University of Wales Trinity Saint David
School of Engineering
Design For X Project
Manufacturing Design & Technology
ACMA5002 
Morgan Daniel Evans
2222959
25/06/2024


Contents
1	Abstract	1
2	Concept design appraisal	3
3	Manufacturing process proposal	7
4	Design and development work undertaken	12
5	Conclusion	15
6	Component History	17
7	Quality Function Deployment	19
8	Generative design	21
9	Outcomes from additive manufacturing	23
10	Conclusion	25
11	References	26


Page27

[bookmark: _Toc171686403]Abstract
Within this project there will be discussion upon enhancing a product using different methods such as design for X, quality function deployment and DFA by way of Lucas`s method, this will be performed within task 1. Within task 2 there will discussion upon optimisation of a design for additive manufacturing using methods such as generative design, but methods such as the QFD will also be used.

Task 1
[image: ]


[bookmark: _Toc171686404]Concept design appraisal
[image: ]
Above is a quality function deployment chart that has been created aligned with the initial product, a quality function deployment(QFD) chart highlights the needs of the customer so that requirements could be put in place to achieve customer satisfaction. In the chart one of the first requirements is a strong grip which is necessary for this product as it can cause not only damage to the component but also the customer’s product as it would drop this if failure were to occur, this is also at the highest customer rating making this the highest priority. The other requirements being easy assembly, efficient, low price, lightweight and durable all in their own ways very important for the component to function and satisfy the customer and will be taken into consideration when creating improvement to the design of the product. As shown within the diagram the requirements such as reduce components, reduce weight/mass and reduction of fasteners have positive impacts on the customer’s needs, but as you can also see the increase in jaw thickness has negative impacts on the customer needs and this is because this has a positive impact on the strength of the grip and as this is the priority requirement there had to be a solution to have a positive impact. Another aspect of the QFD is how the company is fairing against other companies who also make a similar product. As you can see the product is doing very average compared to the others, so it is a hope that the new improvements that will be implemented will that the product will score higher than previous within the customer satisfaction area. Some of these improvements have been measured by some of the data at the bottom of the template, this data has been calculated through research within the market place of different products that are popular.
[bookmark: _Toc171544694][bookmark: _Toc171686405][image: ] 
Above you can see 3D model of the current product but the component that will be changed have been highlighted in pink, the improvements that will be made will be that the jaws will be created will be increased twice, making the new jaws thirty millimeters thick. This improvement will increase overall clamping area enabling larger and heavier objects to be picked up. This will increase the weight and mass of the object but is a necessary improvement for customer satisfaction. [image: ]
In the second figure, you can see that the servo motor has been highlighted in pink, this component will rather than three separate parts this new part will be made into one, this will decrease production time and create less waste. This also allows for less fasteners. Both these designs are in line with the QFD requirement and theoretically should increase customer satisfaction. 
[image: ][image: ]

These figures above are the final design of the product after consideration from QFD, the servo holder has been modified with gaps so that servo arm can move freely without any rubbing or damaging of components. The jaws have increased in thickness to thirty millimetres so that the product has a higher capability although this may decrease the efficiency of the product. There has also been tapped holes inserted into the back of the servo holder so that the bracket can be connected. A modification to where the servo motor is being mounted, this is located at the bottom of the holder with brackets on the bottom of the servo motor to be held on by bolts. Unfortunately there has not been any significant actions to account for weight reduction of the product in way of actual components, but the action of reducing fasteners would have a positive impact on the weight reduction, but this will most likely not be very effective.

