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TASK DESCRIPTION 
 
This assignment explores FEA and the role that it plays in product development.  It is expected that the 
student will research this topic (referencing any sources used, using Harvard or Vancouver). 
 

GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS 
           

    
 

The above image shows a component undergoing physical testing and the corresponding FE model.  Your 
task for this assignment is to discuss the following; 
 

1. Why companies typically carryout FE analysis alongside physical testing. 
2. How a physical test may be correlated to an FE model. 
3. If you think that FE analysis can (or should) ever replace physical testing. 

 
In order to do this, you should consider a case study and use this to discuss the above tasks. 
 
This report should be 3000 words long and should be submitted via moodle 
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 STRUCTURAL SECTION MARKING CRITERIA AND STUDENT FEEDBACK 
 
This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The 
marks available for each criterion are shown. Lecturers will use the space provided to comment on the achievement of the 
task(s), including those areas in which you have performed well and areas that would benefit from development/improvement. 
 

Common Assessment Criteria Applied 
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1. Research-informed Literature  
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions.   
 
 (Assessed in point 1)   

30 

2. Knowledge and Understanding of Subject 
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.   
 
  (Assessed in point 2) 
  
 

 

  
30 

3. Analysis 
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence   
 

   (N/A) 
 

 

 

 

  
0 

4. Practical Application and Deployment 
Deployment of methods, materials, tools and techniques; application of concepts; formulation of innovative and creative solutions to solve problems.    
 

   (Assessed in point 3) 
 

 

 

 

  
30 

5. Skills for Professional Practice  
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and organisation.   
 

(Assessed in report presentation and structure) 

 

 

 

10  

  
 

Assignment Mark Overall (Assessment marks are subject to ratification at the 
Exam Board.  These comments and marks are to give feedback on module work and are 
for guidance only until they are confirmed. ) 

Late Submission Penalties (tick if appropriate) 
% Up to one-week late  

Over one week late  
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COMMON ASSESSMENT AND MARKING CRITERIA 
 

 OUTRIGHT FAIL UNSATISFACTORY SATISFACTORY GOOD VERY GOOD EXCELLENT EXCEPTIONAL 

Assessment Criteria 0-29% 30-39%* 40-49% 50-59% 60-69% 70-79% 80-100% 

1. Research-informed 
Literature  
Extent of research 
and/or own reading,  
selection of credible 
sources, application of 
appropriate 
referencing 
conventions  

Little or no evidence 
of reading. 
Views and findings 
unsupported and 
non-authoritative. 
Referencing 
conventions largely 
ignored. 

Poor evidence of 
reading and/or of 
reliance on 
inappropriate 
sources, and/or 
indiscriminate use of 
sources. 
Referencing 
conventions used 
inconsistently. 

References to a 
limited range of 
mostly relevant 
sources. Some 
omissions and minor 
errors. 
Referencing 
conventions evident 
though not always 
applied consistently. 

Inclusion of a range 
of research-
informed literature, 
including sources 
retrieved 
independently. 
Referencing 
conventions mostly 
consistently applied. 

Inclusion of a wide 
range of research-
informed literature, 
including sources 
retrieved 
independently. 
Selection of relevant 
and credible 
sources.  Very good 
use of referencing 
conventions, 
consistently applied. 

A comprehensive 
range of research 
informed literature 
embedded in the 
work. Excellent 
selection of relevant 
and credible 
sources. High-level 
referencing skills, 
consistently applied. 

Outstanding 
knowledge of 
research-informed 
literature embedded 
in the work. 
Outstanding 
selection of relevant 
and credible 
sources. High-level 
referencing skills 
consistently and 
professionally 
applied. 

2. Knowledge and 
Understanding of 
Subject 
Extent of knowledge 
and understanding of 
concepts and 
underlying principles 
associated with the 
discipline. 

Major gaps in 
knowledge and 
understanding of 
material at this 
level. Substantial 
inaccuracies. 

Gaps in knowledge, 
with only superficial 
understanding. 
Some significant 
inaccuracies. 

Evidence of basic 
knowledge and 
understanding of 
the relevant 
concepts and 
underlying 
principles.  

