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Design for Additive Manufacturing (DfAM) is increasingly growing because of its ability to make engineering tasks and designs more efficient (Doubrovski, Verlinden and Geraedts., 2011). By using and adapting many of the tools that are now available the author has been tasked with a DfAM principle to a component and due to the nature of the assignment and the requirement to select a component that is familiar and useable within the industry worked in. The piece selected was a pipe vice. The pipe vice was chosen due to its design and its inability to be relocated. Throughout this report, the author will investigate the generative design of a pipe vice and how it can be improved to increase its efficiency. This will be explored by assessing support structures, materials and any other relevant AM tools that can be useful. By using DFAM and innovative methods, it could be possible to overcome the fixed state of the pipe vice and allow it to become more versatile and mobile. A fixed pipe vice can sometimes cause time delays by maintenance having to return to the workshop to weld/thread or secure pipe using it. Finite Element Analysis (FEA) and generative design are used to amend the structure and behaviour of forces being applied to the plan. It is hypothesized that this will support the design efficiency by removing any waste material that may not be needed, therefore improving the design overall. Using design techniques allows us to redesign new components or use the last part and use different generative methods on it. 
[bookmark: _Toc139229622]Aims & Objectives
The aim will be to choose a product that is useful or currently used in an engineering environment and make this more sustainable and efficient. The objectives will be to use generative design techniques and DfAM principles to develop a design or redesign of the component. The changing of materials will be a means to do this by improving cost, product life and environmental impact. Using the DfAM principles will allow an observation on whether changing any of the components will affect the component’s ability to meet its original job specification and therefore still be useable for its intended purpose. Using new technologies such as 3D printers will allow the removal of any fasteners that are potentially already in the component, as the design could be cast as a full product. However, the cost to benefit analysis will be considered as changing the way it is manufactured would change the cost. 
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The component of choice to redesign was a pipe vice, the pipe vice is usually bolted down to allow the pipe inside to be threaded or cut whilst being held in place. These are generally fitted to a workbench or tripod. Maintenance teams and plumbers do not usually carry these around. However, due to advancing technology and generative design methods an initial design for a minor pipe vice will be attempted so that this can be portable rather than fixed to a work bench. The initial design of a pipe vice consists of three or more different individual parts, linked together to make the overall design. Component consolidation aids the assembly of the individual parts coming together and therefore allowing the complete assembly in CAD to reduce the chance of mistakes.  By using CAD, the design can be inputted into AM projects using set geometry for the currently available 3D printers or other machines. 3D technology has advanced and adapted to print and make any design that can fit within its parameters (Shahrubudin, Lee & Ramlan, 2019). The benefits of using 3D models and printers can effectively be more robust. Chua et al. (2022) state that the innovative revolution of combining the use of metallic structures and other structures of polymers or biomaterials can increase the mechanical properties.
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Figure 1. Bottom base
Using Solidworks, the base was created into a single origin part, which could be made using several different techniques; Casting, Machining or CNC, Additive manufacturing and 3D printing. The base might become unnecessary as it is just added as a platform for users to put on the ground with. The base, in this case, could be subtracted, and just the V block and arms as a final base.
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Figure 2. Chuck
The Chuck is the smaller of the V block which is used to clamp down. The V block does not have the ball joint attached at the moment as this would be added after manufacturing. The ball joint has yet to be added to the V block, but it has extensive material which is not needed and can be used for other mechanical structures or lattices in the generative design. 
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Figure 3. Bracket
The top bracket is used to secure the legs and threaded bar with and ball joint to the smaller inner chuck. Therefore, creating the torque needed for the pipe vice to work. The top bracket will need to be secured using mechanical fasteners to keep the bracket in place. 
[image: A picture containing design

Description automatically generated]
Figure 4. Vice assembly
The vice assembly after the initial design in Solidworks, the procedure would require two fasteners for the legs to hold down the top bracket and another pin to hold the threaded bar and ball joint in place to create torque. 
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Figure 5. Full vice assembly
The final assembly design of the intended portable Pipe Vice, the model is intended to be carried around for maintenance workers and activities rather than being secured in a workshop facility. This product aims to enable faster job competition if this product is required. The vice can be made using several materials, cast iron, steel or hard plastic. In this model the bottom base is still attached so that it can be easily placed down and not held by the user. This model could be sandcast and allow for it to be mass produced. However due to the weight of this model we will be looking at the possibility of using a plastic (Ouyang et al., 2022).
