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[bookmark: _Toc504656097]Executive Summary 

The report has looked at the production of connecting rods for combustion engines. A comparison has been drawn up between steel and Aluminium and also the processes (Casting vs forging) have been analysed to demonstrate why forging would be chosen for this operation. The report also looks at the machining process needed after the connecting rods are forged. Health and safety considerations have been made as well as any environmental factors.
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1. [bookmark: _Toc504656098]Introduction

This report will look at the design process and manufacturing process for a connecting rod found within an engine. The report will aim to determine the most efficient and cost effective ways to manufacture the connecting rods, factors such as volumes needed and costs. Health and safety considerations will be addressed as well as any ethical or environmental considerations, if any. 
The report will begin with background information on connecting rods and the role they play in the automotive industry. Secondly a comparison will be drawn up to look at different manufacturing processes that could be used and finally a conclusion will be drawn as to what process to use and a clear explanation of this process will be given highlighting the main stages of manufacturing from raw material to the finished product. 
Upon the selection of the manufacturing process, a brief explanation of assembly will be given as well as examples from Ford motor company.




















2. [bookmark: _Toc504656099]What are Connecting Rods?

‘A connecting rod is an engine component that transfers motion from the piston to the crankshaft and functions as a lever arm’ (Windsor, 2017). They are an essential component within an engine and every combustion engine car will have connecting rods and they would need to be made to a standard in which they would not become defected under heavy loads.
Traditionally, ‘Connecting Rods are made from steel or Aluminium but most commonly steel is the industry standard.’ (Watson, 1997) This would be for the strength and durability of steel. Aluminium may be used where weight reduction is needed but that would imply that they are not going to last as long as maybe a steel allow connecting rod would.
The illustration shown below is of a typical Connecting Rod labelling the main features. The small end is connected to a Piston with a gudgeon pin within a cylinder. The larger end is then positioned around the crank shaft and the balanced crank shaft will then allow the connecting rod up and down, moving the piston.

[image: Image result for connecting rod diagram] (EngineersEdge, 2018)









3. [bookmark: _Toc504656100]Manufacturing

3.1 [bookmark: _Toc504656101]Forging or Casting

‘Forging operations bend, squeeze or stretch metal, imparting new sizes or shapes or both’ (Ayres, 1991) this is done by heating up the metal and hammering it into shape. Impression die forging would probably be the most applicable form of forging to use for the Connecting Rod with a forging hammer as we would need the shape and size to be consistent. Casting differs from forging in that a molten metal is poured into the mould filling the shape of the mould. (Groover, 2010)
So when looking at the manufacturing process to use when making the connecting rods, it is important to know that the key features are to be machined, which will be discussed in greater detail. As for now, the report is going to look into whether it would be better to use forging or casting and a few reasons why.
As mentioned previously, strength and durability is important for the connecting rods and it is important that they can perform under a load.
Rajan suggests that tensile stress and resistance to vibration and shock is better when a product is made through forging. He goes on to discuss how forging involves breaking up the large grains and closing up any cavities that may be present. (Rajan, 2007)
Forging ‘Excludes the occurrence of porosity, shrinkage, cavities and cold pour issues’ (Iron-Foundry.com, n.d.) This would suggest that the better of the two would be forging due to the increased strength and the durability of forged steel however cost and volumes have not yet been considered. A draft angle would need to be added for the removal of the part when using the forging process.

