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[bookmark: _Toc155980162]Abstract
There are many forms of manufacturing, these being categorized into forming, casting and miscellaneous. These types of manufacturing can be used dependant on the part that needs to be made, some processes can create different types of features under better conditions dependant on the part. It can also be dependent on how many parts need to be made as some processes are cheaper to create but can only be used for one off and others are more expensive and can be repeated numerous amounts of times. 
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Hot Rolling is the process where metal is heated up to recrystallization temperature to where it can be plastically deformed but is not molten, it needs to be that the material is soft but not liquid and then it is pushed through two rolling cylinder (Thorat, 2024). It is widely used throughout industry as a way of altering the thickness and surface area of large quantities of material instead of using slower or more expensive ways of doing but it also creates no waste products. Materials that are usually put through the hot rolling process are magnesium, copper, steel, aluminium and various alloys.
[image: ]
(Kumar, 2021)
Typically, hot rolling is ideally used for making structural I-beams, C-channel and tubular sections, usually made of steel. (Ghosh, 2011). The advantages of using hot rolling are it can become tougher and more ductile due to reduction in grain separation, it can make it better suited for wear and tear (Advantages and Disadvantages of Hot Rolling, 2023). It can also make the material better for welding. The disadvantages of hot rolling are it can be very inaccurate due to quick oxidisation of the surface causing really poor surface are which is not very flat. This process isn’t very energy efficient and can be very expensive due to the large force needed to push the material through the rollers (Advantages and Disadvantages of Hot Rolling, 2023). When hot rolling ultra-low carbon medium manganese steel 115°C, during the cool process between 115°C and 900°C there is a recrystallization where the grain size is reduced from 40µm to 20µm (Shaoxia Yu, 2018). 
[image: ] (Nwachukwu & Oluwole, 2017)
From the figure above you can see that hot rolling has increased the tensile strength of the steel as most steels range from about 400-550MPa, this shows drastic change in the tensile strength as the results show a range of experiments done on the same grade of steel and the new tensile strength is ranging from about 507 MPa to 637.5 MPA, which is a massive increase from most standard steels and is probably due to the reduction in grain separation. Defects that may occur in hot rolling are oxidisation in material surface creating a rougher surface finish which usually occurs when the material isn`t hot enough, Scars which are raised metal sheet which are quite scaly that leave weakness in the material surface and also blisters which are bulges in the material surface that may cause cracks if crushed which will again weaken the material. One of the prevention methods of stopping oxidisation is heating the material to the specific temperature recommended, prevention methods for scars would be to clean the billet thoroughly before rolling and prevention methods for blisters would be to avoid keeping the material in the furnace too long (Shane, 2024). 
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[image: ] (Graf, 2021)
In the process of high pressure die casting, a die is used with a cavity of whatever shape the user wants created but generally the mould has to be put on order for a specific shape and this can take multiple weeks or months to be manufactured and sent to the customer not to mention expensive, then is attached to a machine capable of injecting molten metal at a high velocity, then the die is closed and the molten metal is injected in whilst a ram/plunger is used to create high pressure within the chamber, this pressure is maintained for a short period as the internal water passages are opened for cooling. After the material is cooled the pressure is released and the die is opened and the parted is released from the die by the ejector pins (Mallick, 2010). High pressure die casting is typically used for automotive components such as combustion engines (Fan, Wang, Wang, & Weiler, 2023). But it can be used for a large range of parts but the larger or more complex the part is the more expensive it will be to manufacture. The advantages of using high pressure die casting are that it is efficient as it allows for quicker filling of the moulds, it has extremely good surface finish no need for secondary machining and it is cost effective as it produces no waste with its precision of the process (What is High Pressure Die Casting Advantages and Disadvantages?, 2019). The disadvantages of high pressure die casting are that it is not suitable for metals with a high melting point, there is a limit to how big the component can be and creating or purchasing the dies can take quite a while which is why it is only suitable for mass production (High-Pressure Casting: Definition, Importance, How It Works, Applications, and Advantages, 2023). 
[image: ] (Wang, 2016) 
As you can see in the figure above the microstructure of aluminium after high pressure die casting is very different, the grain separation is much larger resulting in strength being much lower, but could result in the tensile strength being greater than previous.
[image: ] (Hu, et al., 2023)