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Figure 6. FMEA table
The FMEA (Failure Mode and Effects Analysis) table is used to identify existing, new and reoccurring problems and then to look at the potential ability for these to be improved. By using this analysis, potential failures are able to be identified and assessed. Various parts and processes can be then used to allow changes at this stage before a final design is made with instabilities and potential failures. Fitzgerald et al. (2021) states that particular materials can provide more robust and lighter structures. By using more sustainable materials with better life expectancy, the performance can be improved, environmental impact limited and cost of the initial design phase reduced. Using an FMEA table (see figure 6) the user or company has the potential to moderate any problems that can happen, this can also enhance the product by eliminating any faults and this should improve reliability and quality. 
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Using Fusion to create a new generative design rather than a topology, as the design is in the initial design and start-up phase, makes it harder to use a more perfected design that would typically be recommended for topology. Also, due to its nature, topology design sometimes cannot manage structural design constraints, whereas generative is able to (Zhu et al., 2020). 
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Figure 7. Vice geometry
By using fusion, this has the ability to set geometry to be placed and forces can then be applied to the design. One of the reasons is to apply details and pressure to this design so that it is able to see any weaknesses or extreme pressure points within the structure (Niu, Zhang & Gao 2019). A noticeable flaw in this design is that the base and body are joined in geometry. For the generative design to work correctly, this would need to be changed to allow the preservation to only be on the base and not the body or legs of the pipe vice. As for this the only material that the generative design could work with would be the V block and top bracket. 
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Figure 8. Chuck geometry
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Figure 9. Chuck properties
By looking at the chuck and its properties once all geometries are set and present. It is then easier to start to use the generative design to see what excess material can either be taken away or added to make the design proposal more efficient. It then also can see the type of material and weight of the part in this instance. 
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Figure 10. Chuck generative design
The generative design in this instance for the chuck has taken away a substantially large amount of material from underneath whilst also keeping the constraints of the initial v-block design intact. Therefore, allowing perceived weight to be applied to it without damage.
One problem that has already been noticed is that there is now no way to attach the chuck at this moment, making the part separately has taken away the possibility of constraining it to another. 
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Figure 11. Base geometry
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Figure 12. Base generative design
By taking away the chuck, using more reference points for the base and legs, and using the applied forces that would be needed. Once again, the generative design has taken away a lot of material that would not be required. Sola and Nouri (2019) state that reducing material sometimes has the effect of performance by the inclusion of voids and porosities that must be avoided to limit the negative impact on AM parts. Potentially additional forces should have been applied to the base to determine the reduced material. 
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Figure 13. Base properties
Also, it is noticeable that the base properties have a 1.4kg rating with a large material structure taken out. It could be proposed that this design could need additional support structures as many forces are acting upon the legs and base of this structure due to its load bearing. Kumar., et al (2020) acknowledge that AM technology is now capable of using innovative techniques to create closed lattice structures that could have been difficult before, thus now being able to dissipate support structures. 
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Figure 14. Split base geometry
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Figure 15. Split base generative design
Separating the design into many distinct parts allows the user not only to put away the Pipe vice into storage easier but also be taken to jobs. Taking into the consideration of materials however, it is noted that a Pipe Vice could also be used to be welded upon If needed. Respect of mechanical and thermal properties would need to be addressed as the slimline design for the leg holders in this case is made of a type of plastic and would need to have a high melting point. Although the forces and weight are not acting width ways only from above. The heat could cause expansion and creep, causing catastrophic failure (Pan, Berto & Zhou, 2023).
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Figure 16. Split base properties
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Figure 17. Bottom base Design
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Figure 18. Bottom base generative design and properties 
The Design to include the v block into the generate design along with the legs resulted in a much larger base with no lattices going through the design also causing the weight to double of what it was without. Although when looking at the generative design it is noticeable that due to the forces and pressure applied only the legs have been made into a new design which unfortunately has lost its thread on top. 








[bookmark: _Toc139229627]Root cause

[image: ]
Figure 19. Five Whys Root cause
By looking over all the generative designs for the Pipe Vice created it is found that you can use the Five Whys root cause analysis to immediately locate and trace any faults that occur or can be caused through the design process. This is just one problem solving tool used to eliminate problems. 
