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ABSTRACT 
 
This Master’s thesis is summery of a comparative study of 2 commercial CAD-integrated 
FE-programs. These FE-programs were CATIA v5 and ABAQUS 6.3-7. The primary 
objective of this study is to investigate the basic FEA capabilities of CATIA and 
ABAQUS 6.7-3 in performing the linear static analysis and to identify whether there are 
any differences and similarities between results the both Finite Element FE codes give. 
The overall research question in the present thesis is: Do different FE programs, here 
CATIA and ABAQUS, give the same results for FE analysis giving the same models if 
subjected to the same boundary conditions? This research seeks to achieve its aims 
through making a comparative qualitative study. Certain pre-selections were performed in 
advance of conducting Finite element analysis and the comparison process to ensure that 
results would reflect only the most relevant and meaningful differences and similarities 
between the both FE-codes. Five different 3D solid models have been selected to perform 
linear static Finite element analysis on. All these models (case studies) are created in 
CATIA V5 and the linear static analysis conducted on using FE-codes CATIA v5 and 
ABAQUS 6.7-3. Three static responses (results) of the linear static analysis have been 
adopted as criteria for comparisons purposes. These criteria were: (1) displacements, (2) 
Von Mises stress, and (3) principal stress. The results of comparisons showed that there is 
a very good agreement in most cases and small gap between in a few cases. Results of 
this study demonstrate that the both FE-programs CATIA v5 and ABAQUS 6.7-3 have 
good capabilities to perform FE-analysis and they give very near results. Reason behind 
differences is that each of them uses a different algorithm for solving problems. The final 
answer for the research question is given with valuable recommendations for future work 
in the scope of this research. 
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SAMMANFATTNING 
 
Denna avhandling är en sammanfattning av en jämförande studie av 2 CAD-integrerade 
finita element FE program. Dessa programvaror var CATIA V5 R18 och ABAQUS 6.7-3. 
Det primära målet med denna studie är att undersöka de grundläggande Finite Element 
Analysen (FEA) förmågor som CATIA V5 och ABAQUS 6.7-3 har för att utföra linjära 
statiska analysen och att identifiera likheter och olikheter mellan de resultat som båda 
Finita element programvaror ger. Den overall forsknings fråga som denna examensarbete 
presenterar är: Är olika FE programvaror, här CATIAV5 och ABAQUS6.7-3, ge samma 
resultat för finite element FE- beräkningar av samma modeller om samma randvillkor är 
tillämpade? Forskningen söker att åstadkomma sina mål genom att utföra en kvalitativ 
jämförande studie. Vissa urval har gjort före implementering finita element beräkningar 
och jämförelse processen för att garantera att resultaten skulle reflektera bara de mesta 
relevanta och meningsfulla likheter och olikheter mellan båda FE programvaror. Fem 
olika 3D solid modeller har utvalt för att implementera FE beräkningar om. Dessa 
modeller har bildats via användande av CAD-programvaran CATIA v5. Finite element 
analysen implementerad om dessa modeller användning FE programvaror CATIA v5 och 
ABAQUS 6.7-3. Tre statiska responser (resultat) har adopterad som kriterier för 
jämförelsens syfte. De kriterierna är: (1) displacements, (2) Von Mises stress, and (3) 
Principal stress. Resultaten av linjära statiska analysen visade en liten skillnad mellan de 
FE programvarorna. Resultat of jämförelser visar att det finns en bra överenskommelse 
mellan de i vissa fallstudier och en liten skillnad i andra fall. Resultat av denna studie 
visar att båda FE programvaror har goda förmågor att implementera FE- beräkningar och 
ger mycket nära resultat. Skälet bakom dessa skillnader är att varje programvara använder 
sin egen algoritm för problem lösning. Det slutliga svaret för forskningens frågan är givet 
med värdefulla rekommendationer för kommande arbeten inom syftet av denna 
forskning. 
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                                          INTRODUCTION 

  

 
 
 
1.1 Background 
In the last decades, Computer Aided Engineering CAE tools like Finite Element Analysis 
(FEA) have been incorporated in the design development process. The aims of 
introducing Finite Element Analysis (FEA) were to achieve the three important goals of 
the product development process, shortening the time to market, lowering development 
costs, and improving product quality. Finite Element Analysis (FEA) is a computerization 
tool based on the classical Finite Element Method (FEM). FEA allows the engineer to 
design with a high degree of insight and to perform as much virtual testing on a computer 
as possible before committing to a particular design for prototyping. This is the power of 
incorporating FEA into the design process and a compelling advantage that progressive 
companies are eager to gain with FEA technology [1].Performing Finite Element Analysis 
(FEA) requires special computer software called FE codes or FE programs. The first 
Finite element program, NASTRAN, came up at 1960 and since that time growth of the 
both FE-software capabilities and computer hardware has increased. At present, there are 
many finite element FE-codes available either for free from a number of universities, 
engineering institutions and internet websites, or for a fee from various commercial 
vendors. Availability of numerous number of commercial finite element FE-programs of 
varying complexity made selection and identifying the appropriate FE codes for 
performing certain engineering analysis more difficult and confused. Therefore demands 
on comparative studies and benchmark studies of Finite Element FE programs have 
increased and become important guides for engineers and designers to select the right FE 
program for the task-in-hand. And during the last years the demands on quality and 
quantity of numerical simulation have grown extensively [2]. To facilitate selections of 
FE-programs many researchers attempted to compare finite element FE codes. Those 
researchers compared FE-programs from different point of view and made comparisons 
based on comparing different FE programs features (see section 1.2).At Halmstad 
University CATIA v5 have been used for years in the studying programs for engineering 
students and the staff intents to introduce FE-program ABAQUS 6.7-3.The staff aims to 
know if ABAQUS6.7-3 will give same answers as they used to obtain from CATIA v5? 
CATIA v5 was used for performing linear analysis and if ABAQUS6.7-3 give same or 
near results to those they used to obtain from CATIA v5, ABAQUS6.7-3 will be 
introduced in studying programs for engineering students. The results of this comparative 
study will offer a useful base for the staff to make their decision on introducing 
ABAQUS6.7-3 in studying programs. 
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1.2 Relevant literature and works 

This comparative study is partially based on theoretical studies and previous relevant 
written works. Many researchers attempted to compare different finite element FE-codes 
used for different engineering applications. Those researchers compared FE-programs 
from different points of view and made comparisons based on comparing FE-programs 
features. Some made pure theoretical comparisons giving advantages and disadvantages 
of FE-programs without performing any finite element analysis. Other made comparisons 
between free and commercial FE-programs. The most important conclusion from the 
primary literature survey was: not availability of a certain or particular methodology for 
comparing FE-programs. Therefore, the aim of doing an intensive literature study was to 
find which methodologies were most used in comparisons processes. The most relevant 
and useful literatures to this comparative study can be summarized as following:  
 

1. Vince Adams, Do FEA Tools Give The Same Answers? Contents A Comparison of 
Finite Element Analysis Software, IMPACT Engineering Solutions, Inc . [3]. 

Vince Adams performed a comparative study on five Finite Element packages at 
IMPACT Engineering Solutions, Inc; he used COSMOS Works Version 2005, ANSYS 
Version 8.1, NEi/Nastran Version 8.3, and Pro/MECHANICA Wildfire 2 for comparisons. 
His goal was to determine if the same or similar results would be obtained if all these 
tools were used with the exact same boundary conditions, properties and geometry. He 
used 10 sample problems (case studies) for performing static analysis on 9 cases and 
modal analysis on 1 case. For comparisons purposes he used the outputs of the analysis as 
criteria. These criteria were displacement and Von Mises stress. The most important 
finding of this study was: “In nearly all the 10 stress-displacement analyses performed, 
COSMOS Works was found to produce results within 10% of the average response from 
all the FEA tools used in this investigation. This was comparable to the consistency of the 
other tools”. According to his findings the nearest FEA tool gave results within 10% of 
the average of all FEA results. 

 

2. A D Jefferson, T Bennett and S C Hee, Comparison of two and three dimensional 
finite element analyses for concrete dams, as part of network IALAD, School of 
Engineering, Cardiff University, CARDIFF, U.K.[4]. 

In this study, Jefferson and his colleagues used Finite Element FE-codes FRANC, 
LUSAS, DIANA and FRACDAM for performing FE-analysis on two-dimensional 
benchmarks. They used a set of criteria in comparing the FE-codes mentioned above. 
These criteria included the primary output, i.e. stresses, displacements and crack opening, 
the peak load obtained, and the history of the analyses. The findings of their study were 
that the FE-programs gave different results. They also made analyses of the dam on a 
three dimensional model using FE-programs LUSAS and DIANA. By comparing the 
results they found significant differences between the both FE-codes. The final result of 
this study was that FE-codes don’t give the same results in many cases except in a few 
cases. 
 

3. Jalal Nikoukaran and Ray J. Paul (1999). Software selection for simulation in 
manufacturing: a review, Department of Information Systems and Computing, 
Brunel University, West London, UK [5]. 

Nikoukaran and Paul conducted a research based on the literature review of Software 
selection for simulation in manufacturing. They carried out an investigation of 
methodologies for selection of simulation tools. Their goal was to study the available 
methodologies for selecting simulation tools. They state that there are few attempts to 
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develop a structured methodology for simulation software selection in the literature 
searched. The most methodologies they had mentioned in their study focused on selection 
of simulations tools. Even Nikoukaran and Paul couldn’t to set out a particular or suitable 
methodology for selection of simulation tools. They ended their study with poor results. 
They stated that “We believe that the choice of software is a matter of convenience”. 
 

4. K. Hanke, S. Heising, G. Probert, R. Scrivens,(2001)Comparison of Simulation 
Codes for the Beam Dynamics of Low-Energy Ions, EUROPEAN 
ORGANIZATION FOR NUCLEAR RESEARCH.[6]. 

