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1 Question Answers 

The following sections written in this paper answer the questions asked in the assignment brief: 

• Why companies typically carryout FE analysis alongside physical testing. 

o Section 4: Verification and Validation. 

• How a physical test may be correlated to an FE model. 

o Section 5: Correlation between FEA and physical testing 

• If you think that FE analysis can (or should) ever replace physical testing. 

o Section 6: Future of FEA. 
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2 Introduction 

Finite Element Analysis (FEA) is the simulation of any given physical phenomenon using the numerical 

technique called Finite Element Method (FEM). This technique is used by engineers to reduce the 

number of physical prototypes, as well as to optimize any kind of mechanical structure in a timely 

manner. It is also being used successfully in other kinds of engineering problems such as fluid 

dynamics, seepage flow and electric and magnetic fields. (Simscale, 2020) (Rao, 1999) 

The Finite Element method (FEM) is the solution of a complicated problem by replacing it with a 

simpler one. This produces not an exact solution but a very close approximate one. Depending on the 

computing power the solution can be refined or not, the more computing power used the better the 

approximated result will be. (Rao, 1999) 

This paper investigates the use of FEA in industry and how it is used. It focuses on the use of FEA to 

calculate torsional stiffness of a space frame chassis, furthermore it will investigate how correlation 

between real world testing and FEA analysis is of utter importance. 

 

Figure 1 – UWTSD Darrian Chassis Design (Kuner, 2018) 
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3 Finite Element procedure 

This section will examine the FEA process and how it is undergone. 

Figure 2 showcases an overview of each stage. As the design process proceeds, more knowledge is 

gathered and therefore optimisation of the model can be done. (Donald, 2011) 

 

Figure 2 – Stage of a FE Analysis (Donald, 2011) 

3.1 Understanding the physical problem (Donald, 2011) 

At this stage, the engineer would have to identify all distinctive features of the structure to be 

analysed, such as: 

• Dimensions of the structure. 

• What dimensions are important. 

• Simplification of the structure into smaller less complex components. 

• Simplifying the structure, getting rid of any complex geometric entities. 

• If the structure is symmetric, it can be further simplified by only using half of it. 

• Material it is made of. 

• Loads the structure is under. 

• Location of stress concentrations (holes, fillets, etc) 
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• Will there be yielding present in the structure, due to high loads. 

• Constant or variable loads with time. 

• Is the structure expected to come in contact with any other component? 

3.2 Generating the mathematical model (Donald, 2011) 

Once the physical features of a problem are found, these must be translated to a mathematical model. 

There are two major tasks which must be considered: definition of the problem domain and selection 

of a mathematical formulation which best represent the problem at hand. Some factors to determine 

what mathematical model are the following: 

• The geometry of the structure. 

• The type of material. 

• The loads which the structure is subjected to. 

• Manner the structure is supported or fixed. 

• How this structure interacts with other structures and the immediate environment. 

• How much computing power the user has. 

An example of geometry is of a 2D Plane Stress, this kind of model assumes that the stresses acting 

through the structure are negligible. This kind of model is used for plates or for flat surfaces where 

the length and width of the structure is vastly larger than the thickness. An example of a 2D 

component which due to it being symmetrical can also be quartered to save on processing time is 

Figure 3. 

 

Figure 3 – 2D plane stress model (Left) quartered model (Right) (Donald, 2011) 

 

 



 Report Title: Can FEA replace physical testing? 
Department: School of Engineering 
Author: Vijay Singh Kuner Lacarrere 

Page 7 of 17 

 

3.3 Discretisation of the model (Donald, 2011) 

Once the mathematical model is chosen discretisation of the model can be undertaken, most FEA 

packages these days automatically mesh the model for the user. Automatic meshing will not know 

where a finer mesh is necessary, this is where the user must tell the program to input a finer mesh 

around certain areas such as holes. 

3.4 Selection of computational methods and strategies (Donald, 2011) 

The basic structural computational methods are the following: 

• Static analysis. 

• Modal analysis. 

• Harmonic analysis. 

• Transient dynamic analysis. 

• Explicit dynamic analysis. 

3.5 Post-processing, model verification and validation (Donald, 2011) 

At this stage, the user extracts information from the results given from the FEA to make design 

decision. The following points can be taken from post processing: 

• Yield Stress of the structure. 

• UTS of the material, has it been exceeded? 

• Displacement of the structure under load. 

• Stresses and Strains. 

• Transition of stress along the structure. 

• Error estimation plots. 
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4 Verification and Validation 

The definitions of verification and validation as said by the American Society of Mechanical Engineers 

is as follows: 

• Verification: The process of determining that a computational model accurately represents 

the underlying mathematical model and its solution. (Schwer, 2007) 

• Validation: The process of determining the degree to which a model is an accurate 

representation of the real world from the perspective of the intended uses of the model. 

