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[bookmark: _Toc40966767]1.0 Introduction
This report will look into the process of 3D printing, a brief outlook of the Sand-Casting process and will go onto to discuss how 3D printing can be used to benefit the process of Sand Casting. Specifically looking into 3D printing, the core of Sand Moulds that make parts such as a Bush. 
Cvetković (2018), states that 3D printing was “first developed by Dr. Hideo Kodama in 1981”, with the reasoning being that he saw it as a “fast and low-cost method of reconstructing models in 3D space” as an “alternative” to other techniques. This article suggests that 3D printing has been used for many years, which demonstrates that it has been a successful innovation due to is longevity in the industry, with 3D printing still being used today by many companies and industries, including Wall Colmonoy. 
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Isacc Butterworth Ltd. (2020)
Sand casting is the most widely used casting process for both ferrous and non-ferrous alloys according to Saleem, & Makhlouf. (2012). However, the process is said to be “marred by large grain size structures and long solidiﬁcation times”.
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[bookmark: _Toc40966769]2.1 3D Printing
Herrin (1997) states that 3D Printing is a technology that using a “print head, dispenses a binder material and the part is built in a series of layers”. The part size will depend on the size and capability of the printer. The material will also depend on the 3D printer capabilities. Gardan (2016), states that 3D printing has the following benefits; it reduces the “tooling cost”, is a “quicker process”, can easily create “complex component geometries” and it has better “component quality”. Nutma (2020), states that with regard to 3D printing there is a dimensional tolerance of “± 0.15% and a lower limit of ± 0.2 mm” for most “industrial 3D printers”. With respect to Wall Colmonoy this would be acceptable for the customer requirements required to produce a Sand-Casting component. 
[bookmark: _Toc40966770]2.12 Manufacturing Implications
In current manufacturing Schniederjans (2017), suggests the potential for 3D-printing to optimise “both operations and supply chain” for “management performance”. In addition, various countries have “invested heavily” in encouraging the adoption and use of 3D-printing in manufacturing. This article suggests the increasing use of 3D printing in the manufacturing sector. In Wall Colmonoy (2020), the 3D printer is in the corner of a room, which might be considered when getting a 3D printer, as “space” is required to be able to access the printer. Another consideration that could be taken into account is the “room temperature”, as some parts will need to be created at a “certain temperature”, which will mean the room temperature will need to be at a certain level so that it does not affect the 3D printed part. 
[bookmark: _Toc40966771]2.13 Financial Implications
Feldmann (2017), suggests that 3D printing technology has “strong stimuli for revenues and cost savings”. With the article stating that 3D printing is becoming a “useful tool” in the manufacturing sector for saving costs. The 3D printer cost can be expensive depending on the type/size of printer. Wall Colomonoy (2020), has the Ultimaker 2+ which is the suitable size for its “requirements”. After speaking with Andrew Williams (2020), a Processing Engineer in Wall Colmonoy he talked about some of the parts that were both manufactured manually and 3D printed for the sand-casting process. For example, a complex part through tooling was manufactured for “a price of approximately £10,000”, whereas the price to 3D print the part was “approximately £600”. This could be considered as a financial advantage of using a 3D printer as in certain situations like this example, a great deal of money can be saved. However, it should be pointed out that some sand pattern cores are basic with uncomplex geometries, this will then make the costs very similar when either 3D printing or using other manufacturing processes. 
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Excel (2020)
Above is the cost comparison for Wall Colmonoy, showing what the prices are for Wall Colmonoy to manufacture moulds (either internally or externally), against the types of parts that can be 3D printed from various companies. The table shows the cost saving for parts being 3D printed. 
[bookmark: _Toc40966772]2.14 Ethical Implications
With regard to ethical implications Maric (2016), states the main issue is the use of materials for 3D printing. 3D printing is said to have “led to amazing advances in medicine”. It is said “the human body, organs and tissues being possible to reproduce with 3D printers”, this shows the capabilities a 3D printer has and what quality it can reach.  
[bookmark: _Toc40966773]2.15 Health and Safety Implications
Kloepple (2019), states how to Use 3D Printers Safely, after completing research, “UL Chemical Safety and Georgia Tech” advise those who’s buildings contain desktop 3D printers to do the following:
· “Make sure the 3D printer is in a well-ventilated space. That means making sure you've got fresh air coming into the space and going out, so you have air dilution and a way to remove the pollution”.
· “Having local exhaust over the machine is ideal. Anything that can remove air pollution for better IAQ will work”.
· “Run the machines at their default temperature. Don't turn up the nozzle temperature to make the printing go faster -it'll generate more particles and chemicals the higher the temperature goes. Setting it on the lower end of the default temperature is even better”.
· “Opt for printers that are verified as having low emissions. It's becoming more common for 3D printer manufacturers to test and verify their machines and filaments for low emissions”.
[bookmark: _Toc40966774]2.2 Sand Casting
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My EScience (2012)
The above diagram shows the sand-casting process. A sand pattern is needed to create the part and this is where the 3D technology can be used. To build the entire Sand Pattern depending on the size needed, could be argued that it would be too expensive to justify the spend. This is due to the amount of material that would be needed, however in this report, the aim is to state how the 3D printer can be used to create a sand pattern core will be looked into. 