Hanke and his colleagues compared three simulation codes. These three different FE-
codes included: KOBRA, IGUN and CPO for the beam dynamic of low-energy ions. The 
goal with their study was to know if results of these codes would agree with real results 
from experiments. They used outputs of analysis of these simulation codes and compared 
to real results, Findings of this study were like all other studies conducted on FE-codes, 
FE-codes give different results depending on the accuracy of each code. For test cases, 
good agreement was found between the codes and analytical solutions. Where possible, 
results have been compared to experimental data from the CERN Laser Ion Source. In 
general, results from these simulations were in agreement with the data of the real beam 
line. 

 

5. Joel D. Gardner, Athulan Vijayaraghavan (2005) Comparative Study of Finite 
Element Simulation Software, (University of California, Berkeley) [7].  

Gardner and Vijayaraghavan have studied the choice of finite element software for 
machining analysis. They conducted a pure theoretical study by investigating three finite 
element FE-programs. These FE-packages were DEFORM, ADVNAEDGE and 
ABAQUS. Each software package was discussed first and its advantages and 
disadvantages are presented. Then, the packages are compared and the suitable package 
for different scenarios is suggested. The comparisons were made on four selected features 
for the each FE code. These features were ease of set up, materials models, adaptive 
meshing capabilities, and overall control. Results of comparisons showed that ABAQUS 
has the best overall control on simulation process while FE-code AdvantEdge has the best 
easy to setup machining simulation features and Deform offers more control over the 
simulation process. 

1.3 Motivations and needs  

The main motivations of this comparative study comes from that staff of department of 
engineering and economy at Halmstad University used as Finite element analysis FE-
program CATIA v5 in the studying programs for engineering students. FE-program 
CATIA v5 used for performing linear static analysis .They have plans to incorporate 
ABAQUS 6.7-3 in studying programs for performing non-linear static analysis. They 
want to know how ABAQUS 6.7-3 does finite element analysis. And does it give same 
results like CATIA v5 do. If FE program ABAQUS6.7-3 give near or same results to 
those FE program CATIA v5, it will be incorporated. This need led to another question: 
Can analyst get same results of FE analysis by using different various FE programs, here 
CATIA v5 and ABAQUS6.7-3, on the same FE models subjected to the same boundary 
conditions?  

1.4 Purpose of the research. 

The purpose of this study was to investigate the capabilities and limitations of Finite 
Element FE programs CATIA V5 and ABAQUS 6.7-3 for performing linear static 
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analysis of 3D solid models. 

1.5 Aim of the research 

The main aims of this study can be summarized as follows: 
1) Evaluate FE programs CATIA v5 and ABAQUS 6.7-3 capabilities of performing 

Finite Element Analysis FEA. 
2) Identify similarities and differences of the various outputs (analysis results) 

between the both FE programs in performing the linear static analysis. If results 
of Finite Element analysis obtained from ABAQUS 6.7-3 are near to those 
obtained from CATIA v5, ABAQUS 6.7-3 will be introduced in study programs 
for engineering students at Halmstad University in Sweden. 

3) Gain some insight and understanding on what a commercial FE program can do 
to the three dimensional 3D engineering problems. 

1.6 Research question and problem statement 

There is a numerous number of computer programs which are commercially available to 
compute and run the finite element analysis. Different finite element analysis commercial 
software may provide Finite Element (FEA) analysis with different results. This 
comparative study has the following question: Do different FE programs, here CATIA v5 
and ABAQUS 6.7-3, give the same results for FE analysis giving the same models under 
the same boundary conditions? The answer of this research question will be given by 
making a comparative study of 2 CAD integrated FE codes. After gaining the answer for 
the research question, the author will be capable to give some recommendations about 
introducing FE-program ABAQUS6.7-3 in studying programs. There is a specific 
importance for identifying the research question because choice of the research method 
can be determined by the research question or research problem. 

1.7 Research limitations 

This study has five clear limitations. These limitations can be summarized as following: 
1) Comparative study that means it focuses on comparing tow FE-analysis, 

neglecting study other capabilities of the FE programs. 
2) Performing only the linear static analysis, which means it, focuses on running and 

results of FE-analysis, neglecting studying the other capabilities of the FE 
programs. 

3) Using only two Finite Element FE-programs, CATIA v5 and ABAQUS 6.7-3. 
4) Using only five Finite Element FE models with different load applied. 
5) Performing the study within only 20 weeks. 

1.8 Materials and methods 

1) All finite element models are created with CATIAV5using workbenches part 
design and assembly design. 

2) All finite element analyses were run in CATIA V5 using the generative structural 
analysis Workbench and in ABAQUS for CATIA 2.5. AFC using ABAQUS 
structural analysis workbench. 

3) Finite Element Analysis FEA used in this study is based on the well known Finite 
Element Method FEM. 

4) The type of analysis used in this study is the linear static analysis. 
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5) A quantitative comparative approach used as methodology for conducting this 
study. 

1.9 Structure of the thesis  

This thesis has been divided into three parts: 
In the first part of this thesis, chapters 1, 2, 3 and 4, introduction, methodology, finite 
element analysis FEA and theoretical references of commercial FE-programs required for 
the purposes of this study are given. 
The second part of the thesis, chapter five, involved the numerical implementation of the 
linear finite element analysis FEA using FE-programs ABAQUS6.7-3 and CATIAv5. 
The third part of the thesis , comprise chapters 6 and 7, involved making comparisons of 
the FEA results obtained from  the both FE programs ABAQUS and CATIA, and finally 
discussing the results of comparisons with giving suitable and appropriate 
recommendations. 
The structure of the thesis is show below in figure 1. 
 
 

                  
                                                         Figure 1: Structure of the thesis 
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                                METHODOLOGY 

  

 
 
 

2.1 Introduction  

At the beginning of any scientific research, the first question faces the researcher is: 
what’s the most appropriate methodology or research approach for implementing the 
research-in-hand? Qualitative or Quantitative approaches? More there which criteria 
should be used in selecting the suitable research approach?  In order to select the right 
approach a short study conducted on the methods of scientific research includes 
qualitative and quantitative approaches. Methodology entails the whole process of 
carrying out a study or doing research [8] and it can be defined as a body of methods, 
rules, and postulates employed by a discipline or the analysis of the principles or 
procedures of inquiry in a particular field [9]. There isn’t any particular methodology 
available for selecting and comparing Finite Element FE codes. Nikoukaran [5] supports 
this fact and states that; “there are few attempts to develop a structured methodology for 
simulation software selection in the literature searched”. Therefore, in order to avoid 
doing wrong comparisons i investigated some methodologies for conducting comparisons 
in other areas of science. I would follow the steps of implementing a scientific research 
by using what is called the scientific method. There are many types of scientific 
approaches can be used in conducting researches or studies on phenomena or objects. 
One of these methods is the comparative study.In the next sections a detailed description 
of comparative study and how to propose the methodology for this study will be 
presented. 

2.2 Comparative study 

Comparative study can be defined from its name,i.e, its a method of comparing tow or  
more object or natural phenomena to each other or to a benchmark reference. The goals 
of comparing objects are to identify differences and similarities between them. 
Comparisons may be qualitative or quantitative. Also comparative study can be divided 
into tow types depending on the style of comparison. These styles of comparison are 
descriptive and normative. Descriptive Comparison aims at describing and perhaps also 
explaining the invariance of the objects. It does not aim at generating changes in the 
objects; on the contrary, it usually tries to avoid them, while Normative comparison is 
style of comparison when the aim is not just to detect and explain but also to improve the 
present state of the object, or to help improving or developing similar objects in the 
future[10].The comparative method is often used in the early stages of the 
development of a branch of science [10]. 

 
CHAPTER 

 
 

TOW 
 



7 

2.3 Qualitative and quantitative approaches. 

As mentioned in previous section, at the beginning of this study the intent was to compare 
2 CAD-integrated FE-programs. Therefore, there weren’t any discussions on which 
scientific method will be used. But the question was which style is the best appropriate 
for comparative study qualitative or quantitative approaches? I thoroughly investigated 
the both approaches and then made my decision of selecting one of them. Depending on 
the nature of the research, qualitative method may be more suitable and useful for some 
researches and quantitative method may be most appropriate for others.  In the next 
subsections detailed definitions and characteristics for each approach will be presented.  

2.3.1 Qualitative approach 

Qualitative research is the cintific  research method which used widely in investigating 
phenomena and the reasons stay behind their behaviour. Qualitative methods give an in-
depth understanding and detailed descriptions of the subject matters of the study. Kabeba 
[11]emphases this description and he describes the qualitative research as its 
concerned with studying a process and is used when one is interested in gaining 
an in-depth knowledge of specific cases and to understand how different factors 
piece together to influence the occurrence of the phenomena within each case. 
It usually depends on interviews, observations, focus groups, and case studies. Statistics 
are not important issues for qualitative methods, while quantitative methods rely on it. 
Like any other research method, the qualitative method has both strengths and 
weaknesses.   

2.3.2 Quantitative approach 

Quantitative research is the systematic scientific investigation of properties and 
phenomena and their relationships. The objective of quantitative research is to develop 
and employ mathematical models, theories or hypotheses pertaining to natural 
phenomena. The process of measurement is central to quantitative research because it 
provides the fundamental connection between empirical observation and mathematical 
expression of quantitative relationships[12].Unlike qualitative methods, quantitative 
methods are focused on the collection and analysis of numerical data and statistics. The 
quantitative method is often employed when the researchers' intention is to generalise his 
findings across different cases and situations [11]. 

2.3.3 Qualitative versus quantitative research 

In order to understand in-depth the differences between qualitative and quantitative 
methods i have studied thoroughly the following comparative table (see table 1 below) 
which summarizes features of the qualitative and quantitative approaches respectively. 

 

Table 1 Features of Qualitative & Quantitative Research [13] 

Qualitative Quantitative 

The aim is a complete, detailed 
description. 

The aim is to classify features, count 
them, and construct statistical models 
in an attempt to explain what is 
observed. 
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Researcher may only know roughly 
in advance what he/she is looking 

for. 

Researcher knows clearly in advance 
what he/she is looking for. 

