University of Wales Trinity Saint David
School of Engineering

Assignment 1
Materials and Introduction to Manufacturing
M4X01163

Richard Parker
1902504
[bookmark: _GoBack]31/03/2020

Contents
1	Introduction	3
2	Literature Review	5
2.1	Factors affecting Part Design	5
2.2	Pattern Design	5
2.3	Gating and Riser System	6
3	Materials and Methods	7
4	Results	8
4.1	Figurehead Design	8
4.2	Pattern Design	9
5	Discussion	12
5.1	The Project	12
5.2	Polymer Injection Moulding as an Alternative	12
6	Conclusion	13
7	Reference List	14
8	Appendices	16
8.1	Appendix 1	16

[bookmark: _Toc36506377]
Introduction 
This report will follow the design process of making a figurehead through sand casting, with closer attention paid to the design of the pattern than to the figurehead itself. Research will be done into sand-casting and the factors that affect pattern design and production.
The report will be written with the primary aim of making the figurehead as a one-off in a traditional cope and drag type casting, though in some cases there will be mention of what would change if it were to be made in larger batches or through alternative manufacturing methods.
As the author is a Scout leader, the figurehead’s design will be inspired by the fleur-de-lis, which makes up a part of the Scout Association’s logo, examples of which are given in Figures 1 and 2.

      [image: ]                          [image: ]                     
       Figure 1 - Traditional Fleur-de-lis design                         Figure 2 - Fleur-de-lis in the Scouts Logo
             (Clipart Library, 2020)	                                                       (Wikipedia, 2019) 	
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[bookmark: _Toc36506379]Factors affecting Part Design
As all parts made through sand casting are made using a positive pattern, these patterns will need to be designed so they can be removed from the mould without damaging it. This means that a draft is needed on all faces perpendicular to the parting line. Typically, a draft angle of around 1o is used to minimize damage to the sand and prevent defects such as sand inclusion. (Kay, 2002)
Sharp corners should be avoided where possible, as these can become hot spots when cooling, causing distortion, tears and other defects. This problem is easily solved through using fillets and radii. (Engineering Product Design, 2018)
Narrow external corners are best avoided if the design allows, as the metal flowing to these points could cool prematurely and lead to misruns. (Kay, 2002)
Consideration should also be given to where the parting line is placed, as the flash will need to be filed down afterwards. If the part is going to need machining, then it is helpful to the machinist if there are flat surfaces opposite each other so that it can be clamped effectively.

[bookmark: _Toc36506380]Pattern Design
After the molten metal is poured, the metal will cool significantly in 3 stages, and it is crucial for the patternmaker to consider these for a cast to be successful. The metal’s volume will be reduced as it cools from pouring temperature to its solidification temperature; it will lose a more significant volume through its solidification as the molecules pack into their crystalline state; then it will contract again to a lesser extent as it reaches room temperature. Table 1 gives the shrinkage allowances that should be added to the part’s dimensions when designing the pattern.
Table 1 - Alloys Shrinkages in Casting (OpenLearn, 2017)
	Alloy
	Shrinkage (mm/m)

	Cast Iron
	10

	Steel
	20

	Brass
	15

	Aluminium
	13

	Magnesium-based
	13





Breathers may also be needed to allow air to leave the cavity, and cores can be used to create hollow areas in the final part.

[bookmark: _Toc36506381]Gating and Riser System
90% of the defects in casting are caused by improper design of gating and feeding system. (S. L. Nimbulkar, 2016) Therefore if a gating system is considered carefully and even tested in simulation software such as Magmasoft or SolidCast, then the number of miscasts will be reduced greatly, reducing manufacturing costs and time and material waste. In a typical cope and drag set up, there will be one gate in line with a sprue. However in more complex parts there may be multiple gates to one part, or even multiple parts sharing a common sprue, and the metal flow into these will need to be tested before a large number of casts are likely to be successful.
Sprues diameters should also be considered as this is the easiest way to manage the metal flow rate, which will influence its turbulence and at the right diameter it can minimise the chances various defects such as misruns, blisters and scars. The pouring basin at the top of the sprue should be large enough to gather floating dross and ensure that the flow down the sprue isn’t interrupted for the duration of the pour, generally it should be 3 times the diameter of the sprue (Ammen, 1979).
The solidification phase of a casting process is one that can be cause many problems, necause as a casting solidifies it shrinks, drawing liquid in from the surrounding area. A casting will generally solidify from the thinnest section to the thickest, so thicker areas need to be fed by a riser of hot metal (Ammen, 1979). This riser will work as a pressure head and will force liquid down to solidifying areas, but to prevent porosity it is critical that the riser and the entrance to it doesn’t solidify before the part. Generally, it’s best to make the riser and the entrance to it as large as feasible. However, if the risers or sprue and basin system are too large then the pressure from them can cause the cope and drag to be forced apart, leading to distortion and excessive flash at the parting line.



