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[bookmark: _Toc31662118]Summary 

Additive manufacturing is revolutionising how things are made in the transportation industry. This report looks into how Additive manufacturing can be incorporated into the manufacturing process, to benefit the production of an armrest on a passenger train. Currently armrests for passenger trains are often Die cast. Die casting is good for high volume production, but is inefficient for low volume production. This makes ordering replacement parts when they fail in service expensive, as large batches have to be made to make the process cost affective. Excess stock then needs to be stored. Incorporating additive manufacturing would allow for replacement parts to be printed as and when needed, which would eliminate the need for physical storage. Parts could be saved in a digital data base and printed on demand. Additive manufacturing would also allow for a wider range of customisation across different trains and more intricate details such as braille seat numbers and information, in order to make trains more accessible to visually impaired passengers. A commercial evaluation would suggest that additive manufacturing can improve the supply chain, reduce maintenance costs, improve customisation, as well as aiding the accessibility on passenger trains.
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[bookmark: _Toc31662119]Introduction
 
This report will be investigating into how armrests on passenger train seats can be redesigned to incorporate additive manufacturing, in order to increase efficiency and benefit the customer. It will look into how armrests are currently being manufactured, how they are designed, then explore the possible benefits additive manufacturing can propose. Trains can have a service life of over 30 years, which brings a focus on maintenance and improving the supply chain. In some cases, the parts needed by train companies have been discontinued or the tools are lost, so solutions on how to recreate the part need to be adopted. Most armrests on passenger trains are die cast in large batches. I will be investigating the pros and cons of die casting and the pros and cons of additive manufacturing, and looking to redesign and improve the current armrest on a passenger train, in order to reduce costs to the train operator, and improve the service for customers of the trainline. 
[bookmark: _Toc31662120]Current process and component design

Armrests on passenger trains in the UK are die cast in large batches and stock is stored for when it’s needed. Die casting is good for making a high volume of strong metal parts in moderately complex shapes. Die casting is allows good dimensional accuracy and a good surface finish (Dmitri Kopeliovich, 2019) But when it comes to maintenance, long lead times and the high cost of low volume production can cause problems for train operators. Furthermore, the cost of facilities to store and transport excess stock when replacing broken parts means the process isn’t cost effective.
[image: ][image: ] In addition to this, trains can be in service for over 30 years. In this time the tooling used for the die casting can break or be lost, or suppliers can go out of business. This makes it difficult to reproduce the parts accurately and adds to the lead time of production. Long lead times means some carriages have to be taken out of service, which effects the standard of service delivered to customers of the train line. “In recent times, we’ve seen growing concern amongst operators that sourcing replacement parts for older train fleets at a reasonable cost and in a short timeframe is proving increasingly difficult” (James brown, 2019) Trainlines usually operate a variety of rolling stock, with carriages varying in age and design. This means some fittings and dimensions on seats across different trains will vary and a variety of expensive moulds would have to be made and kept to produce replacement parts. [bookmark: _Toc31720094]Figure 1- Current armrest design CAD (Batchm, 2015)
[bookmark: _Toc31720095]Figure 2- Current armrest design CAD (Batchm, 2015)