Recommended during earlier phases 
of research projects. 

Recommended during latter phases 
of research projects. 

The design emerges as the study 
unfolds. 

All aspects of the study are carefully 
designed before data is collected. 

Researcher is the data gathering 
instrument. 

Researcher uses tools, such as 
questionnaires or equipment to 

collect numerical data. 

Data is in the form of words, pictures 
or objects. 

Data is in the form of numbers and 
statistics. 

Subjective - individuals’ 
interpretation of events is important 
,e.g., uses participant observation, 

in-depth interviews etc. 

Objective – seeks precise 
measurement & analysis of target 

concepts, e.g., uses surveys, 
questionnaires etc. 

Qualitative data is more 'rich', time 
consuming, and less able to be 

generalized. 

Quantitative data is more efficient, 
able to test hypotheses, but may miss 

contextual detail. 

Researcher tends to become 
subjectively immersed in the subject 

matter. 

Researcher tends to remain 
objectively separated from the 

subject matter. 

 

2.3.4 Case study 

There are different types of qualitative approaches that are common in conducting 
scientific researches. Neill [13] mentions five types of these qualitative methods. He 
called them the main types of qualitative methods. These types include: Case study, 
Grounded theory, Phenomenology, Ethnography and Historical. Case study is one of the 
qualitative types which widely used in conducting qualitative researches. Case study, 
sometimes called monograph [10], is mainly based on qualitative research strategy in 
which the researcher explores in depth a programme; event, activity, process or one or 
more individuals [11].Gerring [14] defined the case study as an intensive study of a single 
unit for the purpose of understanding a larger class of (similar) units. Case study attempts 
to shed light on a phenomenon by studying in depth a single case example of the 
phenomena.  The case can be an individual person, an event, a group, or an institution 
[13]. Case oriented researchers are more concerned with what actually happens and how 
the happenings come about (process) [11]. 
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2.4 Research approach 

Once the objectives for this study have been formulated the method by which this is best 
achieved must be determined. Choosing the right methodology is absolutely a critical 
issue and correct answers require in-depth understanding of the problem. In this section, 
how the research method (approach) for this study has been chosen and validation of the 
chosen method (approach) are presented. 

2.4.1 Choice the research method for this study 

In order to reach the main goals of the presented study and after studying all methods of 
conducting scientific researches, I found that a qualitative comparative approach based on 
case study is the best and useful appropriate approach for this study. The aim of using the 
qualitative approach is to gain an in-depth understanding of how FE-codes do the linear 
finite element analysis. This approach provides the capability of deeply investigating the 
both FE programs, implementing FEA analysis and comparing the finite element analysis 
results. Also The qualitative research is concerned with studying a process and is used 
when one is interested in gaining an in-depth knowledge of specific cases and to 
understand how different factors piece together to influence the occurrence of the 
phenomena within each case [11].The type of comparison selected for this study is a 
descriptive comparison due to the author was interested of comparing the both FE-
programs and identifying similarities and differences between them, while normative 
comparison involves not just comparing objects, but also improve the objects. Depending 
on the different definitions of the case study (see section 2.3.4) and for the purposes for 
this study the finite element FE models have been considered as case studies. These case 
studies were five 3D solid models used in Finite Element analysis performed using the 
both FE-programs which this study covered. Responses of the linear static analysis 
conducted on these cases (sample models) are used as criteria for comparing FE programs 
CATIA v5 and ABAQUS6.7-3. 

2.4.2 Validation of the chosen method (approach) 

As mentioned before (see section 1.2), the most difficulty faced conducting this study was 
finding or proposing an appropriate methodology due to no availability of  particular 
methodologies for comparing the finite element analysis FE-programs. After an extensive 
study of scientific approaches and choosing the qualitative approach for comparing 
purposes the author had tried to see if the features of the  proposed qualitative approach 
comply with the characteristics of this study and helps to achieve the purpose, aims, and 
answer the research question. Therefore, the nine features of qualitative approaches given 
in table1 above have been examined with characteristics of this study. The results of 
examinations of features of qualitative approaches showed a very high agreement with 
what this study has intended to achieve. 

2.5 Work process 

All steps of how the work process done in this comparative study from the beginning 
reaching the goals in a scientific way can be summarized as following (see figure 2 in the 
next page): 
 

1) Identify and become familiar with the details and characteristics of the finite 
element method FEM and finite element Analysis FEA.  

2) Become familiar with the FE capabilities of the CATIA V5 and ABAQUS 
software. 
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3) Develop four 3D solid models using commercial CAD package CATIA V5.  
4) Identify and become familiar with the details and characteristics of the linear 

static analysis. 
5) Conduct finite element analysis on the five FE models by using linear static 

analysis via the both commercial FE programs CATIAV5 and ABAQUS. 
6) Compare the analysis results obtained from CATIAv5 to those obtained from 

ABAQUS ,discuss and analyze comparisons results 
7) Answer the research question and give recommendations for future work.  

 
 
 
 
 

 
                       

                      Figure 2: Flowchart for the work process through the study     
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  __________________________________________________ 

 
 
          

                                    FINITE ELEMENT ANALYSIS FEA 
 
 
 
 
 
 

3.1 Introduction 

In engineering and design analysis, finite element analysis FEA is a computer technique 
for solving and analyzing engineering problems based on a numerical method called 
Finite element method FEM. Many references mix and don’t separate between the both 
abbreviations. In this report, abbreviation FEA will be used because it’s more suitable for 
the subject of this comparative study. 

3.2 Finite Element Method FEM 

The Finite element method FEM is a mathematical (numerical) method for solving the 
partial differential equations of complex physical systems which subjected to external 
loads.The term finite elment was first coined and used by Clough in 1960[15].In the early 
1960s, engineers used the finite element method for approximate solutions of problems in 
stress analysis, fluid flow, heat transfer, and other areas [16].Basic idea of the finite 
element method FEM originated from advances in aircraft structural analysis. The basic 
concept in the physical FEM is the subdivision of the mathematical model into disjoint 
(non-overlapping) components of simple geometry called finite elements or elements for 
short. The response of each element is expressed in terms of a finite number of degrees of 
freedom characterized as the value of an unknown function, or functions, at a set of nodal 
points. The response of the mathematical model is then considered to be approximated by 
that of the discrete model obtained by connecting or assembling the collection of all 
elements [17]. 

3.3 Finite Element Analysis FEA 

Finite element analysis (FEA) a computerized numerical method for analyzing complex 
structural and thermal problems used widely in engineering analysis. It based on the 
classical finite element method (FEM).A common use of Finite Element Analysis is for 
predicting how a part or an assembly will react to applied loads. A common use of Finite 
Element Analysis (FEA) is to have an insight about how engineering systems (part or 
assembly) will behave (react) when subjected to real loads. Therefore, in design processes 
FEA have been used extensively as a "virtual prototyping". Finite element analysis (FEA) 
generates very large systems of equations. These systems of equations are usually solved 
using of Gaussian Elimination. 
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3.3.1 Steps of Finite Element Analysis FEA 

In any finite element software, finite element analysis consists of three major steps, the 
three steps are: pre-processing, solving (solution), and post-processing (visualization of 
the results). 

• Pre-process ( building FE- models) 
Pre-processing is the first step of those three steps mentioned above. Pre-processing 
involves building a finite element FE model of the body or structure which will be 
analyzed in the seconed step using the FE solvers.FE solvers run finite element analysis 
on FE modles therfore its important to convert CAD models to FE models. The CAD 
models can be converted  to FE models by adding materails to the CAD model, meshing 
the geametry,applying boundary conditions Most finite element FE programs provide an 
interactive utility to generate a mesh from a CAD model of the structure.Matrials 
properties are required inputs in  FE solvers due to solvers compute FE equations 
depending on theses properties, especially computing of displacements.Meshing is the 
process of breaking up the geometry into finite number of elements.There are three types 
of meshing:solid meshing,surface meshing ,and line meshing. Choosing the right meshing 
type is an improtant issue due it influnces on the accuracy of the FE results.Once the 
Finite Element FE model is completed it used by solvers for performing finite elemeent 
analysis on. 

• Process (Solution)  
Solution is the seconed step of the finite element analysis process. This step is usually 
done by solvers of the finite element FE-programs without any influences of the users or 
engineering designers.Solvers use the topological information about the FE model to 
solve the differential equations according to the algorithm of the solver.All these 
topological informations of the FE models sends to the solvers using input files.There are 
different solver which use diferrent algorithms,like Sparse,iterative,etc.After completeing 
the analysis solvers sends results to the preprossesors using special files. 

• Post-process (visualization of the results) 

The third and last step of FE analysis is postprocessing or visualizating the results of 
analyses using postprocessors.Results can be shown in tow ways:images or plots. Most 
commercial FE packages provide iffcient postprocessing in order to visualize the results 
numerically or grapgically.After visualizating the results, engineers ,designers , and users  
can study the results in order to use these results in evaluating their designs. 

3.4 Types of engineering analysis 

There are many different types of engineering analyses can be used by commercial finite 
element programs. Some of these analyses types include the following: Structural 
Analysis, thermal analysis, linear analysis, non linear analysis, fluid dynamics, heat 
transfer analysis, modal analysis, vibration analysis, crash analysis, and impact analysis.  

3.5 Linear static analysis 

Linear static analysis is one of the most common engineering analyses and it represents 
the most basic type of analysis. Linear static analysis obeys Hook’s laws of elasticity 
(1678). The term "linear" means that the computed response-displacement or stress-is 
linearly related to the applied force. The term "static" means that the forces do not vary 
with time--or, that the time variation is insignificant and can therefore be safely 
ignored.Outputs or results of the linear static analysis are displacements, strains, stresses, 
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and reaction forces under the effects of applied loads. This type of analysis is based on 
the following three important assumptions:    

1) Elasticity Assumption: The part returns to its original shape if the loads are 
removed (no permanent deformation). 

2) Static Assumption: Loads are applied slowly and gradually until they reach their 
full magnitudes. Suddenly applied loads cause additional displacements, strains, 
and stresses. Figure 3 shows the relation between the applied load and the 
displacement during linear analysis. 