[bookmark: _Toc36506382]Materials and Methods
If the design was just a one-off then it would be possible to make it using a loose single-piece pattern, but if the part was to be made in larger batches then this method would not be efficient enough. In this case, the best way to produce it would be by using 2 patterns on separate plates. These plates would be lined up to each other through locating holes in the corners of the pattern, that would line up with pins that go into holes in their respective flask. An example of this is given in Figure 3.

[image: Cope and Drag Pattern Diagram]
Figure 3 – An Example of a Cope and Drag Pattern (Techminy.com, 2018)

Patterns are often made of wood, and it is the patternmaker who decides what wood is best for each section of a pattern based on their own experience. White pine is the go-to option for most applications, with mahogany used for fine detail work or where the pattern may be used multiple times, and cherry, birch, maple and jelutong also used (Handplane Central, 2020). 
A relatively new option for a patternmaker is the use of 3D printing. Different 3D printers are able to print in a range of materials, but the ones at the university workshops print in generic PLA filaments – a plastic polymer made from cornstarch or sugarcane (Rodgers, 2015). 3D Printing has sped up the casting process by allowing patterns to be made in a fraction of the time, using more automation and therefore reducing lead time and minimising the potential for human error (American Holt, 2018).

[bookmark: _Toc36506383]Results
[bookmark: _Toc36506384]Figurehead Design
As explained in the introduction, the figurehead was going to be based on a fleur-de-lis, but the specifics of the design were flexible so that adjustments could be made to ensure it was feasible to manufacture, while still presenting a challenge and fulfilling it’s role as a purely aesthetic product. The design was produced on Solidworks, the initial sketch shown in Figure 4. The bottom face of the base is horizontal, and the top face of it has a 1° draft either side of the centre. This centre ridgeline will then give the product a natural parting line.
The fleur-de-lis usually has more space in between the 3 feathers, but this would have meant the outer feathers would have a much higher surface-area to volume ratio, so would cool much quicker, potentially causing distortion or tears. To overcome this, the feathers were brought in so that the mass was more concentrated towards the centre. Similarly, the feathers tend to be thinner, but this would have been likely to cause some misruns where the metal didn’t flow to the extremities. In this design, the outer feathers were thick enough that the end vertices didn’t present this problem. Also, the intersection between the base plate and the bottom feather was made large enough that it wouldn’t be likely to tear if the 2 sections cooled at different rates.
The final figurehead design is displayed in Figure 5.

