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1. Introduction 
 

This assignment asks that the author research finite element analysis (FEA) with the aim of 

determining and outlining the role FEA plays in product development in industry today, in order to 

do this the author must consider a case study of FEA testing alongside physical testing.  

The study asks that this task be completed in 3 sections firstly why company’s use FEA analysis 

alongside physical testing, how physical testing can be correlated to an FE model and finally it asked 

if the author would determine that FE analysis can or should replace physical testing. 

1.2. What is FEA 
 

Finite element analysis is a method of analysing how parts and assemblies interact together and how 

they will perform under predicted conditions across its lifetime, FEA is a simulation method which 

takes calculates detailed interactions between elements within a part or assembly and the material 

it is made from. FEA looks at several detrimental conditions commonly found in a range of products 

such as stress, Strain, Vibration, buckling, fatigue, heat and several more conditions all to determine 

the structural integrity and safety of a part of product. (Caliber Design) Before computational FEA 

was put into common use designs where FEA wasn’t used components would likely be over 

engineered which doesn’t lead to the best possible design performance and usually adding more 

mass through material than is necessarily needed.  

2. Task 1  
 

Task 1 asks that the author determine why companies carry FEA alongside physical testing. 

In today’s industry FEA is widely used in the development of components alongside Physical testing 
this is largely due to the cost reduction and time reduction of using FEA simulations before 
manufacturing. FEA simulations are largely computational methods that allow for virtual 

construction and design of parts and allows for testing under known or predicted conditions prior to 

prototyping, this process considerably 
reduces the time it takes to test and 

redesign a part if necessary. Without this 
process of FEA  company’s would have to 
make initial designs and calculations to 

estimate the result under loading 
conditions before waiting for a component 

to be manufactured creating a cost and 

Table 1 Issues in FEA product development (S. Shih, 1998) 
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likely relying on a second department increasing cost further and time taken before testing is 
possible, once the part is manufactured it would be sent for testing likely requiring a 3rd department 
before results are gathered, at this point if the design fails in testing then the design team must try 

redesign by hand and the process is repeated until a final product is developed, (see Figure 1 Old design Process without 
FEA 

 

Figure 1 Old design Process without FEA ) FEA reduces the amount of departments needed to 

develop a final design by allowing the design engineer simulate any failures before prototyping and 

testing decreeing design time and cost while increasing the likely hood of manufacturing a 

component that withstands testing after minimal design attempts and prototypes.  

 

 

 

 

 

 

 

 

 

 

With this a company can more rapidly and reliably design parts for Physical testing, the reason 

companies still carry out physical testing although FEA has becomes such a proficient tool  is that 

FEA cannot account for every possible condition either due to the software, the designer lacking the 

necessary variables for simulation or an error was made in the design or manufacturing, (see Table 1 

Issues in FEA product development) this is where physical testing becomes necessary for example in 

connecting rod designs the fatigue life can be calculated however validation needs to be made. 

 A study found by (Suresh Kumar Kandreegula, 2016) highlights the use of a strain gauged jig set up 

on a connecting rod tested under VE commercial vehicles Ltd regulations who are a components 

design and manufacturing engineering company which claim to operate under the highest standard 

of quality control. (see Table 1 Issues in FEA product development in the Appendix) (Eicher, 2020)  

No yes 

Design process   

Design Engineer 

Manufacturing Engineer 

Physical testing 

prototyping 

Failure? Final product 

Figure 1 Old design Process without FEA 

Design 

Engineer 

Manufacturing Engineer 

After Re-design and 

development 

Figure 4 design process with FEA 
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The author of the case study uses data calculated from combustion forces (gas force & inertia force) 

to simulate the effect operational loads on a fracture split rod where the big end cap is split from the 

rod when forged as one component, to test the integrity of the design in key areas of stress under 

these loading conditions. this data was used to generate a static FEA simulation using ANSYS 

software where the connecting rod was analysed under operational loads to generate results of the 

induced stresses.  

With the static FEA study results a fatigue solver (FEMFAT) was used to determine the fatigue life a 

Rod is manufactured and tested using the test jig mentioned, the same calculated forces over a cycle 

were  applied to the test jig over 10million test cycles to ensure durability this is repeated with 

several samples with increasing safety factors (cover factors) to ensure no failures under unexpected 

conditions such as pre ignition or knock, each sample passed the fatigue tests without any failures, 

cracks or deformation validating the FEA tests and allowing for further tests in a real engine. 

This demonstrates that the use of FEA and physical testing together saves production time and 

material costs when manufacturing, the use of both tests together demonstrate that under the 

simulated conditions the component will last 10million cycles which is the industry design target for 

infinite life which is a requirement in most commercial  ICE engines.  

 

 

An added benefit to the use of FEA and physical testing is the ability  to refine a component to far 

higher standard than without the use of FEA, this is due to massive prototyping not being cost 

effective when attempting to refine aa product without FEA commonly leading to a over engineered 

component that suits the need. other considerations why industry does not rely only on FEA 

simulation before use of a component to save additional time and cost are that the simulation rlys 

on correct input to provide correct results for example incorrectly mesh sizing on your component 

would lead to inaccuracy’s where as physical testing excludes these issues due to the nature of 

physical testing.  

