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[bookmark: _Toc35341305]1.0 Introduction
Two of the main design criteria for automotive pistons is that the material will have a low thermal expansion rate, with a minimum loss of structural rigidity from thermally induced loads. When combined with the effects of cyclic loading from the inertia and combustion forces, the properties of the chosen material must be able to endure a wide range of alternating stresses, as detailed by (Rodriguez, 2014).  
The current trend in current gasoline automotive engines is to use aluminium alloy pistons, with variants on the makeup of the alloy to suit the intended application. This can be seen when studying the products sold by some of the industries major OEM and aftermarket manufacturers, where MAHLE (2019), one of the largest worldwide OEM piston design companies, detail that aluminium alloy is effectively the sole choice of material in gasoline engines at present. The research of Krüger et al. (2019) shows that, aluminium is the most widely used material, with the main considerations for manufacturers in material selection being the exact alloy composition, or the manufacturing method of casting or forging. 
Historically, the automotive industry has been using aluminium alloy for pistons since the 1920’s. An article published in 1925 by Griffin (1925), shows how aluminium pistons were being phased in to replace cast-iron and steel versions, although the issues relating to the infancy of the technology is being highlighted in the article. The book by MAHLE (2016) also states how it was common practice to utilise steel pistons for gasoline engines around the turn of the 20th century, before aluminium became the prominent material. Although there were many advantages to using steel as a material, mainly that of thermal resilience, engines of this period were relatively low RPM units, meaning that the induced inertia loads from the piston assembly were less of a problem, so the higher mass of steel was acceptable. As engine RPM’s rose, these inertia loadings necessitated the use of a lighter material, hence the introduction of aluminium alloys. However, research over the last decade from Buyukkaya (2008), Schneider et al. (2014) and Karikalan and Sakthivel (2019), amongst others, has begun to suggest that, steel as a piston material, has benefits in terms of thermal resilience far outweighing that of aluminium alloys, and utilising modern computational design approaches a final design can be produced that maintains or even reduces the inertia loads in the system. This can be achieved by utilising the superior strength properties of steel to produce a design that is equal, or lighter than an aluminium equivalent, thus reducing the reciprocation masses.  
The intent of this research project is to conduct a feasibility study, primarily into the utilisation of steel as a material for high RPM gasoline turbocharged engines, with a view to determining the viability of the material from a range of design aspects, but also to investigate other areas of piston design strategy currently employed within the industry. The planned research will benchmark against an existing high-performance aluminium alloy design, giving the ability to measure comparative change when investigating other potential design ideas that are not common practice. Whilst, from existing literature, it is clear which design strategies are employed, there is limited information on those that are not, and the reasoning behind their lack of implementation. By completing the proposed research, conclusions can be drawn, and evidence presented as to the limitations, as well as benefits of some of these differing design philosophies, to inform future research by others. More specific areas of the research shall be discussed in section 2.0. 
[bookmark: _Toc35341306]2.0 Project Relevance to Industry 
As previously stated, the topic of piston design for internal combustion engines is relatively well understood, and by no means a novel area of study. However, much of the existing literature and industry practice focuses on the use of well understood materials and design parameters, something noted by MAHLE (2016). It appears to be a common strategy of manufacturers to utilise an existing, proven design concept, and simply scale it to match any new application. This can be seen, as an example, when looking at the motorsport pistons offered by Cosworth (2019), where the basic design philosophy employed is near identical across the range, showing how a proven concept is applied unilaterally simply because the company ‘knows it works’. 
This approach is commercially robust, generating a reliable product, while also minimising the research and development costs. Given competition in the automotive sector is high, there is emphasis on reducing research and development costs in order to boost competitiveness. Sanae et al. (2019) detail how this allows for greater flexibility when bidding for commercial contracts through the supply chain. This mentality may be commercially sound, and generate a suitable product for the end client, however, as described by Bendell and Nesij Huvaj (2018), these considerations can impose limits on the innovation achieved in a sector, as well as sacrificing some of the environmental and socio ethical considerations in favour of commercialisation. 