(Schwer, 2007) 

Looking at Figure 4 the conceptual model splits into two branches, the mathematical model, and the 

physical model (experimental model). Physical testing is of utter importance in the verification and 

validation process, without it the mathematical experimentation cannot be validated. Close 

cooperation between engineers conducting the mathematical and physical testing is paramount. 

“Finite element and experimental analysis of the torsional stiffness of a chassis of a baja sae 

prototype” (Barbosa, et al., 2016), in this case study 4 mathematical cases where undertaken: 

• Case 1: a minimum constraint condition, fixing the structure at two points of rear end and 

applying torque at the front end. 

• Case 2: torque applied to front of chassis by applying equal and opposite vertical forces on the 

frame rails near the suspension pick up points. At the rear suspension spring mounts, the 

chassis is restrained in all x, y and z translations and in lateral and vertical rotations, the 

longitudinal rotations are free. (Thompson, Raju, & Law, 1998) 

• Case 3: all degrees of freedom of both rear sides are fixed. 

• Case 4: same boundary conditions as the physical model. 

Using the verification and validation model Cases 1, 2 and 3 would be not viable as there is no physical 

model to validate the mathematical model, on the other hand Case 4 gives the user a mathematical 

and a physical model for comparison. It is important that the mathematical and physical models are 

done separately, and results are withheld from both departments as this can influence the 

mathematical model by the engineer “tuning” the analysis to match the physical model. (Schwer, 

2007) 
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Figure 4 – Verification and Validation activities and outcomes (Schwer, 2007) 
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Figure 4 can be used as a basis to a Verification and Validation plan, V & V plan, there are three key 

elements: 

• System Response Features: the features of interest to be compared and how they are to be 

compared (Schwer, 2007) 

• Validation Testing: physical testing done to demonstrates the predictive capability of the 

mathematical model to be true. (Schwer, 2007) 

• Accuracy Requirements: requirements done by the engineer beforehand to be met. (Schwer, 

2007) 

This plan is of paramount importance, it is the document given to management for evaluation and 

decision-making process. If this kind of plan is not done management would never let a project, go 

ahead and take the chassis into production. 

4.1 Verification 

Verification must always precede Validation. A badly done code, will lead to a false conclusion. 

Verification can be split into different paths as seen in Table 1: 

• Code Verification: through the collection of evidence, showcase that the mathematical model 

is working in a correct manner. (Schwer, 2007) 

• Calculation Verification: through the collection of evidence, show that the discrete solution of 

the mathematical model is accurate. (Schwer, 2007) 

Table 1 – Verification assessment classification and descriptions. (Thacker, et al., 2004) 
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4.2 Validation 

When it is said that a model is validated, not only the computational model is validated, but also its 

mathematical and conceptual models, from which the computational model was built. (Schwer, 2007) 

Figure 5 showcases two model variables X1 and X2. Model calculations and validation experiments are 

done and verified at values X1 and X2. The uncertainties within the model create the contours shown, 

the darker the area within the contour the more accuracy. In short, higher confidence will be 

associated with predictions closer to the validation points. 

 

Figure 5 – Validation and application domain for two design variables (Thacker, et al., 2004) 

It is emphasized, that adjusting model parameters or basic equations to improve agreement between 

validation and prediction points is not valid and will give “tuned” results. Calibration of the model is a 

valid activity; however, this is part of the model building process and not the validation process. 

(Thacker, et al., 2004) 
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5 Correlation between FEA and physical testing 

The following section will explain the procedure undertaken for calculating the torsional stiffness 

within an FEA program and how it correlates with the physical test. 

The easiest way of correlation in this case is to do a static analysis of a simulation of the chassis within 

a FEA program and physical testing using a purpose-built rig. The FEA model is to be identical to the 

physical model, once the FEA model is complete it is run and the torsional stiffness of the chassis is 

calculated from the FEA data, as well as from the physical test data. These two pieces of information 

are compared to each other in the form of a graph as seen in Graph 1. 

 

Graph 1 – Validation between experimental results and FEA model results (Youssef & Elhaddad, 2015) 

In the paper “Finite Element Modelling and Analysis of Vehicle Space Frame with Experimental 

Validation” by Eng. Abdelrahman M. M. Youssef it was found that for their chassis, the torsional 

stiffness was 1661.8 Nm/deg. While the FEA model gives a torsional stiffness of 1710.593 Nm/deg. 

These two pieces of information are then compared giving the model an error of 2.936% (Youssef & 

Elhaddad, 2015) 
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Once this error is calculated and it is acceptable, the engineer can do further work by doing many 

different FEA iterations with the safety of knowing that there is good correlation between the virtual 

model and the physical model. 

