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[bookmark: _Toc164627522]Introduction
This report is to highlight to the processes of product design, component engineering, and material production processes available when creating a component for a marketplace, firstly will be the design specification this is used to set the parameters that the component should achieve, secondly will be the material selection this will ensure the right material is chosen, and thirdly will be the  production process which will go through different ways a component can be produced.

[bookmark: _Toc164627523]Component Design Specification
Product: Motorcycle chassis (single cradle design)
[image: What is Single cradle frame? - MotorcycleValley]
Figure 1 Single cradle motorcycle frame. sourced from https://www.motorcyclevalley.com/dictionary/single-cradle-frame/
When designing a product or component for a market there are multiple topics to consider when creating it, below are a list of topics to consider in the process of designing a product:
1. Cost to produce.
2. Longevity 
3. Ease of use 
4. Cost of transport
5. Market requirements 
6. In house service 
7. Production requirements 
8. Legislation conformance 






	Functional Requirements
	Performance Requirements 
	Technical Specification

	Low cost 
	Easy to manufacture with efficient production line process and low-cost materials.
	Easy and cheap production process 

	Reliability 
	Use strong and ductile materials in the production of the product as well as regular testing of the product
	Test the product throughout the different design stages to outline any faults in the chassis design

	Easy to Transport
	Make product lightweight without hindering cost or reliability.
	Small frame design 

	Simple to design
	Use simple proven designs that are not overly complicated
	Use a Single cradle frame for

	[bookmark: _Hlk158312372]Ethically sourced material 
	Making sure the material soured exploit and use vulnerable people and resources.
	Trusted material that has a good track record

	Specialized small market 
	For small engine race motorcycles
	Good customer service 




[bookmark: _Toc164627524]Material Selection 
When selecting what material to use for a component there are multiple topics to consider the first being how much load will the component sustain while in use before deformation will occur, secondly is the temperature will the component go through extreme temperature cycles, thirdly will the component wear quickly when operated, fourth is corrosion how susceptible is the component to corrosion will it need a protective layer before being produced and fifth is manufacturing is the material being used easily available and sustainable while having predictable characteristics.
When designing a motorcycle chassis there 3 design choices to choose from, designing for strength (no breaking or deformation), designing for stiffness (maximum rigidity) and designing for fatigue (no cracking).
There are many different types of materials used in the automotive industry each with its own characteristics and suitability, below are a list of materials that can be used to create the chassis of a vehicle.
1. Steel is an alloy mainly made up of iron, with a carbon content of 0.2% to 2.1% (Discoveries, 2019). Steel can also have no additional alloying making just plain steel.
Properties/Advantages of steel and Stainless steel: 
High tensile strength when alloyed with carbon before structurally deforming (90,000 PSI) (www.cnclathing.com, 2020)
Good ductility, meaning steel can be moulded and shaped for its intended application without fracturing.
When adding different elements to steel it will become Stainless steel, Stainless steel has a high rust resistance with a wide range of other properties.
Readily available and cost-effective
Disadvantages of steel:
High density making parts heavy.
Low corrosion resistance.
High heat conductivity.
Steel production process: [image: An introduction to steelmaking – newsteelconstruction.com]
Figure 2 Process of Steal Production. Sourced from https://www.newsteelconstruction.com/wp/an-introduction-to-steelmaking/.

2. Aluminium in not a naturally occurring material it first must be processed from the material bauxite making aluminium oxide or alumina in turn creating pure aluminium. (Aluminiumleader.com, 2014)
Properties/Advantages of Aluminium:
Lightweight when compared to other traditional materials.
Has high corrosion resistance.
Excellent conductivity.
Good ductility and mouldability.
Disadvantage of Aluminium:	‌ (Clinton Aluminum. (2022). 
Not a naturally occurring material.
Long production process.
High production cost.
Aluminium process: [image: Aluminium and it's Benefits - Presto Engineering]
Figure 3 Showing Electrolysis process for Aluminium soured from https://www.prestoeng.co.uk/cnc-milling/what-are-the-benefits-of-aluminium/.
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Figure 4 Properties for Steel, Stainless steel, and Aluminium. soured from https://www.cnclathing.com/guide/metal-strength-chart-mechanical-properties-chart-of-different-metal-grades-and-alloys-cnclathing


 
3. Magnesium, again not being a natural source needs to processed in order to gain the element magnesium, extracted from Dolomite and magnesite ore using electrolysis (Columbia et al., 2019).