For this research project, given that the commercial factors are not the controlling issue, a more balanced study on the broader subject matter can be conducted, which will generate knowledge, informing future studies. The research is not intended to be measured by simply if a successful novel concept has been generated, but also as a means of discounting ideas as non-viable through robust research methods, with empirical reasoning as to why they are nonviable which may then lead to future innovation in the subject area.     
The research will focus on certain areas of design where it appears industry standard practice drives design, rather than published knowledge. This could simply because, within the industry, the problems surrounding these concepts are well understood internally and as such do not require publication. This proposed research intends to take an unbiased view during the investigations, given that the primary intent is simply to generate additional knowledge on the subject areas, rather than attempting to prove/disprove a given hypothesis. However, given that the implementation of these concepts in the industry is extremely limited, the initial hypothesis would be that the concepts likely do not offer a commercially viable option, although this does not rule out the concepts as being valid from a purely engineering perspective. 
 The areas of intended study are as follows, with more detailed information on the methodologies to be employed, as well as the measured outputs can be found in sections 3 and 4:
1. Assess an existing design of piston assembly, utilising data provided by McLaren Automotive, using computational methods of predicting the structural and thermal behaviour of a piston under operating conditions. 
2. Determine the merits of utilising steel as a piston material. Encompassing analysis of the impact on the structural and thermal responses of the material under the given load conditions, as well as the differing geometric design strategies that would be required to facilitate the use of the material.  
3. Establish the impact of changing from a 3-ring piston (as is the current standard) to a 2-ring piston, regardless of manufacturing material. Covering structural, thermal and potential emissions implications.




[bookmark: _Toc35341307]3.0 Literature Review

A survey of existing literature on the subject areas relevant to the proposed study will be presented, broken down into their relevant subsections. 
[bookmark: _Toc35341308]3.1 Materials Properties and Manufacturing Methods
Currently, the majority of high production volume pistons for gasoline engines are produced using a form of cast aluminium, as per Smith (2013). The research by Heugenhauser et al. (2020) shows how the casting process is simple to implement for high production volumes, giving a cost saving to the client. Additionally, given the molten state of the material, it is simple to make additions to change the composition of the alloy, as described by Smallman and Ngan (2007), giving greater control of the components properties. There are however limitations of casting, primarily surrounding the strength of the material. Smallman and Ngan (2007) highlights how cast items can suffer from homogeneity issues due to the less predictable way in which the molten alloy mixes and then cools in the mould. This can then result in weaknesses, leading to premature failure, as well as a reduced resistance to abnormal load conditions such as detonation, which is a phenomena more regularly encountered in high performance turbocharged applications such as this. 
The most seen alternative to casting, is forging for pistons. The forging process involves the heating of the solid material and then working the material into the desired shape, through the use of high-pressure forming techniques (Lee et al., 2020). The benefits of forged pistons are mainly that of increased strength properties. By forging from a solid material, the grain structure of the metal forms an aligned pattern, which increases the Ultimate Tensile Strength and Yield Strength values notably. This increased strength allows for operating loads that would exceed those of a cast equivalent, giving scope for greater engine performance as per Wright (2001), which is why forging is the process of choice within motorsport. However, as explained by ATCGroup (2014), forging does not allow for the same geometric complexity in the final design, not without adding additional machining process to add the complex regions, increasing costs. 
As previously discussed, the two materials of interest to this research are aluminium alloys and steel alloys. Given the vast amount of options available with different alloy compositions, they will not be discussed in this proposal, a general overview of the concepts behind alloy manipulation will be given.
Looking at aluminium, one of the main considerations in the alloy compositions and selection is in fact its thermal expansion properties rather than strength. As is explained by Manning (2012), the magnitude of expansion due to thermal load of a piston is critical in engine design. Manufactures look for alloys that have low expansion coefficients as this allows for designs that can have tighter cold tolerancing, which has benefits in the areas of gas blow-by, piston side float and noise. It has been found that, high silica content alloys offer better thermal expansion properties, at the sacrifice of outright strength (Buyukkaya, 2008). This does require careful assessment of the load conditions the piston is likely to experience, with safety factor selection being critical in the design process to protect from component failure (McCARTNEY, 1979). 