3) Linearity Assumption: The relationship between loads and induced responses is 
linear. The linearity assumption can be made if: 
a) All materials in the model comply with Hooke’s law, which stress is 

directly proportional to strain. 
b) The induced displacements are small enough to ignore the change in 

stiffness caused by loading. 
c) Boundary conditions do not vary during the application of loads. 

Loads must be constant in magnitude, direction, and distribution. They 
should not change while the model is deforming. 

 
The equation required to understand linear finite element stress analysis is the 
static analysis equation: [K]{u} = {f}      (3-1)  

where K is the system stiffness 
matrix (based on the geometry and 
properties), f is the vector of 
applied forces and u is the vector 
of displacements that FE program 
computes. Once the displacements 
are computed, FE program uses 
these to compute element forces, 
stresses, reaction forces, and 
strains[19].                    

                                                   Figure 3: Relation between load and displacement    
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                                           FINITE ELEMENT FE-CODES 
 
 
 
 
__________________________________________________ 
 

4.1 Introduction 

The second part of this comparative research involves performing the Finite Element 
Analysis (FEA) on five 3D solid sample problems (case studies) using the commercial 
Finite Element FE software, CATIA v5 and ABAQUS 6.7-3. FEA tools are one common 
class of analytical CAE tools. FEA tools, when applied to a mechanical structure, offer 
the engineer insight into the stresses, deflections, modal frequencies, and mode shapes of 
the structure. In addition, FEA can be applied to other types of analysis, including heat 
transfer, electrostatic potential and fluid mechanics [20]. Finite element FE-programs are 
computer programs based on the finite element method (FEM) used to solve complex 
engineering problems. In general, these FE-programs can be divided into tow main 
groups; commercial and free finite element FE-programs.  

4.2 Commercial Finite Element FE programs 

Commercial Finite Element FE-programs are that computer software which aren’t 
available for free. Commercial FE-programs are more advanced and complicated than 
free FE-programs. Also commercial FE programs can do complex FE analysis. Most 
commercial FEM software packages originated in the 1970s [19].Today commercial 
programs are very powerful and large, complex problems can be solved by one person on 
a Personal Computer (PC). Many of them have the possibility to handle different kinds of 
mechanical structures. One often talks about multiphysics, were different kinds of 
physical phenomena are coupled in the same analysis. At present, most available 
commercial Finite Element FE-codes are CAD-integrated programs. As mentioned 
previously in chapter 3, Finite element analysis FEA consists of three steps and these 
steps done using finite element FE-programs. Thus, each commercial finite element FE 
program is divided into three main subprograms or cores. These subprograms are as the 
following: 

• Pre-processor 
Pre-processors are used to build CAD and finite element FE models for systems will be 
analyzed by solvers. Building of FE models can be done using mesher (mesh generator)  
 

• Solution processor (solver)  
Solvers are the engines of finite element analysis. They take the elements, boundary 
conditions, and loads and output a solution containing all of the information needed to 
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review and understand results. Sparse solvers are based on the fact that zero terms in the 
stiffness matrix do not need to be considered. The iterative solver is often the fastest for 
analyzing large solid models. The iterative technology uses extrapolation techniques so 
it’s not actually solving for every instance. Therefore, any intermediate results in a linear 
static stress analysis are not meaningful. Stresses and strains produced by different types 
of loadings can be calculated with finite element method (FEM). For the calculation one 
needs the stress-strain relationship for the materials in the model (for linear analysis see 
figure) as well as the geometry of the interconnection system. The basic idea of how FE-
programs compute and solve the differential equations is that solvers of FE-programs 
calculate matrices of equations and then FE-programs calculate the results by minimizing 
the total energy [= internal work - external work] [20]. 

•  Post-processor (viewers) 
Post-processors or visualizers utilize the data generated by the solver to create easily 
understandable graphics and reports. Results of Finite Element Analysis (FEA) can be 
viewed using postprocessors. Most post-processors of commercial FE-programs provide 
contour, vector, and X-Y plots, as well as deformed configurations and animations of 
results in form of deformed shapes. 

4.3 CAD-Integrated Finite Element FE-programs 

At present, the most available finite element FE-programs are CAD-integrated. It means 
with CAD-integrated that one computer software can generate CAD models and do Finite 
Element FE analysis instead of creating CAD-models in one software and running FEA in 
another software. CAD Integrated FE-programs have many valuable advantages. Some of 
these advantages can be summarized as following: 
 

1) Speeding up the design and analysis process by saving time of transferring files 
from CAD software to FE software. 

2) Getting more accurate results. 
3) There is no need to use transformation files like IGUSS. 
4) Giving a wide flexibility to the analyst (the user) to re-meshing the CAD-models 

before running FE analysis. 
5) It’s easier for the user to work with CAD-integrated FE-programs than with 

separated CAD and FE-programs.  

4.4 FE- programs used in this study 

Any comparative study has the following question: what objects are being compared? 
And the question for this study is: what Finite Element FE-programs are being compared? 
For the purposes of this study, the answer is: 2 CAD-integrated FE-programs. As 
mentioned in previous chapters, this comparative study was conducted on the FE-
programs CATIA v5 and ABAQUS 6.7-3. Reasons stay behind choice of these FE-
programs in this study can be summarized as following: 

1) Availability of the both FE programs at Halmstad University. 
2) For years, FE-program CATIA v5 have been used for performing linear static 

analysis on simple models as a teaching tool for engineering student at Halmstad 
University and there are plans for introducing ABAQUS 6.7-3 in teaching 
programs for purpose of performing non-linear analysis. Therefore, the initial 
purpose of this study is to have an insight of how will ABAQUS 6.7-3 do Finite 
Element Analysis (FEA) to decide if ABAQUS 6.7-3 will be introduced in 
teaching programs or not ( see sections in chapter one for more details about 
motivations, purposes and aims of this thesis). 
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4.5 CATIA V5 R18 

CATIA V5 is a common CAD-FEA (Computer Aided Design-Finite Element Analysis) 
environment, with a generative specification-driven approach, permits a larger number of 
product behaviour and sizing assessments earlier in the product development process. 
[21].The CATIA acronym stands for: “Computer Aided Three Dimensional Interactive 
Application”, V5 stands for Version 5 and R18 for release 18. . CATIA was developed by 
Dassault Systems in the early 1980’s. CATIA is a parametric, feature-based modeler that 
provides its basic design capabilities through various workbenches—different 
environments with tools for performing specific sets of tasks [22]. A major strength of the 
CATIA system is the total integration of the design steps. The solvers user interface 
matches those of the CATIA products, allowing a current CATIA user to quickly become 
proficient at solving finite element problems. The system directly performs meshing and 
analysis on the CATIA model data and stores the finite element data (mesh, loads and 
analysis results) in the model. Because of the associativity among data throughout 
CATIA, the system can update the finite element data of a design that has already been 
meshed and solved to reflect mesh and analysis changes [23]. 

4.6 ABAQUS 6.7-3 

ABAQUS 6.7-3 is a powerful commercial finite element FE analysis package, based on 
the classical finite element method (FEM). The spelling for ABAQUS 6.7-3 actually 
comes from the Greek word Aba-kala-culus meaning the memory solver. ABAQUS6.7-3 
is well-known for its capability for solving non-linear engineering problems,but it can be 
used for solving linear problems.ABAQUS 6.7-3 is a suit of finite element FE programs. 
These programs are ABAQUS/CAE, ABAQUS/Standard, and ABAQUS/Explicit. 
ABAQUS/CAE  is the Complete ABAQUS Environment. It provides a graphical 
interface for creating, submitting, monitoring, and evaluating results from ABAQUS 
simulations. 
ABAQUS/Viewer, an interactive graphical post processor, is a subset of ABAQUS/CAE. 
It uses the output database (odb.), which is a platform-independent binary file. It provides 
deformed configuration, contour, vector, and X-Y plots, as well as animation of results. 
ABAQUS/Standard is the general purpose finite element analysis module. An ABAQUS 
analysis runs in batch mode and comprised of two stages, preprocessor and analysis. The 
preprocessor stage reads the input data and sets up the data bases for the analysis. 
ABAQUS/Explicit is a finite element module used for performing complex non-linear 
(FEA ) analysis. 

4.7 ABAQUS For CATIA 2, 5   AFC 

ABAQUS For CATIA v5 AFC is a fully integrated modeling extension to CATIA V5 that 
enables ABAQUS simulations from within the CATIA V5 user environment [24].In 
ABAQUS for CATIA AFC, the ABAQUS solver, ABAQUS/Standard or 
ABAQUS/Explicit, runs the FE analysis and generates an ouput database (odb.) in an 
CATIA environment.This integration of ABAQUS in CATIA makes running of FE 
analysis very easy for the users. ABAQUS for CATIA consists of two CATIA 
workbenches, the tow workbenches are structural analysis and thermal analysis 
workbenches. ABAQUS Structural Analysis workbench for performing static and explicit 
dynamic analyses and ABAQUS Thermal Analysis workbench for performing heat 
transfer analysis. In this research the ABAQUS structural workbench is used. 
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                                       NUMERICAL IMPLEMENTATION  
 
 
 
__________________________________________________ 

5.1 Introduction 

In this chapter, the implementation of the linear static analysis will be shown.After 
selecting the FE-programs as a subject for this study and to reach the goal of making 
accurate and adequate comparisons between the both FE-programs, it was necessary to 
accomplish a number of secondary selections. These selections were carried out based on 
many assumptions and scientific facts and discussed in details in the next sections in the 
present chapter.Then; the results of FE-analysis obtained from FE-programs will be 
presented in tow ways: tables and counter plots.  