From the figure above you can see that the affects of high pressure die casting on aluminium, both yield strength and ultimate tensile strength have increased but not drastically whereas the elongation has been reduced by a significant amount, around 2% to be exact. Common defects that may occure withing high pressure die casting are porositry which is basically gas bubbles entering the material in molten form during the cooling process, shinkage porosity which is when there is uneven shinking withing the material creating holes or porosity (Die Casting Defects: Types, Causes, and How to Prevent Them, 2022) and the last defect is cold shuts which occurs when the flow of molten material solidifyies too quickly resulting in the material not forming the shape of the cavity within the die.To prevent porosity you should use the correct temperature, pressure and shot speed to then eliminate any air pockets forming within the material (Porosity in Die Casting: How to Prevent Them, 2022).A method to prevent shrinkage porosity is to use a simulation software that will demonstrate how the molten material will behave under the different pressures, speeds and temperature (Fagani, 2017). Cold shuts can beprevented by improving the gating systems, increasing the temperature of the molten material or improving the permeability of the mold to allow for less cold air to enter the cavity (Top Four Common Defects in High-Pressure Die Casting Operations, 2021).  
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Machining comes in various different forms, there is milling and turning and this has in recent years been advanced by CNC machining which is a highly accurate machining technology which is controlled by a computer running on what is called G-code which is the operating language. These machines come in various different forms such as 3-axis, 4-axis and 5axis becoming more expensive the more with the 5 axis especially. But with this investment in a 5-axis machine you get a more efficient machining process and the ability to machine more complex parts. There are two different ways of programming these types of machines and these are by using the console connected to the machine but is very limited on creating complex parts. Another way of programming these machines is by the various different software packages that allow you to creating various different tool paths using a set variety of machining strategies. By creating these toolpaths when the programme is finished you can post out the programme onto a network or USB and the computer will generate these toolpaths into G-code which is why this is a very efficient method for complex parts. CNC machines creates parts by using various different tools such as drills, end mills, chamfer tools etc, inserted into a spindle where the machine will spin the tool at very high speeds and the feed the tool into the material cutting it into the desired part that user wants.
[image: ] (Yi, Hu, Zhang, & Sun, 2020)
Cnc milling is used in a vast array of industries such as motor vehicle, aerospace, oil and gas and heavy industry. There are many advantages of using CNC machines such as there is a very small margin for human error, it`s very accurate as it is controlled by a computer, it has very good surface finishing but this is very dependant on the user as there are a variety of different speeds and feeds that create different types of surface finishing another advantage is and this is a very new concepts up and coming in industry where the machines are being operated by robots and can go days without any human input . The disadvantages of CNC milling are it`s very expensive to buy and run the machines and the complex the machine the more expensive, there are size limitation on these machines and all limitations are based on what machine you have and the last disadvantage would that there is to some degree marginal human error as most machines are run and programmed by humans but this is only really an issue when proving out programmes which for safety reason need a human operator. The microstructure of steel when machined is generally only affected near where the surface of the material has been machines, but the only real affect is that the hardness of the material becomes signifigantly larger, this is also the case with steel that has corroded (Bissey-Breton, Vignal, Herbst, & Coudert, 2016). Generally it is the same sort of princible with ultimate tensile strength where it is increased near the surface of machining but not drastically as this is only a small percentage of the overall mass of material. A defect that may occure during CNC machining would a witness mark where the tool starts and ends in the same place leaving a mark that is very noticable, another defect would be took breakages which more times than not results in a scrapped part as the tool can be difficult to extract from the part or it has caused extensive damage to the part and probably one of the most common defects that occurs in CNC machining is chattering which is from the tool vibrating whilst cutting material resulting in an uneven cut giving very poor finish. To prevent a witness mark from occuring you would add an overlap to the toolpath so that the tool doesn`t start and end in the same position resulting in a better finish. To prevent or reduce the amount of tool breakage calculations can be made to find the tool life of the tool so that the tool can be efficiently used but then replaced after the tool has exceeded it`s use without breaking, but also using different grading of tooling to suit the material will drastically help and using the maximum diameter tools that can machine the parts will increase the tool life. To prevent chattering from happening whilst machining you will have to alter the speeds and feeds of the tool as different materials have different parameters due to tensile strength, there are a wide range of resources available online to guide the user with suitable feeds and speeds. 