Steel offers an excellent thermal expansion rate when compared to aluminium allowing for tighter design tolerances, in addition to having significantly higher strength properties. Figure 1 highlights some of the differences between the two materials. 
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[bookmark: _Toc35341323]Figure 1 - Comparison of Steel & Aluminium Material Properties (MAHLE, 2020)
With a thermal expansion of only 57% that of aluminium, steel has a notable advantage. However, the thermal conductivity of steel is approximately 35% that of aluminium. This low thermal conductivity gives rise to significant issues, as a steel design struggles to draw heat away from the piston crown into the lower sections of the piston. As Mancaruso and Sequino (2019) explain, if the piston crown temperature is allowed to reach levels over 350 Celsius, the risk of detonation increases greatly, which linked to the degraded material properties at high temperatures can lead to catastrophic component failure. As a result, temperature control of a steel piston would be of critical importance. 
[bookmark: _Toc35341309]3.2 Thermal Conditions
For high performance engines, especially those utilising forced induction, where high cylinder pressures are seen, there comes an associated increase in the cylinder temperatures (Olt et al., 2015). This increased gas temperature results in increased heat transfer to the piston crown during sustained operation. 
For either aluminium or steel, this can presents problems, where the crown temperature of the piston will increase. Although aluminium has excellent thermal conductivity and is therefore able to conduct heat away from the piston crown through the lower sections of the material, there is an underlying issue in that the UTS and Yield values decay rapidly with high temperatures. Figure 2 shows an example of how the strength properties decrease with temperature. 
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[bookmark: _Toc35341324]Figure 2 - Aluminium Alloy Temperature Properties (Summers et al., 2015)
The significant degradation of yield strength with increased temperature poses a serious design problem, where material selection is of critical importance. Given that a generally accepted operating temperature for the piston crown would be between 250-300 degrees Celsius, as per MAHLE (2016) and Rozhdestvensky et al. (2016), the impact on aluminium can clearly be seen in figure 2. Steel however is significantly more resilient to thermal loads, maintaining strength for longer at the operating temperatures expected. 
Consideration must therefore be given to cooling the piston material, to maintain the bulk temperature in a reasonable operating range. One commonly employed method is to add oil filled cooling galleries below the piston crown. This method proved very effective at maintaining a stable heat profile in the piston, based on the work of Deng et al. (2018) and Wang et al. (2017). However, this can only be achieved in a cast piston design, as forging precludes the introduction of the hollow gallery. One of the most prevalent methods of trying to control piston temperatures is to spray oil onto the underside of the assembly (Heywood, 2018). However, as the work of Park and Kim (2019) found, computationally modelling the true characteristics of oil spray patterns, and their effect on heat transfer, is very difficult to achieve, with the best approach being to conduct physical testing. 

As a different method of controlling piston temperature, it is important to consider the piston rings and the effect they have in transferring heat from the piston body into the cylinder liners (Manning, 2012). Due to the lower strength properties of aluminium, this limits the position of the rings in the ‘Top Land’ area of the piston relative to the crown as enough material must be above the top ring to provide enough structural rigidity. From a heat transfer perspective, (MAHLE, 2016) explain that the higher the ring can be positioned, the more effectively it will draw heat from the piston crown. With a steel version, there is scope to move the top compression ring closer to the piston crown area, due to the increased strength properties of the steel, which may help bring down crown temperatures. 
[bookmark: _Toc35341310]3.3 Structural Loadings
The structural loads that a piston is exposed to are split into two main categories, cyclic inertia loads and combustion loads. 
[bookmark: _Toc35341311]3.3.1 Inertia Loads
Figure 3 shows an example of the inertia forces generated as a result of the reciprocating piston motion (Bo and Fei, 2017). 