Knowledge is 
accurate with a good 
understanding of 
the field of study. 

Knowledge is 
extensive.  Exhibits 
understanding of 
the breadth and 
depth of established 
views.  

Excellent knowledge 
and understanding 
of the main 
concepts and key 
theories. Clear 
awareness of 
challenges to 
established views 
and the limitations 
of the knowledge 
base. 

Highly detailed 
knowledge and 
understanding of 
the main 
theories/concepts, 
and a critical 
awareness of the 
ambiguities and 
limitations of 
knowledge. 

3.  Analysis 
Analysis, evaluation 
and synthesis; logic, 
argument and 
judgement; analytical 
reflection; 
organisation  of ideas 
and evidence 

Unsubstantiated 
generalisations, 
made without use of 
any credible 
evidence. Lack of 
logic, leading to 
unsupportable/ 
missing conclusions. 
Lack of any attempt 
to analyse, 
synthesise or 
evaluate. 

Some evidence of 
analytical 
intellectual skills, 
but for the most 
part descriptive. 
Ideas/findings 
sometimes illogical 
and contradictory. 
Generalised 
statements made 
with scant evidence. 
Conclusions lack 
relevance. 

Evidence of some 
logical, analytical 
thinking and some 
attempts to 
synthesise, albeit 
with some 
weaknesses. 
Some evidence to 
support findings/ 
views, but evidence 
not consistently 
interpreted. 
Some relevant 
conclusions and 
recommendations, 
where relevant 

Evidence of some 
logical, analytical 
thinking and 
synthesis. Can 
analyse new and/or 
abstract data and 
situations without 
guidance. 
An emerging 
awareness of 
different stances 
and ability to use 
evidence to support 
the argument. 
Valid conclusions 
and 
recommendations, 
where relevant 

Sound, logical, 
analytical thinking; 
synthesis and 
evaluation. Ability to 
devise and sustain 
persuasive 
arguments, and to 
review the 
reliability, validity & 
significance of 
evidence. Ability to 
communicate ideas 
and evidence 
accurately and 
convincingly. 
Sound, convincing 
conclusions / 
recommendations. 

Thoroughly logical 
work, supported by 
evaluated evidence. 
High quality analysis, 
developed 
independently or 
through effective 
collaboration. 
Ability to investigate 
contradictory 
information and 
identify reasons for 
contradictions. 
Strong, persuasive, 
conclusions, 
justifiable 
recommendations. 

Exceptional work; 
judiciously selected 
and evaluated 
evidence. Very high 
quality analysis, 
developed 
independently or 
through effective 
collaboration. 
Ability to investigate 
contradictory 
information and 
identify reasons for 
contradictions. 
Highly persuasive 
conclusions 

4. Practical 
Application and 
Deployment 
Effective deployment 
of appropriate 
methods, materials, 
tools and techniques; 
extent of skill 
demonstrated in the 
application of 
concepts to a variety 
of processes and/or 
contexts; formulation 
of innovative and 
creative solutions to 
solve problems.  

Limited or no use of 
methods, materials, 
tools and/or 
techniques. 
Little or no 
appreciation of the 
context of the 
application. 

Rudimentary 
application of 
methods, materials, 
tools and/or 
techniques but 
without 
consideration and 
competence. Flawed 
appreciation of the 
context of the 
application. 
 
 

An adequate 
awareness and 
mostly appropriate 
application of well 
established 
methods, materials, 
tools and/or 
techniques. 
Basic appreciation of 
the context of the 
application. 
 

A good and 
appropriate 
application of 
standard methods, 
materials, tools 
and/or techniques. 
Good appreciation 
of the context of the 
application, with 
some use of 
examples, where 
relevant. 
 

A very good 
application of a 
range of methods, 
materials, tools 
and/or techniques. 
Very good 
consideration of the 
context of the 
application, with 
perceptive use of 
examples, where 
relevant. 
Evidence of some 
innovation and 
creativity.  

An advanced 
application of a 
range of methods, 
materials, tools 
and/or techniques. 
The context of the 
application is well 
considered, with 
extensive use of 
relevant examples. 
Application and 
deployment extend 
beyond established 
conventions.  
Innovation and 
creativity evident 
throughout. 