[image: ]
This figure shows a very basic drawing of the product and as you can see the features are very simple and would be ideal for CNC machining. A lot of the features are radial and is made so that product can be free of burrs etc. things that could cause harm to a user, the only potential harm that could be cause is if the user were to put a limb into the jaws whilst in use, this could cause tremendous harm.
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From the figure above these are the mass calculations for the new product with four different materials, aluminium having the lightest mass and steel and stainless steel both having the heaviest mass. ‘Aluminium is a soft and light metal, used in electrical applications. It`s corrosion-resistance and has a huge strength to weigh ration’ (Leo, 2023). This metal could be used for lower weight movements but not recommended for industrial use, although the corrosion-resistance would have been a desired property. ‘Steel is a strong and durable material, and can be recycled easily’ (Leo, 2023) ‘Steel also known as carbon steels, carbon steel not only has good plasticity, and steel products have high strength, good toughness, high temperature resistance, corrosion resistance, easy processing, impact resistance, easy to refine and other excellent physical and chemical application performance, so it is widely used.’ (Leo, 2023). From this analysis it shows that steels properties would make it excellent candidate for the product, properties such as plasticity, high strength, corrosion resistance and impact resistant. All properties are very appropriate for industrial use and will increase weight capacity. The sacrifice of weight for functionality is something to consider if this is what the function requires. ‘Stainless steel is a type of steel that contains at least 12% chromium. This makes it resistant to rust and corrosion. It is also very strong and durable.’ (Leo, 2023) Much like normal steel, stainless steel has admirable properties for this component with the drawback of a high density. ‘Titanium is a strong, lightweight metal with a silvery-white colour. It is corrosion resistant and has a high melting point. The main characteristics of titanium are low density, high mechanical strength and easy processing. Titanium is often used in aircraft and spacecraft because of these properties. Titanium has metallic lustre and is malleable.’ (Leo, 2023). From this source you can see that titanium has not only high mechanical and easy processing but also low density, although not as low density as aluminium but this allows better mechanical properties. 
[image: ] (Daily metal prices, 2024) 
  [image: ] (Steel (Europe) Prices, 2024) [image: ] (Stainless Steel & Nickel Prices, 2024)
[image: ] (Titanium, 2024)
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As you see from the figure above these are the prices of each material currently being aluminum being the cheapest and titanium being the most expensive. [image: ]
The figure above shows the mass of the product and the price of materials through the volume of the product, this is not an accurate cost as larger quantities of material could be needed dependent on method of manufacturing. This has been calculated using the formula  and then multiplying by the cost of material per kilogram. The results of this data is the same as the previous table where aluminum is the cheapest product and titanium is the most expensive. From this data and the previous data about the properties of the material steel would be the best material to use as it has high tensile strength with the downside of high density and higher cost per kg than aluminum. It would be beneficial to have two different variants for different application, using the steel variant for heavy industrial application and using an aluminum variant for lighter applications but with the advantage of having a cheap lightweight properties. In terms of manufacturing methods there are only two methods in question, these being 3D printing and machine due to the nature of the part. The pros and cons of both methods will discussed. ‘Additive manufacturing has the ability to produce “near net shape” parts. What does that mean? Near net shape means that the part can be printed very close to the final size and shape desired, without having to machine away extra material or create additional features such as holes using other tools.’ (Metal Additive Manufacturing – The Pros and Cons, 2022). This source shows that 3D printing can be very inaccurate compared to other forms of manufacturing as it says ‘very close to final size’ ‘The general tolerance for metal 3D printing is +/- 0.5mm.’ (Williams, 2020) From this it can now be compared to other methods in terms of accuracy. An advantage of 3D printing is that there is next to little waste as it adds material rather than takes it away. [image: ] (Williams, 2020) 
This source demonstrates that it is possible to create some of these components for the product as all materials are listed above as being suitable for printing. It also specifies that the dimensions are appropriate.’Fewer Materials Available, Not Suitable for Mass Production, Restricted Build Size’ (Metal 3D Printing vs. Traditional Manufacturing: Which Should You Choose?, n.d.) based on this source it would not be a good idea for mass production which is the goal of this assignment. ‘The process brings about high productivity because they generally do a massive amount of work such as drilling, better surface finish, milling, and spinning in a relatively short period.’ (Al-Muktah, 2021) this source is talking about traditional manufacturing methods such as CNC machines and tradition manual machines generally because they are more efficient as a 3D printer may take several hours dependant on how large the component is, a CNC machine for example could take one hour, an example of the latest advancement is five axis CNC machines which can complete a single part in one operation, very time efficient, lower running costs. ‘Unlike human workers, CNC milling machines do not need to take breaks, holidays or get sick.’  (Jepson, 2021) . From this data this component should be manufactured with CNC machinery as it would be more cost effective for large batch making, and could prove very time efficient. ‘It’s relatively easy to achieve tolerances as small as 0.004 mm and create complex parts. However, it’s worth pointing out that not all CNC machines are created equal. Not all CNC machines are capable of creating high-precision parts.’ (Ye, 2022) CNC machines have a very high accuracy ability at can be achieved easily, which is crucial for this part to function at its highest ability.
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The figure above is a DFA appraisal chart and will be used to determine whether the feature a part of the component is necessary. Starting with the jaws, the jaws because they are a crucial part of the component would be an A part meaning it is necessary, this falling at the bottom right of the document. The jaw holder is the second component this ending at the top row and the third column as it is essential for the jaws to move. The servo holder is the next component that will be analyzed, this fall into the bottom row of the chart and is an A part as it must be separate to enable service of the servo motor. The rotator falls at the top row making it an A part as it must be separate for the product to function. The bracket is the final component and this falls into the bottom row of the diagram and as this must be separate for servicing needs it fits the criteria for the A part.
[image: ]  (edisonctr, 2005)
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From the figures above the a table has been put together using Lucas`s method which decides whether the component is fit for manual handling and fitting. As you can see all of the components have very good scores for manual handling as they are mostly small components that can easily be handled by humans, but for fitting, the servo holder score is very concerning, which indicates that is something that needs to be altered, a possible suggestion would be to make this component as one as it is currently a combination of parts to form one component which is making it particularly difficult and prone to human error. Although the jaws, jaw holder and rotator are a little bit higher than desired there are very minimum alterations that can be made due to the nature of the product. From these results it is clear that efforts must be made to make the product easier to assemble and to do this. Ways that this could be achieve would be to create as little components as possible, reduce amount of fasteners and to make assembly as simple as possible for the customer to assemble.
[image: ]
The figure above demonstrates the effectiveness of an FMEA that was used before adding improvements to the product. An FMEA is calculates the RPN (Risk Priority number) and the equation for the RPN is the sum of multiplying severity, occurrence and detection rating numbers. These are ratings from one to ten of the severity of a product failing, how often it may occur and how likely it is to be detected. As you can see the product had performed relatively poor to start with the highest rating of the jaws breaking. After coming up with recommended actions such as making the jaws thicker and making the servo holder one component these have made drastic improvement. As you can see making the jaws thicker has made not one but two improvements such as reducing the chance of breakage and reducing the chance of dropping a customer’s product. Applying the RPN rating system to the product, the product as you can see the results were much better, roughly half of the original. One point that was made earlier in the report where a user could cause harm if a limb was caught in the jaws, at the current point in time there is not a procedure in place to rectify this, in future to improve this product a sensor of some sort for human flesh could be put in place to prevent the jaws from closing on a human.
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To conclude this report, the original product has been modified so that it now has one less component in ways of combining the servo holder into one component. The jaws have also been made thicker, going from 30mm to 60mm. this product will then be manufactured into its separate components use CNC machinery and then assembled through the use of fasteners.