By using this tool, it is noticeable that you can see that there is a genuine issue within the component consolidation, thus creating the problem of catastrophic failure as the Vice will not perform its job correctly. By looking back at the design and establishing the physical cause as to why the component no longer consolidates, you are able to see that splitting certain parts allows the generative design to reduce material and create a new efficient structure. The loss of specific geometries and the splitting of features which would initially be constructed together has resulted in the part being unable to join without using other manufacturing techniques such as welding or joining. Establishing the cause of the failure allows the user to continue to collect information, evaluate it and then address the issue. Without the use of a Root cause analysis or FMEA in the design or manufacturing process, this problem might not have also been addressed, including many others that might be overlooked. During the initial design phase, it was captured that the base of the pipe vice was non-essential as this was only for stability if placed on the floor. This could also be used in the root cause analysis to remove material and cost. Sweis, Moarefi, Amiri, Moarefi and Saleh, (2019) state that using a root cause at many parts of the stages of design or even when the plan is implemented is crucial to use to stop any delays and highlight any problem that can or may occur or also has been a recurring problem. Instead of using the five why method, another method that could be looked at is Ishakawa’s fishbone diagram, which also focuses on the cause and effect of a problem. 
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In conclusion, although DfAM principles, topology and generative design have made new design technology development superior when using it on specific components and, in this case a Pipe Vice, a mechanical tool usually found in workshops to hold different sizes of pipe securely whilst being worked upon. Using the optimisation offered by these products and material choice to try and change the properties of the Pipe Vice became quite challenging. The mechanical properties of the vice needed to sustain a high force torque and potentially a lot of heat if it was to be welded upon. Material choice is limited due to the low melting point of plastics. Iron and steel are usually used for the Pipe Vice designs due to their toughness and reliability. By using alternative material choices like hard plastics, this could be an issue even if it were not subjected to heat, plastic has properties which can be stretched, and due to expansion and fatigue, this could lead to a failure. Regarding the generative design, which was created using Autocad, unfortunately, however, they became incompatible. Due to the nature of the pipe vice and the use of freely moving the clamp method up and down, it must be attached so that it can create downward pressure to allow the pipe to be clamped. The designs did not become compatible due to the use of fasteners to clamp down the separate sections. The plans were created separately with the intention of using other methods, such as a weld. Or if the material was to be changed for a more economical, cheaper and sustainable choice such as plastic. The design could have been made using injection, vacuum moulding, or even a type of cast. 3D printing could also be considered, as the plan was specifically created to be relatively small and transportable. Due to the requirements of the pipe vice and the pipes held are usually made of metal. It became apparent that changing the metal would not work. Steel and iron have high toughness, good durability and high heat resistance. 
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For task two, the project has been given is of redesigning a wind turbine prototype and are required to undertake work for it to be designed and manufactured so that it can produce between 1000-2000 units per week; during the task, it will cover the different manufacturing processes and volumes used by these methods. The cost of machinability and tooling required, unit price and looking at initial startup investment costs of specific functions. 
As this component is required to be portable and for the outdoors, it would need to include maintenance and serviceability factors in case of wear and tear or accidental damage. With the use of particular manufacturing processes this would become ineffective; for instance, the use of 3D printing, the component could be made within one build. Therefore, if a part were to break, they would be required to replace the whole wind turbine. Other manufacturing processes, however, could see the use of features being replaced easily. 
The assembly process must be straightforward for the end user to be able to strip and assemble the product when needed. It would help to transport the wind turbine in a backpack or carry-aid. 
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Figure 20. Design specifications
From the use of a design specification, it then can narrow down and determine the criteria that need to be met: the requirements needed and the target market. 
By looking at the portable wind turbine prototype it is noticeable that it uses a large and vast number of fasteners to be held together. It can be seen that some design considerations have been considered for maintenance if the turbine were to fail or needed a changing of parts. By pulling apart the design, it can then be noticed that some features are minimal and could easily be adapted under a different manufacturing process to be combined. Adapting the model and the components so that fewer parts are needed can lead to a straighter forward build of the piece and drive down costs. 
Almost immediately, it can be seen that 3D printing is ineffective due to the nature of the manufacturing process as this would take a lot of machines to effectively print the required units per week, although this would ultimately regard any fasteners required as the design-build and process would discard these. However, this would then lose all serviceability within the design structure. If a component were to break, they would have to rebuy a completely new wind turbine rather than maintenance parts which could easily be replaced (Rais, Ahsan and Ahmed., 2023).
With the ease of 3D printing, it would be wrong to think this would be the most effective and efficient way of producing a wind turbine with new complex parts in a one-off simulation. However, this process can immediately become ineffective with the need for maintenance and feature change. It can, however, design several different components and use these to make sleek and efficient designs that can have a secondary process within the build or at assembly (Schmieg, et al., 2019).
