measure the wire?
10. What are the maximum and minimum sizes of cable reels that the product will have to accommodate?










[bookmark: _Toc104563820]Answered questions:

1. Does the apparatus need to measure in both imperial and metric? If one unit of measure can be used, which one?
No, the apparatus should only measure in metric, with the units being changed from metres and mm.
2. How many significant figures should the display show? How many of these digits should be decimal digits?
The product should measure to 4 significant figures, 2 of which are decimal numbers.
3.  What are the maximum dimensions of the bench top unit?
750mm x 1500mm (W x L) 700 mm of unlimited height before a shelf that is 610 mm from the countertop.
4. What are the maximum dimensions of the unit to replace the original cable stand?
1m x 1m x 350mm (H x L x W).  The top rack is 1m from the floor, and the bottom shelf is 350mm from the floor.
5. What is the range of ø of cable?
2mm – 10mm 
6. Does any cable require different ways to cut it?
Yes, the employees use armoured cable, and multi-cored cable, along with single core cable. So different cutters are required
7. Any customer preferences or desires from the product? 
Repeatability and a measuring accuracy tolerance of ± 5mm
8. What is the budget of the entire project?
The price will be checked before ordering to see if the cost is reasonable.
9. What is a suitable maximum time a new user should be setting up to measure the wire?
Around the 2 minute mark
10. What are the maximum and minimum sizes of cable reels that the product will have to accommodate?
540mm ø x 430mm wide
















[bookmark: _Toc104563821]Brainstorm of ideas for possible solutions

[bookmark: _Toc104563822]Idea 1:
Product will be the same size as the original unit, except be enclosed by clear acrylic panels. Each reel will be fed into a unique and easily removable reel holder. The cable will then be threaded through the specific feeder mechanism. This feeder mechanism will consist of a motor and two small rubber wheels, mounted so that the wire fits in-between the two. When these motor is powered, the rubber wheels will turn, thus feeding the cable out to the user. The product will in-cooperate a user interface panel, mounted on the top of the product. This is where the user will be able to interact with the product. He/she will be able to select which motor to activate, and for how long. The motor will be a reference to which type of cable the user desires, and the motors running time will depend on the speed of dispense. So for example if the motor was to dispense wire at a rate of 1 m/s and the user desired 20 meters, then the motor would activate for 20 seconds, thus feeding out 20 meters of wire.  The length will be shown by a display, this display will try to be linked to the time the motor is running for, rather than trying to measure the length of wire as well. 

[bookmark: _Toc104563823]Idea 2:
Product will be mounted on a wheeled trolley with an adjustable height (if time frame allows) so that it can be pushed in-front of the desired wire, and cable simply pulled through by either hand or an electric motor. The cable will be fed through two rollers, one of which is a direct drive into a distance measuring metre of some description. This measuring metre device may be taken from a trundle wheel type device, or an attempt to modify another device (such as a tachometer, or electronic counter) may be made. 

[bookmark: _Toc104563824]Idea 3:
A bench top mounted product, where the cable reels have to be manually placed onto the spooling prong. The cable will then be fed onto a metre circumference reel, with a marker tape on the outside, measuring in mm. The spool will either be electronically driven, or mechanically wound. Every time the spool completes one rotation a sensor strip will pass a sensor, and this will cause a digit to appear on a small digital screen, or it can be a mechanical display. This display will only show the cable length in metres. Any more specific and the user will have to manually wind the spool until the mark on the circumference reaches the marker on the product frame. 

[bookmark: _Toc104563825]Idea 4: 
Purchase a model that is already on the market, and that will meet the requirements of the AM assembly team. 

[bookmark: _Toc104563826]Idea 5:
Purchase cable in pre-cut lengths, this will save time in cutting cables, and save the inconsistent and inaccurate cables that are being produced. 









[bookmark: _Toc104563827]Selection of ideas to carry forward to the design process:

I have rated each of these ideas before I go onto designing some of them. From my evaluation I will be ruling out idea 1, and idea 4. I have chosen not to take these ideas any further into the development stages because idea 4 would be too expensive to carry out, with not enough gain from the product. Along with this, the product was also the second lowest scoring on my score chart. This was mainly due to the cost of the product, and it wasn’t specifically designed for my target market of the AM workers. The product also looked like it would have taken too long to setup to measure small pieces of cable. For these reasons I ruled out this idea. For similar reasons idea 5 was also ruled out, there would be more expense to ordering pre-cut cable, along with if any custom cable was needed, then they would be unable to get the required length as all the other cables may be too short. Along with this Renishaw also sell lengths of cable to other companies, so this market would no longer be available to Renishaw if they purchased pre-cut lengths. 
Idea 1 was also ruled out because it was the lowest scoring of all the products. This is due to the fact that it was a big product to design and manufacture in the timescale I had. The product would have also been costly to produce, and not very “beginner” friendly, due to the user interface panel. I believe if there was enough time and enough knowledge on this concept it would be a more suitable idea. I will not be taking this idea forward to the design stage.
From this elimination process, I am left with the idea 2 and idea 3. However I will keep in mind any positive points I had from the other 2 ideas, and possibly try to incorporate them into my design. For example I may be able to make one measurement unit, and make it so that it can clip to another one, to build a frame of them, similar to idea 1. 