5.2 Choosing CATIA V5 for generating 3D CAD solid models 

CATIA v5 is a famous commercial CAD-package and for significant CAD capabilities 
available in CATIA v5 many well-known international industrial companies use it. 
CATIA is a powerful CAD tool for modeling [25].One of the biggest industrial companies 
is The Boeing company which used it in designing their last earoplane Boeing 777. The 
Boeing Company used CATIA V3 to develop the Boeing 777 jetliner, and is currently 
using CATIA V5 for the Boeing 787 series aircraft. GD Electric Boat used CATIA to 
design the latest United States Navy fast attack submarine, USS Virginia]. Northrop 
Grumman Newport News also used CATIA to design CVN-21 aircraft super carriers for 
the US Navy .European aerospace giant Airbus is also using CATIA extensively for its 
design and development activities .Canadian aircraft manufacturing company Bombardier 
Aerospace has all its designing done on CATIA .German automotive company BMW is 
using CATIA. Other automotive companies using CATIA include Chrysler [26]. Also 
other reasons for using CAD-program CATIA V5 which can be summarized as following: 

1) CATIA V5 self is used as a FE program in this study, i.e. no need to use IGUESS, 
transformation file. 

2) The other FE-program used in this study was ABAQUS For CATIA AFC which 
work as ABAQUS 6.7-3 in CATIA v5 environment. So no geometry transfers 
were needed. Thus , no IGES file required to transfer  the CATIA geometry data 
to FE pre-processors 

3) In this case, there is no need to transform CAD models from CAD to FE-
programs, which means saving analysis time and more accuracy for the analysis 
results. 
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4) In order to achieve the main goals of this thesis it is important to have an accurate 
model. Thus, CATIA v5 is the most appropriate CAD program for creating 3D 
models with high accuracy. 

5.3 Selection of Operating systems 

The both FE software ABAQUS 6.7-3 and CATIA v5 are designed to run on many 
different operating systems (OS) like Windows NT, UNIX platforms and other OS. In this 
study, running of FE-programs were in a windows XP environment due to its availability 
at Halmstad University. 

5.4 Selection of linear static analysis 

Due to many reasons the linear static analysis has been selected to be used in this study. 
These reasons can be summarized as following: 

1) Finite Element Analysis is based on Finite Element Method FEM and Linear 
static analysis is the base of the modern Finite element method FEM. 

2) Linear static analysis is the base for many more complicated analyses and is 
acceptable for situations in which loads do not result in stresses beyond the 
elastic region of the material [27]. Also most structural analysis problems can be 
treated as linear static problems, based on the following assumptions: small 
deformations, elastic materials, and static loads. 

3) For most engineering problems in industrial applications, the desire is to remain 
in the elastic region. For those applications, linear analysis is generally acceptable 
for design iterations; therefore the linear FEA became standard for product 
development. 

4) Linear static analysis have been used for a long time at Halmstad university using 
FE-program CATIA V5 ,so in order to check and assure the capability of 
ABAQUS 6.7-3 in performing non-linear analysis. 

5) Recently FEA gained widespread popularity – especially for structural analysis 
[28] due to the linear analysis provides most of the information about the 
behavior of a structure.  

6) Finally, in all cases i was interested in determining the behavior of a solid body 
that is in static equilibrium.  

5.5 Selection of case studies (sample models) 

The issue of selecting of case studies (sample models) was a critical issue. Therefore 
special attentions were given to this phase. Instead a single sample problem i used five 
different solid models with different geometries subjected to different loads which gave 
different analysis results which lead to make adequate comparisons. A foot peg assembly 
model was used to know static responses of the both FE-programs in performing FE 
analysis of solid assemblies with contact elements. For the purposes of this study, all case 
studies (sample models) were considered according the following reasons: 

1) In modern industry, most mechanical objects and problems are 3D solid 
geometries. 

2) 3D CAD models are occupying of CAD/CAM/CAE applications in the industry 
around the world. 

3) The finite element method (FEM) is the dominant technique in structural 
mechanics. 

May be the reader of this thesis asks why do the author use only five case studies? 
The answer for this question is given by both Kebaba [11] who says “By studying 
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few cases, the researcher is able to keep record of all that takes place within each 
case, which is not possible when the number of cases increase” and Ragian [29] who 
states “Studying many cases, the researcher would be confronted with unmanageable 
complexity”. 

5.6 Selection of meshing type 

Meshing is an integral part of the Finite element Analysis (FEA) Process and the accuracy 
of Finite Element Analysis (FEA) depend upon the quality of the mesh. There are three 
different ways to model parts with FEA: solid meshing, surface meshing and line 
meshing [30].In solid meshing elements are volume-occupying shapes, with nodes are the 
corners. This method is suitable for irregular and complex, and to obtain a detailed stress 
information at distribution site along the thickness of materials [30].Choice of finite 
element types is an important matter for correctly simulating structural behaviour because 
the element is central to any FEA analysis. Selecting the right element is some-what of an 
art in order to model the required result. The both FE-programs CATIA V5 and ABAQUS 
6.7-3 provide comprehensive suites of elements for different types of finite element 
analyses include mechanical and thermal analysis. Solid meshing was selected for 
meshing all models studied in this study due to all models are solid models. When 
choosing an element to model the five sample case studies, 3D Unstructured Tetrahedral 
Mesh parabolic tetrahedron 10-nodes element in CATIA V5 and ABAQUS C3D10M 
modified tetrahedral element were considered. Reasons for that can be summarized as 
following: 

• Because of all 3D CAD models used were solid.  
• In order to obtain results with high accuracy, parabolic element have been used in 

all FE analysis in both CATIAV5 and ABAQUS. It is clear that parabolic 
elements are superior in accuracy to linear element [31].  

 
 There are two main types of solid 
elements available in CATIA V5, 
linear and parabolic. Both are 
referred to as tetrahedron elements 
and shown in figure 4 in the left. 
                                  

   ´ 

 
 
 

     Figure 1: 10-nodes parabolicTetrahedron Element 

The linear tetrahedron elements are faster computationally but less accurate. On the other 
hand, the parabolic elements require more computational resources but lead to more 
accurate results. Another important feature of parabolic elements is that they can fit 
curved surfaces better. The concept of element size is self-explanatory. A smaller element 
size leads to more accurate results at the expense of a larger computation time. The “sag” 
terminology is unique to CATIA [31].I tried to choose small sags and sizes for the 
elements in order to obtain results with very high accuracy.  
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5.7 Selection of boundary conditions 

There are two types of boundary conditions can be applied to Finite Element FE-model 
(meshed model).These types are mechanical and thermal boundary conditions. The 
results of FE analysis depend on the boundary condition imposed to the FE model. For 
mechanical boundary conditions the results include the stresses, Von Mises stresses, 
strains, and displacements. And for thermal boundary conditions the result is almost the 
temperatures. Boundary conditions are divided into tow steps. These steps are imposing 
of restrains on the geometries and applying loads. In the next tow subsections selections 
of restraints and loads are presented. 

          5.7.1 Selection of type of restraints 

Both Finite Element FE programs, CATIA V5 and ABAQUS 6.7-3, provide a wide of 
different type of restraints which can be imposed to solid models. These types of restraint 
includes: clamps, surface slider, ball join, pivot, sliding pivot, advanced restraints. For the 
purpose of this study, clamp restraints were selected. Clamps can be imposed to fix all the 
degrees of freedom on a geometry selection. Reason for choosing clamps is that the 
analysis type used in this study is static analysis and in static conditions we try to fix the 
body and prevent it from moving. Thus, clamp restraints were expected to be the most 
suitable and useful for the purpose of this study. 

          5.7.2 Selection of loads applied to the models. 

Static analysis requires special loads which called static loads and these loads differ from 
those used for dynamic analysis. Static loads can be defined as those loads which stay 
constant in both direction and magnitude during the applying or analysis. The kinds of 
loading that can be applied in a static analysis include the following :  

1) Externally applied forces and pressures. 
2) Steady-state inertial forces (such as gravity or rotational velocity).  
3) Imposed (non-zero) displacements.  
4) Temperatures (for thermal strain).  
5) Fluences (for nuclear swelling). 

Because the analysis used in this study was linear static strustural analysis the externally 
distributed forces were selected as applied loads for all sample models (case studies) 
except for case study # 4 which shearing moment used as applied load. 

 

5.8 Implementation of FE analysis on case studies 
After creating the 3D solid models and selecting the all required inputs for the Finite 
Element FE analysis, I execute the linear finite element analysis on the five CAD models 
(case studies).As mentioned previously, all 3D solid models developed in CATIA V5.All 
models assumed are made of steel except the peg foot part of the assembly model (case 
study #5) which assumed be made of Aluminium. According to the assumptions of the 
linear static analysis, i assumed that the selected materials would behave linearly elastic. 
All properties of the steel and Aluminium alloys required for performing Finite element 
FE analysis are given in table2 shown below (See page 21): 
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                                      Table 2: Properties of steel and Aluminum 
 
 
 
 
 
 
 
 
 
 
 
 

 
FE solvers run finite element analysis FEA on FE models therfore its necessary to convert 
CAD models to FE models.Converting of CAD models to FE models can be done by 
meshing (mesh generation) the CAD models. Process of mesh generation consists of tow 
steps. The first step is selecting the element type and the second one choice of sag and 
element size. Finite element meshes consisting of parabolic. Both CATIA v5 and 
ABAQUS for CATIA have the same pre-processing environments and tools, just one 
difference between them can be seen which is ABAQUS6.7-3 uses pressure forces for 
loading the models instead of direct forces, i.e. one should convert the force load to 
pressure load in ABAQUS 6.7-3.  
 

Table3: The required properties (inputs) for FE-analysis for all cases. 
 
 The all inputs required 
for meshing 3D CAD 
models (the size of sags 
and elements) in the 
finite element pre-
processing step are 
given in table 3 below. 
Apply loads and define 
boundary conditions. 
See section 5.7 above 
for more information 
about considering these 
types of load and 
constraints.Once the 
finite element FE model 
is completed, the FE 
models executed in both CATIA v5 and ABAQUS/Standard solvers. The results of FE 
analysis could be viewed and read by Entering the postprocessor CATIA v5 and 
ABAQUS/CAE. 

