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Introduction

FEA
Finite Element Analysis (FEA) is wildly used tool in the Automotive sector along with many other design and engineering industries. It uses the numerical technique Finite Element Method (FEM) to simulate physical changes within a model. It allows the user to test easily modifiable CAD models to determine their effectiveness within an assembly. This can reduce the cost of development substantially as numerus designs can be tested with a very quick turnaround time until the ideal model is selected and manufactured reducing the number of prototypes that would need to be built and tested.

To carry out an FEA analysis every part of an assembly modelled using CAD is analysed then properties such as heat transfer, stress – strain, fatigue etc… can be obtained.


Aims

This paper will evaluate the use of FEA to analyse a part’s strength properties when modelled within an assembly using Solidworks. Solidworks will compute the parts properties based on the material selected and the dimensions and mass of the part. The data collected is then imported into a motion simulator that can analyse the part during its full motion in the assembly. From this, weaknesses can be highlighted then changes will be made to the part. Further FEA will be performed on the modified part to establish if any improvements have been made.

Using a simple design for a two-cylinder engine, a study of the connecting rod will be carried out. A constant test RPM of 5000 will be used to keep all tests consistent, this will allow the comparison of various different designs of connecting rod. Ideally the con-rod should be the lowest weight possible while maintaining structural integrity. Any failure to the part under normal operating conditions will need to be identified and suitable modifications made to remove the chance of failure.











Design
[image: ]
(Fig 1 – Two-Cylinder Engine Assembly)

Fig 1 shows the complete assembly of the chosen two-cylinder engine. Although it is a fairly simple design it provides the perfect model to carry out an analysis of the connecting rod. As both connecting rods, pistons and cylinders are identical it is only necessary to test one of the con-rods as they are both exposed to the same stress and strain forces.

[image: ]
(Fig 2 – Original design of Con-Rod used in design and motion study)
[image: ]
(Fig 3 – Original design of Con-Rod used in design and motion study)

The original con – rod design can be seen in Fig 2 & 3. It is a very basic design for a con – rod which will give a great indication of its applied forces. A slightly more complex design was initially used, however I was unable to perform the FEA analysis due to errors in the model that would not work well with Solidworks. As we can see from design it is likely that we will see deformation at both the rings and also through the central section. There is minimal reinforcements designs and the part is quite thin in comparison to standard con-rods. 


FEA

The standard properties for the original design con-rod are as follows;

Material = Plain Carbon Steel
Mass = 243.43 grams

First an animation is created of the assembly with a rotational motor added to the crankshaft set at 5000 RPM. Solidworks uses this animation study to determine the location of each part at step increments during the motion of the assembly. Once the animation study is complete it is possible to run a motion study using Solidworks Motion and Solidworks Simulation. Solidworks uses the location data to compute force data by determining the material properties of each part and the mass and dimensions of each part. Once this motion study is complete the user must import the motion loads. It is possible to then view the stress and strain on each individual part of the assembly. For the purpose of this study the con–rod will be the only part analysed.
[image: ]
(Fig 4 – Von Mises Stress display of Plain Steel Carbon Con-Rod)

[image: ]
(Fig 5 – Displacement display of Plain Steel Carbon Con-Rod)

As expected the original part lacked the strength required to perform at 5000 RPM without deforming. Both Fig 4 & 5 show that the con-rod has stretched at each ring and slightly through the centre. The images indicate the material has passed it’s elastic limit and has permanently deformed deeming it unsuitable for purpose. 



Modifications

The first modification that is attempted is to change the material of the con-rod to Titanium. This is normally only used as con-rod material in very high performance race cars due to the price of Titanium. We should expect to see less deformation however it is possible that weaknesses in the design will reduce the impact of changing the material.
Material = Titanium
Mass = 143.56 grams
[image: ]
(Fig 6 – Von Mises Stress display of Titanium Con-Rod)[image: ]
(Fig 7 – Displacement display of Titanium Con-Rod)

In Fig 6 & 7 it can be seen that although the deformation was reduced slightly by changing the material to Titanium there is obviously a design flaw with the con-rod that must be rectified.




[image: ]
(Fig 8 – Image to show the modification performed in Solidworks)

The next step of modification is to increase the width of the rings. Initially the width dimensions of the rings were doubled (see Fig 8), further increases to the width will require a redesign of the piston and crankshaft. The material was reverted back to Plain Steel Carbon for the first test then a subsequent test will be performed with the same con-rod dimensions but using Titanium as the material.
[image: ]
(Fig 9 – Von Mises Stress display of Plain Steel Carbon Con-Rod with modified design)

[image: ]
(Fig 10 – Displacement display of Plain Steel Carbon Con-Rod with modified design)

Fig 9 & 10 show the results of the dimension change. The deformation at the rings has been slightly reduced but there is now grater deformation in the centre of the con-rod. This is due the  increased weight at each end because of the dimension change.

[image: ]
(Fig 11 – Von Mises Stress display of Titanium Con-Rod with modified design)

[image: ]
(Fig 12 – Displacement display of Titanium Con-Rod with modified design)

By changing the material back to Titanium, we can see less deformation at the rings and at the centre however it is still to great to be considered functional.

[image: ]
(Fig 13 – Image to show the 2nd modification performed in Solidworks)
In Fig 13 the extruded centre piece can be seen, this is an attempt at strengthening the centre of the con-rod without substantially increasing the weight.
[image: ]
 (Fig 14 - Von Mises Stress display of Plain Carbon Steel Con-Rod with 2nd modified design)
[image: ]
(Fig 15 – Von Mises Stress display of Titanium Con-Rod with 2nd modified design)

[image: ]
(Fig 16 – Displacement display of Titanium Con-Rod with 2nd modified design)

The 2nd modification did not have the desired effect when plain steel carbon was used. We can see that as the extrusion is not symmetrical across the whole length it has caused a twisting motion. Converting the material to Titanium has greatly reduced the deformation to the rings however there is still a twisting motion that would damage the con-rod during normal operating conditions.
[image: ]
(Fig 17 – Image to show the 2nd modification performed in Solidworks)
To increase the strength through the centre of the con-rod an extrusion was performed along each edge.
[image: ]
(Fig 18 – Von Mises Stress display of Titanium Con-Rod with 3rd modified design)
From Fig 18 it is clear that this has been the best modification, there is very little deformation through the centre of the con-rod and both end rings are perfectly intact.

Conclusion

Using FEA it was possible to analyse the con-rod and make modifications according to the highlighted weaknesses in the design. The design and dimensions of the part had more effect than switching the material to titanium. To add strength without increasing the weight of the con-rod it is clear that extrusions offer the best strength increase vs added weight. 
Titanium would be my chosen material for the part if there was no restriction on budget. The increased weight reduction from using Titanium would lover the total weight of the engine without a loss of performance so the power – weight ratio would be improved slightly. This is a far more costly material to use and is usually only used for con-rods in very high performance race cars. To conclude FEA is a great tool for establishing weak points in a design or for improving designs by reducing weight up to the required stress limits. It is also perfect for establishing maximum operating conditions that can be achieved from an assembly without causing failure.
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