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Summary:

Manufacturing design and technology is one of my subjects in mechanical engineering. I been given a task which requires you to identify a system, sub-system or component (preferably aligned to your pathway or area of study), which is currently produced using established or traditional manufacturing processes. I should then undertake a detailed investigation and development activity to redesign the selected component in order that one or more of the benefits afforded by additive manufacturing can be incorporated.
I then required to detail your design activity, along with your final design documentation in your report. This should include the following:
· An appraisal of the original system, sub-system or component.
· A clear, evidenced, justification or design driver for the redesign.
· Any tools or techniques which you have used in the re-design process.
· A description of the final design with associated design documentation (Solid Models and Technical Drawings).

[bookmark: _Toc40208427]Introduction to the 3D printing and types:

3D printing or also known as additive printing is a process of making three dimensional solid objects from a digital file.
The method in which parts can be formed using addition of material technique is called Additive manufacturing. The process involves two steps:
· Different layers are to be used to make a component; this procedure typically is carried out from bottom to top.
· Process chain is where different procedure should be applied time after time in layers. This step includes the feeding of the material, then melting & shaping and bonding with the previous layers.
We can create 3D objects by using Additive manufacturing. To create 3D object, we need to produce 3D design specifications for the machine, this is a three-dimensional CAD  of what we aiming to produce. The length, height, the number of layers and the layer thickness are the data sets need to be feed to the machine. The computer program them will divide the model into appropriate layers. The software then sends out the data set to the machine in the form of production commands.
[bookmark: _Toc40208428]

Environmental impact of additive manufacturing:

The increased usage of additive manufacturing could have a large impact on the environment. This due to the fact pieces are cut from larger blocks of material, additive manufacturing creates products layer by layer and prints only relevant parts, wasting much less material.  Wasting less material means wasting less energy in producing the raw materials needed (Hardcastle L, 2015).  
Using additive manufacturing does create some environmental downsides. Although additive manufacturing reduce waste from the manufacturing process by up to 90%, the additive manufacturing process creates non-recyclable material powders.  Potential theoretical material efficiency of 97% when using Additive manufacturing has not yet reached, however it could be achieved as the technology continues to increase productivity (Peng, Tao, et alMay 2018).

The creation of a 3D printed object is achieved using additive processes. In an additive process an object is created by laying down successive layers of material until the object is created. Each of these layers can be a thinly sliced horizontal cross-section of the eventual object.
One of the benefits of the 3D printing it is that it enables you to produce complex shapes using less material than the traditional and old manufacturing methods.

[bookmark: _Toc40208429]How does a 3D printing work?

3D printing starts with a model, you create one or download from a 3D repository. There are number of different software’s which you can use to create parts or any design which you require. 
Once you have done with the design now you are required to prepare the file for the 3D printer this is called slicing.
Slicing is dividing a 3D model into hundreds or even thousands of layers and it can be done with the help for slicing software. 
Now a day’s 3D printing is very famous and is very effective way to produce what you require. 3D printing is used in almost all the industries you could think of. It’s very important to see it as a cluster of diverse industries with a myriad of different application.
Few of the examples are below:
· Dental products
· Prosthetics
· Industrial products (manufacturing tools etc)
· Movie props
· Consumer products (eyewear, footwear, design, furniture)
· Architectural scale models
· Replicating ancient artefacts
· Reconstruction of evidence in forensic pathology
[bookmark: _Toc40208430]Types of 3D printing:

· Fused deposition modelling (FDM)
· Stereolithography (SLA)
· [bookmark: _Hlk39593345]Digital Light Processing (DLP)
· Selective Laser Sintering (SLS)
· [bookmark: _Hlk39597614]Selective laser melting (SLM)
· Laminated object manufacturing (LOM)
· [bookmark: _Hlk39599227]Electron Beam Melting (EBM)

[bookmark: _Toc40208431]Fused deposition modelling (FDM):