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[bookmark: _Toc35341325]Figure 3 - Engine Inertia Forces (Bo and Fei, 2017)
In this example, forces of approximately 4500N (458.72 Kg) are generated, although this figure is specific to the engine geometry and component masses. However, this does highlight the high magnitude of the loads placed on the components, a significant design criteria to consider. It is not enough to simply model these a single event loading, consideration must be given to the cyclic nature of these loads when considering fatigue (McCARTNEY, 1979). 
When considering steel, which has a higher density than aluminium, thus higher equivalent mass, the inertia forces become even more critical. The penalty with these designs is the mass of the piston, resulting in a high reciprocating mass element. In commercial vehicle applications the generated inertia forces are less of an issue due to the low operating RPM of the engines, however this would be unacceptable in a high-performance, high RPM gasoline engine (Manning, 2012). Consideration in the research must also be given to the connecting rod and the connecting rod bolts, which also experience these inertia forces. As per Pravardhan et al. (2012) and ARP (2017), changes in the reciprocating masses result in having to calculate and analyse the impact on the rod and bolt components below, as it is likely that changes can be made to their specifications. There is significant scope, using steel alloys, to utilise the higher UTS values to create a piston design that, despite the higher density, can have equivalent, or similar, mass properties to the aluminium original. In more recent applications, steel has been seen in racing engines with Audi, and in high speed diesel engines with Mercedes (MAHLE, 2019), which shows precedent for the area of research proposed here.
[bookmark: _Toc35341312]3.3.2 Gas Forces
In a similar way to the inertia forces, the piston is subjected to repeated cyclic loadings due to the combustion forces. In terms of magnitude, figure 4 gives an indication of what is currently being achieved in high compression, turbocharged test engines, from the work of Canakci (2012).
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[bookmark: _Toc35341326]Figure 4 - Example Cylinder Pressures (Canakci, 2012)
These loads must be treated as repeated cyclic loads to account for their impact on the fatigue life of the components. 
The specific gas forces being generated by the engine in question for this research will have to be calculated from manufacturer provided data, to ensure that the magnitudes are representative when conducting further Finite Element analysis. 
Consideration to other materials, such as titanium or Inconel has been given. The cost implication of using these materials would likely be prohibitive, with suitability questions raised surrounding their toughness (brittleness) being suitable for the application (Sherman et al., 1997) (Chen et al., 2017). Due to these concerns, the focus will remain on steel as an alternative material. 
[bookmark: _Toc35341313]3.4 Current Design Strategies
The design of the piston crown is generally determined to suit the specific valve clearances and fuel stratification characteristics that are required by the engine manufacturer (MAHLE, 2016). As such, it has been decided to limit the scope of this research to exclude the crown design, with the existing geometry being used. 
The focus of the investigation will be on the area of the piston under the crown, mainly looking at the ring land area and the structural bracing in the skirt and underside regions. As previously noted, many companies tend to use the same design philosophy throughout their range, so a study of existing design strategies may yield useful knowledge. A selection of designs will be detailed here.  
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[bookmark: _Toc35341327]Figure 5 - Cosworth 'Boxed' Type Piston (F1Technical, 2018)
Cosworth appear to utilise the ‘Boxed’ bracing method on their performance pistons, with an example shown in figure 5. It is likely that this design is favoured due to the resistance to deformation that the significant bracing structure would provide. For a high-performance engine, this would provide good resilience to inertia and gas force distortion of the piston, as well as being a simple geometry to produce using forged methods. 
MAHLE’s range of Evotec pistons take a very different design philosophy, with little of the bracing seen in the Cosworth design, instead relying on an extended and joined skirt section to form a structural item.
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[bookmark: _Toc35341328]Figure 6 - MAHLE Evotec Piston (MAHLE Aftermarket, 2019)
Figure 6 also highlights that there is an asymmetric design to the skirt, with the side thrust loaded side being larger than the unloaded side. As explained by Jia et al. (2018), the side thrust that forces the piston into the cylinder liner when non-vertical rod angles are occurring is significant and results in notable frictional losses, while imposing lateral force on the piston. This is likely the design reasoning behind the asymmetric MAHLE design and is something worth noting and studying during the research project. 