Properties/Advantages of Magnesium:
33% lighter than aluminium and 75% lighter than steel.  (carandbike)
Good ductility and forming characteristics.
Good strength to weight ratio.
Corrosion resistance.
Goof thermal resistance.
Disadvantages:
Very high cost in production
Not a naturally occurring material.
Bad creep and deformation characteristics when compared to aluminium.
[image: A screenshot of a computer
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Figure 5 Properties of ferrous and non-ferrous materials. sourced from https://www.ansys.com/content/dam/amp/2021/august/webpage-requests/education-resources-dam-upload-batch-2/material-property-data-for-eng-materials-BOKENGEN21.pdf

Magnesium Production process: [image: Magnesium and alloys]
Figure 6 Production Process of Magnesium. sourced from https://what-when-how.com/materialsparts-and-finishes/magnesium-and-alloys/


[image: Periodic Tables with Names of Elements]
Figure6 Periodic table showing Aluminium (13) and magnesium (12). Soured from https://periodictable.me/names-of-elements/.














Another way of selecting a material is using the Ashby chart selection method by drawing line across the X and Y axis the rectangle will highlight the materials with those desired properties, doing this with multiple chart and cross analysing them to find what materials appear on multiple charts will help narrow down the material choice.

[image: Ashby Chart and mechanical properties of bamboo]
[bookmark: _Hlk160809569]Figure 7 Ashby chart Manual selection method (strength to density)

[image: Ashby chart of strength vs cost | Download Scientific Diagram]
Figure 8 Ashby chart Manual selection method (strength to cost)

As seen from the data above Aluminium may have a lower strength than steel but come with lower cost, with steel having a higher strength with increased density and cost, with this in mind aluminium has been chosen for the construction of the motorcycle chassis.










[bookmark: _Toc164627525]Manufacturing Process Selection
There are many ways to manufacture components all come with advantages and disadvantages depending on the chosen process, the main processes when working with metals are as follows: Casting, Forging, extrusion, and sintering.

Casting
Casting is one of the oldest ways of manipulating a metal into a desired shape, as this form is so old it is widely used, understood and available around the world. The process of casting involves melting down the material to a molten structure, this is then poured into a mould cavity that is in the form of the finished component, as the material cools it will solidify into the finished shape. 
[bookmark: _Hlk160817040](Peter Scallan 2003) 
[image: 7 Types of Metal Casting - Market Share Group]
Figure 9 casting process sourced from  https://marketsharegroup.com/metal-casting/




Casting process can be put into two categories: 
Expendable moulding
Permanent moulding
Expendable moulding is when do moulds are destroyed in order to get to the casting, usually made from sand, plaster or ceramics mixed with bonding a chemical, whereas permanent moulding is moulding that can be reused usually made from metal to be able withstand high temperatures. (Peter Scallan 2003)
Advantages of casting:
1. Can produce complex shapes.
2. Can produce large components.
3. Can process difficult to process materials.
4. Reuseable moulds

(Peter Scallan 2003)

Disadvantage of casting:
1. Rough surface finish 
2. Energy and labour intensive 
3. Not economical for mass production
Mech4study (2007)

Forging
Forging is heating up a metal and using localized pressure to form the material into billet, once the billet has been formed it is then pressed into a die to form the competent shape. [image: Forging the next generation in gear quality | Gear Solutions Magazine ...]
Figure 10 Forging process soured from https://gearsolutions.com/departments/materials-matter/forging-the-next-generation-in-gear-quality/

Advantages of forging:
1. Produces a stronger final product.
2. Good for mass production.
3. Low material waste