FDM is used in both affordable 3D printing and even in the 3d pens, it is currently the most popular type of 3D printing.
FDM was originally developed and implemented by Scott Crump from Stratasys, founded in 1980. Most of the other 3D companies have embraced similar technology but under different names. There is well known manufacturer MakerBot coined a virtually identical technology which they called Fused Filament Fabrication (FFF). 
With the help of FDM, you can print not just operational prototypes, but also ready for use products such as Lego, plastic gears and many more.
Characteristics of FDM:
· Types of 3D Printing Technology: Fused Deposition Modelling (FDM), sometimes called Fused Filament Fabrication (FFF)
· Materials: Thermoplastic filament (PLA, ABS, PET, PETG, TPU)
· Dimensional Accuracy: ±0.5% (lower limit ±0.5 mm)
· Common Applications: Electrical housings; Form and fit testing; Jigs and fixtures; Investment casting patterns
· Strengths: Best surface finish; Full colour and multi-material available
· Weaknesses: Brittle, not sustainable for mechanical parts; Higher cost than SLA/DLP for visual purposes
FDM process have 5 stages which can be seen in the figure below.
[image: ]
https://pick3dprinter.com/3d-printer-types/

FDM is the only 3D printing technology which uses production-grade thermoplastics, so items printed have excellent mechanical, thermal and chemical attributes.

[bookmark: _Toc40208432]Stereolithography (SLA):

It is a type of 3D printing which could be used to execute your projects that involve the 3D printing items. This process of printing is very old but still it can be used now a days. The idea and application of SLA are very good. Whether you’re a mechanical engineer, who wants to confirm whether the part can fit your design or any creative person who wants to print a plastic prototype for a newly coming project. 
SLA does not work like other machines that extrude some quantity of the ink to the surface. SLA 3d printer operate with a excess of the liquid plastic that after a while it gets hard to from a solid object. 




Usually parts been produced by the SLA 3D printer are smooth on the surface.
Characteristics of SLA 3D printing.
· Types of 3D Printing Technology: Stereolithography (SLA), Masked Stereolithography (MSLA) Direct Light Processing (DLP)
· Materials: Photopolymer resin (Standard, Castable, Transparent, High Temperature)
· Dimensional Accuracy: ±0.5% (lower limit ±0.15 mm)
· Common Applications: Injection moulding like polymer prototypes; Jewellery (investment casting); Dental applications; Hearing aids
· Strengths: Smooth surface finish; Fine feature details
· Weaknesses: Brittle, not suitable for mechanical parts
Below is a picture which shows the SLA printing process.

[image: ]

https://pick3dprinter.com/3d-printer-types/


[bookmark: _Toc40208433]In SLA Printers the time required to print a product depends on the size of the printer itself, if could take as less as 4 to 5 hours or could take several days depends on what and where you are printing.
Digital Light Processing (DLP):

Looking at the DLP these types of 3D printing technology is quite a lot similar to the first type of 3D printing SLA. Main difference between then is that DLP uses a digital light projector to flash a single image of each layer all at once. This is because the projector itself is a digital screen, the image of each layer is composed of square pixels, which results in a layer formed from small rectangular blocks called voxels.
DLP can print faster time compared to SLA. And this Is because all the layer is formed at once, rather then tracing the cross-sectional area with the point of a laser. 
This technology can be found in mobile phones, film projector etc.
DLP have a LCD panel, which gets applied to the entire surface of the 3D printer layer during a single run of the DLP procedure the substance used for the printing is a liquid plastic resin that’s set in a transparent resin container.
Below picture sown the process of DLP 3D printer.
[image: ]

https://eliezerganon.wordpress.com/2014/08/09/ti-dlp-is-digital-light-processing/


[bookmark: _Toc40208434]Selective Laser Sintering (SLS):

If you are creating a product or an object by using powder bed fusion technology and polymer powder is generally known as Selective Laser Sintering (SLS). These kinds of technologies are becoming very popular in the industries now a days as they are very effective and on lower cost.
Below are some of the details of SLS 3D printing.
· Types of 3D Printing Technology: Selective Laser Sintering (SLS)
· Materials: Thermoplastic powder (Nylon 6, Nylon 11, Nylon 12)
· Dimensional Accuracy: ±0.3% (lower limit ±0.3 mm)
· Common Applications: Functional parts; Complex ducting (hollow designs); Low run part production
· Strengths: Functional parts, excellent mechanical properties; Complex geometries
· Weaknesses: Longer lead times; Higher cost than FFF for functional applications
[image: ]
Below figure shows the SLS 3D printing process.