An example of a steel high performance piston is shown in figure 7, from Pistal Racing. 
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[bookmark: _Toc35341329]Figure 7 - Ducati 1098 Steel Piston (DePatra, 2016)
As the article by (DePatra, 2016) explains, the use of steel has allowed for a noticeably shallower design than can be seen in the aluminium designs in figures 5 and 6. This is due to the higher strength properties of the steel allowing for this shallow geometry. A bracing system like Cosworth’s can also be seen, although with greatly reduced material potentially offering a weight reduction. It is however, worth noting that this piston is intended for a motorcycle engine, so is subject to very  high inertia loads, but less gas force than would be seen in a turbocharged car engine, which may make aspects of this type of design redundant. 
[bookmark: _Toc35341314]4.0 Research Methodology

The methodology of the project is split into 3 main sections, as detailed below.
In relation to the aims detailed earlier, aim 1 will be addressed by mathematical modelling, while aims 2 and 3 will utilise a combination of computer aided design and finite element modelling work. 
[bookmark: _Toc35341315]4.1 Mathematical Modelling 
With the data received from McLaren on the baseline engine, the intent will be to produce a mathematical model of the inertia and gas forces experienced. 
It is expected that the data provided from McLaren will be in the form of cylinder pressure data and basic geometric information of the engine such as dimensions and component masses. This data can then be used to generate a mathematical simulation of the forces being experienced by the internal components during a true operating cycle. 
This data will be required to form the basis of the boundary conditions that will be used during the Finite Element (FE) modelling to be conducted. The formula to be used in generating the mathematical model will be cross-referenced from multiple sources such as (Rodriguez, 2014), (Manning, 2012) and (Smith and Wenner, 1977). 
The model will be completed using MATLAB, to generate a comprehensive data set that should cover a full 720-degree cycle, hopefully across multiple RPM sites, depending on the data provided from McLaren. 
[bookmark: _Toc35341316]4.2 Computer Aided Design 3D Component Modelling
It is expected that existing 3D CAD files of the relevant components will be provided from McLaren, saving a significant amount of time. The provided CAD geometries will then be checked against the physical components to ensure accuracy of the CAD. Deviations from the true components will then be adjusted in the CAD environment. 
On the basis of the work by (Bodein et al., 2014), when generating novel CAD concepts, attention will be paid to the manner in which the geometries are created. Effort should be made to simplify the model as far as possible while still maintaining the accuracy of the component. This can be achieved through careful use of the available features in the software. Cheng et al. (2015) do explain how, in a FE modelling situation, the manner in which the CAD was created can impact the FE simulations ability to accurately discretise the problem presented, impacting accuracy of results. 
The CAD software available on site is Solidworks, while McLaren use CATIA. Both software packages are compatible, although file type selection will be of importance and should be controlled to a single format for stability. The research by Castro et al. (2019) however does make reference to Solidworks as a suitable for purpose package industrially, despite other packages such as CATIA and NX being more powerful. Consideration has been given to the use of different software’s; however, it has been decided to proceed with Solidworks on the basis of its wide industrial use and range of relevant features. 
The individual components will be packaged in assemblies that represent their true operational conditions for the purposes of the FE modelling. This will allow for more accurate results to be obtained, as the interactions between components can then be measured, as opposed to simulating them in isolation. However, as detailed by Govender and Barton (2009), the mating conditions and interaction boundary conditions between the components must be set precisely otherwise the results may be skewed.   
[bookmark: _Toc35341317]4.3 Finite Element Modelling
To conduct the research into piston performance, the intent will be to utilise finite element analysis (FEA) software. FEA software has become one of the most widely used methods for engineers to validate design concepts in recent years. As per Genta et al. (2009), the automotive industry has heavily adopted FEA during the design and prototyping phases, due to the purely computational nature, negating the high costs of producing physical protypes for testing. 
