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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 VVancouver).

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 |l G

2. Knowledge and Understanding of Subject

Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.

(Assessed in point 2)

30159

3. Analysis

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

(N/A)

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)

30,2

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

5.5

Assignment Mark Overall (Assessment marks are subject to ratification at the Late Submission Penalties (tick if appropriate)

Exam Board. These comments and marks are to give feedback on module work and are Up to one-week late

for guidance only until they are confirmed. ) Over one week late

Sty 7
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COMMON ASSESSMENT AND MARKING CRITERIA

Assessment Criteria

OUTRIGHT FAIL

UNSATISFACTORY

SATISFACTORY

GOOD

VERY GOOD

EXCELLENT

EXCEPTIONAL

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 toa
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 andisina
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
fluentand 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.

Level of Achievement
Common Assessment
Criteria Applled REFER 3rd 2:2 2:1 1st 1st
OUTRIGHT FAIL UNSATISFACTORY SATISFACTORY GOOD VERY GOOD EXCELLENT EXCEPTIONAL
1. Research-informed 0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100%
Literature
O O O O O O O
2. Knowledge and 0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100%
Understanding of
Subject
O O O O O O O
3. Analysis 0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100%
O O O O O O O
4. Practical Application 0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100%
and Deployment
O O O O O O O
5. Skills for Professional 0-29% 30-39% 40-49% 50-59% 60-69% 70-79% 80-100%
Practice
O O O O O O O
PLEASE COMMENT ON AREAS IN WHICH YOU FEEL THAT YOU | PLEASE COMMENT ON AREAS YOU FEEL THAT YOU NEED TO
HAVE PERFORMED WELL DEVELOP
Student’s Name Date

Student’s Signature

Page 5 of 5




Prifysgol Cymru
% Y Drindod Dewi Sant

¥ University of Wales
Trinity Saint David

%

School of Engineering

Can FEA replace physical testing?
Yitao Zhao

1904070

Automotive Engineering Beng
08/04/2020

Advanced Stress Analysis & FEA M6X00420



Catalog

T INrOAUCHION. ... 1
2 The background of FEA ... 1
3 Comparison between FEA and physical testing ...........ccooooeiiiiiiiiiiccennen. 2
3.1 Reasons for performing FEA with physical testing..............cccceeeeeeen. 2
3.2 How to correlate physical tests to finite element model...................... 4
3.2.1 Finite element Modeling .........ccoovvimiiiiiii i e 5
3.2.2 Check the correlation ... 8
4  Whether physical testing can be replaced by FEA ... 11
5 CONCIUSION ...t 13

6 References



1 Introduction

The advent of computers has largely changed the parts manufacturing industry,
and more precise control methods can often deal with some problems that
could not be solved by manual testing before. As one of the representative
technologies, the finite element method is widely used in various major
production fields, and it is particularly useful when producing some parts with
more complicated stress conditions. This assignment will use a car frame as an
example to show that how FEA plays a role in daily product development. By
correlating the experimental results of the physical test and the finite element
method, both advantages and drawbacks of the two methods will be analyzed,
so as to find out which manufacturers need to perform a finite element analysis
alongside the physical test the reason. Besides, the connection between FEA
method and physical test will be shown, which helps to determine whether

physical test can be replaced by finite element method.

2 The background of FEA

Finite element analysis (FEA) uses mathematical approximation to simulate
real physical systems (geometry and load conditions). It prefers using a finite
number of unknown elements (units) to approach an infinite unknown real
system. The concept was first proposed in the 1960s and was applied to the
aerospace industry at the beginning. However, with the development of
computer technology and calculation methods, the finite element method has
received more and more attention and application in the field of engineering

design and scientific research.

There are usually three main steps for a FEA test: preprocessing, simultaneous
solving and postprocessing.

In pre-processing part, based on the real body, the solved entity need to be
defined, such as the frame model in the case study. Structural dispersion is the

central task of finite element analysis, which is followed by parameter settings
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for unknown elements (units), including material properties, minimum
dimensions and mesh type. Boundary conditions such as fixed points or faces
and loads properties should also be specified at this time.

