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Introduction

The product I have designed is a CNC Vacuum head for cleaning up debris from ebaboard during machining. Excel Precision Engineering Services Limited is an engineering and toolmaking company based in Llanelli, Wales. The company produces parts primarily for car manufacturers. This project will be implemented in the Toolroom which produces the tooling and checking fixtures required to manufacture the parts for our customers.  

This project will protect cnc operators from harmful particulates that are produced when machining ebaboard, used for checking fixtures. EBAboard 1400 is a post cured board on a polyurethane base.  This material does not produce harmful dust when grinding, however when being machined it produces a fine particulate that can be harmful to the lungs.

The persons involved in this project include Eirian Davies who is the managing director and myself. As I am nearly qualified, Eirian has tasked me with being solely responsible for the planning, development and implementation of this project to test the skills that I have developed whilst working at Excel.

The time scale for this project is approximately 4-5 months as I have to carry on with my production activities and tool making work whilst developing and manufacturing the project to spec. There are many products that are similar to this one however, none of these meet the specifications we require. Therefore influencing my choice to design a custom one for the workshop.

Figure 1 shows the debris from machining the ebaboard on the cnc machine. 
Figure 1:
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Background Research

The supplier that we get our ebaboard from is called Ebalta distribution and after calling up the technical reps I was able to obtain useful information regarding the hazards of this material. After our conversation and carrying out research I was able to determine that the ebaboard does not cause harm if it is ground however research on polyurethane resins and compounds with polyurethane in them shows that the dust produced from milling or sanding this material is harmful to the eyes, lungs and environment. 

Additionally the small particles that are created by the material when milling can enter the coolant system. The coolant used in cnc machines is a soluble oil mixture which can be contaminated easily by bacteria caused by foreign materials. Fine particles produced from the milling process often enter the coolant system,therefore introducing harmful bacteria. Thus causing rapid growth due to the surface area in which the bacteria has to grow. The coolant system is then flushed with a cleaning solution and replaced with a fresh batch of coolant.
Figure 2 shows the small particles that are created during the milling process. 







Figure 2:
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Project Specifications

Budget:
The price of this product will be calculated using factors such as materials, manufacturing, labour, shipping and development. By finding appropriate suppliers and purchasing products in bulk orders it will lower the price of the product as opposed to purchasing individual parts. 

Filters: Looking at the retail price of the Miele hepa filters that we will be using in this system we can see that the retail price for these filters is around £6.30. After negotiating with suppliers we could get the price for a bulk order of filters down to £5 or £6 per part. 
£5.50 x 4 = £22.00

Vacuum Motors: The motors can be bought from a range of suppliers, however when going on ebay we found that a supplier called Spare-works UK was the cheapest.  The price per motor from this supplier is £65.00. If we place a bulk order such as 50 units it may drive down the price to £50 per unit. This will decrease the price of the product.
Polycarbonate sheet: The polycarbonate sheeting will be used instead of an acrylic based sheet as the polycarbonate has properties that make it more resistant to impact and this will help if a cutting tool had to break and shoot pieces off at the operator or if the system had to have a collision. The supplier, HLN supplies retails a piece of material the size we require of 450mm x 300mm for around £6.40. Asking them to cut the shape required would cost extra but would save time. A bulk order of precut sheets would bring down the price to £6.00 per part. 

Flexible Ducting Hose: When sourcing this material from suppliers it proved to be cheaper to buy the hose at a length longer than required, than ordering pre-cut lengths. When buying a ⅚ meter length the cost is around £23.50 , however when bought at 15m the price per unit is £58.00. The hose will be bought in 15m lengths and then cut to 5m lengths in house. A bulk order enables us to cut the unit price down to £50.00 further saving us and the customer money. 

Copper Wire: Using the ebay supplier BLMshop we can buy reels of 100m of 2 core copper cabling of the requirements we need for around £123.00 per unit. If we bulk buy reels of wire we could expect to get the price per unit down to £110.00

Steel sheeting: The steel sheeting will be purchased from a local company called Dyfed steels. Sheets of hot rolled mild steel 3mm thick and a size of 2m by 3.5m should cost around £400 per sheet when they are being bulk bought. This size of sheet is optimal for cutting the size of parts that we need.