[bookmark: _Toc104563828]Design Ideas:

[bookmark: _Toc104563829][image: ]Idea 2:
I have adapted this idea and moulded it with idea 1. Instead of using a direct drive mechanism into a counter, I have decided to try and set it up with a timer and a relay to the motor. This will make it easier to see how much has been dispensed, and set a specific amount of cable to be dispensed. The top roller is adjustable up to 15 mm, to allow for the maximum 10mm diameter that the AM employees use. There is then a free rolling rubber wheel mounted on this roller, with a ball bearing allowing the wheel to spin freely. The roller is moved up and down with the loosening/tightening of 2 x m10 wing nuts on the ends of the shaft. 
The bottom shaft is a direct drive to a 12v dc brushed electric motor, the motor shaft fits into a 5mm drilled hole with a grub-screw securing it in place. The shaft then runs through a nylon bushing and motor mounting plate with a bushing securing plate on the other side. The shaft then opens to a 45 mm diameter for a 5mm width, where there is a 4 hole PCD drilled. These holes accommodate screws that hold the 50mm ø rubber drive wheel in place. After this the shaft then reduces back down in diameter and runs into another nylon bushing with a bushing holder and then into the end place. 
On top of the two end plates is the top plate, which holds the programmable digital counter. 
[bookmark: _Toc104563830][image: A plane flying in the sky

Description automatically generated with low confidence]Idea 3











 I have adapted this idea as I was designing it. I am not going to bench mount it, as it would take too long to change the reels, instead I will mount it on a wheeled trolley, where the rest of the parts can be mounted to. These parts would consist of a digital readout display, some cutters, or a cutting mechanism. The large wheel on the left-hand side will have scores every 10mm as markings, so cable can be more accurately wound off from the apparatus. 
This design in the way it feeds cable through it is very similar to the other cad modelled design. It uses two rubber wheels to grip onto the cable. The top wheel is mounted to a drive shaft, and is allowed to freely spin via a ball bearing. The way that this wheel will clamp on the wire is via 2 springs that will pull the wheel down. This allows for a quick and easy adjustment for different wire diameters. The large wheel will also have a small magnetic sensor mounted on to it, and there will be a counter to count how many rotations it has completed.  The product has a handle fitted, so that the user can wind the reel to his/ her specific length. 

[bookmark: _Toc104563831]Final product choice:

I have chosen to take idea 3 further into the development stages. I have chosen to do this because I felt that it was the most suitable design for my timescale, and my skill set. This is due to not having enough knowledge in electrical engineering as to be able to fully complete the motor and readout assembly of idea 2 in the allotted timescale. This is down to the fact that I would require too much assistance and time to learn about electronics that I would not complete the project in time. Another reason for my decision is that even though they are both simple to use products, idea 3 is simpler to use and build than the other idea. This allows any new user to be able to us the product with no training required, as for the other product, the user would require a small amount of training in order to interact with the measurement display. Along with all these points my chosen design was also the highest scoring on my points system to find out which design was most applicable.  I have spoken to my supervising engineer about this choice, and he agrees with me on the decision, and reasons for the decision.
[image: A screenshot of a computer

Description automatically generated]A copy of the scoring sheet to aid with my final decision for the idea to carry forward into the final design stages
I will now take the chosen idea further into the development stage, where I will make any adaptations to the design, begin to consider and design the cutting stage of the product, and design the frame that the whole unit will sit on. After I have finished with the primary design of the product, I aim to check that this product is suitable with my target market. 
[bookmark: _Toc104563832]Further Designing:

After selecting my chosen idea, I went on to begin to design the frame, however found that it was beyond my CAD experience and capabilities of the software to do this. I have however designed the two upright supports that will be adjustable for the two tier reel racks. This adjustment will simply be a clevis pin inserted in a whole through the two bars. These two bars will be securely mounted onto a base plate via 4 countersunk bolts. The base plate will then be mounted to the two side plates of the device. There will be a base plate to the two uprights, with wheels on the bottom, so that it can be easily transported and moved around. I will create a bracket for the Readout display to mount onto the top of the side plates when I know what readout I am going to use. 
For the cutting side of the project, I have decided to attach the suitable wire snips for the wire that is used in the company. My other option was to use a guillotine effect; however I decided that this would be too dangerous on a small wheeled machine, which could be easily tipped over with a guillotine on it. Another reason is the fact that the blades would require maintenance more often than cutters. 
From this I can conclude that my frame cannot yet be designed as my CAD experience does not allow, and I will be mounting the appropriate cutters to my project as a way of cutting the cable. If I cannot get trained on a CAD model, then I will attempt to sketch my frame idea. 