5.8.1 Case study #1: Crank model 

A crank made of steel is subjected to a vertical compressive force of 2000 N in the 
vertical z direction. Restraints (clamps) imposed into the square hole of the crank 
to fix it in all  degrees of freedom. The square hole is clamped in all directions, i.e. 

Material Steel Aluminium 

 Young's modulus 2e+011N_m2 7e+010N_m2 

Poisson's ratio 0,266 0,346 

Density 7860kg_m3 2710kg_m3 

Coefficient of thermal 
expansion 

1,17e-005_Kdeg 
2,36e-005_Kdeg 

Yield strength 2,5e+008N_m2 9,5e+007N_m2 

FE model (Case study) Sag size    
(mm) 

Element Size 
(mm) 

Case study #1: 
 The Crank model 

2,050 12,813 

Case study #2: 
The Bulkhead model 

1, 50 12,188 

Case study #3: 
 The St epped bar model(Axial load) 

12,238 2, 558 

Case study #4: 
The St epped bar model(moment load) 

12,238 2,558 

Foot  Peg 2,034 12,713 Case study #5: 
The Foot peg assembly 

Model Peg  Mount 0,891 5,569 
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displacements are 0. The 3D CAD and FE models for the crank are shown below in 
figures 7 and 8 respectively. 

 

      

           Figure 5: 3D CAD model for the Crank             Figure 6: FE model for the Crank 

Simulation results                             

                                                            Table 4 :  FE results for the Crank model                                                     

 All Finite Element FE 
results for the crank 
model obtained form FE-
programs, CATIA v5 and 
ABAQUS6.7-3 are listed 
in table 4 (at the right). 
The contour plots of 1) 
Displacements 2) Von 
Mises stress and 3) 
Principal stress of assembly model from FE-programs, CATIA v5 and ABAQUS 6.7-3, 
are shown below in figures 7 and 8, receptively. 
 

 
Figure 7: Static responses from CATIA v5 for the Crank model 

 

                
Figure 8: Static responses from ABAQUS 6.7-3  for the Crank model 

Results of FE  analysis FE program:  
CATIA v5 

FE program: 
ABAQUS 6.7-3 

Max  Displacements 
(mm) 0,893 0,888 

Max  Von Mises stress  
(N/m2) 3,72e+008 2,79e+008 

Max Principal stress  
(N/m2) 2,35e+008 2,14e+008 
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5.8.2 Case study #2: Bulkhead model 

A bulkhead made of steel is subjected to a compression vertical load of 40000N along the 
upper surface and clamped at the bottom.3D CAD-model and FE-model of the bulkhead 
are shown below in figures 9 and 10, respectively. 
 

 .   
Figure 9: 3D CAD model for the Bulkhead   Figure 10: FE model for the Bulkhead. 

 
Simulation results                                   

                                                           Table 5:    FE results for the bulkhead model                                      

.                                                   
Static responses 
obtained from FE-
programs, CATIA V5 
and ABAQUS 6.7-3, are 
listed in table 5(at the 
right). Contour plots of 
1) displacements 2) Von 
Mises stress and 3) 
principal stress of assembly model from FE codes, CATIA and ABAQUS, are shown below 
figures 11 and 12, respectively. 

  
Figure 11: Static responses from CATIA v5 of the Bulkhead model 

 

 
Figure 12: Static responses from ABAQUS of the Bulkhead model 

Results of FE analysis FE -program : 
 CATIA v5 

FE-program :  
ABAQUS 6.7-3 

Max Displacements 
(mm) 

0,0212 0,0212 

Max  Von Mises stress 
 (N/m2) 4,3e+007 4,2e+007 

Max  Principal stress (N/m2) 3,94e+007 4,33e+007 
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5.8.3 Case study #3: Stepped bar model (Axial load). 

The stepped bar made of steel shown below in figure13 is clamped at one end and 
subjected to an axial tensile distributed load of 60 000N at the free end. Figure 14 below 
shows the FE model for the stepped bar. 
 

      
Figure 13: CAD model of Stepped bar (Axial load)    Figure14: FE model of Stepped bar   

(Axial load) 

Simulation results                       Table 6: FE results for the stepped bar model (Axial load) 

Static response obtained 
from CATIA v5 
ABAQUS 6.7-3 are listed 
in table 6(at the right). 
Figures 15 and 16 below 
show contour plots of 1) 
displacements 2) Von 
Mises stress and 3) 
principal stress obtained from FE codes, CATIA v5 and ABAQUS6.7-3, respectively 
 

 
Figure 15: Static responses from CATIA v5 for the stepped bar (Axial load) 

        
Figure 16: Static responses from ABAQUS for the stepped bar (Axial load) 

Results of FE analysis FE-program: 
CATIA v5 

FE-program: 
ABAQUS 6.7-3 

Max Displacements 
 (mm) 0,018 0,018 

Max Von Mises stress 
 (N/m2) 

2,12e+007 2,2e+007 

Max  principal stress 
 (N/m2) 

2,38e+007 2,27e+007 
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5.8.4 Case study #4: Stepped bar model (Moment load) 

The Stepped bar made of steel shown below in figure 17 is clamped at the big end and 
subjected to a shearing moment of 10 000 Nm at the free end. Figure 18 below shows the 
FE model for the stepped bar. 
 

                            
Figure 17: CAD model of the stepped bar           Figure 18: FE model of the stepped bar                                                                             

(Moment load)                                                               (Moment load) 

                              

Because it was very difficult to apply a direct 
shearing moment in ABAQUS For CATIA 
AFC, so i added a rigid virtual point to the 
free end of the stepped bar at the center of the 
small circle and then used this small rigid 
point as a handler for applying the shearing 
moment load (See the figure 19 on the right). 
               

Added rigid virtual point       Figure 19: Stepped bar model with added virtual rigid point                                          

 

Simulation results                   

                               Table 7: FE results for the stepped bar model (Moment load) 

Static responses 
obtained from 
both CATIA and 
ABAQUS for 
stepped bar are 
illustrated in the 
table 7 (at the 
right) which 
summarize the results. These results include:Displacement, Von Misses stress, and the 
principal stress.Figures 20 and 21 below show contour plots of 1) displacements 2) Von 
Mises stress and 3) principal stress for the stepped bar model (moment load) obtained 
from FE codes, CATIA v5 and ABAQUS 6.7-3, respectively. 
 

Results of FE analysis FE -program  : 
CATIA v5 

FE -program : 
ABAQUS 6.7-3 

Max  Displacements 
( mm) 0,0417 0,0417 

Max  Von Mises stress 
 (N/m2) 

3,11e+007 3,17e+007 

Max  principal stress 
(N/m2) 

 
1,81e+007 1,85e+007 
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Figure 20: Static responses from CATIA v5 for the stepped bar model (moment load) 

 

 
Figure 21: Static responses from ABAQUS 6.7-3 for the stepped bar model (moment load) 

5.8.5 Case study #5: Foot peg assembly model  

Foot peg assembly model is an assembly of 2 parts, foot peg made of Aluminum and foot 
mount made of steel (see Figures 22& 23 below)is subjected to a vertical compression 
load of 1000 N which applied along the upper surface of the foot peg part and the clamps 
imposed at the end of the peg mount part. The geometry of the assembly model is shown 
below in figure 24. The assembly model was the most complex sample model (case 
study) used in this comparative study due to many reasons. One of these reasons was the 
type of contact elements used between the parts of the whole assembly model. The 
analyst should take care of issues with contact between the parts during meshing, and 
running the analysis. Contacts between the components were modelled using contact 
elements. I defined connections between the two parts (Surface contact  element was 
selected.), then set boundary conditions for each part (restraints imposed to the peg mount 
part, and loads applyed to the foot peg part).FE model for the foot peg assembly  is 
shown in figure 25, see page 27.Finally, the static analysis computed on the whole 
assembly. I assumed that sliding contact interfaces will be frictionless.  
 

              
    Figure 22: CAD model of Peg mount          Figure 23: CAD model of foot peg part 
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Figure 24: CAD model of the Foot peg assembly    Figure 25: FE model of the Foot peg   

  

 

 Simulation results                                Table 8: FE results for the foot peg assembly model 

Once the computing 
phase is finished, the 
following results have 
obtained from both FE 
programs static response 
from FE codes, CATIA 
and ABAQUS. Results 
of the linear finite 
element analysis of the assembly model obtained from FE-programs, CATIA v5 and 
ABAQUS 6.7-3, are illustrated in table 8. Contour plots of 1) displacements 2) Von Mises 
stress and 3) principal stress of the foot peg assembly model from FE-programs, CATIA 
v5 and ABAQUS 6.7-3, are shown below in figures 26 and 27 respectively.  
 
                                                                                                                

 
Figure 26: Static responses from CATIA v5 for the foot peg assembly model 

 

 
Figure 27: Static responses from ABAQUS 6.7-3  for the foot peg assembly mode 

Results of FE analysis FE-program : 
CATIA v5 

FE-program: 
ABAQUS 6.7-3 

Max Displacements 
(mm) 0,168 0,167 

Max Von Mises stress 
(N/m2) 4,35e+007 4,31e+008 

Max The principal stress 
 (N/m2) 

3,34e+007 4,07e+007 
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__________________________________________________ 
 
          

                                   

                                     COMPARISONS & DISCUSSIONS 
 

 
 
 

6.1 Comparisons of the FE analysis results. 

One of the most important and critical steps in comparative studies is choosing 
bases(criteria) for comparisons because these criteria affect on the final results of the 
study, therefore a big attention to this phase of this study is given. Its very difficult to 
compare FE programs due to each program has its own technology. The comparisons of 
interest here are those relating to accuracy and reliability of codes and physics 
models. I was not interested here in comparisons that relate to performance issues, 
such as, computing speed of FE-codes or performance of codes on different types 
of computer hardware and operating systems.  To make a proper comparison between 
the both FE programs it was need to set bases for making the comparisons. FE-program’s 
capability of performing FE analysis was selectes as a base for comparisons. For the 
purposes of evaluating finite element software, capability can be defined as the range of 
things that the software can do. Capability can then be subdivided into three types of 
activities: preprocessing, processing, and post-processing [32].Outputs (results) of the 
linear static analysis, Von Misses stress, displacement and principal stress were calculated 
and considered as criteria for comparisons. The reasons behind considering these 
evaluation metrics (responses of analysis static) can be summarized as following: 

1) Most relevant Finite Element FE studies focus on investigating these three 
outputs. And many previous works relevant to this study used FE outputs as 
criteria for comparing FE-programs [3]. 

