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[bookmark: _Toc26913242]Introduction 
This report will be split into two parts. Part one will be a production report detailing the manufacturing steps and production methods required to produce a CFRP stand up paddle board paddle, followed by a critical analysis of the steps taken. Part two will be an evaluative essay comparing the current production processes used to manufacture CFRP structures within low-volume niche markets.
[bookmark: _Toc26913243]Background research and theory 
What is stand up paddle boarding? 
What kind of paddle does it require? 
Current methods of production
[bookmark: _Toc26913244]Equipment and materials list 
Sandpaper, wet and dry, paint brushes, spray gun, clothes for wax, hand rollers 
[bookmark: _Toc26913245]Health and safety considerations 
PPE 
Steel toed boot, overalls 
[bookmark: _Toc26913246]Production methods used 

[bookmark: _Toc26913247]Paddle T Handle 

1. Produce a CAD model of a Plug/Buck in SolidWorks of the positive end part. The design needs to have a slight extension to the end what will be connected to the shaft. This is to allow the bladder system to be open to the atmosphere when the mould is placed into a vacuum bag. 

2. Using the built-in splitting tool within SolidWorks, split the plug model in to two pieces along the middle of its horizontal axis to allow for a two-piece mould to be produced from it. The SolidWorks plug in determines the required split lines based on complexity and geometry of the part. 

3. Separate the two halves of the plug and align them next to each other with a 100mm gap in between them. Sketch a box for the two halves of the plug to lay on. The edge of the box needs to align with the edge of each plug half at the opening of the extension for the air inlets for the bladder system. 

4. Add 4 round domed male and 4 female alignment pins/holes around each of half of the split plug in an equally spaced square formation. This is to ensure that the subsequent two-piece mould will line up perfectly. 

5. Transfer the fully modelled plug to a CAM software so that the model can be converted into G code that the CNC mill can understand.
6. The CAM software that will be used to generate the G code is called SolidCAM and is a Solidworks plug in. For SolidCAM to produce the correct G code, one must tell the program what machine is going to be used along with what kind of material and its dimensions. The material being used to machine the plug is polyurethane/epoxy model board. However, SolidCAM does not have this material in its database. Therefore, a substitute material that has similar material properties such as chip rate must be selected. For this 6061 t6 aluminium was chosen.

7. Set up the coordinate system for the job. The origin point needs to be specified at the bottom left corner from the stock top (stock vertex).

8. Perform a mill set up. This is the process of letting the program know where your tool located in relation to the stock and in which direction it is coming from. After the mill set up has been completely, SolidCAM will analyse the proposed model and extract machinable features. This step is to establish whether the part is machinable or not. If SolidCAM finds any unmachinable features, it will flag them up for inspection/modification. 

9. Tell the program what tools there are in the tool crib. This involves providing a detailed description of each of the tools that are currently loaded into the CNC milling machine.  

10. Use SolidCAM to calculated and generated a specific tool path for the job in order to achieve the most efficient cut possible in the shortest amount of time with the highest quality of surface finish.

11. The tool path will begin with a plunging spiral technique as roughing process using a centre cutting 20mm end mill. This process is used to remove the bulk of the material as quickly as possible because until the tool is close to the part, the cut does not require the same level of accuracy or surface finish. After the roughing process is complete. The tool needs to be swapped out for incrementally smaller end mill cutters after pass of the tool path to ensure a high level of dimensional accuracy as the plug gets closer to its final shape and size. When the plug has almost reached its intended dimensions, the tool should be swapped out again for a ball nose cutter with a very small contact patch. This tool allows the mill to achieve a higher level of dimensional accuracy and surface finish.  However, for the parts of the plug that require very tight angles or edges a small end mill is to be used as to not round off the desired angles.

12. SolidCAM can now generated the G code for the CNC mill to run. The final step before the plug is milled, is for the G code to be run through a post processer of the specific machine that is to be used. In this case, that is a five axis CNC mill. The post processer analyses the G code and adjusts it for maximum efficiency. 

13. send the G code is directly to the CNC mill which in turn machines the stock material into the finished plug. 

14. Remove the machined two-part plug from the CNC mill and visually inspect it for any surface defects. 

15. Any defects that are found in the quality of the surface finish need to be corrected using 240 and 400 grit sandpaper before any primers or release agents are added.

16. Using a paintbrush, Paint on a single thick layer high build primer that has a high solid content to fill in all the little holes and imperfections on the surface of the plug. Allow the primer to dry and then flat back to 800 grit. 