Task 2


[bookmark: _Toc171686409]Component History
‘The weight of a 15-inch aluminium rim varies depending on the thickness of the rim and the type of alloy used. Generally, a 15-inch aluminium rim can weigh anywhere from 7 to 11 pounds. The lighter the rim, the more expensive it will be. The heavier the rim, the more durable it will be.’ (Kyle, 2023) Source shows that most 5” rims are between 7 and 11 pounds which is about 3-5 kg but this is dependent on the thickness of the rim. You can also see that it says ‘the lighter the rim the more expensive and the heavier the rim the more durable it will be’ these factors will come into play dependant on the application of the rim, for example the rim were to be manufactured for racing purposes the priority would be to reduce weight as much possible with the drawback of sacrificing durability, however if the purpose of the rim were for general driving on public roads the priority would be to increase durability with the sacrifice of weight increase. For this report both application will be explored in order to create more data. ‘Generally, lighter aluminium rims are considered to be better than heavier rims because they provide better performance. Lighter aluminium rims provide improved acceleration, better handling, and increased fuel efficiency when compared to heavier rims. They also allow the vehicle to take corners and curves at higher speeds, while still providing excellent traction.’ (Kyle, 2023) This source demonstrates the advantages of having a lighter rim as a lighter rim mostly benefits the car through performance and not utility. ‘Steel is also typically much stronger and resistant to bending or cracking than other wheel materials. Not only is it great for a budget build, it’s the premier choice for heavy lifters that see plenty of hard use on unforgiving surfaces.’ (O'Hop, 2021) ‘As strong steel is, there’s no arguing that it’s a heavier material as aluminium or other, more exotic wheel materials. That means your vehicle needs to work harder in most cases to accelerate and stay moving when equipped with steel wheels’ (O'Hop, 2021) This source demonstrates the benefits and drawback of using steel rims, it will definitely take more of a beating than aluminium at the expense of performance and efficiency. Through additive manufacturing the geometry of the rim can be enhanced as there are no real geometric limits through 3D printing whereas metal cutting or CNC machining is fairly limited as it uses tools with diameters which restricts the part when making sharp corners and is limited on radial sizes as smaller tooling has a greater chance of breakage. ‘3D printing delivers net shape parts quickly, whereas CNC machining requires individual setup and (generally) manual programming plus supervision.’ (Xometry, 2023) ‘3D printing is generally a lower-cost method than other ways of making complex net shapes. It requires minimal setup and operational intervention. It’s common for CNC components to be 10x the price of 3D printed parts.’ (Xometry, 2023). As you can see 3D printing is faster and requires no supervision, but what is also mentioned is that it is cheaper to manufacture parts and compared to CNC machining there is no waste. ‘Various 3D printing processes offer varied strength compared with the “native” properties of the materials. For example, as low as 10 % of material UTS for FFF in ABS is reported, and as much as 100% for SLS of nylon. CNC machining produces parts in undisrupted native materials, so the strength is generally high.’ (Xometry, 2023) ‘3D printing can achieve good dimensional accuracy, but where high precision is required it can be challenging. CNC machining is highly precise and allows improved accuracy by slower processing.’ (Xometry, 2023) There also some drawbacks to 3D printing compared to CNC machining such as parts from CNC machining are generally stronger and the parts are generally more accurate as the method of 3D usually produces a tolerance of 0.5mm where as CNC machines have a tolerance of 0.04mm. ‘The general tolerance for metal 3D printing is +/- 0.5mm.’ (Williams, 2020) ‘CNC machining is one of the most popular manufacturing processes today. And this is primarily due to its high accuracy, precision, and tight tolerance range. In fact, with CNC machining, you can accurately create over 1000 units of identical parts while achieving tolerances as small as ±0.04 mm’ (Lee, 2021).
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The figure above is a Quality Function deployment based on the needs of the customer being performance based, the three main requirements being lightweight, being able to handle the force of the car and being easy to fit. Being light weight and being easy to fit are linked due to the reduction in weight making the rim easier to handle. This could prove advantageous as high performance vehicles tend to have frequent tyre changes, especially when racing. The requirement to handle the force of the car with significantly limit how much the weight can be reduced, therefore this would be the limiting factor for weight reduction, which is targeted to be lower than 6kg. Through research online and using certain formulas both the downwards force of the car and moment of the wheel under acceleration the data could be applied to product when designing product. Due to the nature of the requirement must be held on with bolts this cannot really be measured, therefore was not given a target value.[image: ]
