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Application of Computer Aided Engineering Processes

This study has simulated the testing of a Suzuki RM125 engine model on an software to test the capabilities of the engine under real world scenario testing. This has been done through carrying out a number of analysis and assessments, such as the static structural assessment and the kinematic analysis. Through carrying out these assessments it has been possible to assess the engine crankshaft, connecting rod and the piston assembly and make a number of recommendations to improve the structural performance of the crankshaft. 

Advancements in technology have significantly expanded the amount of tools that are available to engineers, to support them in a number of processes including processing and calculating data. When working on components which vary in shape, using the CAE software such as ANSYS Forte it is possible to get a more accurate representation of what is happening to the component. However, there are also a number of other areas which the use of CAE software, such as ANSYS can be further complicated through a number of additional factors.
This study will focus on the potential advantages and disadvantages of using CAE Software through the use of a simple test case. The test case will highlight that although CAE software can be useful in providing a specialised focus on ICE engines, and can model different scenarios, it can also cause some restrictions, for example, it is prone to human errors, software issues, and some issues surrounding some parts, with it often being complex to reduce the mesh independence on the simulation. 

Through using a Suzuki RM125 engine model, which has been selected as it is a single cylinder 2 stroke, and therefore offers a different insight, compared to a more traditional 4 stroke engine. Throughout this study, the model will focus on the crankshaft, the connecting rod and the piston assembly. There is a number of areas that have been used throughout this study. The first tests focus on the tensile stress and strain put on the connecting rod. From there, a full analysis of the assembly will be made with the required loads put on the assembly such as inertial and combustion loads.  

Throughout this study, there was validation testing took place, and validated how the test was run on ANSYS. It helps to indicate the how accurate the testing was that was run on this software, when compared to the calculations that were completed by the author. This was done in order to see how far the testing of the results of where accurate on the ANSYS software that was used. It has indicated that there was a number of totals that were markedly different from that was initially tested on ANSYS. These results can be seen below, with the calculation method, visible in the appendix of this report. 

Table 1: Validation Testing Results
	Test
	Author’s Calculations
	Ansys Run Calculations

	Bimetallic Data
	14.05mm
	14.284mm

	Aluminium Cantilever Data
	1.65mm
	2.55mm

	Steel Cantilever Data
	6.033mm
	6.82mm



[bookmark: _Toc154341092]Figure 1: Cantilever Aluminium Test 25mm Medium Mesh
[image: ]

[bookmark: _Toc154341093]Figure 2: Cantilever Aluminium Test 25mm Medium Mesh
[image: ]

[bookmark: _Toc154341094]Figure 3: Cantilever Aluminium Test 25mm Medium Mesh
[image: ]

Two separate simple test cases were made to first replicate the analytical data results and compare both results together. The first test that was run was the Cantilever Beam under uniform load test and then the Bimetallic strip test. It was noticeable but not far off the results that were made from the theoretical results beforehand. With each cantilever model, 3 mesh size were created and for the Bimetallic test 2 mesh sizes, to see how the size of the mesh affected the accuracy of the results. These are then seen in the figures above which indicates the sizing of the Bimetallic strip test by using 1mm, 5mm and 25mm testing. Whilst there was not a huge difference there was a noticeable difference between each size where the finer the mesh the more accurate it was, with the steel cantilever the results ended up around 0.02mm size results between the 25mm mesh and 5mm mesh while the 1mm and 5mm was around 0.0015 difference in size. While with the Al 6061-T6 the size difference dropped where between 25 and 5mm was under 0.09mm difference and 0.006 difference between the 1mm and 5mm data.
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As indicated above, with the Bimetallic test 2 mesh sizes were used 1mm and 2mm to see how much of a difference it would create. In this test Copper Alloy and Aluminium Alloy were used to test the total deformation of the assembly, with the part heated up by 100c it made a large deformation considering the temperature increase it was quite surprising how much the assembly deformed. In the separate mesh forms there was no large change in results apart from in the average results where there was a variation in change and the final result changed by 0.003mm. This shows that mesh sizes vary the results by a small amount but reduce the smaller and finer the mesh becomes and the material type can also affect how the mesh works. 

As a result of using Ansys software there required to be boundaries implemented in order to gain accurate results. The boundaries that were used in this study – such as the necessity to be able to handle the forces that were acting upon the engine and ensure that it would handle the necessary thermal conditions and structural forces. By holding these boundaries in place, and by using these boundaries – it ensured that the materials that were selected would be able to handle the required stresses. 