2) Many references celled linear static analysis stress- displacement analysis. 
3) The main purpose of performing the linear FEA is for the determination of 

displacements and stresses in mechanical objects which are subjected to static 
loadings. And the most Finite Element Analysis FEA systems are 
displacement based. 

4) Finally, this study focuses on studying capabilities of CATIA and ABAQUS 
in performing linear static analysis. Thus, its very logic to use FE outputs as 
comparisons criteria. Also the typical outputs of the linear static finite 
element analysis are displacement and stress.  

6.2 Criteria for comparisons 

In this section brief descriptions are given for the three evaluations parametric selected 
for comparing the both FE codes, CATAIAV5 and ABAQUS 6.7-3.The three criteria are: 

 
CHAPTER 

 
 

SIX 
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1. Displacements  

Displacements of the geometry give insight on how the model will behave under specific 
static loads during the finite element analysis (FEA). Calculated magnitudes of 
displacements depend on the material properties. 

2. The Von Mises stress 

The Von Mises stress is a mathematical combination of all components of both axial and 
shear stresses. It is commonly used to represent the total stress a given region is 
experiencing and therefore it is a reasonable indicator of where failure will occur [33]. 
The von Mises is always a positive number. The state of stress is described by the six 

Cauchy stresses  which vary from point to point. The von Mises 
stress is a combination of these according to the following expression:  

         (6-1)            

3. The principal stress 

The principal directions are three mutually perpendicular directions along which only 
normal stresses act. These normal stresses are known as the principal stresses. The 
principal stresses are important for both theoretical 
reasons and practical ones. In experimental stress analysis, 
the positioning of strain gauges relies on the principal 
directions on the surface of a part. The principal stress 
option allows you to view the principal stress tensor that 
is created based on the loading. The principal stress tensor 
shows the directions in which the model is in a pure state 
of tension or compression. This option helps to visualize 
the directions in which the loads are acting throughout the 
model.Figure below [31].          

                                                                                   Figure 28: The principal stresses [31]   

                                                                                                   

6.3 Summery of comparisons  

By using the static responses obtained from performing the linear static analyses on the 
five FE models using CATIA v5 and those obtained form ABAQUS6.7-3, I was able to 
compare the both FE programs and identify the causes of the some differences among 
results of the linear static analysis performed. CATIA v5 and ABAQUS use tow different 
types of load applying. In CATIA direct concentrated force can be applied while 
ABAQUS uses the distributed pressure loads. When i run analysis applying direct 
concentrated force loads in CATIA and pressure force loads in ABAQUS, i got different 
results with a big gab between them. After i transformed force load to pressure force in 
CATIA i had obtained very near results to those obtained from ABAQUS. Thus, 
comparisons in cases 2, 3 and 5 were made by using pressure loads in the both FE 
programs. In case number 4, i had the same problem with applying the shearing moment 
load. In CATIA moment loads can be applied directly to any point while in ABAQUS it 
was a bit difficult to apply direct moment to same point or surface. Therefore i added a 
virtual point to center of the small circle at the free end of the stepped bar and then i 
applied the required moment load at that virtual point. Adding a virtual point requires 
meshing of the small virtual point which affects the results of the analysis. For each 
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sample model (case study) the following comparisons have been done: comparison of the 
displacements, comparison of the Von Mises stresses, and comparison of principal stress. 
The tables 9,10,11,12 and 13 below list the comparisons results in terms of displacement, 
Von Misses stress, and principal stress for each sample model (case study).For the crank 
model (see table 9 below), good agreements can be seen among all FE results. Results of 
displacement show very good agreement between the both FE-programs. Variation from 
the average of CATIA results is (0.28%) and of ABAQUS 6.7-3 is (-0.28%). Results of 
Von Misses stress and principal stresses show a good agreement between the both FE 
programs. Variations of Von Misses stress and principal stresses from the average of 
CATIA v5 results are (14.3%) and of ABAQUS 6.7-3 results are (-14.3%), and variations 
of the principal stresses from the average of CATIA v5 results are (4.7%) and of 
ABAQUS 6.7-3 (-4.7 %). 
 

                             Table 9: Comparisons for case #1 (Crank model) 

 
          Max. 
 Displacements 
          (mm) 

Max. 
Von Mises stress 

(N/m2) 

Max.         
Principal stress 

(N/m2) 

CATIA V5 0,893 3,72e+008 2,35e+008 

ABAQUS 6.3-7 0,888 2,79e+008 2,14e+008 

Average 0,891 3,22e+008 2,24e+008 
 Variation from average (%) 

CATIA V5 0.28% 14.3% 4.7% 

ABAQUS6.3-7 - 0.28% -14.3% -4.7% 
                                 
For the Bulkhead model (see table 10), very good agreements can be seen between all FE 
results. Results of displacement show good coincidence between the both FE-programs. 
Variation of FE-programs, CATIA and ABAQUS results from the average is (0 %) i.e., 
there is (100 %) agreement between the both FE programs. Results of Von Misses stress 
and principal stresses show a very good agreement between the both FE codes, Variation 
of CATIA results from the average is (-3.6%) and of ABAQUS is (3.6%). And variations 
for results of the principal stresses were (-4.8%) of CATIA results and (4.8%) of 
ABAQUS results from the average.  
 

Table 10: Comparisons for case #2(Bulkhead model) 

 
Max.  

Displacements  
(mm) 

          Max   
Von Mises stress 
          (N/m2) 

Max. 
Principal stress 

          (N/m2) 

CATIA V5 0,0212 4,3e+007 3,94e+007 

ABAQUS 6.3-7 0,0212 4,62e+007 4,33e+007 

Average 0,0212 4,46e+007 4,14e+007 

 Variation from average (%) 

CATIA V5 0% -3.6% -4.8% 

ABAQUS 6.3-7 0% 3.6% 4.8% 
 

For the Stepped bar model with tensile axial load (see table 11 below), very good 
agreements can be seen among all FE results. Results of displacement show good 
coincidences between the both FE-programs. Variation of the FEA results CATIA and 
ABAQUS from the average is 0%, i.e., there is (100 %) agreement between the both FE 
programs. Results of the Von Misses stresses and principal stresses show very good 
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agreements between the both FE codes. Variation of CATIA results from the average is (-
1.85%) and of ABAQUS is (1.85%) i.e., there is a good agreement between the both FE 
programs. And for results of principal stresses variations were (2.4%) of CATIA results 
and (-2.4%) of ABAQUS results from the average. 
 

Table 11: Comparisons for case #3(Stepped bar model - axial load)  

 
Max. 

 Displacements 
(mm) 

Max. 
Von Mises stress 

(N/m2) 

Max.         
 Principal stress 

(N/m2) 

CATIA V5 0,018 2,12e+007 2,38e+007 

ABAQUS 6.3-7 0,018 2,2e+007 2,27e+007 

Average 0,018 2,16e+007 2,325e+007 

 Variation from average (%) 

CATIA V5 0% -1.85% 2.4% 

ABAQUS 6.3-7 0% 1.85% -2.4% 
 

For the Stepped bar model with shearing moment load (see table 12 below), results of 
displacement show good coincidences between the both FE-programs. Variation of 
CATIA results from the average is 0% and of ABAQUS is (0%) too, i.e., there is (100 %) 
agreement between the both FE programs. Results of Von Misses stress and principal 
stresses show a very good agreement between the both FE codes, Variation of CATIA 
results from the average is (-0.96%) and of ABAQUS is (0.96%). Results of principal 
stresses variations were (-1.1%) of CATIA results and (1.1%) of ABAQUS results from 
the average. Generally, very good agreements can be seen between all FE results. 

Table 12: Comparisons for case# 4(Stepped bar model - moment load) 

 
Max. 

 Displacements 
 (mm) 

Max    
Von Mises stress 

(N/m2) 

Max.         
Principal stress 

(N/m2) 

CATIA V5 0,0417 3,11e+007 1,81e+007 

ABAQUS 6.3-7 0,0417 3,17e+007 1,85e+007 

Average 0,0417 3,14e+007 1,83e+007 

 Variation from average (%) 

CATIA V5 0% -0.96% -1.1% 

ABAQUS 6.3-7 0% 0.96% 1.1% 

 
 
On the contrary of the four previous models(case studies), results for the foot peg 
assembly model obtained from CATIA differ from those obtained from ABAQUS except 
the displacements which were in very good agreements (see table 13 in the next page). 
Variations of displacements obtained from CATIA from the average are (0.3%) and of 
ABAQUS is (-0.3%), i.e., there is an agreement between the both FE programs. Results 
of Von Misses stress show some disagreements between the both FE codes, Von Mises 
stress variations were of CATIA results from the average is (-81.6%) and of ABAQUS is 
(81.6%) i.e., there is disagreement between the both FE programs within (10%). 
Variations of the principal stresses were (9.85%) of CATIA results and (-9.85%) of 
ABAQUS from the average.  
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Table 13: Comparisons for case #5(Foot peg assembly model) 

 
Max.  