5.1 Other form of validation 

As well as the physical testing validation, within the FEA model some other points can be verified: 

• Sensitivity: this is the responsiveness of a model to changing conditions. For example, if the 

boundary conditions of the model are changed slightly, the engineer can see if that change 

affects the model in a large manner or in a small way. Depending on the outcome an informed 

decision can be taken on the trustworthiness of a model, there should always be a section 

regarding model sensitivity in any engineering report. (Thornton, 2010) 

6 Future of FEA 

Due to the high complexity of simulations it is not enough to validate these models using only simple 

engineering judgement and hand calculations. The physical tests are critical for obtaining credible 

results. (Thornton, 2010) 

A quote by Jack Thornton in their paper “The question of credibility” says: “FEA does not eliminate the 

need for prototypes, but it can shorten the process. Often only one or two prototypes need to be built 

and tested before anything new goes into production.” (Thornton, 2010). The verification and 

validation process in which a simulation model is validated by conducting physical testing is not going 

to disappear anytime soon, engineers will always be in need to validate their work to showcase to 

their managers and to move the project ahead. At this moment in time FEA is not powerful enough or 

“clever” enough, to detect when an engineer is inputting wrong information into the program. 

Consequently, the software will give the engineer a set of wrong results, which if not validated with 

another form of testing, such as physical testing, the engineer can use wrong information when 

designing the component, putting in danger the user of such a component. 

Governments have put into law that validation for certain high-risk products must be undertaken. For 

example, the United States Food and Drug administration states that for a product to achieve approval 

from the administration it must achieve a 95 per cent reliability of the device and a 99 per cent 

confidence level. That usually means 400 million test cycles, focused on fatigue life for the worst-case 

loading condition. (Thornton, 2010) Laws like these will not be overturned easily even if it is proven in 
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the future that FEA is intelligent enough to not need validation by means of physical testing, because 

there will always be that ‘what if’ in the back of any superior’s head. 

6.1 New FEA technology, Meshless FEA. 

Traditional FEA relies on solving complete components by breaking it down into simpler regions 

(elements). The displacement of these regions is defined by internal shape functions. The functions 

are controlled by the nodal displacement responses at each degree of freedom at the node. (Abbey, 

2019) 

Meshless technology delivers results where the accuracy level can be quantified, and the meshing 

burden is removed. Consequently, it should in theory lower analysis time. 

There are different types of meshless FEA, these will be talked about in the following sections. 

6.2 Element Free Galerkin Method (EFG) 

In this method, the geometry is filled by randomly distributed points. Each point becomes the centre 

of a local region of influence. Other points are found within the region of influence, creating the basis 

for a set of shape functions to be created. (Abbey, 2019) 

The geometry is filled with regions of influence. The regions can overlap, as well as be discontinuous. 

(Abbey, 2019) 

The internal displacement field is the unknown. However, in traditional FEA the boundary conditions 

are set at 0 displacement at boundary nodes, while in EFG method, initially they are not zero. An 

iteration of solutions will be undertaken till there is convergence towards a condition where boundary 

displacements approach zero, and these reaction forces converge. (Abbey, 2019) 

This method is attractive to design engineers because of the non-requirement to prepare a mesh. At 

the current state it is at, this method is not as accurate as traditional FEA, but if progress is made in 

this field, considerable computing power can be saved by getting rid of the mesh altogether and thus 

easing the use of FEA for design engineers. (Abbey, 2019) 
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6.3 SIMSOLID 

This is a meshless software which is used mainly in the early stages of design work, it is not as accurate 

as traditional mesh FEA, but due to its meshless format it can run a lot of different iterations of your 

design in a very low timeframe. On the company website they have a case where they could run 10 

different iterations of a product in a time slot of 25mins. (Altair, 2020) 

 

Figure 6 – Traditional FEA vs SIMSOLID timeframe (Altair, 2020) 

This kind of software is capable of analysing large assemblies and complex parts, without the need of 

simplifying or “model clean-up” of any kind, like in traditional FEA. This is a key advantage of meshless 

FEA. Design engineers when they are modelling a product in CAD can use this kind of meshless FEA, 

to have a base understanding of what could happen to the product. Consequently, a better product is 

designed early in the process , which in turn, increases time efficiency. Also, when the model is put 

into a traditional FEA package to get more accurate results it should theoretically, put out results more 

in line with what it is looking for. (Altair, 2020) 

This kind of FEA could have been implemented into the earlier stages of chassis design to have an 

approximate torsional rigidity of many different iterations and an informed decision of various 

different iterations can be chosen to be moved forward for more in depth analysis using traditional 

FEA methods. 
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7 Conclusion 

Verification and Validation is of utmost importance when modelling a component, the validation by 

physical testing of the component is not going away any time soon. Head of departments and 

customers will always want to have that physical testing done to validate that the engineer has not 

made any mistakes in their virtual model, even if such model is theoretically perfect. What happens 

in the real world can change due to many factors which simply cannot be modelled into the program. 

Meshless FEA is a very interesting concept which is still in its infancy, but if it keeps getting developed 

as much as current traditional FEA packages are it can definitely be a game changer in the way analysis 

of components are done, in terms of time and complexity. 
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