[image: ]       [image: ]
Figure 4 - The Design Sketch on Solidworks			    Figure 5 - Final Figurehead Design
[bookmark: _Toc36506385]  Pattern Design
The final pattern for small-scale production is a cope and drag pattern, with separate top and bottom halves of the pattern on top of separate plates, as shown in Figure 6 and 7. The designs were drawn on Solidworks, but alterations were made after the lockdown due to COVID-19; this will be mentioned in the Discussions section, and Appendix 1 shows the earlier CAD drawings.  They would both be 3D printed out of a PLA filament, which would be durable enough to use many times without any wear, distortion or loss of dimensional accuracy. The dimensions of the pattern are enlarged compared to the final part, dependant one what metal is used for the cast. For example, if the figurehead was to be cast in aluminium, then all measurements outward of the centre of the ‘belt’, which is at the approximate centre of mass, would be multiplied by 1.013 to give a 13mm/m allowance. So, the vertical height from the centre would have to be 70.91mm for that section to be 70mm when cooled.
[image: ]
Figure 6 - Cope Pattern
[image: ]
Figure 7 - Drag Pattern
The pattern consists of 4 separate parts, the cope pattern, drag pattern, sprue and basin insert, and riser insert. If the latter 2 were attached to the cope pattern, then it would be impossible to remove the pattern once the sand has been compacted. Instead, the cope pattern has 2 dowels where the sprue and riser would be, and the corresponding inserts have 2 locating holes on their bottom faces. This means the sand can be compacted with them in place, then they can be removed, the flask can be flipped upside down, then the [image: ]cope pattern can be removed. Figures 8 and 9 shows the Sprue and Basin Insert and the [image: ]Riser Insert respectively, and Figure 10 shows how the parts fit with the Cope Pattern.
Figure 8 - Sprue and Basin Insert			        Figure 9 - Riser Insert
[image: ]
Figure 10 - Projected Assembly
The riser has a 30mm bottom diameter and extends to the surface of the flask with a 1° draft, so is of a large enough volume to stay liquid longer than the part cavity and has enough pressure to feed liquid metal down into it sufficiently. To ensure the bottom of the riser doesn’t solidify prematurely, there is no straight gate section from the part cavity into the riser, and the angled section is angled at 60° from the vertical axis of the cylinder. This means that this ‘entrance’ part of the riser is as short and wide as possible and the heat from the large mass concentrations either side of it will keep it hot enough to remain liquid until the region below it solidifies.
The horizontal runner has been kept short so that the sprue will act as a riser for the flat base part of the part. The ingate has been positioned where it is easy to cut off the excess then mill down the flat bottom face, and the fleur-de-lis has parallel flat faces so that it is easy to clamp during milling.
The sprue is 30mm diameter at the top and the vertical faces have a 1° draft from its axis. and the pouring basin is 90mm diameter; large enough to catch the dross and ensure the meniscus flow isn’t interrupted.
The extremities of the design will solidify first, working towards the thickest points at the centre of the ‘belt’ and at the middle of the base. 


[bookmark: _Toc36506386]Discussion
[bookmark: _Toc36506387]The Project
It would have been beneficial to test the pattern on a casting simulation software to properly optimise the gating system, as there is limited literature on this due to the fact that the optimisation is specific to each part being made and there is no go-to solution.
The COVID-19 outbreak also limited work to some extent, as access to CAD and 3D printers stopped during the project. As a result, some of the drawings are hand-drawn as it was too late to be able to change the dimensions on Solidworks and then print out the patterns. The UK-wide lockdown on non-essential travel meant that it was not possible to get materials to make an alternative model of the pattern, so no hard copy has been produced.
Despite this, the figurehead has been designed with manufacture in mind, and the pattern concept would be effective for a small scale production.

[bookmark: _Toc36506388]Polymer Injection Moulding as an Alternative
If the part were to be made out of a thermoplastic through polymer injection moulding, then the pattern would have to be altered. As pressure on the mould is maintained until the part has solidified, the liquid polymer would flow out of the open ends of risers in the sand casting pattern, so the mould would have to be enclosed but with space for the gasses that are initially in the cavity to be forced into (William D. Callister Jr, 2014). There would be no need for a basin or risers, the sprue should be horizontal in line with the in-gate, and the mould as a whole would need to be stronger and clamped securely, with ejector pins built in.


[bookmark: _Toc36506389]Conclusion
In sand casting, the main focus is minimising the chances of defects occurring; and the key to success with this lies in the gating and riser system. Through the use of fillets, radii, breathers, risers and with a close consideration to how the liquid metal will flow and then cool, you can give yourself a good head start – but then the system will need testing or simulation to optimise it.
Designing the part for manufacture is also very important, using draft angles and a focus on the defects that could arise and how the part will need to be processed after casting. If done badly then the design could bounce between designer, patternmaker and foundry several times before a successful cast; but if done well then lead time and costs will be reduced greatly.
3D Printing is the best way to make the patterns in most cases, as it makes patterns with good dimensional accuracy and are very durable, but patterns must be made with shrinkage allowances and machining allowances where necessary.
If this project was to be continued, the main priority would be designing a gating system that could produce multiple parts from one pour.
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Solidworks drawings of the patterns before alterations were made without access to the software.
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