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1. [bookmark: _Toc504651659]Executive summary

This report looks at the many different considerations when manufacturing a car engine crankshaft by sandcasting. It notes key factors such as safety, cost, lead times, materials and recycling method and justifies how sandcasting can be used effectively over other manufacturing methods. This report not only looks at the advantages but also the drawbacks that come with sandcasting which are not associated with other processes. This includes limitations such as flash and inclusions. 
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2. [bookmark: _Toc504651660]Introduction

The purpose of this report is to understand the process of sandcasting and how it is used to create a car engine crankshaft. Crankshafts are located within the engine of a car and their job is to transmit energy to the flywheel in order to turn the car wheels (Fernie, 2017). Many different manufacturing processes can be used to make the crankshaft, with each having many positives and negative. These include sandcasting, die casting and forging. Sandcasting is the process by which molten metal is poured into a mold cavity within sand that has been created using a pattern (Wanlong Wang, 2010). The molten metal solidifies and creates a part which in this case would be a crankshaft. The report looks at justifying the use of sandcasting when making crankshafts by looking at factors such as cost, materials, volumes and safety considerations. 
.




 





3. [bookmark: _Toc504651661] The purpose of a Crankshaft

The main purpose of a Crankshaft within an Internal Combustion Engine is to convert reciprocating motion into rotary motion via connecting rods, so that the front axles and wheels on a car can rotate (Agrawal, 2006).  The Crankshaft comprises of main journals that keep the component central using bears, pins that are eccentric to the main bearings that connect to the connecting rods and counterweights that play a role in balancing the crankshaft when rotating (Ishihara, Imanishi, Yoshino, & Yabuno, 2017). The biggest challenges that face engineers and companies is the reduction of noise and vibration. These obstacles not only create a negative customer experience but also may affect the cars safety.  Forces exerted on the crankshaft can cause a huge problem with vibration and may lead to fluctuations in the crankshafts rotation. As a result, the component must be manufactured by the required process using the correct materials (Solmaz & Karabulut, 2015). 










4. [bookmark: _Toc504651662]Manufacturing considerations and processes 

Crankshafts are normally manufactured using a process known as sandcasting; however viable alternatives such as forging and die casting are not uncommon. In Groovers,(2010) view, sandcasting is the process of using molten metal to fill a mold under force or gravity so that it takes the shape of the mold when coolen and solidified. In contrast, Forging is the process whereby a simple part such as a billet is compressed or changed using tools such as dies until the final geometry is achieved (Altan, Ngaile, & Shen, 2005) 

Materials
The Crankshafts shape and application within a car engine creates unavoidable stresses where fatigue is a certainty, therefore it is important that the correct material is used. Research by (Kane, 2008)  suggests that excessive force is constantly applied to the crankshaft journals that create tensile and compressive stresses. This combined with the weight of the bearings, oils, conrods and retainers, all being accelerated to a high velocity from zero cause shaking and vibration forces on the Crankshaft (Contemporary Crankshaft Design, 2017).
 Sandcasting tends to be used in 1 litre or bigger engine sizes and graphite cast iron is the material used because of its resistance to fatigue and high strength (Crane, Charles, & Furness, 1997). In Nunney, (2016) view, spheroidal graphite, cast iron crankshafts are mainly used because they are ductile, have high strength and are very tough when compared to the flake graphite structure. On the other hand, according to Yamagata,(2005) many crankshafts are made with 55% micro-alloyed steel and are forged when engines with a ‘high power to displacement ratio’ are required. Charles & Crane, (2013) also share this opinion by stating that forged crankshafts made with plain carbon steels tend to be only used in large engines.
 
Cost
 Due to the application of the crankshaft, high tolerances are required which does come with a higher cost of manufacturing. Processes such as sandcasting use a sand mold and the part will undergo shrinkage, as a result tolerances will be bigger. This requires the crankshaft to undergo additional machining and cost to achieve surface finish and correct tolerance (Bhandari, 2007).  However, according to Bhandari, (2007) the additional cost is offset with the sandcasting process being the simplest and cheapest method of manufacturing. Research by (Garg, 2009)   suggests that die casting equipment and die are very expensive and will only be economical if a large volume of parts are made. This cost is further increased by the need for specialist maintenance workers to operate and maintain the machine. 

