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Introduction
I have been tasked to write a technical report about an engine component that includes design specification material selection and manufacturing processes. The component I have chosen to right about is a connecting rod. This component is normally called a ‘con rod’ what it does is connects the piston to the crankshaft. This is an essential component of an internal combustion engine; it is a simple rigid mechanism that converts reciprocating motion into rotating motion. They are used in various vehicles and machinery as they are a critical link between the piston and the crankshaft, it undergoes a significant mechanical stress and temperature variations while in operation.
Therefore, understanding the components performance characteristics and durability will increase the accuracy of this report. Through my own analysis and research, I will interpret the data I find under the operating conditions of the conrod. This will provide a detailed conclusion of the materials, design parameters and manufacturing techniques that I will use to enhance a standard con rod to enhance its performance safety and longevity.


Component design specification
[image: What To Look For When Selecting Connecting Rods For Boosted Engines]It consists of two ends and a solid bar in the middle called a Shank. The pin end which is the smaller end is where the piston connects with the piston sitting on top with a pin going through them to connect in with spring clips to lock the pin in place. The larger part the shank attaches to the crankshaft, and it is called crank end which sits on the camshaft. The final part is the rod cap, con rods are produced as two-piece components as the main section of rod is the Shank that is leads to the crank end box to connect this to the actual crankshaft it needs to be bolted down. It is connected by two blots both the top and lower side of the lower end have bearings to reduce friction on the crank shaft. 

I am basing my con rod of a Porsche 911, a company that CP- Carrillo ‘Carrillo connecting rods have been used and trusted by top Porsche engine builders for decades’.

This company specialises in corner rods for Porsches that is all upgraded for track and St performance, their specifications are the engine will Rev over 7400 rpm making 400 horsepower. However they say that is their own con rods have a stronger blots that are able to produce more clamping force on the rod cap to the camshaft, which allows the engine to Rev to 8500 RPM instead of the stock 7400.
lnengineering.com. (n.d.). CP-Carrillo Connecting Rods for Porsche Engine Rebuilds. [online] Available at: https://lnengineering.com/products/porsche-pistons-and-connecting-rods/cp-carrillo-porsche-connecting-rods-and-pistons/porsche-carrillo-connecting-rods.html [Accessed 21 Apr. 2024].

Secondly the average operating temperature for the engine is 88 to 104 Celsius in normal driving conditions, this shows is another design specification as the part needs to be able to withstand these types of temperatures with force being applied and not brake, bend, expand or stretch.


During my research on the most efficient, light, long lasting, strong and cheap, I found a technical report similar to mine that details the maths behind it. The report included and the equations with them.
Force on the piston due to gas pressure and inertia of the reciprocating parts.
Force due to inertia of the connecting rod or inertia bending forces.
Force due to friction of the piston rings and of the piston.
  Force due to friction of the piston pin bearing and the crankpin bearing.

This is what you would need to calculate the forces acting on the connecting rod. For example,
[image: A math equations and formulas]

Inengineering.com. (n.d.). CP-Carrillo Connecting Rods for Porsche Engine Rebuilds. [online] Available at: https://lnengineering.com/products/porsche-pistons-and-connecting-rods/cp-carrillo-porsche-connecting-rods-and-pistons/porsche-carrillo-connecting-rods.html [Accessed 21 Apr. 2024].

After you have worked out what will be the maximum strain on the con rod you are able to calculate the design of connecting rod like the cross-section on it. The main part of the shank can be various defend shapes form circular, tubular rectangle H- section or I section which is more common in high-speed engines to is what I will be using. I have also considered the length of the rod as the engine will have a specific hight for where the piston sits top dead centre ends the lowest it wants to be for the most efficient running cycle, so the length of the convert will stay the same as stock in the engine. However, the shape thickness and material are what I can improve. 

My deigns will be an I shape rod with slots in the centre of the rod to reduce weight, this will slightly decrease my overall torque output but will allow the engine to reach higher speeds and rev up faster. The downside of the slots as it will be more settable to bending and damage but co combat this the side will be made 1mm thicker than a standard I section con rod, I believe with the right material this would improve performance.














Material selection
 This is extreme important as the material needs to with stand high heat and extreme forces form different directions, also to maximize performance, durability, and reliability. Porsche's engineers prioritise lightweight materials without compromising strength and stiffness this is to optimise the engine's power to weight ratio as it is a sports car, so it does not require high amount of talk just fast engine responsiveness.
There are many different materials used for con rods that includes carbon steel, iron, micro alloyed steel and graphite cast iron. Lighter materials are also used like aluminium alloy secondly it has a high ability to impact large forces, another option is titanium as it is one of the lightest metals that is able to withstand the kind of forces that are placed onto a con rod although it is an expensive option. On the other hand, for low performance equals cast iron is normally found as it is cheaper but heavier, this is used in mopeds and scooters. Forged steel has excellent strength, resistance and stuff is that is suitable for heavy duty applications. Aluminium alloys are lightweight high strength to weight ratio Low coefficient thermal expansion although have a lower fatigue resistance than steel.
[image: Mechanical properties of Titanium alloys]As I am designing a con rod for a Porsche my parts will be off the markets and put on racing Porsches so therefore being light and having a high fatigue resistance is what my customers would want. So, a titanium-based alloy is the best option for that market although the price is higher it is the most efficient and reliable material. Ti-6AI-4V is a titanium alloy that is commonly used because of its corrosion resistance toughness and strength.
Manickam, R. (2020). Mechanical properties of Titanium alloys. [online] ResearchGate. Available at: https://www.researchgate.net/figure/Mechanical-properties-of-Titanium-alloys_tbl1_341162548 [Accessed 21 Apr. 2024].