The additional materials needed for the spindle assembly such as aluminium can be ordered in flat bar stock that can then be cut up according to the size required. Purchasing material in larger pieces means they can be cut down in house, saving us money. At 1250mm lengths of bar stock that is 190mm wide and 100mm thick we can cut 6.4 pieces of stock out of the bar to machine. Buying larger pieces and cutting them ourselves drops the price from £120-£140 per sheet to £110-£130 per sheet.




















Project Specifications and CAD Models
The planning phase of the project must include draft examples or ideas of what the system will look like and how it will function. Before the introduction of computer aided design the design process was more time consuming due to ideas having to be sketched on a drafting table. This method was not as accurate as modern methods. Access to specialist software allows us to draft ideas in an instant into a workable computer model, or a CAD (Computer Aided Design) Model. This model can be shared between software users and can be altered accordingly. 

CAD models are accurate and the software can give you useful information about your design such as an estimation of weight, failure points, machining time, volume and more. The software that I use is called Autodesk Inventor Professional 2020. After finalising my design with my supervisor and employer I was able to render some pictures of the CAD model and show them down below in figure 3-5.

Figure 3 shows the vacuum head portion of the system on a mock spindle assembly allowing us to see what it would look like when attached to the spindle of the cnc machine that the product is designed for. The brushes in this system are represented by clear black plastic as they were unable to be rendered.






Figure 3:
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During the meeting where we decided on the final design it was noted that we should use grub screws to secure the ring to the spindle. After testing the system with a single grub screw it was found out that we should use two grub screws on opposing sides of the ring ensuring it had maximum holding power during the vibrations of the spindle. 

Figure 4 below shows the underside of the spindle assembly. In this rendering you can see the tools that are inserted into the spindle have a large amount of clearance to accommodate large tools such as shellmills and face mills. You can also see how the coupling and ring are secured to the polycarbonate plate. 








Figure 4:
Spindle Taper
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Figure 5 shows the connection of the collection box and the vacuum head using the coupling and hose. The profile that is on the coupling matches the inside diameter of the hose and will be secure using hose clamps.

Figure 5:
Coupling/Hose 
Connection




Figure 6 shows a rendering of the collection box. 
Figure 6:
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Project Planning
A detailed timing plan was put in place during the entirety of this project, this includes the prototyping phase and manufacturing phase. A detailed plan will ensure that all individuals in the manufacturing of the project are aware of their roles, responsibilities and time constraints. 

A Gannt chart was used to appropriately plan the time spent on the project. A Gannt chart enables us to clearly identify how one task can be reliant on another and shows individuals who are responsible for each task. The Gannt chart will also show the critical path and the slack in the timing plan as well as the earliest and latest dates that the project can finish or tasks can finish.

The Gannt chart has been provided in the appendices. The purpose of this chart is to identify the workers who are responsible for each task and the earliest and latest possible finish dates for each task and the final completion of the project. 











Project Solutions

During the planning and implementation of a design or prototype it is important to make variations of your design just in case your first design does not perform as required. For this situation I made 3 possible designs for my problem, the first design was my initial idea and thoughts of what I needed. The second design included some improvements to the function and efficiency to the design, and the third design was made to be more aesthetically pleasing. Most of my design work was done under supervision at the workshop and therefore limited photographic evidence is available due to the confidential nature of the work carried out on the day of testing and an enforced no mobile phone in the workshop rule. 

First design:
The first design consisted of a much smaller area for the cleaning to occur as the plate was smaller and more round. The coupling was closer to the main spindle ring and the overall shape was an oval.

Advantages:
· With the smaller volume of area to be cleaned the power of the suction is increased.
· There is greater clearance for obstacles with the smaller system.
· Less materials are used for the construction of the system.
· The system would weigh less.