[bookmark: _Toc155980166]Conclusion
As you can see above, there is a variety of different way to manufacture parts all having their specific need, all have benefits and drawbacks and it is entirely upto the user’s needs on which one they will you, but as you can also see there are a variety of counter measures that can be made to fully utilise any of these processes to have a high standard part ready for your workshop or customer.
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Table 2
Effects of rollingstrain rates on the mechanical properties ofSt60Mn steelat constant finish rolling temperatures.changing total deformations.
Sample 1D Rolling strain % Total _ Finish rolling Ultimate  vield % Toughness Bendability % Hardness  Young's
rate(S" ) deformation temperature tensile strength  Elongation  (J/mnv’) Reduction  (HB) ‘modulus of
co strength  (MPa) in area elastcity (GPa)
(Pa)

o1 602851107 99 922 612 4453 186 04607 4595 302 222 57

02 602851107 98 922 569 425 19 05089 4448 36 221 53

03 602851107 96 922 5095 423 195 05195 275 40 216 40

04 603713, 10° 99 922 614 4505 184 04606 46 30 224 60

05 603713, 10° 98 922 5696 426 187 05086 4449 349 223 53

05 603713 100 96 a2 EY a1 192 os 78 39 27 w0

o7 606754 <10 99 a2 6146 465 181 04505 4505 208 229 61

o8 606754 <10 98 a2 510 a5 184 05076 445 345 224 53

0 606754 <10 96 a2 5128 a5 1s9 o585 429 EAFIT 2

10 607132+ 107 99 922 622 477 16 04605 4625 268 229 61

n 607132+ 107 98 922 5723 440 173 0502 4453 342 225 55

12 607132+ 107 96 922 520.1 429 177 05135 4345 398 220 42

IE 60981 <10 99 a2 20 4w 157 04527 4628 263 230 62

n 60981 <10 98 a2 580 a3 16 0501 45 341 26 55

15 60981 <10 96 a2 530 a1 169 05127 43532 3 21 a4

15 610388 100 99 a2 6357 483 154 04525 4634 2% 21 65

17 610388~ 107 98 922 600 445 159 0498 452 335 227 56

18 610388+ 10° 96 922 5986 443 163 0512 436 378 222 44

19 602851107 99 939 610 445 187 04608 4493 303 221 56

20 602851107 98 939 568 424 195 0509 4447 37 220 53

21 602851107 96 939 509 421 199 05196 4274 43 215 40

22 603713« 10° 99 939 613 448 185 04607 45 30.1 223 59

23 603713+ 107 98 939 570 425 188 05087 4448 35 222 53

2 603713 100 96 a0 510 a3 104 osw2 w277 @ 216 w0

25 606754 « 1G99 939 614 456 182 04606 46.04 299 227 60

26 606754 « 1G98 939 572 4284 185 05077 4449 347 223 53

27 606754 <10 96 a0 5127 2 1 o056 428 a0 217 @

28 607132« 10° 99 939 621 464 17 04605 4624 269 228 60

29 607132+ 107 98 939 579 436 174 0503 4452 343 224 54

30 607132< 10° 96 939 520 428 179 05136 43 399 219 41

n 60981 <10 99 a0 628 4% 167 o0as2s 4627 265 229 61

» 60981 <10 98 a30 s83 a2 163 0502 4498 342 25 54

3 60981 <10 96 a0 538 a0 1 05128 4351 39 220 e

34 610388~ 107 99 939 6347 480 164 04526 4633 26 230 64

35 610388, 10° 98 939 598 444 16 0499 451 338 226 55

36 610388~ 107 96 939 580 442 165 0513 435 379 221 43

37 602851107 99 958 508 443 194 0461 4491 308 220 55

38 602851107 98 958 566 423 204 0515 4347 39 219

B 60285110 96 958 507 a19 212 0519 4272 a8 214 39 a

40 603713x 10° 99 958 611 446 191 04609 44 305 222 58

41 603713+ 107 98 958 568 424 196 05095 435 37 221 52

a2 603713 10° 96 ass 505 a0 205 osw7 475 a5 215 39 @

a3 606754 10 99 ass 613 454 189 0as0s 45 30 226 59

a4 606754 <10 98 ass 50 427 194 05085 4446 348 e

45 606754 < 1G 96 958 511 422 202 05187 428 43 216 593

46 607132+ 107 99 958 620 463 18 04607 4523 286 227 e
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HPDC is the most common process for the production of aluminum castings.
The range of utilization extends from parts as light as 100g or even less, to
very complex engine blocks, powertrain, and suspension components. As
sketched in Fig. 3.8, molten metal is dosed into the “shot chamber” and
pushed by a hydraulic ram into the die cavity at a controlled speed. The mold
is filled rapidly, and a very high pressure (up to 20MPa) is maintained during
the solidification process. Because of this high-velocity filling, HPDC can
produce shapes that are more complex than permanent mold casting with
much thinner walls. The thin walls freeze extremely quickly when the metal
comes in contact with the die walls, forming a skin responsible for high
fatigue properties.
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Figure 3.8. Schematic of the high pressure die casting method, indicating the sequence of operation.4
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19.7 Impregnation

The impregnation process is a sealing technique, designed to seal porosity
and eliminate leakage problems in castings.

Clearly, good casting processes do not need impregnation — however, many
do.

For instance high-pressure die castings are highly prone to leakage problems
because of their high content of bifilms and inflated bubble trails. Similarly,
low-pressure castings that have not had the benefit of the roll-over action
following the filling of the mold are sometimes prone to an interconnected
type of shrinkage porosity as a result of convection problems.

Although some casting operations use impregnation only to seal those
castings that are shown to leak, others do not carry out an initial sorting test,
but simply apply impregnation to all castings. Although, like heat treatment,
impregnation is often carried out by specialist off-site operators at a price
usually based on the weight of the casting, it is sometimes installed as an
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