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[bookmark: _Toc165232466]Introduction
In this report, the following will be covered; component design specification, which will allow for the clear outlining of the component and its uses; material selection, to show how different materials will react and the best material for the selected component; and manufacturing process selection on the chosen component, to present how to go about fabricating a component, which will be the camshaft from a 2015 Mitsubishi Shogun.


[bookmark: _Toc165232467]Component Design Specifications
When in the process of creating a camshaft, the design specification is extremely important in defining its purposes prior to starting manufacturing. The camshaft design specification will have to cover multiple points:
[bookmark: _Toc165232468]Function on Purpose
In order to make a camshaft, the purpose and function must be known. According to (MAT Foundry Group LTD, n.d.): “…they act to control the valves” which gives the purpose. The camshaft has lobes which spin on the rod or shaft, and open the valves and the timing for it is extremely important, as it ensures efficient power delivery and overall engine performance when done correctly.
[bookmark: _Toc165232469]Material and Fabrication
The materials used for camshafts will be explored further in this report, and according to (Myagkov, Mahkamov, Chainov, & Makhkamova, 2014): “…the camshafts (or cam lobes) are made of chilled cast iron… The wear resistance of chilled cast iron is considerably higher of that of ductile cast iron.” 
The camshafts will be fabricated using different machines, such as: Lathe/Milling machine, Cam Lobe Milling machine, Deep Fillet Roller machine, CNC machine, Cylindrical grinders, and centreless grinders. The manufacturing process will be explored further.
[bookmark: _Toc165232470]Lobe Profile
The profile of the lobe will determine the valve lift, timing, and duration which are all extremely important to allow the engine to run properly, the dimensions will need to be correct, the lobe dimeter can be different from car to car, and engine size. The lobe lift is also important as it will determine the max displacement caused by the camshaft, and the ramp angles (rise and fall of lobe profile).
[bookmark: _Toc165232471]Timing and Phasing 
If the timing is off, it can cause problems in the engine so the camshaft is connected to the crankshaft via a timing belt. If it was not timed properly, the power and fuel delivery would be affected, along with the emissions. Adjustable camshaft sprockets will allow for fine tuning and can allow for the engine to run much more efficiently.
[bookmark: _Toc165232472]Bearing and Lubrication
The camshaft uses bearings to rotate on the engine block, and will need the use of lubrication. The lubrication comes from the engine oil as the engine runs it will lubricate the bearings through passages in the engine.
[bookmark: _Toc165232473]Performance considerations
The Mitsubishi Shogun can be used offroad, meaning the lobe separation angle (LSA) should be wider because according to (Magda, 2015) “…widening the separation tends to build peak torque higher in the rpm range.” Which will allow for better capabilities in more rough terrain. This will also help focus on low-end torque over high-end power, as it will not necessarily have to be fast in order to tackle rough terrain.
[bookmark: _Toc165232474]Quality Control
In order to ensure that the camshaft runs well without fault, quality control and tests will need to be carried out, this will include; 
· Visual inspection: Examine camshaft for surface cracks or any other defects, and identify any problems with the lobes or oil passages.
· Dimension checks: Ensure lobe lift, and base circle diameter are of correct measurements and comply with the specs.
· Hardness Test: Can conduct Rockwell test to verify hardness of surface, and the material used should show desirable effects.
· Dynamic Test: Install the camshaft into the engine test bench which will allow the testing of lobe lift, duration, and the timing of the camshaft.


· Oil Flow Test: Verify the oil flow through oil passages on the camshaft, cover in sufficient lubricant to prevent early wear.



[bookmark: _Toc165232475]Material Selection
There are multiple materials that can be used, such as:
· Billet steel: It has high strength, great wear resistance, and good machineability, however is very heavy and steel is a material very susceptible to corrosion.
· Carbon steel; It has moderate strength, useful for induction hardened camshafts, hardening characteristics, but is very brittle when not heat treated correctly, lacks wear resistance in comparison to chilled cast iron.
· Spheroidal graphite cast iron: good wear resistance, heat treatable from 52 to 58 Rockwell C, and has similar hardenability as iron. However, it has lower tensile strength resistance than a material like steel, it is also less ductile than steel. This material is also difficult to machine due to its hardness.

For the material selection, chilled cast iron is widely the most used among manufacturers as it has the required properties, that being:
· Being exceptionally hard
· Rapid cooling forms hard surface layer
· It withstands sand, gravel and other abrasive matter
· Abrasion resistant overall
· Good compressive strength helps with load-bearing operations.
However it has its downsides, like being quite brittle and very difficult to machine, wearing down tools used on it.
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Figure 1: iron-iron carbide phase diagram
[image: ]
Figure 2: Table of Properties of chilled cast iron on excel


[bookmark: _Toc165232476]Manufacturing Process Selection
 In order to manufacture and fabricate the camshaft, the selection is as follows:
[bookmark: _Toc165232477]Pattern Making and Molding:
To do this there must be a pattern made, from either wood or metal, in the shape of the camshaft to be fabricated. The pattern created can be used to create sand molds, which will then be used later for casting. 
[bookmark: _Toc165232478]Melting and Pouring:
This next step requires the chilled cast iron to be melted in a furnace, then the previously created sand molds will be used as the molten iron will be poured into the molds. During the cooling process, there will form a hard white surface layer, which is a characteristic of the chosen material.
[bookmark: _Toc165232479]Cooling and Solidification:
Once the molten iron has been poured into the sand molds, the cooling process begins and the hard layer forms, this is why the material is called “chilled” cast iron, due to the rapid cooling of the iron.
[bookmark: _Toc165232480]Shakeout and cleaning:
Once the previous step is complete, the cast iron can then be removed from the molds, and once they are removed, the castings need to be cleaned to remove any sand or debris that may still be leftover.
[bookmark: _Toc165232481]Machining:
This is where the camshaft will start to take place, the following machines will be used;
· CNC turning centres: Computer controlled, and are used to shape the main body, journals, and all other cylindrical features. This will ensure precise dimensions.
· CNC Milling centres: These are also computer controlled, and are used to create the lobes on the camshaft, the oil passages and all other complex features that are on the component.
· Deep Fillet Roller machine: These machines will perform the filleting over the camshaft, and will provide these areas to help durability, it will also improve the load-bearing capacity of the camshaft.
· Heat Treatment Furnace: These furnaces will help with achieving hardness of the component, and provide the controlled heating and cooling cycles.
· Grinding machine: both cylindrical grinders and centreless grinders are used in helping grind the camshafts journals.
[bookmark: _Toc165232482]Quality Control and Inspection:
This links back to 2.7, there will need to be an inspection of the camshaft for defects, dimensions and surface finish and ensure there are no cracks in the component. Ensure to follow the designs specifications whilst inspecting the part.
[bookmark: _Toc165232483]Finishing and Assembly:
Finish off the part, do necessary touches, including polishing and grinding the camshaft to achieve the desired surface finish, and assemble the camshaft into the engine.


[bookmark: _Toc165232484]Conclusion
In conclusion, there is lots to consider when making a component such as a camshaft, and the desired materials can vary. Also, following the design specifications of the part is extremely important when making the part, this is due to the fact that there can be multiple things that go awry during the fabrication of the camshaft, and if specifications that have been set are followed, this should eliminate some of those factors.
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Property Value
Density 7770 kg/m?
Ultimate Tensile Strength 350 MPa
Young’s Modulus of Elasticity 175 GPa
Brinell Hardness 470 BHN
Melting Point 1260 °C
Thermal Conductivity 15-30 W/m-K

Heat Capacity

540 J/g-K
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