Disadvantages of forging:
1. High initial cost.
2. High energy cost.
3. Large production runs.
4. Dies replacement is expensive.
Extrusion 
Extrusion is the process of pushing material through a die do form the desired shape of a component. (‌Sabhadiya, J. 2021). 
[image: Types of Extrusion Process: Working, Advantages & Disadvantages ...]
Figure 11 Extrusion process sourced from Types of Extrusion Process: Working, Advantages & Disadvantages - Engineering Learn
Advantage of extrusion:
1. Create complex shapes.
2. Able to work brittle materials as they only encounter compressive and shear stresses.
3. Good surface finish.
4. Little wastage.
(Haresh. B 2021)
Disadvantages of extrusion:
1. High-cost tooling.
2. Usually needs low melting alloys.



Sintering
Also known as power metallurgy uses the desired material in powder form sometimes mixing lubricants or binders, then using high heat and pressure to form the finished shape.
(PM review)
[image: Powder Metallurgy: What Is It? Processes, Parts, Metals Used]
Figure 12 metallurgy process sourced fromPowder Metallurgy: What Is It? Processes, Parts, Metals Used (iqsdirectory.com)
Advantages of metallurgy:
1. Form complex shapes.
2. Can be mixed with different alloys.
3. High temperature alloys can be used.
4. Little wastage.
Disadvantages of metallurgy:
1. Excessive cost for powdered materials.
2. Easily contaminated.
3. Undesirable surface finish.



Chosen Process:
With considerations to the processes listed above casting has been chosen as the most desirable manufacturing process while not being the most effective process the advantages outweigh the negatives that come with this type of production process as well as being the process that is the most in line with the design specification table. (see page 14)























[bookmark: _Toc164627526]Conclusion
When designing and producing a component it is essential to select the most appropriate and efficient process as if the wrong process is chosen it could result in a poor quality component, the cost of the component might also increase resulting unstable financial gains, this is why cross analysing different processes early on in the production design stages is crucial for a longevity of the finished product and a satisfied customer market.
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Generally, Steel, Titanium, Tungsten and Inconel are considered the strongest four metals.

Metal Strength Chart - Mechanical Properties Chart of Different Metal Grades and Alloys

Metal properties like steel yield strength, density, hardness and other parameters are important factors when designing a mechanical part or selecting the right material for

CNC machining services, here we present a simple table of properties of some common metals and detailed metal mechanical properties chart. ©
Types of Metals Tensile Yield Hardness Density f

o
Strength (PSI) | Strength (PSI) Rockwell (kg/m?) =
B-Scale

Stainless Steel 304 | 90,000 40,000 88 8000
Aluminum 6061-T6 | 45,000 40,000 60 2720
Aluminum 5052-H32 | 33,000 28,000 2680
Aluminum 3003 22,000 21,000 20t025 2730
Steel A36 58-80,000 36,000 7800
Steel grade 50 65,000 50,000 7800
Yellow Brass 40,000 55 8470
Red Brass 49,000 65 8746
Copper 28,000 10 8040
Phosphor Bronze 55,000 78 8900
Aluminum Bronze 27,000 77 77008700
Titanium 63,000 37,000 80 4500 @

1. Mechanical Properties of Titanium Grades and Alloys
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Metals Young’s modulus (GPa) | Yield strength (MPa)

Ferrous metals Cast iron, ductile (nodular) | 170 - 180 250- 680
Cast iron, gray 80- 140 140 - 420 .
High carbon steel 200 - 220 400 - 1,200
Low alloy steel 210-220 400 - 1,500
Low carbon steel 200 - 220 250 - 400
Medium carbon steel 200 - 220 310-900
Stainless steel 190- 210 170 - 100

Non-ferrous Aluminum alloys 68-82 30-500
Copper alloys 110- 150 30- 500
Lead alloys 13-15 8-14
Magnesium alloys 42-47 70 - 400
Nickel alloys 190- 220 70-1,100
Silver 69-73 190 - 300
Tin 41-45 7-15
Titanium alloys 90-120 250- 1,200
Tungsten alloys 310-380 530- 800
Zinc alloys 68 - 95 80-450