Displacement  
(mm) 

Max   
Von Mises stress 

(N/m2) 

             Max. 
Principal stress   

(N/m2) 
CATIA V5 0,168 4,35e+007 3,34e+007 

ABAQUS 6.3-7 0,167 4,31e+008 4,07e+007 
Average 0,1675 2,37e+008 3,705e+007 

 Variation from average (%) 
CATIA V5 0.3% -81.6% -9.85% 

ABAQUS 6.3-7 -0.3% 81.6% 9.85% 

 

6.4 Discussions of Comparisons results 

In the all case studies (sample models), results for comparisons of the displacements 
show good coincidences between the both FE-programs. In the case study #1, the Crank 
model, variations of the displacements from the average varied between (0.28% and -
0.28%). For case study #5(Assembly model), variations of the displacements varied 
between (0.3%and -0.3%). In the both cases variations were lesser (0.5%).So, with 
repeating the FE analysis and checking sizes of the both element and sag for this model 
one can eliminate this little variation. In the case studies #2 (the bulkhead model), #3 
(stepped bar model with axial load), and #4 (stepped bar model with moment load), 
agreements of the displacements among them were (100%). In general, the both finite 
element FE software gave same results of displacements in all case studies. Results for 
comparisons of the Von Mises stresses show good agreements between the both FE-
programs for three cases #2, #3 and #4. Variations of the results from the average varied 
between (-3.6% and 3.6%) for case #2,(-1.85 % and 1.85%) for case #3, and (-0.96% and 
0.96%) for case #4.For the three cases variations of results are less than (5%).According 
[5] which state that its acceptable if results are within 10%. For case 1 variations were 
between (14.3% and -14.3%) and for case 5 variations were between (-81.6% and 
81.6%). The causes of differences for case1 are due to i applied a vertical point force to 
the circumstance of the crank in ABAQUS 6.7-3 and a vertical force inside the little hole 
of the crank because it was difficult to apply direct force in the little hole using 
ABAQUS6.7-3. Also adding a virtual point in the little hole gave different results so i 
ignored the virtual point. For case5 differences in results are due to some differences in 
defining the contact elements between parts. Results for comparisons of the principal 
stresses show good agreements between the both FE-programs. For cases #1, #2, #3 and 
#4, agreements were good and variations from average varied between (4.7 % and -4.7 
%) for case #1,and (4.7 % and -4.7 %) for case #2 ,( 2.4% and -2.4% ) for case #3 and (-
1.1% and 1.1%) for case #4.For case #5 (assembly model) variations from average were 
the highest among all cases, it was between (-9.85 % and 9.85 % ),  but it can be accepted 
due to its less than (10%). It can be observed that the FE results obtained from CATIAv5 
& ABAQUS 6.7-3 only the assembly model (case study #5) gave some different results. 
The reasons behind these big gaps were due to the differences of type of contact elements 
used for assembly model. Another reason for obtaining some different results from the 
both FE-programs is using of tow different type of solvers, CATIA v5 use Sparse solver 
while ABQUS 6.7-3 use iterative solver, which give different results( see chapter section 
for more information about Sparse and iterative solvers). 
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                                                       CONCLUSIONS 
 
 
 

7.1 Introduction  

In this thesis, a comparative study conducted on 2 CAD- integrated FE-programs has 
been presented. I have compared the FE-programs, CATIA v5 and ABAQUS 6.7-3, by 
comparing their capabilities in performing the linear static analysis. This research is 
characterized by (a) it uses a qualitative comparative research approach based on case 
studies, (b) it uses of finite element FE-programs, CATIA v5 and ABAQUS 6.7-3, (c) it 
uses of the linear static analysis, (d) It uses five well selected 3D solid models as case 
studies, and (e) it uses the outputs (results) of the finite element analysis (FEA) as 
comparisons criteria.  

7.2 General conclusions 

From the theoretical literature and investigations of the Finite element FE-codes, CATIA 
v5 and ABAQUS 6.7-3, the following conclusions have been drawn: 

1) An extensive study conducted on methods of performing research in order to find 
the best and most appropriate methodology for this study. 

2) For the purpose of this comparative study, a qualitative approach based on a case 
study has been selected due to its most appropriate for reaching the main goals of 
this study. 

3) Finite element FE-program is a very powerful tool with which to design products 
of superior quality. Like all tools, it can be used properly, or it can be misused. 

4) It is important to keep in mind that finite element analysis (FEA) is an 
approximate analysis based on finite element method (FEM) for solving 
numerically differential equations and FE-software based on FEM method will 
always  gives approximated results depend on that algorithm it use. 

5) The accuracy and quality of the FE analysis results is partially depends on the 
algorithm uses solver, and the experience of the designer or programs user. 

6) The keys to using this tool successfully are to understand the nature of the 
calculations that the computer is doing and to pay attention to the physics. 

7) This study shows three capabilities of CATIA v5 software include:(1) very high 
capability for constructing three-dimensional 3D CAD models,(2)Very good 
capability for assembling 3D parts and (3)capability for performing finite element 
analysis, especially linear static analysis subject of this study. This study shows 
capability of ABAQUS 6.7-3 software for performing linear static analysis in 
spite of its well-known as a very good FE codes for performing non-linear 
dynamic analyses. 

8) Theoretically tow FE programs used in this study, but practically three FE 
programs were used because i used ABAQUS for CATIA 2.5 AFC. And AFC 
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worked very well as a FE-program ABAQUS in CATIA’s environment. The most 
advantage of using ABAQUS For CATIA AFC is that it eliminates the need for 
data transfers of files. 

9) Analyzing small and simple geometries don’t require commercial FE-packages 
and they can be analyzed by using simple and free finite element FE-programs. 

10) Complex geometries should be solved and analyzed using commercial finite 
element FE software in order to obtain results with very high accuracy. 

11) In general, all previous works relevant to this research have assured the fact that 
finite element FE codes don’t give same answers. 

12) Creating 3D CAD models in CATIA v5 was not discussed due to this research 
focuses only on demonstraiting of FEA analysis. 

7.3 Conclusions from numerical implementation. 

From results of performing of the linear static finite element analysis done using FE-
programs, CATIA v5 and ABAQUS 6.7-3, the following conclusions can be drawn: 

1) The results obtained from the linear static analysis suggest that CATIA v5 and 
ABAQUS 6.7-3 have good capabilities for performing the linear static FE 
analysis and the both software are very powerful tool for analyzing the static 
loadings of structures. 

2) Meshing generation, i.e. selecting element type, sag size and element size, play a 
big role for determining the accuracy of the analysis results and choosing them 
require some experience. 

3) Computation time was in ABAQUS 6.7-3 more than in CATIA v5 in all sample 
models used in this study due to each FE-program uses a different solver for 
solving problems 

4) The stresses often depend only on the shape of the part and are independent of the 
material properties. 

5) The displacements are dependent of the material properties.  
6) If the elasticity, static, and linearity assumptions for linear static analysis are not 

satisfied, the analyst (designer) should use nonlinear dynamic analysis.  

7.4 Conclusions from comparisons 

The following conclusions can be drawn from the comparisons results: 
1) In most cases, the comparisons results show good correspondence between the 

both FE programs discussed in this study. 
2) In all cases, when the results for nodal displacement are compared, neither the 

CATIA results nor the ABAQUS results show any significant differences, but on 
the contrary both FE programs gave same results for displacement. The both FE 
programs showed agreement in most cases reached to 100%. 

3) When the values for linear static analysis obtained using ABAQUS are compared 
with those obtained using CATIA software, highly significant differences are 
observed for both Von Misses stress and principal stress. The disagreement is due 
likely to the lack of experience in using ABAQUS. 

4) The final results of comparisons show that the experience and flexibility 
an engineer or design analyst would have in selecting the FE program best 
suited to solve a particular FE problem. In other words, certain FE 
program is better at solving certain types of solution, so it depends on what 
type of analysis and how good of results are required.  
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7.5 Recommendations for future work 

As mentioned in previous chapters, this study was limited with performing only a linear 
static structural analysis. Thus, in order to get the real final answer for the research 
question of this study the following recommendations for future work can be given: 

1) It would be advisable to do more researches and studies on FE programs in order 
to estimate which FE program is the best for task in hand. 

2) Further work on identifying similarities and differences between FE-programs 
CATIA v5 and ABAQUS 6.7-3 is required, by widening the scope of this study 
and jump over the limitations to consider all others type of engineering analyses 
using more different models. 

3) Also considering a third FE-program as a benchmark FE program will be a useful 
tool for indicating the accuracy of FEA which each FE program give. 

4) At Halmstad University, it recommends that the student begins training on FE 
analysis with simple models using CATIA v5 as a first step and then go forward 
training on more complex analysis using ABAQUS for CATIA. At the third step 
using ABAQUS 6.7-3 to perform most complex analysis on different complex 
and big models. I can say that Finite element program ABAQUS gives very near 
results to those given by CATIA v5, i.e.ABQUS 6.7-3 is will be a powerful finite 
element analysis tool for engineering students. 

7.6 Critique review 

With very well preparations this study has been conducted, but delay of installation of FE 
program ABAQUS 6.7-3 affected negatively on the time table and some results of this 
study. Delay of installation of FE-program ABAQUS 6.7-3 made the flexibility of 
investigating and working on ABAQUS very limited. And it can be seen obviously when 
checking the results of comparisons for the case study #5(Assembly model).A big gab is 
observed between the results obtained from the both FE programs. Reason stay behind 
this gap is the lack of experience of the author with performing FE analysis on an 
assembly model using ABAQUS 6.7-3. Also the license of using the commercial FE-
program ABAQUS for CATIA  AFC was limited only for two months therefore, the 
author couldn’t re-analyze the case study #5 (assembly model). Another thing should be 
mentioned here, which is not availability of a particular methodology for comparing FE-
programs affected negatively on conducting this study. Therefore, the author spent many 
weeks searching the literature in hope of finding an appropriate methodology for 
comparison of FE-programs.   

7.7 Final Comment 

Finally, I would like to give the final answer to the research question. The research 
question for this study was: Do CATIA V5 and ABAQUS give the same finite element 
results? And the final answer for the research question is: No, CATIA V5 and ABAQUS 
don’t give the same answer for all cases or geometries, but they give same answers for 
some results in certain cases. And this answer can be applied for either commercial or 
free simple FE-programs. Also the methodology used in this study can be suitable and 
useful for future works of comparing FE-codes. This methodology has the similar frame 
to Qualitative comparative analysis approach which developed by Ragin (1987), but they 
differ in details of implementation. 
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