The fundamental way that FEA software works, is by taking the given geometry, from 3D CAD, and discretising the scenario using a mesh, before applying a series of complex matrix calculations to generate a solution (Rieg et al., 2014). 
Within the scope of this research project, there are several FEA packages available for use. Solidworks has a built-in simulation facility, however on examination the ability to conduct dynamic thermal studies is limited in this software. As noted in the work of Mohamed (2018), dynamic simulation of the thermal loads in a piston is the most accurate method, casting doubt on the suitability of Solidworks. Other available packages, ANSYS and DesignStudio, will be assessed, alongside Solidworks using a series of validation studies, to determine which of the software packages will produce the most accurate results. This will likely include an element of physical testing to correlate against. 
Once the most suitable software has been selected, the boundary conditions input to simulation will be of critical importance. Based on statements from the book by Lee (1999) and research of Kontoe and Pelecanos (2013), if the boundary conditions do not accurately represent the problem being solved, then the results obtained will be unreliable. As much data as possible will be obtained from McLaren, with gaps in required information being filled from researched values. The ideal scenario would be to find the required values through physical testing; however, this would add a considerable amount of work, potentially beyond the scope of the project. 
[bookmark: _Toc35341318]4.4 Alternative Methods
In this type of investigation, the methods detailed above are the standards used within the industry, however consideration has been given to alternatives that may be suitable.
· Static or Dynamic FEA Simulation
It is anticipated that a combination of static and dynamic FEA simulations will be used during the project. There are many benefits to both methods, as well as several well documented limitations (Ferroudji et al., 2017) (Yon-Jun et al., 2012), hence the decision to rely on neither method, but select the most appropriate for the given application. 
· Linear Study Types
Given the previously explained cyclic loadings that occur during engine operation, a fully linear study has been disregarded as not suitable. Instead, a non-linear study type will be used, that allows for non-linearity in the relationship and interaction of variables within the study, which should yield more representative results. 
· Physical Testing
As  Manning (2012) mentions in his book, the best way to assess the performance of an engine design is through physical dynamometer testing. This would allow for not only performance metrics to be obtained, but also conduct a far more in-depth tribology study. However, the significant time and cost that would be involved in conducting the number of tests that would be required is very prohibitive. This would also only be possible if an engine, control system and multiples of certain components were to be provided by McLaren. 

[bookmark: _Toc35341319]5.0 Results Collection & Analysis Methods

Primarily, the data obtained will be of a quantitative nature, where the results from the CAD are to be measured against known dimension and tolerancing criteria, and the FEA results being measured against known material failure criterion. However, an element of more subjective, qualitative data is expected to be gathered during the research and conceptual phases of the project. This is likely to take the form of a market research study where design concepts and philosophies of existing manufacturers are collated and analysed. 
The initial mathematic modelling phases will generate numerical data that will be analysed, primarily, using 2D and 3D graphical display, making the determination of trends in the data easier than if solely looking at the numerical data. 
The bulk of data from the research is expected to come from the FEA studies to be conducted, with the following being the main sections:
· Deformation Results
· Von-Mises Stress Results
· Safety Factors
· Principal Plane Stresses
· Peak Temperatures
· Temperature Distribution Information
Possibly the most importance metric that is to be analysed is the stress results. Papers by Jones et al. (2001) and Ferroudji et al. (2017) detail the significance of Von Mises Stress results and their benefit in component design. However, contradicting information from Schlune et al. (2009) does suggest that the averaged Von Mises stress is not conclusive and that the X, Y and Z axis principal stresses should carry more weight during analysis. As such, both methods of analysis will be employed for thoroughness.   





[bookmark: _Toc35341320]6.0 Evaluation

It is the belief that the proposed research project will hold significant merit in the eyes of the field of automotive engineering. As previously discussed, the broader topic of piston design cannot be described as a novel one, however, due to the economic limitations that often govern the approach that commercial entities take when researching concepts outside of the proven, there is enough scope to investigate these lesser documented areas to provide value. 