£ Type here to search m B @ W e W S 6 S 8C Cloudy A @ 7 D) m:]‘z:,’;w 0





image7.jpeg
< %ﬁ%oacm -MgCO,
dolomite is ———
quarried _\
ferrosilicon
ﬂ / crusher

<[  1&=

CaO + MgO kiln
I mixer

MgO + CaO + FeSi
l —>

bnquetlng machine

residue
Ca,Si0, + Fe retort
magnesnum
e <« \gj<— B
magnesium

ingot melting pot




image8.png
1 1 1 2
" The Periodic Table of Elements .
Hydrogen scientificgems.wordpress.com Helium
3 o B G 7 G g T
Li Be B (o] N o F Ne
Ui | By soon | cabon | twogon | omgen | rueime | eon
1 12 13 14 15 16 17 18
Na [ Mg Al Si P S Cl Ar
Sodum | Mognosum auminom | siieon | rosprons [ sune | cnomne | aon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga | Ge As Se Br Kr
poassom | caeum | scandium | Tuanum | vansdum | covomum | manganess | ion cooat | noat | comer o Gatum | Gomarium | vonic | soerium | sromine | opton
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb [ Mo | Te Ru Rh Pd | Ag Cd In Sn Sb Te | Xe
rubidun | swoniom | vium | zeoonium | nobium | o | rectmetum | mutenium | mvodium | potasum | sver | cosmim | niim o | ey | remium | odne [ xenon
= e I 7 7 7 7 77 7 7 % g = = & % %
Cs Ba [La-Lu| Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Cosm | Batum | Larthrices | Harium | Tanam | Tungsen | moenium | owmim | widum | Paimm | oo wercuy | Taum | et | oman | poonum | Asine | Radon
a7 = CETEa E 5 0 o7 T 709 o e 2 8 e s e G e
Fr | Ra [Ac-Lr| Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn [ Nh Fl Mc | Lv | Ts | Og
Francm | Rocum | actncos | runeroum | ouniom | soaborgum | govvom | Hassium | wotmariam | Damstadt | moomgorium | coporncum | inenium | Firovium | oscovium | wiermertum | Tomnassin | opanssan
5 e E] Cl g % & =] G % G G G 7 7
La | Ce | Pr [ Nd | Pm [ Sm | Eu [ Gd | Tb [ Dy | Ho | Er | Tm | Yb | Lu
Lanthanum Cerium Praseodymium | Neodymium | Promethium ‘Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
= ) 5 ] ) o % % o7 % £ 00 o7 02 %
Ac Th Pa U Np Pu | Am | Cm | Bk Cf Es Fm | Md No Lr
sctnium | Thotam | prosctriom | wranam [ voprniam | praonium | amarcim | comum | sokotum | cattrmiam | minstinum | rormim | wandotovum | ot | tawroncum





image9.png
10000 47

1000 5

)

Strength, o; (MPa

103

014

Rigid polymer

Polymers and
elastomers

Natural
materials

Butyl
rubbet

Silicone
elastomers.

Zinc alloys
Lead alloys

Metals

Tungsten
alloys

CES EduPack 2019 (Granta Design L)

1600
Density, p (kg/m3)

T
10,000





image10.png
100007

Composites Technical
i GRP. SC A0y Sae o
Staniess \ oo 1 foys] M ceramics

10004

Strength, o (MPa)

elastomers

CES EPack 010 (Gt D)

0.0 :
1 10 100 1000

Relative cost per unit volume, Cy r





image11.jpeg




image12.jpeg




image13.jpeg
\\\\\\\\\\\\\\\\\\\\\

Extruded Container Extruded Product Die  Containe
Product
Direct Extrusion . Indirect Extrusion
Types of Extrusion Fluid
Container
Ram Final Work Shape

Tubular Extrusion

Extruded Container
Hydrostatic Extrusion




image14.jpeg
[sostatic Powder Metallurgy Process — Hot and Cold

= - = -
=5
Fill Container Heat Under Vacuum  Hermetically Seal Apply Pressure Remove
Metal Powder To Remove Volatile Container And Heat Sintered
Contaminants Component

IQSdirectory.com




image1.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