Li, S. et al. (2018) use different mechanical and material properties to see stiffness, stability, and impact absorption. By using mechanical analysis and other design properties, they can see all various aspects of the design and enable them to create enhanced components with peak performance. By looking at the features of the prototype wind turbine, it can be seen that the battery housing and fin are significant components with many fasteners. The parts can then be upgraded and the aesthetics and create a more sleek and efficient design by redesigning these. 
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Figure 21. QFD
The quality function deployment (QFD) helps focus on customer expectations. By setting out attributes of the product and seeing specific improvements which can or need to be made, by looking at particular criteria and parts which can fail, the QFD can highlight this, and modifications can be made before the end target (Shaker, Shahin and Jahanyan., 2019). The QFD lets the user have a structured approach to score the criteria that most need attention. The QFD can also be used to scope out characteristics of other models from different companies and highlight their highest qualities and attributes (Ginting, Et al., 2020).
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The manufacturing process proposal for adequate quality and cost chosen is injection molding. Injection molding is one of the most effective manufacturing methods for mass production. The injection process allows for precision geometries and mechanical properties, which allows for more significant optimisation rather than using other manufacturing processes (Zhao, P. et al. 2020). The efficiency of the automated injection molding sector once the process has been set up can allow for high productivity. Although the initial set up costs can be an increased investment due to the complexity of the mold, the costs afterwards can be lowered for just material and process costs (Kazmer, et al., 2023). 
The material of choice for injection molding is Polycarbonate, the advantage of using this material outweighs many others. Polycarbonate is used in bulletproof glass safety equipment (Singh, 2020). The mechanical properties make it extremely good for weather resistance and can withstand relatively elevated temperatures, it is lightweight and has excellent aesthetic abilities by being made in various colours. Other plastic materials of choice could be acrylic, polyethene or polypropylene. Each of their properties has strengths, weaknesses, and cost differences. 
There are several distinct types of manufacturing processes which could be used for polycarbonate, extrusion molding, thermoforming or blow molding. However, injection moulding is best suited for this instance's large production. Injection molding uses a set mold to produce the same component in a brief period of time. Due to it being a set mould, it also limits the amount of waste material used Borkar et al. (2022). With the use of injection moulding and the ability to automate production flow. If we were to change the material, manufacturing methods such as casting or stamping could be used. Another method is CNC machining; however, this could be expensive due to the size of machinery and tooling equipment required. 
For the proposed shape of the outer shell, Blow moulding, which is usually used for the mass production of plastic bottles, could be used to make the shell. It has a relatively low tool and dies cost and a high production rating. However, many of the parts to consider for manufacture are not hollow in nature. Injection moulding can create complex shapes and parts (Gao, et al., 1998).
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Figure 22: Scamper 
Scamper and Design for X methods before the manufacturing phase can help the overall design and development of the project. Scamper is used as a helpful tool to generate ideas for a more suitable and sustainable product, this can help contribute to overall performance and saving costs in the life cycle of the product (Foaad Mohamed, 2020). By using this method and with others, you can come up with many different combinations of the design features which potentially might not have thought of by yourself. 
Design for X can be used and set for any manufacturing process. Its aims are to improve efficiency, reliability, sustainability, safety and cost. By integrating these methods into the design appraisal, it can make a better contribution overall to the product’s success. 
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The original wind turbine design includes many fasteners and a lot of parts which need to be assembled. This assembly was taken apart, split and parts accounted for using the Lucas method. By accounting for all parts and taking them into consideration for essential and non-essential the re-design will not use as many mechanical fasteners to ensure a more effective and sustainable model which can go into mass production. 
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Figure 24. Removal of tail and pipe
The tail of the windpipe helps the wind turbine change direction with the wind, the larger the tail, the more it captures the wind. Fogle, Agarwal, and Manuel, L. (2008) state that extreme loads can put pressure on the turbine blades if not at the correct position for wind speed direction, therefore a tail pipe can help secure the wind turbine in fast wind speed.
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Figure 25. Removal of battery housing
The battery housing was an extensive and obscure design, although it was a push on fitting. The design was not very streamlined to house the battery. Therefore, by removing this and creating a more simplified and efficient method which could accommodate the battery could lead to better manufacturability and a cheaper cost. 