This QFD was made to satisfy a customer who was looking for a very durable rim that was a bit heavier than the performance cars rim. Some of the requirements in this digram are, it must be durable with the highest customer rating, have the lowest possible weight nessesary with a rating of eight and easy to fit with a rating of six. The design requirements that have been implemented are use a maximum stiffness technique, use a specific weight, make the model as light as possible, overestimate the force put on the rim. All of the requirement have a positive link to at least one of the customer requirement, which in theory should satisfy the customers expectations as demonstrated with the positive or negative links within the chart. There is also performance of the current product against other companies and as shown the product is performing very averagely, it is crucial that this is improved. At the bottom of the diagram there are variables to measure improvement of the design, these being the weight of the product and maximum force that can be applied. The values that have been chosen have been gathered through research online on other companies product and taken an average value, in order to make a better product minimal values have been chosen, this should hopefully make the product a winning product for the customer and hopefully increase sales. Although 3D printing can produce the product in the material desired it is limited on what materials it can use and if this were another product it could potentially not use the materials needed. ‘Metal 3D printing can be performed using a wide range of metal powders. These include, but are not limited to, steel, aluminium, stainless steel, copper, cobalt, tungsten, titanium, and nickel-based alloys. Precious metals like platinum, gold, palladium, and silver can also be used in 3D printing’ (xometry, 2023). This source provides the metals that can be produced through 3D printing, these being steel, aluminium, stainless steel, copper, cobalt, tungsten, titanium, nickel based alloys, platinum, gold, palladium and silver.
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The image above is of the first product created using generative design, this design was created so that it would be suitable for 3D printing, one of the drawbacks of this is that the size of the product is limited by a diameter of fifteen inches, this is not ideal as a lot of performance cars have larger sizes in order to increase grip due to having a higher surface area. The function minimize mass was used on this design, so the product should adhere to the parameters set without unnecessary weight. The forces applied to this alloy were seventy three hundred and fifty seven point five newtons, this has been calculated through research made on performance cars, as the heaviest that could be found was about fifteen hundred kilograms, calculated using the equation F=ma, the acceleration being gravity with a value of 9.81, making the total force of the car fourteen thousand seven hundred and fifteen newton, for a safety factor this was halved then applied to the product. This is not the only force that will be applied to the product, there is also a moment applied, this was calculated through the equation  v being 26.8224m/s, u=0 and t=1.66s, these values have been taken from the fasted zero to sixty time recorded for production cars. Using the equation F=ma to get a result of ninety six point nine five. The equation moment=Fd was then implemented, the force being ninety six point nine five and the distance from a pivot being one hundred and ninety point five giving a result of eighteen thousand four hundred and seventy three newton millimetres. Due to the requirements needed for this product aluminium AlSi10mg has been used as it is a far less dense material than likes of steel and titanium. The model has achieved a net weight of five thousand five hundred and thirty nine point four hundred and fifty two which complies with the QFD created previously as the target was to be lighter than six kilograms. Due to most sports cars weighing under fifteen hundred kilograms having a downforce of twelve and a half thousand newtons was very excessive, therefore this was greatly reduced. The product has adhered to the general fitting conditions of a rim using M20 bolts to hold the rim onto the car. [image: ]
The model above is of a rim created through generative design to adhere the requirements for an average production car, suited for utility. The maximum stiffness parameter was used to make the rim as durable as possible, this being said it was not possible to follow the guidelines of a twelve kg rim so through trial and error the minimum weight was achieved this being fifteen kilograms, but the model above has achieved fourteen thousand nine hundred and fourty eight grams or fourteen point ninety four kilograms which is lower than the target weight. This adheres to being easily fitted as it is the lowest possible weight using M20 bolts to hold onto the car. Forces being applied to this design are twelve thousand two hundred and sixty two, this force was calculated using f=ma and then being divided by two to account for the half of the cars downward force, a moment of nine thousand five hundred and eighty was applied using the equations  v= 26.8224m/s u=0m/s and t=8s, a=3.3528. F=ma was also used where the force was fifty point twenty nine, then using the equation moments=Fd this was calculated to get the result above. Due to stainless steel having the highest density and the mechanical properties this was the material that had been decided to be used. 