The Suzuki RM125 crankshaft assembly has been tested using a static structural study, which has created a set of loading conditions based on what the system maybe be exposed to – therefore helping to build a more accurate picture of the what the real-world conditions that the engine may be exposed to. These include the high pressure, friction, compressive and tensile stress, inertial loading, bending load, combustion(heat).  

Throughout this study, the materials that were selected for the engine parts were 4340 Steel and 4032 T6 Aluminium and 6160 T6 Aluminium. These were selected as these were the materials that were most suitable for the engine, as they were able to hold the necessary stress, and the forces that are being applied to the engine. 

The following results have been collected a part of this study using both the Ansys software, and also using calculations from the author. These have been detailed into the table below:


Table 2: Information related to material selectio
	Material
	Youngs Modulus
	Poisson’s Ratio
	Coefficient of Thermal Expansion

	4032-T6 Aluminium
	67.35 GPa
	0.34
	19.4e-6 1/oC

	6160-T6 Aluminium
	67 GPa
	0.33
	2.314e-5 1/oC

	4340 Alloy Steel
	221 GPa
	0.29
	12.7e-5 1/oC

	Copper Alloy 
	1.184 GPa
	0.345
	1.549e-5 1/oC



RESULTS
The use of computer aided engineering as and design tool has helped to support a number of engineers in creating more detailed results and has allowed for engineers to complete further and more detailed studies on the forces that are acting on the engine. There have been further studies conducted on the implications of CAE software, such as ANSYS, with B. Roy noting that that CAE software has allowed for engineers to conduct more detailed studies of material such as the tolerances and the design optimization of each parts, especially when they are used in the computer aided design (Roy,2012;56). Ansys that have been used throughout this study has allowed for author to test and simulate the amount of forces that have been acting on the engine, without having to conduct physical testing on the engine. 

Additionally the use of CAE software has allowed for engineers to conduct detailed studies of ICE engines, and the impact that this had on the performance of engines, and certain components in these engines. Benjamin Ferguson and Russell Wakeman have commented on the impact of CAE software had one engineers suggesting that CAE software allowed for an ‘optimized solution to be converged upon without analysing every possible combination of parameters’ and further highlight that these tests can be run without the need to run physical tests (Ferguson & Wakeman, 2004). 

CAE Software also provides clear visual results of engines that allowed for analysis to be completed easily, and for engineers to work our any potential issues or discrepancies that may have occurred. For example, ANSYS provides a clear overview of the part, both in terms of the size of the part, but also provides a focus of the forces that are acting on the part.  For example, as seen below the bimetallic strip mesh has been simulated in ANSYS to measure of the total deformation. 


Table 3: Bimetallic Total Deformation - taken from ANSYS.
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As seen above, this information shows clearly the impact of total deformation clearly for the bimetallic strip. 

However, despite the success of the CAE system, there are also some important limitations to note. Hamri et al, have discussed the impact of the CAE Software as a design tool on the engine software (Hamri et al: 2010: 1211). They have noted that CAE software is limited to use on ‘geometric information’ and therefore does not often use different areas of support it is working out. Therefore, if there are errors within the geometry details of each engine components, these will reflect in the CAE software, and produce errors that require either further work, or will not produce accurate results (Hamri et al: 2010: 1212).

As has been used in this study, CAE Software is reliant on geometry work and data, and on the assumptions that have been made from this, and therefore if there are errors within the study of the Suzuki RM125 crankshaft these could potentially be reflected In the ANSYS software. For example, as noted earlier, not all the geometry of the components were available, and therefore was reliant on some estimations, which may not completely replicate the performance of that particular part under a real- world environment. Whilst it was possible to get the majority of the geometry of the components, smaller sections such as the rounded edges were harder to calculate. There was some estimation that was involved in these measurements, however using these estimations it was possible to gain the necessary information that is required to for this study.  This CAD geometry has however had an impact on the structural results that have been obtained for example, the angles of the chamfers have been estimated when the engine part is running, as it was not possible to gain this information. Therefore if there was any mistakes in this calculation they would be simulated in ANSYS, and as such the ANSYS would not deliver the correct calculator because of the source date being potentially incorrect. As a result of this it often means that CAE software is often based on assumptions, and some implications in practice, and therefore may not always be accurate or reflect real life scenarios or testing that may occur on tracks or with physical components or parts. 