By using methods that are already widely used within the industry, it is hoped that the project will be considered as having been conducted in a robust manner, meaning that the results obtained can be considered valid and add to the existing knowledge on the subject area. That said, it has been recognised that continued review of the employed methods be conducted throughout the course of the project, to ensure that the most relevant method is applied, not allowing other unfamiliar methods to be discarded in favour of current practice. 
It should be noted that there are limitations to the proposed study, details of which can be found in more detail in the appendix. The primary area of weakness within the research is due to limited resource and facility at the university. Specific areas such as the tribology aspects of the study would require either significant computational resource, of the magnitude usually only found at high level industry, or significant practical testing to obtain a large dataset. Since the computational resource available is not sufficient for this type of modelling, while the time, cost and resource requirements to conduct the physical testing would be prohibitive and could form a separate project within itself. Due to these reasons, areas such as tribology and coatings within the project will likely have to be solely research based. 
One of the most important considerations going into the project is to treat it as a means of investigating concepts that appear to be limited published data. With a view to achieving this, there is no distinctly formed hypothesis surround the scope of the research, allowing the obtained data to drive the focus of the work instead of risking a hypothesis skewing analysis of the data. 
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Single Compression Ring
Reduced frictional losses
Single piston ring of equivalent surface area would reduce the ring/liner contact area, thus reducing the losses to friction experienced in the reciprocating parts. 
Would a single ring be effective if it was the same dimensions as one of the original dual rings?
What would the reduction in sealing be using a single ring? To have equivalent sealing would the ring dimensions have to be increased, thus negating the gains in frictional loss
Can effective FE simulation of the gas forces acting on the ring be created? Would likely have to negate the lubricant component for computational simplicity, however, hopefully would be able to model the distortion of the ring under pressure. 
Impact on wear rates?
With a single ring, it is possible the wear rates will increase, given that all pressure will force the ring into the liner, if a larger dimensioned ring is used what are the wear implications? Area worthy of consideration given that premature engine fatigue in a high-end vehicle would not be acceptable.  
What are existing wear rates? Highly dependent on engine duty cycles probably? What is the effective service life expectancy of the existing rings? If data is available from McLaren, this can be utilised as basis for comparison to future designs. 
Could change of material or applied coating for the ring stabilise/improve the wear problem for a single ring application?
Ring positioning in piston ‘Top Land’
Position of the compression ring relative to piston crown significant in controlling the amount of trapped fuel around ring, influence on emissions once trapped fuel rejected back into cylinder. Higher position desirable. Computational modelling of this issue may be beyond the scope and resource of the project. 



Heat transfer
Piston rings are highly important in transferring heat from piston upper areas to the liner and on to water jacket, as such material selection and dimensions of component will be important in thermal control. 
Reducing to single ring potentially reduces the surface area for thermal conductivity. Would a change in ring geometry offset this reduction?
Change of ring material to increase conductivity from piston to ring may be effective. However, is the cylinder liner going to prove limiting in the amount of heat transfer from the ring?
Additional Piston Cooling Strategies
Limited by existing block architecture where spray jets can only reach intake side of pistons. 
Is there potential to redesign the outlet ends of the spray jets to be able to feed both sides of the piston as means of controlling temperatures on the exhaust side? Unlikely, but could help with the piston temperature issue, worth a brief investigation. 
Drillings from piston underside out to ring galleries to further aid the heat transfer process from piston to rings.
Has potential to further increase the amount of heat drawn from the piston. Potential issues arising in that the oil spray jet can’t feed the exhaust side, so would have to rely on the motion of the ring in the groove and the pressure of the lubricant to distribute it around to the exhaust side. This becomes extremely difficult to model computationally, existing papers on the subject do not immediately show proven approach. 
Addition of oil gallery into piston design.
Structural implications in creating gallery behind the ring area. Piston size may have to be increased to maintain structural integrity. 
Would spray jets be able to feed enough oil into the gallery to generate a noticeable cooling effect? 