Outstanding levels 
of application and 
deployment skills. 
Assimilation and 
development of 
cutting edge 
processes and 
techniques. 

5. Skills for 
Professional Practice  
Demonstrates 
attributes expected in 
professional practice 
including: individual 
initiative and 
collaborative working; 
deployment of 
appropriate media to 
communicate 
(including written and 
oral); clarity and 
effectiveness in 
presentation and 
organisation. 

Communication 
media is 
inappropriate or 
misapplied. 
Little or no evidence 
of autonomy in the 
completion of tasks. 
Work is poorly 
structured and/or 
largely incoherent. 

Media is poorly 
designed and/or not 
suitable for the 
audience.  
Poor independent or 
collaborative 
initiative. 
Work lacks 
structure, 
organisation, and/or 
coherence 

Can communicate in 
a suitable format 
but with some room 
for improvement.  
Can work as part of 
a team, but with 
limited involvement 
in group activities.  
Work lacks 
coherence in places 
and could be better 
structured. 

Can communicate 
effectively in a 
suitable format, but 
may have minor 
errors. 
Can work effectively 
as part of a team, 
with clear 
contribution to 
group activities.  
Mostly coherent 
work and is in a 
suitable structure. 

Can communicate 
well, confidently and 
consistently in a 
suitable format. 
Can work very well 
as part of a team, 
with very good 
contribution to 
group activities.  
Work is coherent 
and fluent and is 
well structured and 
organised. 

Can communicate 
professionally and, 
confidently in a 
suitable format. 
Can work 
professionally within 
a team, showing 
leadership skills as 
appropriate, 
managing conflict 
and meeting 
obligations. 
Work is coherent, 
very fluent and is 
presented 
professionally. 

Can communicate 
with an 
exceptionally high 
level of 
professionalism.  
Can work 
exceptionally well 
and professionally 
within a team, 
showing advanced 
leadership skills. 
Work is 
exceptionally 
coherent, very 
fluent and is 
presented 
professionally. 
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Student Self Evaluation Form  

Student name:  Student P number:  

Programme:  Year of programme   

Assignment Title:  

 
This section repeats in brief the common assessment criteria detailed on previous pages. The extent to which these 
are demonstrated by you determines your mark. Using these criteria, tick the box that best indicates the level of 
achievement you feel you have achieved with regard to each of them.  
 

Common Assessment 
Criteria Applied 

Level of Achievement 
 

REFER 
 

3rd 
 

2:2 
 

2:1 
 

1st 
 

1st 

 OUTRIGHT FAIL UNSATISFACTORY SATISFACTORY GOOD VERY GOOD EXCELLENT EXCEPTIONAL 

1. Research-informed 
Literature  
 

0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100% 

� � � � � � � 
2. Knowledge and 
Understanding of 
Subject 

0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100% 

� � � � � � � 
3. Analysis 
 

0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100% 

� � � � � � � 
4. Practical Application 
and Deployment 
 

0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100% 

� � � � � � � 
5. Skills for Professional 
Practice  
 

0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100% 

� � � � � � � 
  

PLEASE COMMENT ON AREAS IN WHICH YOU FEEL THAT YOU 
HAVE PERFORMED WELL  

PLEASE COMMENT ON AREAS YOU FEEL THAT YOU NEED TO 
DEVELOP 

 

 

 

 

 

 

 

Student͛s Name  Date  

Student͛s SignatƵre  
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1. Introduction 
 

As part of the Advanced Stress Analysis & FEA module this piece of coursework must be 

undertaken in which the process of FEA is discussed and analysed. Finite Element Analysis 

(FEA) is an engineering method used to predict and model how an object will react when 

subjected to different effects such as mechanical stress, vibration and heat transfer. The 

process of FEA however revolves around a method known as the Finite Element Method 

(FEM). This involves taking a real-world object which is ready to be analysed and breaking it 

down into thousands of small sections (also known as finite elements), a mathematical 

analysis is then conducted on each individual element and the results from each element are 

brought together in order to give the final analysed model of the whole object.  

