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1. [bookmark: _Toc172318956]Introduction
Although replaced by coil springs in consumer vehicles, leaf springs are still used in applications involving large loads, such as trailers, lorries and offroad vehicles [1]. Leaf springs have a reputation for simplicity and reliability. However, given the possible extreme conditions the suspension of such vehicles can be subjected too, and the importance of the suspension in the safety and performance of the vehicle, it is prudent to use modern Computer Aided Engineering (CAE) software to analyse this system to ensure it is fit for a given purpose.
CAE software consists of a suite of simulators that can be used to determine how a system of components will behave in reality. 


2. [bookmark: _Toc172318957]CAE performance
Regardless of how capable a CAE software package seems to be, there are a number of factors that affect how well it correlates to reality.
2.1 [bookmark: _Toc172318958]– Validation
Underpinning all modelling software is the mathematical model, a set of equations used to define the behaviour of a system. As ANSYS uses a black-box model for this, wherein the user cannot edit the model generated, a series of validation checks are required. 
Validation checks are simplified systems that can be solved analytically, and hence used to check that the software is capable of producing realistic solutions. In this case the validation checks are a uniformly loaded beam and a bimetallic strip. These verify that the static structural solver and the static thermal solver. 
The validation checks used are supplied by Dlubal Software, and although designed for accuracy checking a different software package, contain analytical solutions for the systems stated and so allow for a calculation of the error margin for ANSYS.
In the bimetallic strip validation example [2], the analytical solution for maximum z-deflection given by Dlubal is 7.049 mm, ANSYS produces an answer of 7.12mm so passes this check.
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Figure 1 - validation example for bimetallic strip
In the simple beam under uniform loading [3], Dlubal give the maximum z-deflection of 157.143 mm. ANSYS produces a maximum deflection of 157.15 mm so also passes this validation step.
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Figure 2 - Validation example for bending of metal beam
2.2 [bookmark: _Toc172318959]– Hardware limitations
Validation checks confirm that the system is producing real-world solutions. There is a secondary reason to use simplified systems, that being computing power. As a simulation requires a long series of equations to be solved, a large amount of a computer’s capacity is required to solve them in an acceptable timeframe. ANSYS, as configured, utilises only CPU cores which leads to much longer compute times than if it was configured to run on a GPU. This issue is most notable when using non-workstation computers, as they tend to have only 4 cores, so only 4 operations can occur simultaneously. Workstations can push this to be around 12-24, but this still constrains the complexity of system that it is feasible to simulate.
2.3 [bookmark: _Toc172318960]– Simulation Simplifications
ANSYS is composed of a collection of discrete solvers, that are solved individually and sequentially, such that the solution of one becomes a boundary condition for the subsequent solver. This allows the problem to be discretised, such that the user can sufficiently define the system to the level of detail required, as each load or phenomenon being examined can be defined individually. 
However, the discretisation and sequential solving of the system introduce error in comparison to reality, as only the final solution of the previous solver is fed into the next. This can miss interplay between phenomena, although this is usually considered negligible.
Part of this issue rises from the use of static simulations rather than transient. A static simulation takes a single moment of time and calculates forces experienced by the system at that exact time, missing out on periodic effects or forces thasat have time dependant magnitudes. As such, static studies are used for te steady-state use case, where the conditions experienced by the system are invariant with time. The disadvantage of this is that, when design a part for a system, the part needs to be capable of withstanding the highest loads and any cycling that these loads will follow, which are outside of the steady state region. Hence static studies are not sufficient to design a new part of a system, but instead to validate that a system behaves as designed in the steady-state.
Static and steady-state solvers are preferred due to their lower complexity and hence lower computational requirements. However, if periodic loading needs to be assessed a transient study needs to be carried out. As discussed, a full transient simulation would consume a lot of computing resource that is not available on most computers. Hence another compromise must be used. To perform a transient study, the parts are assumed to be rigid, as this exponentially decreases the difficulty of the computations by removing the need to simulate a large number of nodes, as the components cannot distort, so can be modelled as a single body. The downside of a rigid simulation is that only the forces that occur due to relative motion of the components within the system will be present, any secondary forces that occur due to the interaction of these forces or how they effect the geometry over time will be missed.
Combining static and rigid solvers, a solution for a quasi-static system (i.e. a system where over a given time scale the forces can be assumed to be independent of time) can be obtained, whilst this has the potential to miss some key interactions, the outputs from a series of different quasi-static states can be accumulated to give a betrer picture of how a system behaves over time.
2.4 [bookmark: _Toc172318961]– Data limits
A fundamental component of CAE simulations is the material models used on the individual components. These act as the variables upon which the mathematical model is built, so can make or break the accuracy of a simulation. This poses an issue as there is a large number of fields required to be filled in order to achieve a simulation that closely matches reality. Sourcing this wide range of data is problematic, as few sources carry all the required fields, resulting in a Frankenstein datasheet with entries that may be incompatible, particularly if the testing conditions for the data are not given. This is most problematic with regards to thermal studies over a large range of temperatures, as fundamental quantities for the material, such as Young’s modulus, change with temperature. As weakening and deformation effects can be missed if quantities are assumed constant with regards to temperature, due to a lack of available data. 
2.5 [bookmark: _Toc172318962]– Effect of Mesh size [2]
The definitive feature of Finite Element Analysis (FEA) is the discretion of a system to be composed of cells in a mesh. These cells are each treated as a spring whose stiffness depends on the material properties. Meshing is the task that massively increases computational requirement, as a finer mesh results in a higher number of nodes that require computing. Meshes tend to be composed of tetrahedrons or cubes, which allow a good representation of square-based components to be simulated. For complex geometries, such as ones involving curves, a fine mesh is required in order to sufficiently represent the transfer of force through the shape. This increases computational requirement, and can lead to failures. Meshing can fail when; the mesh is too dense for the host computer to calculate the position of all points, the component experiences a deflection that moves it out of the meshes defined environment, elements of the mesh are compressed to size zero or non-neighbouring elements are brought into contact.  These issues can all be solved, but in doing so a degree of fidelity is lost, as the mesh must be simplified to allow calculations to be solvable, or the loads on the part must be altered to change the components behaviour to be within the solvable region for the given mesh.
Mesh sizing effects the number of springs that a system is composed of, and hence the precision and accuracy of the output values. A coarser mesh results in less interactions between the substituents of the components, and hence can lead to lower deflection of a given part. In general, a finer mesh gives a more accurate output. Mesh Independence occurs when increasing the fineness of a mesh produces no meaningful difference in the output values. This is ost readily observed on a square component, such as the beam in the validation example, where the linear nature of the shape and applied force means that all cells observe the same environment, so increasing the number of them will have no effect beyond increasing compute time.