Disadvantages:
· A smaller surface area will be cleaned by the system.
· Less visibility into the cutting area.
· Large cutting tools would not clear the edges of the brushes and therefore only smaller cutting tools could be used.
CAD model of Design 1:
[image: ]

Second design:
The second design was made to increase the efficiency and function of the system. This design was rough and to the point of what we needed. I increased the size of the area that could be cleaned by the vacuum and the brushes. It became rectangle shaped and much larger. The ring assembly had more grub screws added.
Advantages:
· More area can be cleaned by the vacuum.
· Bigger tools can be used.
· Better visibility is possible.
· Larger workpieces can be made.

Disadvantages:
· The system is heavier.
· More materials required for manufacturing.
· Less suction power.
· It takes longer to manufacture.
CAD model of Design 2:
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Third design:
The third design was created with the intention of making the product more aesthetically pleasing. In this design I will round off sharp edges and corners. I will also address any potential issues that have been flagged by my supervisor that could cause problems with the function.

Advantages:
· It is more appealing to the customers.
· Any issues that have been detected during testing have been fixed. 
· Features have been added which helps the operation and function.
· Branding and logos have been added.

Disadvantages:
· Manufacturing of logos is time consuming, 
· Finishing touches increase the cost. 
· The system is heavier than the first one that was designed so it could be unwieldy. 
CAD Model for design 3:
[image: ]

Design and Implementation

As per the requirements of the assignment 3 designs have been made on the CAD software Autodesk Inventor. This is provided by the college to enable us to complete design tasks throughout the course. A meeting was held to discuss which design was more appropriate for our workshop. 

Following a decision on the most appropriate design, material was able to be ordered to begin the manufacturing of the product. We did a budget for this design before ordering parts as well as designating roles to individuals, in relation to their skillset, to move forward with the manufacturing process.

Once our allocations were made and the parts ordered had arrived, we then set about machining and assembling the different parts of the system so that we could carry out certain tests and find out what needed to be fixed, changed, redesigned or improved. 

The final design that was submitted and implemented after testing of the initial setup had a number of changes from the CAD design that was submitted. The cone and sleeve that fitted on the spindle originally had just one grub screw holding it onto the spindle but after extensive testing it was revealed that the large amounts of vibration were causing the single grub screw to come loose and therefore another grub screw was added on the opposite side of the sleeve to provide maximum holding strength.
Photos of the completed and updated system were not able to be taken due to short notice of the government enforced lockdown due to the COVID 19 pandemic, meaning we were unable to access the workshop. However photos and evidence of the manufacturing process and progress made were taken prior to the lockdown. The updated CAD models were made available to me by my employer as he alone had access to the factory office but not the shop floor due to the lockdown being in effect.

The Final Design:
Following testing and fault finding of the final design, progression of the design was able to be made to deal with factors in use that could not have been thought of or foreseen in the design stage. Problems that were identified during the testing process were redesigned and altered, so that these faults would not occur when the customer was operating it. 

(The following photos that are being provided are from the manufacturing stage as final photos could not be taken as explained previously.) 

The first alteration that was made to the system was in order to operate the system. A design error was identified as the vacuum motor could not be attached to the collection box, resulting in the production of an adaptor that could support the device. The ring that holds the motor onto the collection box did not have clearance for the exhaust tube of the motor and therefore it could not be bolted onto the mount, fortunately the mount was not welded onto the collection box yet so we were able to mount it on the cnc machine to make the necessary alterations as shown below in figure 7:


Figure 7:


This system was designed to integrate flawlessly into a HAAS Cnc machine or similar brands. Previously in the workshop I was tasked with helping James Lloyd who is another apprentice to complete a coolant system project. I was tasked with the wiring system within the project as I had the most knowledge of the inner workings of the cnc control. To activate the coolant and air blast system we used a relay and solenoid connected to the input for the airblast in the Haas control panel as shown below in Figures 8-9:






Figure 8:
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Using this same method we will connect the vacuum motor to the haas control panel allowing automatic activation of the motor by the haas control or operator. The solenoid will be mounted to the outside of the collection box next to the motor mount, the incomplete collection box is shown below in figure 9:








Figure 9:
[image: ]
As I dont have the pictures taken during or after the testing of the final product I will provide evidence that the system actually exists and is done by showing in-progress pictures from the manufacturing of the parts in figure 10-12. Figure 10 below shows the motor adaptor being fitted to the vacuum motor before it is welded to the vacuum box. 