3.1.1 [bookmark: _Toc504656102]Volumes and Costing

Connecting rods are found in combustion engines on cars and typically there are at least four connecting rods per car. This would imply that the volumes needed, will be relatively high so we would need to be producing large volumes. Groover suggests that forging can be used for ‘mass production’ (Groover, 2010) unfortunately, the cost of forging is greater than that of casting and therefore this would need to be considered before making the choice. Valve magazine said ‘If money was not an object, forging would probably be chosen over casting because of the much higher quality’. (ValveMagazine, 2015). In the motor industry there could be a difference in some types of automotive manufacturing where high end motors (where cost is not an issue) then forging may be chosen whereas some lower end may motors may opt for the cheaper option of casting. Prices would need to be considered for each before making a definitive decision on the manufacturing process.
It would be important to consider that there will be some waste material when forging known as flash; this is controlled by ‘designing a flash land and gutter into the die’ (Groover, 2010) this will of course produce some waste however this waste can be recycled in house by melting the scrap metals down and re-using.
Other considerations for cost would be labour costs and running costs as well as tooling costs for machining and on the impression die cast. We can calculate these costs by looking at operators’ rates and time needed to complete the required amount of product. Running costs could also be calculated with the correct information. And tooling costs would also depend on wear and how much use is put on them. It would also be fair to consider the upkeep of the machines and evaluate whether it would be beneficial to have a maintenance team on hand for preventative maintenance or whether to opt for breakdown maintenance with possibly a contractor or third party. This would depend on the volumes being produced.

3.1.2 [bookmark: _Toc504656103]What next?

So after the stock material is forged or cast, there are then some key features that would need to be machined. We have the Rod bushing and the rod bearing insert as well as the rod cap and rod nut and bolt to be considered. These need to be drilled and bored to very tight tolerances so this couldn’t be done at the forging or casting stage as the tolerance reliability wouldn’t be as good as if we machine them. The larger end, where the rod cap is positioned would need to be cut so that it can be attached to the crank shaft. The crank would be cut and then fastened using bolts meaning that we would need to machine an internal thread after drilling these connecting holes. The main two holes would need to be drilled and then reamed with absolute precision and very low tolerances as they are critical for the engine to function. The part will be checked for reliability after it completes a certain number of cycles to ensure that the tolerances are being met. These high standards are standard throughout the automotive industry
Once the completed connecting rod is ready for engine assembly the Rod cap would need to be removed and then put back on once the crank shaft is in position. The rod bolt can be fastened by hand but it would be recommended to do it using a torque gun to get the required level of torque. The smaller end can be connected to the piston with a gudgeon pin and a circlip will then hold this in place. 


3.1.3 [bookmark: _Toc504656104]Health and Safety considerations

The following health and safety considerations should be given when carrying out the forging operations:
· PPE to include heat proof gloves, goggles, hearing protection and aprons or overalls must be worn
· All forge shop equipment must be maintained in a good condition.
· Every power driven hammer must have a safety cylinder head to act as a cushion if the rod should break or pull out of the ram.
· Keep working area clean and tidy
· Ensure proper ventilation
· Follow any machine specific safety rules.
· Use light curtains were possible
(mechanical, 2016) (HSE, 2015)

3.1.4 [bookmark: _Toc504656105]Environmental considerations

There are environmental factors to consider when forging: Waste material, as discussed previously can be recycled and re-used by melting it down. Keeping energy costs to a minimum level where possible would be recommended as not just the ever growing threat of global warming beckons but also this will help reduce costs.

























4. [bookmark: _Toc504656106] Conclusion

To conclude, the report has looked at two manufacturing categories in casting and forging, the report suggests that the better of the two would be forging as the quality of the product would be much better. Tensile strength would be better on a connecting rod that has been forged as opposed to a connecting rod that may have been cast. Not only the tensile strength but the resilience to vibration and shock would be better if the product was forged. Despite the cost of forging being more than casting, it was still the chosen manufacturing process due to the above mentioned advantages.
Material selection would depend on the type of combustion engine the connecting rod is going to be assigned to. If the connecting rod is destined for a performance and race cars where weight reduction is needed, then there is the possibility that Aluminium would be the chosen material as it is a lot lighter than steel, however, where this isn’t the case and the connecting rod is destined for your average car, then a stronger steel connecting rod would be more applicable.
The report also demonstrated that after the stock material is forged there would need to be a degree of precision machining done to complete the connecting rods. This process would be done with a machine due to the increased accuracy when compared to casting or forging as tighter tolerances can be met.
In the report, it is also noted that there would be some health and safety factors to consider as well as environmental factors, most of which would be standard procedure across the board and others which are specific to this process.
Overall I think the manufacturing process and material chosen will be effective in the production of connecting rods and will result in a quality product getting to market.
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