3. [bookmark: _Toc172318963]The Case study – Van leaf spring suspension
3.1 [bookmark: _Toc172318964]– Literature review
A number of papers into the behaviour of leaf springs on vehicles [5] [6], and methods for FEA of leaf springs [7] were researched to provide guidance on how to best frame the scenario for the simulation.
3.2 [bookmark: _Toc172318965]– Scenario
The scenario the simulation is built to represent is as follows. A fully laden 7.5t van with leaf spring suspension hits a pothole whilst driving in zero degrees Celsius weather. The scenario was split into the following three modules:
· Rigid dynamic: this is the first module to be simulated and composes of the base plate of the spring experiencing an acceleration of 9.8 ms-2 downwards whilst the top of  the spring remains stationary affixed to the van.
· Steady-state thermal: it is assumed that there is a temperature gradient across the width of the spring, with one side being at the ANSYS’ ambint temperature, as it is shielded by the wheel and heated by the radiative heat from the brake. The other side is at the environmental temperature of zero degrees Celsius.
· Static structural: this is taken as a point during the freefall of the wheel into the pothole, and measure the deformation of the spring with a 75000N force applied between the base plate and the fixing points
The system has been simplified to comprise only the leaf spring assembly with 5 leaves and the attachment ponts, all surrounding parts of the vehicle are considered extraneous. The CAD file was sourced from GrabCAD [2]. A validation study into FEA modelling of leaf springs [3] used the steel grade 5150H, so a data table for that grade of steel [3]was used to define the material, notably the data is lacking temperature dependence. 
[image: ]
Figure 3 - simulation module flowchart
3.3 [bookmark: _Toc172318966]– Results
The simulation produced the following results:
· The rigid dynamics showed no force transmission through the spring, this is likely due to the spring being non-functional in a rigid environment, and the fixed joint type resulting in the assembly acting as a single solid component, so the assembly just moved rather than spreading the force through it.
· The steady-state thermal refused to solve for a zero degrees Celsius convection on one edge of the spring, and 22 degrees celcius convection on the other, film constants were found [2] for air to steel and the source fo the error could not be determined.
· The static structural hence had no additional boundary conditions beyond those define in that module. The mounting points were set as immovable and the force was applied to the lower plate. The maximum deformation occurred in the centre of the part as this is where the force was applied and measures 6.3 mm. it was noted when collating this report that the lower plate the force is applied to lacks holes for mating to the support bolts, and this likely skewed the results to be larger than the true value.

[image: ]
Figure 4  - deformation static structural simulation
4. [bookmark: _Toc172318967]Conclusions
CAE provides a host of powerful tools to the user, that with some reframing of real life scenarios, can produce useful output for the behaviour of components. However its useability is somewhat limited by the user’s experience with the software and understanding the sometimes overwhelming number of errors the software can flag. Without proper and full-range material and mechanical data for the materials under review, the simulation is likely to lack the finer points of the system’s behaviour. Perhaps the biggest limit to how much CAE can be used towards a project is the requirement of a large amount of computing power required to run high-fidelity models, and this is out of reach for most students.
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