Figure 10:
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Figure 11 shows the ring that fits over the spindle being manufactured on the CNC machine. This prototype part was made from steel however the final product will be made from aluminium. Due to not having aluminium in the workshop when the part was manufactured it was made from steel.






Figure 11:
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Figure 12 shows a 3D rendering of the vacuum box designed in CAD. This box has been finished and painted however I had not got round to taking pictures or evidence before the lockdown was enforced and the workshop was shut down. 












Analysis, Results and Evaluation

Analysis: The system performed as expected during the testing however a fault was picked up early on during testing and had to be corrected before the final results were recorded. 

The PDS stated that the system needed to be able to collect all the debris from the machine and in the air. During testing the system did leave a small amount of material on the bed of the machine, so when comparing this to the PDS the system performed this task almost exactly as the PDS described. The system was able to run continuously for about 5 hours before we were starting to get concerned about how much heat the motor was producing.

The filters that we installed in the system were high flow filters and therefore did not impact the suction strength of the system as was described in the PDS. Due to the size of the hose that was used to connect the vacuum head there were no material jams or clogging of material. The paint on the collection box ensured a lack of corrosion due to damp or moist conditions. The last critical function of the system that was needed was that the collection box was easy to clean which it was.







Conclusion and Recommendations

The overall design and function of this system was exactly what we needed to solve the problem of cleaning a hazardous material in the workshop while we were machining it. There were many delays during the manufacturing of the prototype of the system such as flooding of the workshop and power cuts.

The design of the product has identified areas that could have further improvement in the future. This includes aspects such as the collection box which could have been produced with less material, therefore lowering the cost of the manufacturing of the product. A further alteration that could be carried out would be adjustable brush height which would increase the service life of the brushes when using shorter tools. The materials required to complete this product proved difficult to source from our usual providers, therefore different providers had to be used. This is something to take into consideration in future as reliability of these materials was unknown and could have caused problems during the manufacturing process. 

However, due to time constraints and the skill set of the workers who were made available for the completion of this project. This product meets specification and carries out the purpose it is required for. 






Appendices:
Product Design Specification:

Design Specification of a CNC Dust Collector attachment.
Dust Collector
Design Brief
Due to the need to machine a dangerous material it was decided that an engineer must design a system that can remove the harmful material from the machine and the air so that it does not contaminate the workshop.

Performance
1.1) The motor must be able to suck up all the chips and dust no matter the size of the chip.
1.2) The motor must be able to run continuously for 2-4 hours at a time without overheating
1.3) The motor must be able to run continuously for 2-4 hours at a time without losing any suction power.
1.4) The filters must be able to stop all of the particles that are produced from the cutting process.
1.5) The air filters must not impede the suction power of the vacuum motor. 
1.6) The entire system should be portable incase of machine relocation within the workshop.
1.7) The suction of the unit should be adjustable to suit the needs of the job.
1.8) The position of the head of the machine should be adjustable on the spindle of the machine to accommodate different tool heights.
1.9) The flexible hosing should not clog during the operation of the equipment. 
1.10) The collection box should be easy to empty and clean when needed.

Environment
2.0) The unit should be resistant to damp or moist conditions.
2.1) The unit must be able to operatie in temperatures ranging from +48C to -20C.
2.2) The unit should be able to resist corrosion if placed in a humid or damp environment. 
2.3) The vacuum motor should not exceed 90db at a distance of 1 meters.
Product Life Span
3.0) This product will be on the market for 5-7 years pending sales.
3.1) This product will have spare parts supplied for the duration of the 7 years as well as 3 years after the production of the product has ceased.
Life in Service
4.0) this product should be able to be in operation for continuous periods of time ranging from two to 4 hours at a time for at least 4 years.
4.1) During the life of the product it should conform to all the requirements set out in the section pertaining to Performance and Environment.
4.2) The filters for the system should be able to withstand constant use for at least 2 years before needing to be replaced.
Shelf Life
5.0) The product will be made to order and will spend up to 1 month on the shelf before being dispatched to the customer.
5.1) The packaging of the product should be protective enough to keep the product safe and undamaged for up to 1 year in storage.
Target Costs
6.0) The total cost of this product for the customer should be approximately £650- £700 within mainland UK. 
6.1) The cost of manufacture is less than £300 including labour and parts.
6.2) Shipping cost would be equal to approximately 10-15% of the manufacturing costs. 
6.3) Bulk buying parts such as the Vacuum motor and filters should drive down the cost of manufacture for this system.
Quantity
7.0) As these are made to order the quantities are based off of sales.
7.1) Expected quantities of around 40-50 units in the first year.
7.2) The quantity will be increased if possible to 100 per year so that some can be stored for future purchases.
Maintenance
8.0) This Product is maintenance free.
8.1) The filters will need to be changed every 2 years.
8.2) Spares should be available to purchase for up to 3 years after the production of the system is halted.