Volumes
In the case of producing crankshafts for car engines, high volumes are usually needed that will tend to offset the cost of the manufacturing process. Die casting is therefore usually preferred due to its quick manufacturing time and long tool life (John Gilbert Kaufman, 2004). Due to the application of the crankshaft however, where high vibration is common, the material must be resistant to this, therefore, sandcasting is chosen by many car companies. Wang, Stoll and Conley  (2010) state that sandcasting can be used for high volume production as long as there is an efficient foundry with solid cores and patterns.  In the Automotive industry, volumes of engines are constantly fluctuating, therefore sandcasting provides security for a company if the build volume reduces as sandcasting is a relatively cheap process. This is in stark contrast to die casting which is only economical when higher volumes are needed. 


Lead Time
Increased competition have caused companies to reduce prices and increase quality therefore, reviews continuously take place of the entire production cycle so that lead times are decreased. Many products are redesigned to improve lead time so an efficient manufacturing system must be used to achieve this (Shareef, 1995). Research by Dimitrov, (2006) suggests that a process known as ‘Three dimensional Printing’ improves lead time in sandcasting. Patterns that are in the shape of the part can take up to six months to produce whereas producing the cores for internal geometry using 3D printing can take just 60 hours. This process has many benefits such as producing very accurate geomtry, very economical and there are no design limitations (Ingole, kuthe, Thankare, & Talankar, 2009). 

Limitations
Producing a Crankshaft using the sandcasting process does have many benefits, however the defects contributed by its method are impossible to stop altogether, therefore the goal is to reduce the defects as much as possible (Nadot, Mendez, & Ranganathan, 2004). In Rajkolhe & Khan, (2014) view, shrinkage in sandcasting is caused when the melt within the mold shrinks as it solidifies. This creates a crankshaft that is out of specification and can be rectified by reducing the melts pouring temperature.  Another consideration is the defect known as flash. This is unavoidable with sandcasting and it must be positioned on the crankshaft so that it does not affect its cycle within an engine. 
One problem affecting sand casting is the inclusion of sand within the crankshaft itself, which is caused by sand breaking off into the molten metal. This contrasts with forging where inclusions to the metal are very unlikely (Blair & Stevens, 1995). A consideration is using a sand mold that is strong enough not to break easily. Beddoes & Biddy, (1999) note that a technique known as the ‘CO2 Technique’ is used whereby water glass is added to the sand mixture which forms a gel that binds the sand together. To make sure that there are no inclusions at all, sand could be replaced by steel in a process known as ‘Permanent Mould Casting’. This reduces the need for a new mold everytime however getting the part out of the steel would require additional equipment. (Beddoes & Biddy, 1999). 

Health and Safety considerations
The volume of molten metal poured into the mold is dependent on the operator therefore human exposure to the sandcasting process is a potential problem. Chastain,(2004) acknowledges that particles that are not seen  can potentially be the most hazardous. These smaller particles evade the muscus and become trapped on the linens of the lung causing silicosis. To prevent this, ventilation should be installed adequatley across the foundry. 
Due to the splattering of molten metal and close promiximty of workers to the casting process, PPE should always be worn to reduce the risk of injury. Carbon monixde from the melting operation can also be lethal, therefore precautions such as monitors should be worn at all times. In the foundry, all regulations should be adhered too (King & Magid, 2013).

End of Life/Recycling
Recycling old components has been the aim within the automotive sector for many years and various models have been created to achieve this, however because of constant newer models of cars, recycling old components isn’t always achievable. Xu, Fernandez Sanchez, & Njuguna,(2014) researched the stages of recycling a crankshaft. First it invovles cleaning the crankshaft using a spray chemical, each journal would next be inspected with a gauge to make sure all journals are still within tolerance and lastly, the journals would be reconditioned by either regrinding or using surface welding. Jha,(2015) notes that over ‘60%’ of cast iron is recycable and foundries melt scrap to make new products in sand casting. 
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5. [bookmark: _Toc504651663]Conclusion

There are many different ways of manufacturing crankshafts for the purpose of being used in a car engine and this report uses many examples to show that sandcasting can be the preferred option. Sandcasting crankshafts allow a company to easily change patterns or tolerances where design alterations are needed as well as still being economically viable if volume builds are reduced. The report compares many different alternatives to sandcasting such as die casting and forging, to support its views or to suggest how other methods may be advantageous.  Many factors such as volumes and cost are analysed to strengthen the case from sandcasting along with topics such as end of life and recycling strategies. The research provided has shown that there are many health and safety considerations that need to be discussed however, they can be overcome. 
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