17. Use a spray gun to spray a single coat of gloss. Allow to dry and then flat back to 800 grit. 

18. Apply and buff off 10 layers of wax as a release agent. Using two cloths, one to apply the wax and one to buff it off, allow the wax to dry for two minutes in between each of the 10 layers.

19. Apply a high temperature gelcoat to the surface of the plug and allow to tear for 1 ½ hours until it reaches a B stage tack where it is wet but also not to dry. This tacky state is essential for the fibreglass to adhere successfully. 

20. using a combination of brushes and rollers 10 layers of Power bond chop strand matt glass is to be laminated onto the plug using epoxy resin in a ratio of 2:1 resin to glass. 

21. Allow the mould to cure completely and then using splodges and wedges, carefully release it from the plug.


[bookmark: _Toc26913248]Paddle Blade 

Unlike the T handle, the paddle blade is produced using only a mould instead of a plug on which a mould is then made.  
1. Produce a SolidWorks model of two-piece mould for the blade plus an extension at the point where the blade meets the shaft to accommodate the bladder system.  

2. Repeat steps 5 to 13 from the T handle production steps, adjusting accordingly for a two-piece mould instead of a two-part plug. As the surface profile of the blade is far simpler than the T handle, it is possible to CNC mill the epoxy tooling board to a final A1 surface finish.  This eliminates the need for any secondary finishing of the mould after it has been machine.

3. The mould will have some porosity so will need to be sealed with a high temp chemical tooling sealer. It has 50 time more solid content than a release agent to fill in the pores.

4. Apply a semi-permanent chemical release agent.
[bookmark: _Toc26913249]Core and bladder production for both Blade and T handle

1. produce a SolidWorks model of the two final parts along with extensions for the bladder system. The geometry of the parts needs to be uniformly scaled down by 1.5 mm. This reduction in overall size is to account for the thickness of the bladder along with the thickness of the prepreg carbon.

2. Transfer the SolidWorks CAD files over to the 3D printing CAM software called Ultimaker Cura. 

3. Set up the 3D printer by specifying several parameters. 

· The material is to be used.
· The diameter of tip is being used.
· The layer height. 
· The feed rate. 

4. Using the FDM 3D printer, print the cores out High impact polystyrene. HIPS is used for the cores because it is soluble in limonene which is a readily obtainable solvent. This is important because both the T handle and the blade need to be hollow structures. Therefore, the cores used to produce them need to be easily removed from the finished parts without damaging them.

5. Hang the core from the end of the extension that is intended to be open to the atmosphere and dip into RTV Silicone. This kind of silicone is known as an addition cure. This is because a catalyst needs to be added for it to cure. 
Allow to dry
Layup 4 layers of 2x2 twill onto the plug with bladder on it. 
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Step one: get a long steel mandrel 25mm D 
Roll 3 layers of Solid release film, tap down to itself 

Heat up slightly with heat gun to help it stick to itself 
Roll around the mandrel 
Place in vacuum bag 
Put in autoclave for one hour at 120C 5C ramp (increase by 5C a min) 

[bookmark: _Toc26913251]Vacuum bag process for all three parts

Close up all the moulds with only the bladder and carbon inside. (excluding the roll wrapping) 
Cover moulds with blue release film like a Christmas present 
Wrap moulds with air flow felt to allow the vacuum to flow around the whole mould and to any moisture or gasses from the resin to escape. 
Place the moulds inside a standard vacuum bag with two air ports attached to it. One to provide the vacuum and one to monitor the vacuum. 
Make sure that the opening to the bladders are not inside the vacuum bag but there a good seal between the bladder and the bag. 
Place whole thing in auto clave. 120C for one hour at 4 bars of pressure. 
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[bookmark: _Toc26913253]Inspections results 

[bookmark: _Toc26913254]Inspections conclusion 
Improvements that could be made to the process. 
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· Introduction 

· Detail each of the production methods 
· Compare the different methods with each other 
· Evaluate the suitability of each of the methods within niche markets 
· Select the most suitable method 

· Detail each of the inspection methods 
· Compare the different methods with each other 
· Evaluate the suitability of each of the methods within niche markets 
· Select the most suitable method 

· Evaluation of current production and inspection methods (insert a grid and use this as a reference guide, this can be deleted 
Current production methods 
https://compositesuk.co.uk/composite-materials/processes 
	Main industrial processes for production
	Evaluation of current production methods
	Suitability for use in a low volume niche market 
	Cost 
	Time 
	Quality 
	Main industrial processes for inspection
	Evaluation of current inspection methods
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