Marketing
9.0) For the first year the product will be manufactured for the British and European Markets.
9.1) The product should be compared against systems from companies such as Denford Ltd and AXYZ systems.
9.2) The Markets that this product would apply to would be in engineering, manufacturing and woodworking such as joinery and manufacture.
Packaging
10.0) the packing of this unit should be sturdy and strong enough to protect the product during the shipping and delivery of the system.
10.1) During shipping all the items of the system can be placed within the collection box to save space on packaging.
10.2) This system should be packaged on a seperate pallet so that it can be handled safely by forklifts and pallet handlers.

Size and Weight Restrictions
11.0) Weight should not exceed 60kg per package on a pallet.
11.1) The pallet and complete package should not exceed the specified dimensions of 600mm x 600mm x 600mm.

Shipping
12.0) Once sales have reached eastern Europe and Asia these can be shipped via Cargo ships by sea.
12.1) This product will be shipped via road and rail whilst in Europe and Britain. 
Manufacturing Processes
13.0) All parts for the product except for the vacuum motor, filters, brushes and flexible hosing, can be made inhouse without any further investment or machinery.
13.1) Motors are being purchased from a company called Spare-works UK. 
13.2) Filters are being purchased from a supplier called “Miele”.
13.3) Polycarbonate sheet will be bought in from a supplier called HLN Supplies in Leeds.
13.4) Flexible ducting hose will be supplied by Dustspares UK. 
13.5) The extruded aluminium billet for the spindle assembly will be bought in 1250mm lengths from Aluminium Warehouse UK.
13.6) The brushes for the vacuum head will be bought in from an ebay user called “pickmewell” as we cannot find a company that will supply the required still of brush that we need at an affordable cost.
13.7) Copper wire for the circuits and motor will be bought from a supplier called BLMshop on ebay.
13.8) The steel sheeting will be bought from our usual supplier called Dyfed Steel Ltd in the UK.
13.9) All parts that aren't being bought in will be manufactured in house by cnc machines and laser cutters.

Aesthetics
14.0) The product must be pleasing to the eye however must not take priority over function or profit.

Ergonomics
15.0) this product should be easy to maintain and service.
15.1) When cleaning the collector box out the hatch should open easily without jamming. 
15.2) The Vacuum head should be light and easy to adjust on the spindle using no more than 5nm to tighten or loosen the set screw.

Customer Requirements
16.0) that the system removes fine particles from the air and cleans the part as it is being machined.
16.1) The system should collect all the machining debris in a closed container so that it can be cleaned easily.
16.2) The suction of the system is strong enough to suck up all the debris.

Competition
17.1) The efficiency and effectiveness of this system will be compared to models produced by companies such as 
· AXYZ systems
· Denford Ltd

Quality and Reliability
18.1) this product should be able to withstand long durations of constant use for at least 2 years before it shows signs of wear and tear or failure.

Standards and Specifications
19.1) The system should conform to the following British standards.
· The welding of the steel plates (BS EN ISO 5817).¹
· The flexible hose should conform to UL 94/VO which is a self extinguishing standard specification.²
· The Vacuum Motor should conform to BS EN 60335-2-2 AMD12 which conforms to household and similar electrical appliances safety part 2.³
· The Hepa Filters should conform to BS EN 1822-1:2019.⁴






















Timing Plan:
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