Figure 7test jig for Fatigue life evaluation 

 (Suresh Kumar Kandreegula, 2016) 

Figure 9 Sample tests of Fatigue life 
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3. Task 2 
 

Task 2 asks that the author to determine how physical testing of a component correlates to FE 

modelling and testing the purpose of this is that no FEA study can validate its own results without a 

second method of testing for reliable and validated results, this is where correlating results from 

different forms of study’s in crucial and this can only be done through accurate and correct methods 

of modelling and simulation  otherwise the results will be inaccurate of the physical tests which will 

near allows give consistent real results.  

Several aspects of FEA simulations are crucial to use correct condition as per the area of study for 

example, quality of meshing leads to inaccurate results if not fine enough leading to uncreating data 

for example it will say the structure will fail whereas if the correct mesh is used to increase the detail 

of analysis the it may no longer fail. The accuracy and correlatability is also dependant on the type of 

solver used in simulation for example 1D, 2D or 3D solvers will yield significantly different results in 

material behaviour under load.    

For example, 1D simulations are generally used for long members where cross sectional area is 

minimal in comparison, this is used largely in determining the cause of fractures due to bending 

where as 2D solvers are used largely for large cross sectional area sheets or  components with a 

thickness this allows for calculation of sheer deformation as well as bending deformation. 1D and 2D 

FEA is largely combined used for simple FEA on simple components however 3D element solvers 

(known as solid elements) which are used is used in most FEA packages due to the most accurate 

results from FEA due to most products that require complex FEA are 3D components, 3D elements 

are commonly simulated using computational methods due to the complexity. (Cyprien, 2015) 

 

 

 

 

 

 

 

 

 

Figure 12 1D, 2D & 3D Application situations 
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Buckling or failure tests in connecting rods are directly related to yield stress where yield is 

commonly tested as 90% of the Ultimate Tensile strength (UTS) in the automotive industry when 

using steel for to provide a safety net for unpredicted additional forces. tests can be simulated under 

load for example, simulating tensile loads in computational FEA to yield to see buckling effects under 

load, this can also be done on a jig using the same forces and if the deformation occurs at the same 

point in the study then the results should show correlation in turn validating the FEA. (Yukioka, 

2012) 

 

figure 5 represents a typical representation of the behaviour of a ductile material found in a using a 

tensile test jig for physical testing where line B (dotted) represents the climb of stress on the 

component and line A (Black) is the actual stress acting on the component under deformation 

measured through strain gauge and deformation sensors.  

Figure 6 stress Vs strain in ductile material 

 

Figure 6 stress Vs strain in ductile material: 

➢ 1 = UTS 

➢ 2 = Yield strength (yield point) 

➢ 3 = component Failure 

 

Figure 7 Fatigue S-N curve for  inconela alloy   

 

Figure 18 Fatigue S-N curve for  inconela alloy  (Belan, 2015) Figure 16 stress Vs strain in ductile material 

1 

2 

3 A 

B 
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Figure 9 ANSYS Bumper crash test Figure 7 Fatigue S-N curve for  inconela alloy  demonstrates a 

typical representation of a fatigue duty cycle where test were conducted on an Inconel alloy under 

different loads to determine maximum stress the material can be repeatedly subjected to archive 

x108 cycles this test can be conducted though physical tests on prototype material to validate FE 

calculations. 

 

 

A case study found on the development of a car bumper which due to new regulations had to be 

able to withstand repeated impact forces at 5Mpa impact speed without failure or visual signs of 

cracks to ensure a fatigue life cycle of x108 cycles, this is an industry standard for some automotive 

components in the manufacturing industry to ensure infinite life. The author was able to obtain 

some original bumper for the test vehicle in question which were reinforce and physically tested to 

the specified crash conditions until visual damage was seen in each re-enforced bumper, with a 

number of sensors the was able to obtain data such as maximum allowable crash speed before 

damage, damage location, impact energy and the number of impacts before failure.  

These tests provided data for virtual prototyping correlation, as the author now knows the real 

results for a crash test the virtual simulations can be developed to correlate to the crash tests for 

further development as reinforced bumpers failed the strength and fatigue testing.  

to cost and time efficiently develop the new bumper a simplified FEA model was conducted using 

ANSYS to aid in the time taken of the simulation, to simulate the reinforced bumper to obtain the 

same results as the physical testing the author used the data gathered such as vehicle impact load at 

a specific velocity  and energy exerted on and absorbed by the bumper as a target for the model to 

achieve as seen in figures 7 & 8  where the FEA analysis shows that deformation was highest in the 

second highest are of stress which due to the impact direction is to be expected due to bending 

moments from corner impacts. 

(Neely, 2011)  
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The method of ensuring accuracy of the FEA  model is through correlating the results of crash testing 

in analysing the areas of failure in both real and simulated crash test as well as the impact energy 

recorded under the same speed and loading conditions, one of the main aspects of using a physical 

test for results first is that when meshing of the component stress and energy results if inaccurate 

then the likely hood is that mesh size needs to be refined which increases solver time however is 

necessary to determine if the FEA results are accurate or there are modelling issues. 