Song et al. (2007)

[bookmark: _Toc40208435]Selective laser melting (SLM):

SLM 3D printing produce metal parts otherwise it is very similar to SLS. SLM uses a layer to achieve a full melt of the metal powder forming a homogenous part. It is perfect for the pure metals like titanium, steel or aluminium. Because we need the higher temperature to fully melt the material. 
SLM 3D printing uses support in order to reinforce small angles and hangovers of the parts but also to stick to the design to the job tray. The support will be removed manually after the cooling process is done. They are various finishing techniques such as milling, thermal treatment or touring are commonly used after the print in order to achieve the functional requirement of the part.
[image: ]Below is process of SLM printing.


https://en.wikipedia.org/wiki/Selective_laser_melting

[bookmark: _Toc40208436]Electron Beam Melting (EBM):

Different from the other powder bed fusions methods, EBM uses a high energy beam, or electrons to induce fusion between the particles of the metal powder.
A focused electron beam scans across a thin layer of powder, causing localized melting and solidification over a specific cross-sectional area. These areas are built up to create a solid object.
EBM 3D printing have a higher printing speed that’s because of its higher energy density. However, things like minimum features size powder particle size, layer thickness and surface finish are typically larger.
[image: ]
https://www.whiteclouds.com/3DPedia/ebm.html
Above is a picture of EBM 3d printing process.
[bookmark: _Toc40208437]
Traditional Method of making bike cassette:
[bookmark: _Toc40208438]How the Bicycle Cassette is made:

To explain how the bicycle cassette is made it is very simple that how from a block of steel is converted into a bicycle cassette.
Below is a picture showing in 4 steps how it is made traditionally.
[image: ]
http://cozybeehive.blogspot.com/2008/04/how-bicycle-cassette-is-made.html

This is an excellent picture showing the life of a rear cassette as it starts out from a block of steel to something which a cyclist can recognize. This process is performed by a CNC machine.
In this process a block of steel is milled into a dome, with the cog teeth. Then its CNC machine into the dome. SARM states that on one cassette requires roughly a full one hour of milling and machining. 
The steel then gets the finish to reach the immense hardness. SARM testing indicates that its 35% harder than titanium. Therefore, they wear out on slower rate, so you end up replacing your cassette less often.
There is not much to explain in it as the program gets created in CNC machine and block of steel is provided and then the CNC machine does what is instructed in the program.
[bookmark: _Toc40208439]





Traditional Method Created in Inventor:

Below is a picture of bike cassette which I create in inventor.

[image: ]

This part was created by me in inventor.
Below picture is showed in the assembles mode with bearing in the bike cassette.

[image: ]

I then created a drawing of bike cassette in the drawing mode with a table of material and mass which you can see below.
In the parts list table, the total mass of the parts is 1.619 kg in which bearing weigh is 0.077 kg and the cassette itself weigh 1.542 kg.

[image: ]


	Item
	QYA
	Part
	Mass(kg)
	Total

	1
	1
	Cassette Traditional method
	1.542
	

	2
	1
	Bearing for traditional method
	0.077
	1.619



Above all the details are on the traditional method of making bike cassette that how is made and what are mass and the materials are.
[bookmark: _Toc40208440]My design of bike cassette for 3d printing:

I have created a bike cassette in inventor which I prepared to an advanced level in order to start the production of them in 3d printers.
SLM (selective laser melting) will be used in this process to make bike cassettes as this is the only type of 3d printing which allows to use metals, alloys and steels to create parts. More detailed explanation of SLM is above in types of 3d printing.
Below will be detailed pictures of the design created in inventor.
Screenshot of the drawing in drawing mode inventor.
[image: ]


The picture below shows the part list with the material and the mass of the bike cassette.