[bookmark: _Toc171686412]Outcomes from additive manufacturing
As discussed previously one of the limitations to 3D printing is that it is limited to fifteen inches, this was discovered when using generative design. ‘Furthermore, metal 3D printing often costs quite a lot. The manufacturing costs are high, just like the price to pay for the materials. If you can produce a part with a traditional method this might be better, since it probably is cheaper than metal 3D printing’ (Nutma, 2020) 3D printing can be very expensive, compared to traditional manufacturing, this is probably because it takes much longer to manufacture a part with 3D printing. ‘Metal 3D printing systems also do not have the biggest build sizes. This definitely is limiting, since precise process control and manufacturing conditions are needed. Finally, metal 3D printing requires a greater amount of skill and knowledge than basic plastic printing. However, this can be countered by hiring a 3D printing service which will have the knowledge and experience to help you.’ (Nutma, 2020) This source is a repeat of what was discussed at the start that it has a limit to how big parts can be manufactured. ‘Freedom of design- AM can produce an object of virtually any shape, even those not producible today’ (Duda & Rhaghaven, 2016). This is a massive advantage to be utilised as this can be used with the generative design tool or topology to minimize weight without any limitation, as tradition manufacturing is fairly limited on the geometries it can produce due to its tools being circular it is limited to only being to create radiuses. It is also limited on areas that it can reach to be machined, but none of these limitations are within 3D printing. ‘Potential Elimination of tooling – Direct production possibly without costly and time consuming tooling.’ (Duda & Rhaghaven, 2016) This has major upsides for additive manufacturing as it can be cost effective if it were a low production part, although if it were high production, costs could be cut by not having to use any tooling. All the printer needs to manufacture is the appropriate metal powder and an appropriate gases that need to be used for the laser, these could be nitrogen, argon or helium. This would be dependent on where the printer is located and whether it would be safe to store that gas cylinder in that area. Due to how the component will be manufactured the product wouldn’t be quite as strong as if it would be made through traditional manufacturing methods. ‘Laser powder bed fusion (LPBF) is one of the most widely adopted metal 3D technologies and is capable of producing parts with near isotropic mechanical and thermal properties. LPBF printed parts can achieve densities of 99.5%’ (Metal 3D Printing vs. Traditional Manufacturing: Which Should You Choose?, n.d.). This is very high but compared to traditional manufacturing where the density would be one hundred percent as the material is already formed before any manufacturing has taken place. 