Has potential to give good cooling to the exhaust side of the piston. 
Modelling the lubricant flow in a situation like this would be extremely difficult, if not impossible to accurately achieve. 


Oil supply via connecting rod
Adding gallery through connecting rod to supply oil from big end bearing to little end. Oil can be fed directly into gallery in the piston for cooling. 
Would oil be rejected from piston through a drilling in the gallery to be allowed to drain down to the sump, or would a second drilling in rod be of any use to maintain flow through the piston under pressure? Addition of a second drilling in rod could further complicate the structural issues for the rod.  
What are the structural implications on the rod? Reduction in CSA may increase stresses to an unacceptable point, in which case complete redesign of rod to accommodate the oil feed would be necessary. 
Modelling of lubricant flow/cavitation/impact on crank bearing supply difficult to computationally model. 
Steel Piston
Reduced frictional losses
If correctly designed, a steel piston should have equivalent, or exceeding strength properties to the aluminium original, but with reduced material volume. 
Reducing the piston overall height could allow for a shorter block, although given the mid-engine layout this is not necessarily beneficial and would necessitate a block redesign. 
Shorter piston height would however allow for a longer rod to maintain same compression ratio, which would lower rod angles and reduce side friction. Mathematical model using existing gas force data (if available) could be created to determine the change in piston side force that could be achieved.  
Shorter overall piston height also means less surface area to interact with the liner, further reducing frictional losses. This would be dependant on skirt design, however it is likely that with the material properties of steel, a notably smaller skirt could be achieved. 
Improved resistance to thermal conditions within cylinder
Steel is more resistant to UTS & yield decay when exposed to high cylinder temperatures. This should offer ability to change fuelling strategy for leaner (‘less rich”) approach as the need for over fuelling to cool cylinder reduces. 
Smaller thermal expansion coefficient of steel compared to aluminium, meaning less in cylinder expansion, potential for tightening of tolerances and possibly improving gas blow by. If available, information on the existing levels of gas leakage would be useful to determine if new designs would have any effect. 
Steel piston with less expansion will deform less under thermal loading, meaning deflection of skirt area should reduce, reducing frictional losses at temperature. 
Ability to position top compression ring higher on the ‘ring land’ area
Increase in efficiency and reduction in emissions can be made by raising the height of the top ring relative to the piston crown. Possible due to the increased properties of steel, reducing the need to have large amount of material above the top ring.
Repositioning and resizing of the piston pin may be possible
With increased material properties, it may be possible to reposition the pin higher within the piston, allowing for an increased rod length, with associated benefits. Investigation can also be conducted into the dimensions of the pin and any possibility of reducing the size/mass.  
Greater potential for single compression ring design
With reductions in frictional losses being made from smaller skirt area and reduced side forces, if a larger dimensioned compression ring was required to make a single ring design possible, the friction from the ring should more than be offset by the gains in other areas. 
Liner wear issue
Potential that the steel material piston would cause noticeably higher wear rates on the cylinder liner. Would need more information on the liner material and finishing. It may be possible to negate the wear issue using specialist coatings that the steel would be better suited to compared to aluminium, such as Diamond-like Carbon. 
Temperature dissipation issue
Steel will not dissipate the combustion heat through the piston material as effectively as aluminium. As a result, the heat will concentrate near the piston crown. Strategies to reduce the crown temperature will need to be investigated to prevent auto-ignition of mixture resulting from high crown temperatures.  
Piston cooling jets likely would not be enough to effectively remove the heat from the piston as with an aluminium version, due to the larger thermal gradient expected in a steel piston. 
Potentially add an oil gallery under the piston crown to better control temperature. Impact of gallery on structural integrity not as severe with steel, since even with additional material/bracing to compensate, the overall piston design should still be significantly shorter and lighter than an aluminium version. 
Cooling lubricant could be supplied to gallery from spray jets, or rather via an oil gallery through rod. If a longer rod is required due to shorter piston height, this oil gallery could be incorporated into the redesign. 
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