Simultaneous solving turns the discrete units into a continuous whole. Due to
its large amount of calculation, this part usually needs to be completed in the
computer. The quality of its solution mainly depends on the parameter settings
and mesh type of the element.

Post-processing will get the final experimental data, which for the selected case

is the torsional displacement.

In summary, the central ideas of the finite element method are ‘numerical
approximation’ and ‘discretization’. However, without the vigorous development
of high-performance computer technology, there can be no progress of finite
element analysis. So author believes that the computer technology is the core

of the development of finite element.

3 Comparison between FEA and physical testing

3.1 Reasons for performing finite element analysis with physical testing

As an experimental method, physical testing is usually inseparable from a solid
object. Taking the component's force analysis as an example, the physical test
needs to apply external force or moment to the specified position of the solid
object, and at the same time fix some other positions of it in order to measure
the relevant data such as stiffness, twist angle, bending displacement, etc. This
testing method based on solid model may make the physical object deform to
a certain extent after continuous testing, resulting in inaccurate experimental
data. In addition, during the entire physical testing process, the experimental
data can only be analyzed and improved after all results appear, which not only
takes longer time, but also increases the risk of parts fatigue.

As a virtual test method, the finite element method has trtuitiveness and

predictability than physical testing, which can be demonstrated as three aspects
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followed:
i for performing FEA alongside physical testing is that the stress
details of physical experiment can be shawn. Meanwhile the 3D renderings

allowed to view from any angle and size, which makes testing data easier to

read and helps to realize the stress condition better. For the physical test in

case study, the car frame was loaded at the front to find out its torsional stiffness.

Although load magnitude and torsion angle could be read among the test, the
stress distribution, as an important data, was unknown. With the help of FEA,
the stress distribution on the frame structure was indicated in different colors,
making the results clearly and more comprehensive. An example based on a

bus chassis can prove that point:

+ LEIE-05 . D077 43 014728 [FEGET] D455
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Figure-1 FEA of a bus chassis
The second reason is that the FEA can change experimental parameters more
efficiently to match the experimental requirements than physical tests. For the
case study, some crossbeams were installed at different parts of the solid body
to measure the displacement and torsion angle. The fixed positions of these

beams were adjusted multiple times in order to make sure all of them were in
3
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right places, which made the steps more complicated and errors easier to occur
in the course of the experiment. However, in finite element analysis, just
correcting the value of the parameter that needed to be modified and then
recalculating in software, the final results would be renewed. Compared with

traditional physical tests, the finite element method is not only faster and lower

costing, but also has higher accuracy.

Figure-2 Fixed positions of crossbeams

The last reason is that finite element analysis can promote the improvement
and perfection of design methods. In previous physical tests, whether the test
method should be improved could only be determined when final results came
out. But the FEA can show the whole process of the test and give the predicted
phenomenon in a more intuitive and faster way such as reducing the number
of repetitive steps and comparing results with physical tests by postprocessor.
This advantage can greatly reduce the time required to improve the
experimental design, especially for such a time-consuming experiment.

3.2 How to correlate physical tests to finite element model

In oder to realize how a physical test be correlated to a finite element model,



based on physical components, a three-dimensional model was essential to
build on the software.

3.2.1 Finite element modeling

With the main structure similar to the reference object, a simplified car frame
was built by Solidworks. It could be seen that although some parts was omitted,
_the shape and size for FE model was close to the real one. 4130 steel was used

as the frame material in order to obtain consistent mechanical properties:

EEENEIEE I

Figure-3 Front view of the FEA model

mis[aTle/>5/@

Figure-4 Top view of the FEA model
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Figure-6 The original solid model

For mesh properties, because of the uneven stress distribution, curvatured-
based mesh was applied to achieve a simulation closer to the actual situation.
The boundary conditions for physical test also had the same effect as the finite
element model. In the FE model, forces about 1550N were uploaded separately

at each side:



Figure-7 Loads acted on the FEA model
With the same fixed points, only one difference for loads parameter setting
between physical test and finite element model should be noticed: in the entity
model, only one force was loaded at the end of the main bar, which had farther
distance to centerline. To keep the same torque acting on the chassis, the value
of this force was calculated as 650N so that physical tests could be correlated

to FEA settings.