[bookmark: _Toc171686413]Conclusion
In conclusion to this report, it would be best to continue manufacturing this product through traditional manufacturing methods such as CNC machining. This is because of the limitations that 3D printing has such as not being able to manufacture a product larger than fifteen inches is huge drawback as this isn`t a very common rim size, most cars use sizes much larger so manufacturing through this method would not be very beneficial. When it becomes possible to create products much larger than fifteen inches it could prove useful in the future although the question about manufacturing rates is something to be considered as again traditional methods are far more efficient and it would require multiple 3D printing machines to keep up with one CNC machine. This report has been beneficial although not successful in the case of optimizing a product, the same process could be used for traditional manufacturing. This report has outlined the drawbacks to additive manufacturing and could be utilised for future plans to create components smaller than this one. 
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2023). This metal could be used for lower weight movements but not recommended
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easy to refine and other excellent physical and chemical application performance,
soitis widely used.’ (Leo, 2023). From this analysis it shows that steels
properties would make it excellent candidate for the product, properties such as
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are very appropriate for industrial use and will increase weight capacity. The
sacrifice of weight for functionality is something to consider if this is what the
function requires. ‘Stainless steel is a type of steel that contains at least 12%
chromium. This makes it resistant to rust and corrosion. It is also very strong and
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As you see from the figure above these are the prices of each material currently
being aluminum being the cheapest and fitanium being the most expensive.
1 cost of product
2 |volume material density (Kg/m3)  $/Kg mass (Kg) cost ($)
3 0.000304495 steel 8000  0.679 2.435962 1.654018
1 0.000304495 stainless steel 8000 0.9344 2.435962 2.276163
5 0.000304495 aluminium 3000 0.520316 0.913486 0.475301
5 0.000304495 titanium 4000 6.669755 1.217981 8.123633
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The figure above is a DFA appraisal chart and will be used to determine whether the
feature a part of the component is necessary. Starting with the jaws, the jaws
because they are a crucial part of the component would be an A part meaning it is
necessary, this falling at the bottom right of the document. The jaw holder is the
second component this ending at the top row and the 3% column as it is essential for
the jaws to move. The servo holder is the next component that will be analyzed, this
fall into the bottom row of the chart and is an A part as it must be separate to enable
service of the servo motor. The rotator falls ends at the top row making it an A part
as it must be separate for the product to function. The bracket is the final component
and this falls into the bottom row of the diagram and as this must be separate for
servicing needs it fits the criteria for the A part

(edisonctr, 2005)
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As you see from the figure above these are the prices of each material currently
being aluminum being the cheapest and titanium being the most expensive
cost of product
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volume (m3)  material density (Kg/m3)  $/Kg  mass (Kg) cost ($)
0.000304495 steel 8000  0.679 2.435962 1.654018
0.000304495 stainless steel 8000 0.9344 2.435962 2.276163

0.000304495 aluminium
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use as it has high tensile strength with the downside of high density and higher cost
per kg than aluminum. It would be beneficial to have two different variants for
different application, using the steel variant for heavy industrial application and using
an aluminum variant for lighter applications but with the advantage of having a cheap
lightweight benefits. In terms of manufacturing methods there are only two methods
in question, these being 3D printing and machine due to the nature of the part. The
pros and cons of both methods will discussed. *Additive manufacturing has the ability
to produce ‘near net shape” parts. What does that mean? Near net shape means
that the part can be printed very close to the final size and shape desired, without
having to machine away extra material or create additional features such as holes
using other tools.’ (Metal Additive Manufacturing — The Pros and Cons, 2022). This
source shows that 3D printing can be very inaccurate compared to other forms of
manufacturing s it says ‘very close to final size’ ‘The general tolerance for metal 3D
printing is +- 0.5mm.” (Williams, 2020) From this it can now be compared to other
methods in terms of accuracy. An advantage of 3D printing is that there is next to
litle waste as it adds material rather than takes it away.
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