 

FEA has rapidly increased in popularity in recent years due to its ability to predict how a 

material reacts in different situations using software such as ANSYS, Autodesk and 

Solidworks which will model where and how the object will wear down the most before it 

will eventually fail. Being able to conduct this analysis is a huge help to companies who are 

designing new products and want to be able to conduct tests on them before spending 

money putting them through any kind of production stage just to find out that unexpected 

failures could occur. Using FEA decreases the likelihood of these issues and so the small 

investment into purchasing specialist FEA software could save companies a lot of money in 

the long run, another reason as to why it has become so favourable. FEA on its own however 

is not perfect and like everything has its own drawbacks which is why companies continue to 

conduct physical testing. The following report details how companies combine both physical 

testing and FEA and whether FEA could exist solely on its own without the need for physical 

testing during the design of new products. 

 

 

 

 

 

 

Figure 1 – FEA Stiffness Analysis of Bike Frame 
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2. How FEA Is Used in Industry 
 

As previously explained, FEA is extremely important to companies when designing new 

products as it gives different advantages (and disadvantages) in comparison to physical 

testing. One such area within which FEA is used heavily is in the design of motorcycle frame 

or chassis section (such as the swingarm), a subject that will form the basis of a case study 

throughout this report. The frame is the core structure of the motorcycle with most areas 

normally connected in some way to this structure, this means it is put under a lot of stress 

throughout the process of riding and so it is vital to get a clear picture on how strong it is 

using FEA software. Of course, the computerised FEA testing of the design is not the only 

testing that takes place before the chassis is sent into mass production, it must also observe 

regimented physical testing before being sent into the production phase. This key balance is 

what will be discussed during this section of the report.  

 

Any motorcycle engineer will tell you that one of the main things a rider wants is feeling 

throughout the motorcycle (especially within racing) and this is why frame stiffness is so 

important. The stiffness of the frame determines how a large amount of the bike reacts 

under different circumstances such as braking, accelerating or steering due to it being the 

central hub of the bike. Stiffnesses in different areas of the frame can be calculated using 

FEA software as seen in figure 1, however whether these results are technically correct or 

not is unknown due to them only being theoretically determined via a computer simulation. 

As all the different situations that the frame is subjected to in the software is due to 

algorithms, these are just projections of how the frame could react. It’s also possible that 

some human errors could have been made when inputting data to conduct the virtual test 

meaning some results may be completely incorrect. The FEA results can be verified however 

using multiple steps - checking deformation values and shapes, checking reaction forces, 

taking stress averages and completing the hand calculations to check the theory behind the 

simulation. FEA is however highly unlikely to ever be 100% accurate compared to real world 

testing due to limiting factors such as boundary conditions, meshing and how simplified the 

model is. The simplification of the model is a big issue as it can be more simplified to give a 

lower solving time however this will give slightly less accurate results. As results in this case 

need to be as accurate as possible then the model must be as detailed as it can be so long as 

the hardware in use is capable of forming the task, however when it comes to physical 

testing such things are not an issue as the prototype is already in front of your eyes in the 
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exact detail it would be when in use. Those FEA test results are produced using split second 

calculations to create real time analysis as to how the structure reacts under different 

situations, while doing hand calculations for the physical tests would take quite a while 

longer to complete giving the FEA simulation an advantage over the real world tests. The 

only way to conduct a test that will give real, true to reality answers is through the old-

fashioned way, physical testing.  

 

A physical test (like the one shown in figure 2) will give answers which do not rely on 

software and subject a manufactured prototype to tests which will see it perform under real 

stresses as though it was being ridden. The model in figure 2 is also connected to a real 

engine from the bike which the frame was developed for. Of course, the real stresses and 

pressures will not be known until the bike has been physically ridden as different riders 

provide different forces upon the bike due to different riding styles and rider weights, 

however the physical tests and the FEA simulation provide a good prediction. Once these 

tests are complete, they are used to draw comparisons between the two types of 

simulations and see whether similar results are produced. If the two tests produce similar 

results within a certain tolerance determined by the manufacturer (usually between 10-15%) 

the physical test will have successfully validated the results from the FEA simulation. 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Physical Stiffness Test of BOTT XR1 Motorcycle Frame 
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Aside from the main idea of validation, the other idea used by companies in relation to 