[bookmark: _Toc104563833]Product calculations

[bookmark: _Toc104563834]Time to dispense and cut cable:
I have conducted some research into the efficiency that my product should aim to meet. I have found out that the time allowed to cut and measure the cables for one cable assembly is 8 minutes for 10 cables of length 750mm. From this value I can now determine the average time it should take to cut and measure 1 metre of cable. This is worked out with the following calculation:
 = Time allowance for 750 mm
Time allowance for 750 mm = 0.8 minute = 48 seconds

My product should aim to dispense and cut the cable off quicker than 1 metre every 64 seconds.
[bookmark: _Toc104563835]Efficiency % of the current method:
To measure and cut the 10 cables to the required length currently takes the assembly team 8 minutes on average. My results were taken from different people cutting the same length of cable. This means that the production team are on target for cutting the cables, however there were a few who were over the time, meaning the process could be improved. I have spoken to the head of the department that manufactures the AM-250 machines, and he would like the process to be down to 30 seconds per 1 metre of cable if a product was introduced, that time would include setup until the cable was terminated.  
If I use these recommended statistics, I can calculate the current efficiency of the workers. 

Percentage efficiency = 46.875%
[bookmark: _Toc104563836]Cost for inefficiency:
Using work centre to find out the budget for each department shows that the AM Build area has a budget of £75.33 per hour of work.  I can use this number to calculate how much is being spent on cable cutting and measuring with the current process, and compare it to my expected time. 

£0.020925 per second budget.
I can now multiply this value by the time it takes the current process to cut 1 metre of cable to find out how much of the total budget is being spent on cable cutting. This value comes to £1.3392 per 1 metre of cable.
If I were to do the same calculation with my products estimated time to measure and cut 1 metre of cable, I can see how efficient my product will be. I aim for it to complete the task in 20 seconds. Therefore I will multiply the budget per second by 20 to achieve a result of £0.4185 per 1 metre of cable dispensed. 
The payback time for my product can now be calculated by the savings. To calculate the saving I will simply subtract the estimated cost for my product from the current cost. This will leave me with an answer of £0.9207 per metre. For the budget of my product I have allowed £100-£150. The time taken to payback this cost can be calculated using the following equation:

This final value will be 135.7 metres of cable require measuring and cutting before the cost of my product will be paid back. 



[bookmark: _Toc104563837]Sub-assemblies and exploded parts diagrams:

[image: A picture containing sky, gauge, device

Description automatically generated]
Above is a copy of the exploded parts diagram that I created in CAD for my chosen design idea project. I have pulled apart my product, so that it can be seen on how it will be assembled. I have also placed this view along with each individual part into a recognised engineering drawing standard, which is included as printouts in the project report. 










[bookmark: _Toc104563838]Material choices sheet:


Drive shafts:
I have chosen to make the driveshafts out of mild steel. I have made this choice, as I needed a material that was easy to turn on a lathe to create my required profiles. I also needed the material to be fairly heavy in order for it to apply a pressure to the rollers that would clamp on the cable. Finally my chosen material needs to be able to resist wear from a constant rotation within two end plates. 
Drive wheels:
I chose to make these from rubber, as I required a compound that would grip onto a smooth plastic casing of a cable. The material also needed to be hard wearing, so that it would not groove under load, and easily replaceable. For these reasons I chose rubber over other available materials. 
Side plates:
For my two side plates I have chosen to manufacture them out of aluminium. This is because the material can be easily machined into shape on a milling machine. Secondly the aluminium has an appealing finish, and doesn’t respond negatively to moisture and oils from human hands. 
Measurement wheel:
The measurement wheel is going to be made of a coloured acrylic compound. I required the material to be laser engraved, and laser cut for more accuracy. The material also needed to be non-magnetic as to not distort the magnetic sensor, and have a hard ware resistant surface. This can alternatively be made from a steel plate, with a laminated paper measuring wheel attached to the face of it.