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Figure 26. Adapted outer shell

The new designed outer shell to house the battery and inner grubbing’s. By creating this outer shell out of polycarbonate, it also gains the strength and weather proofing factors for better outdoor use. 
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Figure 27. Outer shell
The outer shell can be fitted to the blade mount by glue or any strong adhesive. Another way to produce this would be to cast it all in one and build the battery housing and generator separately afterwards. Although making the assembly a little more complicated. The result would be more efficient. Although mechanical fasteners are still used for the blade mounts, this is noted for assembly and maintenance. It is easier to take off and fold away for off grid use. 
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Figure 28. Outer shell secured and threaded
The end tail pipe must also be secured to make the battery housing weatherproof and secure. With factoring in the ability to take out the battery pack and put a replacement in when fully charged if necessary. This also gives more storage space to secure the portable wind turbine away with less space needed. 
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Figure 29. End cap installed
The end cap provides a secure waterproofing to the model and the battery housing, this also removes many fasteners and is a very quick fitting process making assembly a lot quicker, it also allows for the interchangeable battery to be removed and accessed easily.
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Figure 30. End cap adapted with tail 

The tail is a critical factor for wind positioning when outdoors, to generate and maximise capability to capture the wind it is almost a necessity. The end cap can also be fully moulded due to its shape. This will drive down costs and make the part more reliable and easier for assembly than using multiple fasteners. A downfall, however, is that the tail is not removeable and could become a storage issue. 
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Figure 31. USB and stand holes installed
Multiple holes have been cut out for the portable wind turbine to sit on a tripod of some sort above ground. This could also be threaded to stop the ingression of water when stored. 
A USB size slot has also been installed so that cables can be run through to the battery pack so that charging of mobile phones can be used at the same time the battery back can be charged. 
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Figure 32. End Design
The final design for the new wind turbine has a new housing which can adapt the battery and be used to charge on the go. It has fewer mechanical fasteners and has a much easier assembly than the previous model. 
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Figure 33. Finished design

For the finished design making it more aesthetically pleasing. The removal of several fasteners and other components makes the finished product assembly a lot easier and more aesthetically pleasing, the streamlined process will allow the movement of wind to pass through a lot more effectively. 
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Figure 34. Lucas Method
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Figure 35: New design Lucas Method
The Lucas method table is a design for assembly manufacture tool that allows designers and engineers to identify all parts within the component they are building. It addresses the details and what they are used for, how accessible they are and a score rating to show how easy the part is to assemble. The total score for a particular piece can indicate how easy or how awkward that component can be to manage or install. By using the Lucas method, we can quickly identify these components, and if there are too many unsustainable components, then the user can change them where necessary. The focus is on easing the assembly process using free joining methods such as a snap on clip rather than several mechanical fasteners. The Lucas method table can be used for handling, fitting, cost, and quality processes. The model can also be linked to other methods, such as Boothroyd & Dewhurst, which goes on to describe the process as essential and non-essential. Another use of these methods could be for design for maintainability (DFM), design for environment (DFE) and the life cycle of the product. 
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In conclusion, it is believed that the original wind turbine prototype displayed many mechanical and structural flaws for mass production. The number of mechanical structures and fasteners could not be mass-produced at the rates needed to supply the consumer. By changing material and eliminating many components. It has allowed for a redesign of the body and outer shell, including the tailpipe. By doing this, it is not only cheaper, but it becomes more sustainable, effective, and more efficient. The outer shell can now be mass-produced rather than in separate parts. The front nose cone and turbine blades can also be injection moulded and taken out once needed for maintenance or away for transportation. This can enhance the product’s lifecycle as the inside of the body is now sheltered and weatherproof. Polycarbonate plastic also has a higher heat range than other plastics, including glass (Zhou, et al., 2023).  Injection moulding initially has a higher investment cost and then balances out once production starts. The use of injection moulding will also give the consumer upwards of one thousand units per week once the assembly line is up and running and will inevitably cost less due to the low cost of production. There are other methods to consider. However, they each have relevant start-up costs and size limitations. Polycarbonate, although other plastics can be used, has extensive properties which make it the ideal choice. Although potentially not the cheapest plastics on the market. The elimination of mechanical fasteners plays a substantial part in DFMEA. The elimination of the mechanical fasteners can help the product lifecycle as fewer parts will now decline over time, leading to the parts not needing to be maintained as much as possible and therefore fewer replacements required. By switching the material to a more sustainable plastic we can also see an improvement in the environment since polycarbonate has an enhanced lifespan than other plastics. 
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