[bookmark: _Toc31662121]Justification of redesign 

Additive manufacturing can be used to navigate many problems the rail industry faces. By using Additive manufacturing, parts no longer have to made in large batches and be physically stored. Instead an STL file (Stereolithography file) can be saved on a database and printed when needed. This is cost effective because it saves the train operator having to order parts in large batches, when only a few are needed. It also means there is no need to transport the part, because as long as there is a 3D printer at the closest maintenance depo, the part can be printed and installed at the local depo. This can reduce lead times from months to just a week. “Using conventional manufacturing technologies, it would have taken 4 months to produce these obsolete parts.  However, using Stratasys FDM 3D printing the team fabricated the armrest within one week, which is a decrease of almost 94%” (3dadept, 2019)
 These changes to the supply chain also reduce the carbon footprint of the company, as parts can be made to order locally, reducing the amount of freight the company uses.
In addition to this, additive manufacturing doesn’t require expensive tooling. The part can be printed in any FDM printer by using the STL files generated from the CAD model. This means expensive tools aren’t required, saving money on initial costs, and eliminating issues caused with broken or lost tooling. It also allows for quick and easy adaptation of the design, to allow it to fit different trains, with different dimensions, without having to produce a completely new and expensive mould. 
Tools such as 3D scanning can be used to create accurate CAD models of existing parts that are no longer being manufactured. This allows for accurate replacements to be made and easily adapted, with the correct dimensions and fittings to fit perfectly when printed out. This in turn eliminates the need to measure the components and create new expensive moulds to manufacture the parts.
Another area in which additive manufacturing can benefit is the accessibility of the train. Additive manufacturing allows for intricate designs to be printed with high accuracy and mass customisation. This makes it ideal for adding messages in braille, such as seat numbers, information about the location of toilets and other facilities on board the train. This would improve the experience of visually impaired customers using the train. This would not be possible with the current manufacturing process, as die casting does not allow for the same intricacy of additive manufacturing, nor the level of customisation at low costs. 
Using topology, redundant material can be identified and removed in order to reduce the weight of the component whilst keeping the structural rigidity. This process can produce complex lattice shapes which would be impossible to create using the current manufacturing technique. Additive manufacturing allows for these complex structures, including a lattice designs to be printed relatively easily. As there will be hundreds of armrests across the train, reducing the weight of one will be multiplied to reduce the overall weight of the train. Reducing the weight of the train means less energy is needed to move it, saving energy, money and reducing the environmental impact.





[bookmark: _Toc31662122]Tools and techniques used

[bookmark: _Toc31662123] 3D Scanning
A 3D scan is a digital capture of a 3-dimensional part. It allows for a digital copy of a components shape to be mapped out using lots of coordinates with high accuracy. Most 3d scanners create something known as a point cloud. A point cloud is essentially lots of XYZ coordinates covering the surfaces on the object to map the shape of the object. More information such as RGB and intensity can be included in more complex point clouds. When the ‘normal component’, which gives the position of the scanner in reference to the point, is added, a mesh can be generated. A mesh is a more detailed and widely accepted file, which triangulates the XYZ coordinates generated in the point cloud. A common mesh file type is an STL, which can be used to 3D print the object. (3D OR, 2020)
[image: ]
[bookmark: _Toc31662124]Types of 3D scanners

· CT Scanner (Computerised tomography) – An x-ray inspection machine which can measure the internal and external shape of a part. 
· PCMM Scanner (Portable Coordinate measuring Machine) – A laser scanner which can delivery high accuracy data from all angles and different materials.
·  Turntable scanner – Light based scanner to capture the external shape of an object, at certain angular intervals. Works best on small parts with simple geometries. [bookmark: _Toc31720096]Figure 3- PCMM scanner (Metrology, 2020)


[bookmark: _Toc31662125]CAD Software (SolidWorks)
SolidWorks is a Computer Aided Drawing (CAD) software. CAD aids engineers when designing and creating components, systems and subsystems. It is used to produce detailed virtual models of physical components and helps engineers to visualise properties of a design. CAD software allows engineers to create, modify and analyse a component or system, as well as enhance its design. By using accurate measurements, angles and helpful tools, such as the ability to mirror and revolve certain aspects of a design, complex components can be produced a lot easier. Being able to create a Digital twin (Digital replica of a physical entity) allows engineers to analyse a design, and change aspects of a design quickly and easily, without having to physically make and edit the part. This allows companies the freedom to play around with a design and optimise it before it is physically made, saving on money and wastage. Tools within the software also allow you to add details such as materials used and forces applied, so that you can see how the part would act in real life. These very useful tools streamline the production process, as it allows you to place multiple parts into assembly, where you can mate parts together in a range of ways, and see how they interact with each other. You are able to predict how and if/when a component will fail in real life, before the final design is put into production. SolidWorks also simplifies the creation of technical drawings, by creating the views needed in a technical drawing, straight from the part file. Furthermore an added benefit of CAD means that files can be converted straight to an STL file, which can be 3D printed using stereolithography (STL) software and a 3D printer (Ponce, 2019)