Forge steel alloy could still be another option as it does have the highest strength fatigue and durability. It can easily withstand the high performance demands of a Porsche 9/11 and will be extremely reliable all stresses that the high-speed engine and aggressive driving will possess. This could be a cheaper option rater that the titanium, as titanium is £10 for 1kg and stainless steel in£0.60 per kg but saves 15- 35% of weight.
[image: A table with numbers and text]
Prabhat Singh (2020). Mechanical properties of forged steel. [online] ResearchGate. Available at: https://www.researchgate.net/figure/Mechanical-properties-of-Forged steell_tbl1_341162548 [Accessed 20 Apr. 2024].








Manufacturing Prosses Selection 
There are many different ways to manufacture a product, and these are the main processes are powder metal manufacturing, machining, casting, or forging.

Casting
This involves heating tour steel alloy until it is molten and then it is pulled into a mould, as the metal alloy molten fills mould the air leaves through vents called rises. After the metal is called and the part is taken out the cost and the rises which are excess material filling up the air vents the part will be machines to smoothen out any burs or excess metal and imperfections.
The benefits to this are that it is low cost and is very accurate to the correct specifications on the other hands they have low strength characteristics and porosity which are little gaps between the materials created by excess air trapped in the mould. This will not work as we need high strength characteristics in our part and the design is too complex to be created by casting.

Forging
This also involves heating a piece of stock metal two forging temperatures and then place between two pieces of forging die and press by forging hammers with multiple impacts to basically shrink the metal to the correct size. What's this does is that the same amount of metal is now to the correct size and has gained more strength as the natural grain of the material is closer together, office you can either finish the product off all machine it further down to size if there needs to be higher accuracy.

Powder metal manufacturing
Start by placing a mixture of metal powder into a die, compressing the powder with the die this mechanic bonds the metal and the powder together then repeat this in a heated forge press. This process creates parts with high tolerances good surface finish whereas we are limited by part size, complexity and the high cost of tooling and the manufacturing process. This does not suit how I would like to manufacturer as it is not affordable and is not durable enough to sustain the high forces picked on by the engine.
The way I want to manufacture is forging as it is giving the con rod  strength and is not expensive and can be machined down after the process to my exact specifications to have a very accurate and strong component.
[image: Several red and white objects] These are forged con rods still hot form the forged and before they are machined down.
www.dropforging.net. (n.d.). Forged Connecting Rods, Forged Conrods. [online] Available at: https://www.dropforging.net/forged-connecting-rods.html. 

Conclusion
in conclusion this technical report has provided a detailed design specification, material selection and an adequate and accurate manufacturing process. In this report I am sharing detailed analysis of all my designing parameters and how that affects performance characteristic.
 The selection of my material was appropriate for the customer, longevity, weight and performance, as instead of choosing titanium which would be incredibly more expensive but lighter and more durable, I stuck with steel to allow a larger customer profile. Although it has its trade off, I have tailored the connecting worlds to meet the requirements and the operational conditions that I set. I would like to do more ongoing research about con rods and the manufacturing techniques with different materials for different variables of automotive engines. 
I believe in this report hi sharing the important off conrods and the complexity of modern automotive systems and how every single part could be improved.
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Mechanical properties Titanium Nickel Zirconium
Density 4.50 g/cc 8.88 g/cc
Hardness, Vickers 60 - 150
Tensile strength, Ultimate strength 220 MPa 317 MPa

330 MPa
Tensile strength, yield 140 MPa 59 MPa 230 MPa
Elongation at Break 54% 30% 32%
Modulus of Elasticity 116 GPa 207 GPa 94.5 GPa
Poisson’s ratio 0.34 0.31 0.34
Shear Modulus 43 GPa 76 GPa
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Quality Value

Tensile strength 430
Yleld strength 230
Hardness 120

Modulus of elasticity =~ 200000
Poison’s ratio 0.3

Material properties of forged steel (20C8) [14]
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3.1 Forces Acting on the Connecting Rod (9)

3.1 Force on the piston due to gas pressure and inertia of the reciprocating parts

Force due to gas pressure F, = p xﬁ

Inertia force of reciprocating parts F; = ms.w?. 1 (cos6 +2%)

Net force acting on piston pin Fp = F, ¥ F; + Wy