Figure-8 The real load point in physical test
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3.2.2 Check the correlation

After quantities of setups for the FEA model, it would have a similar physical
property as the entity frame, which meant that the parts modeled could match
the parts tested in great condition. The test results below will illustrate the
degree of correlation between the two models.

The first part is modal analysis. Since the vibration modes are inherent and
integral characteristics of the elastic structure, through the modal analysis
method, the properties of the structure’s main modes in a certain susceptible
frequency range can be understood, and the actual vibration response
generated by various internal or external vibration sources for the structure in
this frequency band can be predicted. However, in the case study, only the finite

element model was modal analyzed due to the restrict of the test equipment:

Figure-9 Modal analysis of the FEA chassis

1%t order (left); 2" order (right)
The results showed the difference that the first-order frequency was 16.758Hz
and the second-order frequency was 51.75Hz. Calculated by finite element

method, the results will be useful for NVH reduction in further researches.



The second part to compare is the maximum displacement. Due to there are

some differences between the simplified model and the actual structure, the

results of the two tests are somewhat different.

The figure above shows each position of the ten testing points in physical test,

and each point had their own displacement and twist angle. The result showed

Figure-10 Ten testing points in the physical test

that the crossbeam through position 4 had the biggest displacement:

Table-1 Part of the physical test results

position 1 2 3 4 5 load
a dis left 183 217 3.3 4.19 3.14 65kg
dis right 141 1.795 3.01 413 2.31
L 1580 1610 1640 1570 305
Angle 0.117493 0.141104 0.220449 0.303631 0.387903
2 position 1 2 3 4 5 load
dis left 1.78 2.1 3.2 411 3.1 B65kg
dis right 1.39 1.798 3.065 4.08 2.35
L 1580 1610 1640 1570 805
Angle 0.114954 0.13872 0.218877 0.298887 0.387903
3 position 1 2 3 4 5 load
dis left 179 212 3.22 413 3.1 65kg
dis right 1.378 1.783 3.025 4.08 2.33
L 1580 1610 1640 1570 305
Angle 0.114882 0.138898 0.218178 0.299617 0.38648
Mean Angle 0.115776 0.139574 0.219168 0.300712 0.387429



The maximum displacement was 4.19mm in the test, and displacement on the

left-hand side was always a little bit bigger than the right-hand side because the

load was acted on the left end of the main bar.

For the FEA model, the distribution of the
maximum displacement showed a high
degree of similarity to physical testing. As
the distance from the main bar increased,
the displacement of the tube became
smaller and smaller. In addition, the
maximum value point also occurred at the
front upper corner, which was same as the
physical testing results. But it should be
noted that the maximum displacement of
the finite element model was only 0.34 mm,
which was less than one tenth of the

physical test results.

Figure-12 Result of FEA displacement simulation

The last part to compare between physical testing and FEA simulation was

twist angle.

Twist Angle Diagram

(1049,
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0.113443226)
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(2394,
0.293303299
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(2118,0.06046)

—&8— Physical testing

—#— FEA simulation

2000 2500 3000

Distance to fixed points

Figure-13 Twist angle diagram
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From the diagram above, the twist angle in physical testing was much higher
than that calculated by finite element method due to many reasons. Among the
data, the difference in structure had the greatest impact on the test results,
which was mainly reflected in the completely different angle growth rate of the
two tests from the fixed point to the first test position. Not only that, the
deformation after multiple tests of the real chassis and the accuracy errors
caused by measuring instruments would also lead to inaccurate physical test
results. For the finite element model, the structure and boundary conditions
cannot be 100% restored was the root cause of the error. Nevertheless, in the
next few intervals, twist angles in both groups began to increase at the same
trend, which could proof that the correlation between physical testing and FEA

model was not too bad.

4 Whether physical testing can be replaced by FEA

At this stage, author believes that finite element analysis cannot completely
replace physical testing. Although advances in computer technology have
made the finite element analysis more intuitive and efficient than physical
experiments, FEA s just a tool helping to deal with complicated problems which
is difficult to get results in actual tests.