physical testing is to conduct some tests that the FEA simulation could not do. For example, 

when doing tests on a motorcycle chassis (whether frame or swingarm) there are torsional 

and lateral loads applied to the structure between different materials such as carbon and 

aluminium. This can be done in FEA however there was then a timed test done on both of 

the two prototype structures, this involved putting this previously mentioned loads on the 

prototype and timing how long before they return back to the original position compared to 

how the structure changed. The test results showed that aluminium returns more gradually 

to the original position and the carbon essentially snaps straight back to the original 

position, but how to do this in an FEA simulation is so far unknown by the manufacturers 

and so being able to do these other physical tests is a great advantage over FEA. 
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3. Correlating an FEA Model 
 

As previously mentioned in this report physical testing is widely used in industry to validate 

the results from an FEA model to confirm whether they are correct. In order to be able to 

validate the results then the FEA model and physical testing must be correlated between the 

two by completing similar tests to those conducted in the FEA simulation. Four of the main 

tests completed in physical testing in order to correlate them to the simulation are 

stress/strain tests, natural frequency tests, dynamic response tests along with temperature 

and pressure distribution tests. Of course, all of these tests are equally important and are 

definitely required to connect a physical test and a computerised simulation, covering all of 

the exceptionally important parameters that the FEA simulation analyses.  

 

A physical test is essentially the same as an FEA test in the sense that it must be simulate the 

expected forces that would take place while the product is in real-world use, then providing 

useful data back to the design team so they can analyse what those results mean. These 

tests are also extremely important when compared back to the idea of motorcycle frame 

design. An example of a physical test revolving around stiffness was seen in figure 2 in the 

previous section of this report and this would be one of many tests which may be used to 

help correlate the FEA simulation undertaken on a motorcycle frame. To use an example of a 

strain gauge test in this context, a chassis would be set up in a rig with a system used to 

simulate the tension applied upon the handlebars and other effected areas such as the seat 

and foot pegs with strain gauges attached to the frame itself in perhaps weaker areas such 

as where the frame has been welded such as the headstock or where the down-tubes meet 

the engine mounts (figure 3). This then measures the strain on each specified area of the 

frame based on the values produced by the strain gauges in each section. The results from 

this test can then be compared with the results from the FEA simulation in order to give the 

simulation its validity. 
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Figure 3 – Labelled Chassis Points on Speedway Motorcycle 

When tests like these on frames or swingarms are conducted however, the part is stuck in a 

rig as previously mentioned are often connected with real parts that would be used on the 

bike when being ridden such as the wheel rim (seen in figure 4) or the engine. This is done 

with the aim of getting data back from the bearings and back lashes of components to then 

compare back to FEA simulation results. The four main test types known to be conducted in 

this area would be the lateral load and longitudinal load tests along with two sets of 

torsional load tests. The first torsional load test is conducted in line of the bike axis in order 

to work out how the bike reacts to torsional load under turning conditions and the other test 

is measured in the headstock axis to understand the bike’s reaction to load under braking. 

These tests are also completed in the FEA simulation using CAD drawings of the parts and 

then the results from the both the FEA and physical tests are compared and contrasted, then 

as previously explained should the FEA and physical tests come within a tolerance under 

15% then the FEA is considered validated. 

During the correlation process the FEA model itself also has to be refined especially if the 

physical tests come back at a higher tolerance to what is expected or sub-standard. In some 

cases, meshing, welding elements and boundary conditions may have to be altered in the 

model should the results fall outside of the tolerance. Once the two tests fall within the 

same tolerance the model may be able to become even more refined if it is possible to do so 

in order to bring it even closer to the real-world test results. The results are analysed using 

Headstock Downtube connected to 
engine plate 
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three-dimensional graphs and charts in order to see the different effects in different areas. 