[image: ]
By looking at the parts list and focusing on the mass of the parts.
[image: ]
As the mass of the parts are just 0.758 kg which is very impressive while the parts created by traditional method weigh more which is 1.542 kg which gives us a difference of 0.784 kg. There is a 50.84% weight difference. Hence it proved by the mass of each design that the cassette designed for 3D printing have a 50.84% loss of weight than the original one.  By looking at it you can see how it will make a difference on an overall performance of the bikes. As I understand the bicyclist will do anything to achieve more performance and to reduce the weight from wherever its possible. 
The design I created I filleted around the cog teeth’s which will allow the chain to sit on it very smoothly, shifting of the gears easily will be another advantage. As well as that the wearing out of the material will be very less and in return the cassette will last very long time. 
Therefore, the parts I created will improve the performance as well as the mass will be reduced, and even making bike cassettes in 3D printing will generate the profit more than the traditional methods. In traditional method if you look there is a big block of the steel which CNC machine start milling and working on it for it to start look like a bike cassette. In this process there is a lot of waste of material while in the 3D printing there is no waste of material which makes 3D printing successful.
[bookmark: _Toc40208441]Exploded diagram in 3D inventor:

Below are the print screens of the bike cassette in an exploded diagram which was created in the inventor 2020 although the cassette will be printed in 3D printer but this design I created in the separated from is to show it from every aspect and what effort is been out in it to get all the results.

[image: ]


[image: ]

Hidden details view of the design in drawing mode.
[image: ]

[image: ]
[bookmark: _Toc40208442]Final 3d design:
[image: ]Final bike cassette is created in the drawing mode to show the product.


[bookmark: _Toc40208443]Mechanical Equation:
Bike cassette makes a huge difference to the performance. It follows the need for a variable transmission ratio that allows the cyclist to work in the desired cadence range while varying the vehicle speed. The latter is a function depending on the power input from the rider, the characteristics of the rider-vehicle system (weight, reference area, drag and rolling resistance coefﬁcients, and transmission efﬁciency) and the boundary conditions (road slope, air density, wind intensity and direction, and acceleration).



Equation above explains
Where,
W is the power input from the rider.
ρ is the density.
Cd is the drag coefficient.
A is the reference area.
V is the speed relative to the ground.
Vw is the wind speed in the travelling direction.
m is the overall mass.
G is the gravity acceleration constant.
S is the road slope (sine of angle)
CR is the rolling resistance coefficient.
meff is the effective mass including the rotational inertia of the wheels.
Ѷ is the instantaneous acceleration of the system.
And,
ῃ is the transmission efficiency from the pedals to the wheels.
Keeping all the above energies and forces in mind it will gives you the exact results what you are looking for or what you are trying to achieve. 
These bike cassettes are more suitable for the high-end bikes, for the professional riders or the professional athletes as they require to go beyond her limits to achieve what they are aiming for. It is a cycle from a scratch raw material to the end use of consumers.
There are many ways to produce bike cassette now a days, but 3D printing comes with its own benefits. In some methods manufactures make a dye for all the required gears and they all manufactured differently and at the end they are assembled.
In 3D printing there are many things with which will be minimized or completely will finish.
[bookmark: _Toc40208444]Advantages of 3D printing:

There are number of benefits of 3D printing some of them are following.
· No assembly times
· Waste reduction
· No finishing for product 
· No need to employ a lot of staff as it can be done by one person. (depending on the firm)
· Faster Production
· Easily Accessible
· Better Quality
· Tangible Design and Product Testing
· Cost-effectiveness
· Creative Designs and Customization Freedom
· Unlimited Shapes and Geometry
· Can Implement Assorted Raw Materials
Although everything comes with good and bad points. Therefore, 3D printing have disadvantages as well.
[bookmark: _Toc40208445]Disadvantages of 3D printing:

· Limited material
· Restricted build size
· Post processing
· Reduction in manufacturing job
· Design inaccuracies 
· Copyright issues
· Large volume
· Technology is costly
· Production of harmful weapons
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Item  QTY Part Mass(kg) Total(kg)

1 1 first gear 0.473

2 1 secong gear 0.091

3 1 third gear 0.073

4 1 forth gear 0.046

5 1 fifth gear 0.031

6 1 inner bear 0.044 0.758
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