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Wall Colmonoy (2020)
The above image shows the pouring process in sand casting. With two operators pouring a material into the Sand Pattern with all the correct PPE being worn. 
2.3 Wall Colmonoy
At Wall Colmonoy, using the sand-casting process one of the parts that is made is the Bush. 
[image: ]Core

The idea within the company would be to 3D print sand pattern cores for parts such as the bush, as labelled above. The 3D printer that the company uses is the Ultimaker 2+, Ultimaker (2020) states it has the dimensional capabilities to create a part under the size of “342mm x 357mm x 388mm”. These dimensions will have the ability to make cores for most of the Bushes but not for all requirements. This is where the company will be required to potentially look externally for the cores to be 3D printed. With regard to the material to be used when 3D printing the core, Voxeljet (2019), states that cerabead sand resin is a good material to use due to its “high resistance”, this is useful as the core can be used for several different sand casts and can be reused, which saves the cost of needing to make the core again. The “simplistic geometries” of the cores could be argued to be more costly to print.  Mohiuddin (2017), states that through research additive manufacturing (3D printing) can be used to create Sand Pattern cores due to its ability to “create small detailed geometry”, which indicates the accuracy that 3D printing can achieve. This is an article that Wall Colmonoy would like replicate to help create the Sand Pattern Cores.
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Wall Colmonoy (2020)
The above image as an example of the finished part of the sand-casting process within Wall Colmonoy, with the sand pattern being made externally through Voxeljet who 3D printed the pattern. The image shows a well-defined part, with the 3D printer being able to complete the complex geometries required. 
[bookmark: _Toc40966776]2.4 Advantages
The biggest advantage of 3D printing could be considered to be the “ability to design sand pattern cores that could not usually be created”, this came from the experience of Declan Bale a design engineer in Wall Colmonoy who from interviewing stated that by using a “3D printer” the company was able to make sand pattern cores that could not be “manufactured any other way”. Also stating the “time it took to make the part, as well as the quality” of the part were other benefits of additive manufacturing. 
Melad (2019), states after a total of “71 studies” of 3D printing in the manufacturing sector the following are the advantages found;
· Studies found that 3D printing was helpful for the “preoperative planning”. 
· The “accuracy of 3D printing”
· A “decrease in operating time”, which will improve the time taken  to make the part
· Studies pointed out the “decreased level of risk of postoperative complications”
· Studies highlighted on the “reasonable cost of the models” as they would be “cheaper” than “alternative manufacturing techniques”.
The cost savings could be argued to be another main advantage of using the 3D printer to create the cores of the sand patterns. This is due to the material to make the core (cerabead sand resin) according to Voxeljet (2020) is a “cheap and reusable” material. Other materials and manufacturing costs would supersede this for making a core, as for example materials such as wood which stated by Wall Colomony (2020), are “not as durable” as cerabead sand resin, which means the core will need to be replaced more frequently than the 3D printed material. Another advantage that can be argued is that there could be less need to be worry about an external manufacturer making the core, as there can be different situations where relying on an external supplier can hold up production. Therefore, having a 3D printer within the company could have the benefit of helping to plan production when it is known when all parts/materials will be ready. Gardan (2016), states 3D printing can complete “complex component geometries” and have better “component quality” - this will help get a better surface finish on the final part, which can be argued to be another advantage of using the 3D printer. Another advantage of the 3D printing could be argued are the material properties of the cast product are exactly the same as a traditionally made sand cast boxes. There could also be more flexibility in printing feeders and gates which can decrease the likelihood of gassing and shrinkage issues.
[bookmark: _Toc40966777]2.5 Disadvantages
Techmaish (2020) state the disadvantages of 3D Printing
· The “Size” - Parts printable by a 3D printer are “limited by the size of the printer itself”.
· The “Accuracy” - Parts printed with 3D printing technology are predominantly “prototypes and test parts most of the time”.
· The “Materials” - With 3D printing being an “additive method”, the materials available suited for it “are limited”.
The size could be considered to be the biggest disadvantage as should a bigger bush be required then the 3D printer due to its size may not be able to build the core required. Hodder (2019), states another disadvantage is that the “liquid binder jetting process also contributes to a loss in dimensional quality”. However, this could be argued to be only for smaller parts, and that for the sand pattern cores the quality would be considered adequate.   











3.0 Conclusion
In conclusion, this report has looked into 3D printing, sand casting and the concept of 3D printing the core of a sand pattern as a cheaper alternative to other manufacturing methods. The company, Wall Colmonoy, uses the 3D printer Ultimaker 2+ with the intention to use it to make the sand pattern cores. The positives are with the 3D printing process, it can make sand pattern cores that potentially could not be made any other way, due to the 3D printer capabilities. Other positives are as follows; the material and process are “cheaper” than alternatives and there is the ability to work on production without needing to wait for external personnel to create the cores - this creates the argument that production can be done in at a greater pace, the table taken from Wall Colmonoy shows the cost savings that can be made by using the 3D printing process, making it a financial gain to the business. The disadvantages however are the “size limit” of the part that can be made, as the core can only be made according to how big the 3D printer is, as well as the surface finish of the part which could be due to how small/detailed the part will need to be. Therefore, taking the positives and negatives into consideration it can be claimed that it would be a useful idea to start using 3D printers to create sand pattern cores, as it will have both financial and operational advantages benefits to the business. 
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