Drive handle:
The handle that the operator will use to turn the wheel to the required dimension will be machined from aluminium. This is because once again aluminium has a high corrosion resistance, along with an appealing finish. I will also consider buying one of these, as the cost to manufacture may be higher than the cost to purchase.
Bushings:
My chosen material for the bushings is nylon. This is because brass would have been too expensive of the required diameter, and also nylon is a wear resistant material, as it is already used in bushings on other products. As the drive shaft will not be spinning fast, then the bushing does not need to be of high resistance. Alternatively I can modify my design, by reducing the shaft diameters, and use ball bearings on the ends of the shafts instead. These will allow for a smoother movement, and won’t need to be replaced as often.
Frame:
For my frame, I will make it out of mild steel, because steel can be easily welded to form a strong frame, and is also easily machine able. If required I can also tap threads into the steel for other parts to bolt onto it.  My frame can be made from aluminium; however this would require specialist welding equipment, or bolting together. 








[bookmark: _Toc104563839]Modifications to my design

When looking for parts for my initial design, I encountered a few problems. I could not find the parts that I needed, or I couldn’t find the parts made in the required dimensions. I also had some extra thoughts on the current design and thought why I can’t do it this way, which is easier, so I have modified the design slightly. 
1) 	My first change was I couldn’t find anyone who supplied a rubber bar, however I found a model shop that supplies rubber wheels that will suit my product. They are different dimensions to what I would have wanted, so I have had to modify my design to accommodate these. 
2)  	Secondly there were issues with finding bushings for my bars to go into, and rubber wheels to sit on. This made me think about using ball bearings. With this in mind I started to look for the sizes I required, but unfortunately could not find them at a cost effective price for my product, so I decided to reduce my shaft diameters to a more suited size. This new size will make the product smaller, cheaper to manufacture, and also allow for cheaper, more readily available bearings.  
3)	Thirdly instead of running the two ends of the top adjustable bar on bushings or bearings, I have decided to mill two flats on either side of the bar, so it will allow a better fit into the slot on the end plate. 
4)	The handle that will be used to turn the mechanism will be purchased from RS components, as the manufacture costs of my own handle will be more than it would cost to purchase a handle. 
5)	However due to RS components only having a 10mm bore size handle in stock I have had to reduce my bottom bar to 10mm diameter, this is also due to bearing sizes to support the bar, so overall it is easier and cheaper to reduce the bar to a 10mm diameter. If during testing I find the bar is too small, I can attempt to heat treat the bar, or select a different material. 
6) 	 My top bar has also been reduced in diameter, but to 17mm as that was the best size bearing I could find that would reduce down to around 20 mm from a 40mm outside diameter.
7)	I decided to add shaft collars either side of the top roller wheel, and secure the bearing in place using bearing lock. This will stop the bearing from sliding side to side on the shaft. 
8) 	Going on from point 7, I then thought about the whole shaft sliding about. To resolve this, the top bar will have flats, this will stop the bar sliding into the slots as it will not fit. For the base drive bar, I will fix one shaft collar to the side that has the handle on. On the other side will be an end cap, to stop the bearing from sliding out and the bar from sliding out.
9) 	To stop the bearings from sliding out of the end plates, I have chosen to manufacture small plates to cover the bearings that will stop them sliding out, there will be enclosed caps on the outside to stop the bar from moving. 
10)	I have also decided to use a base plate and top plate to hold the two end plates in position, this will also allow for the frame and other equipment to be easily mounted. 
11)	There will also be a spacer made for the measuring wheel to be offset from the side plate, so these two do not rub on each other
12)	I have chosen to manufacture an adaptor piece to secure the wheel onto the new smaller diameter shaft. This is instead of turning down a large shaft to a small diameter to create a plate on the shaft to screw the wheel onto. Instead I will use a 40mm bar that is long enough to fit into the wheel. I will apply a medium diamond knurl on the outside, and press this into the wheel. The knurl will grip on the wheel as cable is dispensed. To mount this adaptor on the shaft I will drill and ream a 10mm hole, and apply two grub screws opposite each other. These will clamp onto small recess in the drive shaft, applying grip to the adaptor piece. 
13) 	Finally I have chosen to attempt to adapt a trundle wheel on my measurement wheel, this is because it will be cheaper to use than a large piece of acrylic. After pricing up the size of acrylic sheet I would require, creating my own was not a very feasible solution. 
[bookmark: _Toc104563840]Improvements for next time:

I found that I had ordered my material too late from the machine shop, as they could only get the material from scrap jobs. Some of the jobs weren’t scheduled to run for a few weeks after I ordered the material. This caused a delay to my build, as I was waiting for material. 
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