It is also important to consider that the although the CAE software, is useful in measuring the forces that are acting upon an engine, it is reliant on the data that has been inputted on the engine being correct  - in order to get an accurate depiction. Therefore it cannot always offer   
similar results to those that are seen in other testing conditions, such as on track days, or using physical parts, or using ANSYS Forte in conjunction with other software. Seon Park et al have discussed the impact of CAE software on engineering simulations noting that that CAE systems can often be restricting as there are more ‘errors when the number of variables increases’ (Seok- Park; 2010). As such, it may not always be possible to gain an accurate depiction of the components through CAE Software such as ANSYS.  For instance, if the author data set is incorrect, these mistakes would not be rectified in ANSYS, and therefore ANSYS would instead would offer incorrect results – which would not neccersaily be picked up on until the simulation has been complete, and have been validated and reviewed. This is potentially a time consuming issue for engineers if the data set is incorrect. Therefore, it can be inferred that it may not always be 100% accurate to use ANSYS software, due to some of the limitations – such as the variety of data that is going to be inputted, and the opportunities for human error. 

As well as this, CAE Software is also further reliant on the data being inputted correctly, and if not, it is likely that there will be errors that have been completed in this study, and therefore can be seen that there will be some errors within the work, and the possible simulations.  However, these could be avoided in ‘real life scenarios’ through spending more time, and resources on the date to ensure that it is accurate. This would potentially be done through offering more testing facilities and human resources to work out the necessary requirements to the simulations.

It is also clear evident that CAE software is further restricted and complicated through the meshing functionality on components, which can restrict the available modelling of the system to certain functionalities, and as such can restricted the results that are in place. This is further reflected through the work of Sanz who notes that the CAE software can sometimes restrict the meshing option and mesh independence and can sometimes over complicate the results of the results (Sanz et al,2018; 194). However Sanz et al does acknowledge that the CAE systems can still be very useful in using mixing mesh techniques of the engine (Sanz et al,2018; 194). 



Table 4: Mesh Independence for Aluminium Test Piece


This graph above illustrates the Mesh Independence for the aluminium test piece and shows that there is a gap of just over 0.6mm in difference when the mesh is increased. Therefore, indicating that even with small issues within the mesh in the ANSYS software, it can create a larger impact for the whole of the crankshaft assembly. It is also additionally important to note that the more complicated a piece is, the results will be significantly more affected. 

As evidenced in the study that has been completed, CAE software is also further reliant on there being effective boundary conditions that have been set to ensure that the CAE software can fully be utilised to ensure that it creates accurate results. For example, within this study, and as previously noted in the report, there was boundaries to the study which ensured that the results needed were gained, such as temperature boundaries and forces boundaries, with this study conducting testing at 3000 rpm. Krishnan focuses on his study on the boundary setting for CAE software, noting that without setting effective boundaries, CAE software may create ‘estimate’ simulations, or continue to run simulations continuously – thus taking and infinite amount of time (Krishan, 2010; 92). Without setting these boundary solutions, it would be possible that the CAE software would not be run as effectively or show as accurate results, and as such can possibly be considered to be a pitfall of the software.  If these boundary conditions were not set in this report, it is more likely that an accurate testing simulation may not have been completed, or completed a successful, due to the programming nature of CAE software. 

Despite these limitations it is still nevertheless important to consider that CAE software has provided some of the key and biggest advances in engineering technology and allow for engineers to conduct key tests which relay on physical conditions which have the impact to be expensive and also fail. It has also meant that engineers are able to test the functionalities and impact of different materials on different components, in order to simulate a number of scenarios, including the thermal impact, and the impact of acting forces. 


In conclusion, despite encountering some challenges that have been seen in CAE software, the benefits derived from such software far outweigh the issues identified. Several potential issues, including those related to mesh independence, calculations, and geometry, can be addressed with dedicated time and resources. Moreover, lessons learned from these issues can inform future tests and improvements. Specifically, ANSYS software has proven instrumental in providing engineers with a comprehensive framework for support. Its clear advantages, such as facilitating simulations and offering insights into the forces acting on an engine, make it a valuable tool in engineering. While the software becomes easy to use, once the engineer understands the basic, it is a straightforward system, however it is important to note that diagnosing and resolving issues within ANSYS may not always be straightforward. Despite this challenge, ANSYS remains a powerful and important tool for engineering that this study has shown through analysing and simulating a Suzuki RM125 crankshaft and piston. 




Appendix:

Appendix 1: Calculations from Validation Testing:
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Appendix 2: Thermal Simulation
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Appendix 3: Overall simulation
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Appendix 4: Simulation Failure due to motion forces not working correctly
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