[bookmark: _Toc31662126]Topology
“Topology is the study of geometrical properties and spatial relations unaffected by the continuous change of shape and size of figures.” (Oxford English Dictonary , 2019) 
Topology is an aspect of simulation which can be found in Solidworks. It is used to produce iterations of components that work within geometric tolerances, to try and find a given optimisation target. (E.g. Making a component as lightweight as possible, but maintaining strength.) Topology considers all applied loads, materials and fixtures, as well as manufacturing constraints, in order to recreate a design, by redistributing material where it is needed.  (SolidWorks, 2019) 
[image: ]Topology could be used when designing the armrest for the passenger train by identifying redundant material which can be lost, saving weight on the component. With the use of additive manufacturing, the more complex geometries produced by topology can be printed with ease. The weight reduction would benefit the trainline by reducing the overall weight of the train, as there are hundreds of armrests on the train. A reduction in weight means a reduction in the energy used to move the train, which therefore saves the train company money, and reduces the carbon footprint of the train.[bookmark: _Toc31720097]Figure 4- Example of topology (Padmanbhan, 2017)



[bookmark: _Toc31662127]Stereolithography (STL Files) and 3D printing
[image: ] In order for a CAD to be read by a 3D printer, it needs to be converted into a language or file type, which the printer can read and understand. A common file type used is an STL (Standard Tessellation Language). Additive manufacturing works by printing layers upon layers in order to form a 3D object. In order to print the object, the STL file slices the CAD file into layers, which can then be read and printed on top of each other.[bookmark: _Toc31720098]Figure 5- Stratasys FDM Printers (Stratasys, 2018)

The most common type of 3D printing is known as Fused Deposition Modelling (FDM). FDM printers work by feeding a thermoplastic filament through a nozzle controlled by a computer, melting the plastic and extruding it, layer by layer, to produce a 3d object.
(Palermo, 2013) 
[bookmark: _Toc31662128]Final design

When redesigning the armrest there were a couple of features which I wanted to prioritise: 
· Adding braille features to improve accessibility for visually impaired customers
· Reducing overall weight 
  
[image: ]In order to comply with rail industry standards, I have opted to print the part out of ULTEM 9085 resin. This material complies with the Rail standard EN45545-2 and has high fire resistance and durability ratings. It also has a lower density than the current Aluminium alloy (1.34g/cm3 compared to 2.7g/cm3)  (Stratasys, 2018)
[image: ] [bookmark: _Toc31720099]Figure 6- Example of weight reduction without topology study

[image: ][bookmark: _Toc31720100]Figure 7- Example of braille and location on arm rest (Watanabe, 2017)
[bookmark: _Toc31720101]Figure 8- Engineering drawing of armrest redesign without topology
[bookmark: _Toc31720102]Figure 9- Braille signs indicating seat number and location of toilets (e.g. toilets 10 rows back)

[image: ][image: ]



[bookmark: _Toc31720103]Figure 10- Results from topology

[image: ]Space for braille
[bookmark: _Toc31720104]Figure 11- Part designed from topology study

The results from my topology study, reduced the material by 30% and produced this design. Additive manufacturing would be the perfect manufacturing process to make these holes and geometries. The braille signage can still be added at the front of the armrest and back of the armrest.



[bookmark: _Toc31662129]Conclusion 

In conclusion I have found that Additive manufacturing can be beneficial when manufacturing armrests on trains for a variety of reasons. I also believe many more parts such as light fixtures, grab handles and other interior features could be manufactured this way. A key advantage of additive manufacturing is that parts can be produced to order, with short lead times and low cost. This eliminates the need for storage and transport of parts, as parts can now be saved digitally and printed on site when needed, rather than ordered in large batches and stored until needed. This will save the train company money, as well as reduce the freight on the roads, helping the environment. In addition to this, the overall weight of the part can be reduced whilst the strength of the part is not affected. This will reduce the overall weight of the train and reduce the energy needed to move the train, saving money and benefiting the environment. Another consideration in future could be to try and make more of the unsprung weight, such as parts of the subframe and axle boxes, that are usually made out of cast steel, with lighter, but strong materials, such as the ULTEM9085 resin. Reducing unsprung weight reduces the force exerted on the axles and wheels, which would improve service life. Additive manufacturing also lends its self to accessibility inside the train, making more intricate designs, such as braille, easier to customise across different armrests and fixtures on the train, and making it easier to read due to more defined geometries, which in turn improves the service for visually impaired customers. Finally, additive manufacturing allows for quick editing of a part, to fit different size seating, or older/newer trains with different dimensions without the need for new, expensive tooling. 
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