Similar graphs can be created from the physical tests in terms of temperature and pressure 

distributions or values of stress or strain in different sections of the chassis, these can also 

then be used as a mode of comparison between physical testing and FEA to test the 

difference between them. One new form of physical testing being trialled is using strain 

gauges as previously mentioned however in an on-track test to see how a prototype would 

react in different circumstances on track in as real-world an environment as you will get in 

terms of testing a new prototype part. The strain gauges could then record the 

measurements over the course of the testing session seeing how the chassis reacts over the 

course of the test providing useful information for the design team who can only simulate 

the process in FEA. Temperature measurements during on track tests are also being looked 

into to see how the chassis reacts to changes due to heat (especially important due to the 

physical properties of aluminium), this will also give even better links to FEA in terms of 

correlation depending on the simulations ran. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – Physical Tests Taking Place on Motorcycle Swingarms 
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4. Could FEA Ever Replace Physical Testing? 
 

As previously explained, there is a very harmonious balance between the use of both FEA 

simulation and physical testing as each have their own advantages and disadvantages. On 

one hand FEA is extremely useful in terms of creating software before the production of a 

prototype needs to take place as this saves many companies a good amount of money, 

however it does also have its limitations in terms of being solely a computer software. The 

FEA simulation in a partial sense is also only as good as the designer’s computer hardware in 

terms of how quick you can run a simulation and if it will actually make it through the 

simulation without causing crash errors within the software. This is something a company 

would ultimately have to weigh up as to where the investment in FEA software and some 

very good computer hardware would save money overall compared to just conducting 

physical tests instead and relying on lengthy hand calculations. There is no substitute for 

hard evidence that is right in front of an engineer’s eyes and that is what many engineers 

favour, especially for the generation that grew up without the use of computers and high-

tech software. FEA also has a lot of drawbacks in this sense due to the fact you have to be 

skilled enough with the software (some of which can be complex) in order to use it at a high 

level while also understanding the theory of where the data it produces comes from. This is 

in part why the FEA model needs physical testing for it to be considered as valid data, as the 

FEA on its own is an unknown quantity as many things with it could be inaccurate if the 

person inputting data and creating the designs is not capable.  

 

Without physical testing companies would no doubt be sceptical and are so in many 

situations surrounding FEA. One motorcycle company had 3D printed an Aluminium 

swingarm based solely from an FEA simulation however when physical tested afterwards the 

results were very different when compared back to the simulation and the reason why 

cannot be worked out, for this reason the swingarm has never been used on track as the 

company refuse to take the risk with it. FEA has simply been described by one motorcycle 

chassis designer as “a guide and an indication”, something that you “could not count on the 

results of alone” (Taylor, 2020) and for this reason it will always need some form of 

validation or refinement as designers refuse to give it an all clear before proceeding to 

endanger a rider with the possibly fatal results of a crash caused by a design error. The fact 

also remains that there is no computer simulation replacement to model exactly what a 

rider feels through the bike and whether it will actually work out on track in a real world 
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simulation, no matter what the numbers and engineering statistics say on paper. This is 

something that only real physical testing can provide the answers to which is why this form 

of testing is in current development and use by some manufacturers. There are some tests 

which cannot be simulated in a computerised environment as have been previously 

discussed in section three of this report, in this context physical testing would be essential as 

it is not like these tests could just be left out of the design phase. It is absolutely crucial that 

those tests are completed, as a failure due to something which has not been tested or just 

through reliance on FEA results (which could simply be inaccurate) could well be disastrous. 

In some cases, FEA simulations cannot be done entirely accurately when simulating a 

motorcycle chassis due to the fact it is not possible to obtain CAD designs for other parts of 

the same motorcycle that another company has designed. As the motorcycle exists as one 

overall structure with different sections connected together the chassis must be modelled 

with different parts connected to it such as the engine or wheels to give fully accurate data. 

If this data is unavailable then the FEA would not give entirely accurate results like physical 

testing could, hence another need for the physical or on-track testing to remain in use. 

 

Once again there is one overriding fact that remains constant throughout all of the 

discussion surrounding comparisons between physical testing and FEA simulations – they 

must exist as one combined entity. FEA could not exist without some form of validation and 

whether or not that comes from physical tests could change in the future, however for now 

it is important they remain working alongside each other. The two testing forms balance one 

another out with the FEA simulations completing complex hand calculations easily within the 

blink of an eye and the physical testing can validate these results to make sure the 

simulation was completed correctly. When all of this context is considered there is definitely 

no way FEA simulations could exist solely without physical testing.    
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