For example, on a simple beam of 30mm by 30mm by 200mm with a fixed and 8kN on the other (see 

Figure 10 meshed simple beam 

 

Table 2 Solidworks 3D solver results with different element sizesFigure 10 meshed simple beam) was 

simulated in Solidworks to determine the results with decreasing element size (see  Table 2 

Solidworks 3D solver results with different element sizes 

 

Figure 11Bumper Design processTable 2 Solidworks 3D solver results with different element sizes). 

The Solidworks tests were conducted after real world hand calculations were sued to determine the 

deflection and stress where: 

➢ Ymax (deflection) = 1.5mm 

➢ σmax = 355.5mpa 

Figure 23 ANSYS Bumper crash test (Neely, 2011) Figure 24 ANSYS FEA of Crash test (Neely, 2011) 
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The closest that Solidworks predicted was with a 2mm element  size where the larger 

element sizes gave increasing inaccuracy, these setting obviously vary with the complexity 

and geometry showing that to ensure that the simulation is accurate there must be initial 

studies real world done to obtain correlative results. 

 

Going back to the bumper crash testing once the author of the case study had virtually crash 

simulated the modelled reinforced bumper with correct boundary conditions and meshing the areas 

of deformation and fracture were found in the same location as in the real world crash testing, due 

to slight changes made in the crash scenario due to ANSYS simulation limitations for example the 

bumper in the virtual scenario was the moving object and the impacting vehicle was stationary to 

optimise the test to suite in lab testing later for further validation. (shashi, 2016) 

 

The final stage in the case study of correlating results was to do in house quasi-static tests on an 
impact jig as seen in Figure 12 Quasi-static Rear bumper testing 

 

Figure 13 VE commercial Vehicles 

automotive CertificationsFigure 12 Quasi-

static Rear bumper testing under the same 

conditions velocity and forces as the ANSYS 

study. FEA results from ANSYS for a 3.5 Mph 

crash were predicted at a maximum impact 

load of 3.1Klbf (13.78949 KN) this was used 

as a base of the scale during the quasi-static 

testing, the final results for failure of the 

reinforced bumper amounted to 

determining that the bumper withstood 

loads under the 13KN impact load however 

8KN 

Figure 28 meshed simple beam 

Element Size (mm) Maximum Stress (MPa) Maximum Deflection (mm) 

1 393 1.52

2 357 1.51

5 299 1.43

10 236 1.2

20 162 0.6

30 70 0.4

Table 3 Solidworks 3D solver results with different element sizes 

 

Figure 30Bumper Design process 
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in a range between 3.1Klbf and 3.92Kblf ( 13.8 KN & 17.4 KN) the bumper failed leading to a mean 

impact stress of failure at 3.53Klbf (15.7KN) which gave a 90% accuracy of correlation between the 

FEA study and the physical anastatic testing. 

 

 

 

Through the final physical tests being conducted 

and correlated to within 90% accuracy according to 

the study the author then went on to use the FEA 

and physical data to redesign the bumper to 

withstand derided impact speeds over an infinite 

life through the use of FEA with a degree of 

certainty that the results produced will be withing 

an acceptable accuracy of what real rests will show 

this is how correlation of physical or multiple test 

types allow for efficient and accurate use of FEA 

simulations.  

 

 

 

 

 

 

 

4. Task 3/conclusion 
 

Task 3 poises that the author speculate if FE analysis can or should ever replace physical testing. FEA 

is currently an exceptional tool Widley used to benefit almost all areas of product development in 

several industry’s by reducing cost and development time however currently the complexity and 

accuracy of these systems rely on user proficiency such as meshing experience & proficiency 

mentioned as well as accurate validated data where as physical testing is as true to what real life 

situations as can be achieved and usually needs to be conducted first to obtain reliable data for FEA 

simulation. 

 in industry such as the automotive industry components such as the case studied components 

mentioned (Rear crash Bumper & connecting rod) often if failure occurs after being sold to a 

Figure 33 Quasi-static Rear bumper testing 
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consumer can lead to injury or worse, because of this many companies will extensively physically 

test components due to the potential for error in FE analysis and simulation. Physical testing in 

industry has been refined for decades where as FEA solvers are still being refined most companies 

have adopted FEA as a method of cost and time saving however cannot simulate complex materials 

and compound behaviour as easily as the real world. Many issues with a product or components can 

develop in the manufacturing faze which and FEA solver will be programmed to simulate under ideal 

material properties and manufacturing, this is where physical testing of multiple samples are 

conducted after FEA to ensure manufacturing quality as well as design quality it is for these reasons 

in the authors opinion FEA should not replace Physical testing, that being said the day may arrive 

that solvers and programs will be advanced to perform and correlate to physical tests accurately 

every time however for certainty of product safety and reliability physical testing should always be 

conducted on the final product.  

In conclusion due to the potential for user error and the need for correlation to validate FEA at its 

current sophistication means that  FEA simulations should never currently replace physical testing 

due to the reasons aforementioned such as potential risk to consumer as one of the largest.  
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Figure 36 VE commercial Vehicles automotive Certifications 