First of all, physical tests are important references for finite element analysis.
Due to the variability of the real environment, in many cases, computer-based
simulations cannot contain all the situations under a certain experimental
condition. During the case study, many efforts were made to correlate the FEA
results to physical data, but things like the fatigue of tubes and the pipe wall
unevenness due to manufacturing process are not taken into account. Besides,
the simplification of the model can only verify whether they follow the same
changing trend. That’'s a reason why a physical test needed to be established
for comparison.

In addition, the simulation methods of finite element analysis are derived from

the empirical formulas which obtained from previous physical tests. Without
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physical theories as the basis, the finite element analysis methods cannot be
generated out of thin air. For example, the idea about mesh types was inspired
by uneven stress distribution, and all the material properties were calculated
from physical tests about real parts. If physical tests are completely given up,
the finite element method will stop developing as well.

Testing is the foundation of physics. All the concepts, laws and formulas of
physics are based on objective tests, that physical theory can never be
separated from the verification of the experimental results. When scientists put
forward certain assumptions or foresights, physical experiments are necessary
to verify the truth of their original thoughts. The experimental conditions are
strictly controlled during this time because any change may cause a totally
different theory. Judging from the role played by the subject, there is a big
difference between physical tests and hypothesis. Physical testing turns
hypothesis into theory, and theory promotes the development of technology.
As a computational method, finite element analysis is more like a hypothesis
which predicts the test results in advance. Although it is more advantageous
than physical testing in some aspects, the finite element method is unable to
completely restore the complex test environment under real conditions. The
core of the finite element analysis is ‘discretized approximation’, which uses
combinations of simultaneous equations to ‘approximately’ replace the very
complex original functions. Even if the accuracy will be further improved, the
concept of finite element analysis illustrates that this method is only an infinite
approximation to the actual test conditions, rather than a complete copy.

For the FEA test itself, an in-depth understanding of the physical characteristics
of the solid components is also required in order to achieve a simulation result
which is accurate enough to replace the physical test. Analysis based on
simplistic assumptions about the real world will not provide a reliable basis for
understanding structure properties.

The modeling is also a serious job. Due to some additional structure, many solid
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models cannot be fully copied into the FEA software. For the frame in the case
study, it was first simplified to some extent. What’'s more, by reason of that five
crossbeams went through the model at different positions to gather the
experimental data, they could not be showed in the finite element model.
Although these crossbeams were light enough and would not cause any trouble
to the final results, the consistency of the test environment would be reduced.
To sum up, the right way to deal with physical tests and FEA is not replacing
one with another, but combining their advantages:

Physical testing is always the basis of manufacturing industry, which reflects
the actual experimental condition.

FEA tests have better details during the process, which can be more efficient
and more visual. But they are based on physical theories and not able to restore
all of the test conditions. This method can be very useful when solving large
quantities of simple parts which have a high cost for physical testing and easily

fatigued.

5 Conclusion

For this assignment, author understood that ‘discretized approximation’ is the
main idea of the finite element method. With a powerful computational ability, it
plays an important role in both engineering design and scientific research.
Followed the three main steps by preprocessing, simultaneous solving and
postprocessing, the FEA can achieve more details while testing and much more
efficient than ordinary physical tests. Besides, the FEA can predict the results
of physical tests, which is helpful to promote the improvement and perfection of
design methods.

However, due to the limitation of its own concept, finite element method cannot
fully copy the experimental conditions in physical tests. Without physical testing
alongside finite element analysis, the test results are easily to have a deviation
because physical testing is the basis of the FEA. A deep understanding for the

entity model is always required in order to make the FEA results correlating with
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physical tests.

Although there were some differences in the results, the case study of the
chassis illustrated that a physical test can be correlated to a finite element
model so long as the dimensions and boundary conditions are finely controlled.
Due to the load points were changed, the force was recalculated to maintain
the same torque acting on the frame. With such efforts like this, the FEA will
become a helpful tool for structure analyzing. As many companies have
adopted now, combining the finite element method with physical tests will not
only make the test more efficient and economical, but also ensure the credibility

and rigor of the results, which can benefit the manufacturing industry a lot.
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