
 
 
 
 
 
 

Master's Degree Thesis 
ISRN: BTH-AMT-EX--2011/D-06--SE 

 

 

Supervisor: Johan Dahlberg, Saab Automobile AB  
Ansel Berghuvud, BTH 
 

 

 

 

 

 

 

  

 

   
 

Department of Mechanical Engineering 
Blekinge Institute of Technology 

Karlskrona, Sweden 

2011 

Hassan Faghihi 
 

Experimental and FE Analysis of 
Exterior Plastic Components of 
Cars under Static and Dynamic 

Loading Conditions





Experimental and FE Analysis 

of Exterior Plastic Components 

of Cars under Static and 

Dynamic Loading Conditions 
 

Hassan Faghihi 

 

Department of Mechanical Engineering 

Blekinge Institute of Technology 

Karlskrona, Sweden 

2011 

Thesis submitted for completion of Master of Science in Mechanical 

Engineering with emphasis on Structural Mechanics at the Department of 

Mechanical Engineering, Blekinge Institute of Technology, Karlskrona, 

Sweden. 

 

    

Abstract: 

This thesis is composed by an experimental part and numerical part, 

aimed at contributing to a better knowledge of the behavior of plastic 

parts under different loading conditions. The study is intended to 

validate a FE model for simulating exterior plastic components of car 

especially the A-decor and plastic clips in the context of thermal and 

static load analysis. From the comparison of numerical and experimental 

results in the terms of thermal and static deformation of the A-decor, it 

is concluded that both thermal and static behavior of the A-decor in test 

can be well captured by means of proposed plastic clips connection 

model. Furthermore the squeak and rattle analysis method is extended to 

predict the behavior of plastic parts under different loading conditions.  
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1 Notation 

d The deflection of the beam 

   E-modulus or modulus of elasticity in bending 

F Force 

h Height  

I                     Moment of inertia     

k Spring coefficient 

L The distance between the two outer supports     

m Mass 

w Width  

   Flexural stress  

   Flexural strain  

 

 

Indices 

f Flexural 
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Abbreviations 

PC Polycarbonate  

FE Finite element 

PC/ ASA       Polycarbonate/Acrylonitrile Styrene Acrylate 

PC/PBT         Polycarbonate/Polybutylene Terephthalate  

PC/PET         Polycarbonate/Polyethylene Terephthalate 

PU RIM         Polyurethane reaction injection molding 

SMC              Sheet-molded composite 

PU foam          Polyurethane foam 

PC/AES         Polycarbonate/Acrylonitrile-ethylene-styrene 

PP                  Polypropylene 

PP/EPDM      Polypropylene/Ethylene Propylene Diene Monomer 

PPO/ PA        Polyphenylene oxide/Polyamide 

PA/ABS         Polyamide/Acrylonitrile Butadiene Styrene 

PC/ABS         Polycarbonate/Acrylonitrile Butadiene Styrene 
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2 Introduction 

2.1 Background  

Plastics play a major role in the automotive industry. As a results, the 

development of automotives without plastics is impossible. There are 

many advantages of using plastics for automobile such as: Comfort, safety, 

low cost, weight reduction, corrosion and impact resistance, integration 

potential and design freedom. Because of these benefits, plastics have 

gained a permanent place for themselves in vehicle body design and will 

continue to play a prominent role in automotive applications in future [1]. 

One of the major fields of application for plastics is in vehicle exteriors. 

The use of plastics for exterior parts started in the 1960s and today plastics 

can be used for a wide variety of exterior applications. The percentage of 

plastics used for exterior parts has risen considerably in recent years. At the 

moment 30% of car exteriors are made up of plastics. The heavy, steel 

bumper and glass headlamp lenses are examples of parts to be replaced by 

plastics. The exterior parts replaced by plastics are fully integrated into the 

body and exploit the advantages of plastics for design purposes [1]. 

Exterior plastic parts can be attached to the car body with plastic clips, bolts 

or other fasteners. In this thesis it is focused on plastic clips. Plastic clips 

provide an alternative to traditional metal clips and are common 

components of automobiles. They have numerous applications and come in 

a wide variety of styles and sizes to accommodate different materials and 

panel dimensions. For automotive applications, plastic clips are used to join 

trim components to metal body panels of the car. They should meet some 

requirements such as: high quality and high security durable performance, 

insertable into holes of the parts and both retain the trim component as well 

as provide a minimum pullout retention force such that the trim component 

can be removed without damaging the car panel. There are 

many advantages of using plastic clips in automotive industry such as: 

capability to simplify assembly and easing the installation process, 

contribute to energy and cost savings on production line, corrosion 

resistance and lightweight [2,3].  

http://www.araymond.com/Group/en/expertise.aspx
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A drawback of the metal clips is the metal can damage the coating applied 

to the car panel during insertion which can lead to corrosion problems. All 

plastic clips have been developed to decrease damage to the car panel. Also 

a drawback of the plastic clips is the inability to match the repeated pull-out 

or retention force developed by metal clips. 

Exterior plastic components are directly visible by the customers. Indeed, it 

is important that the components have a structure that takes heat resistant 

properties into consideration and have a outward appearance that does not 

deteriorate with time. In order to achieve this requirement, an experimental 

and finite element analysis of the exterior plastic components of car under 

thermal loading conditions is developed in this thesis. Moreover, recently, 

there has been a rapid increase in demand for high quality plastic 

components with greatly narrowed gaps. Thus in the last part of the thesis, 

the squeak and rattle analysis method is extended to predict the behavior of 

exterior plastic parts under different loading conditions. 

 

2.2 Problem 

The master thesis investigates thermal loading effects on exterior plastic 

components of car. As a first approach to the problem it is decided to focus 

on one single component. It is the A-pillar decor for the current Saab 9-5 

sedan. The work in the thesis is performed to increase our knowledge in 

FE-modeling of exterior plastic components of car. The thesis will cover 

solid mechanics in general but with a focus on: Thermal analysis, Element 

consideration, material testing, component testing, FE-guidelines for Saab, 

plastic clip simulation and gap simulation.  
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Figure 2.1. Saab 9-5 sedan. 

 

2.3 Purpose  

This thesis aims to develop a numerical method for thermal analysis of 

exterior plastic components of car. The study is intended to accurately 

model exterior plastic components and to contribute to a better knowledge 

of the behavior of plastic parts under different loading conditions. All pre-

processing analysis is performed using Hypermesh. Once pre-processing is 

complete, OptiStruct that is a fast and accurate finite-element solver for 

linear static and dynamics problems will be used to solve the analysis 

owing to the fact that the simulations carried out in this thesis can be 

categorized as linear problems. Hyperview will be used as the 

postprocessor to view and analyze the results. 

 

2.4 Outline of the Thesis  

The properties of many plastics will change with temperature.  Also one of 

the most important properties in a material is E-modulus. Thus the 

temperature dependence of E-modulus of exterior plastics should be studied 

at the early stage. Then it is focused on one single component. A-pillar 

decor for the current Saab 9-5 sedan is selected due to its simple geometry 
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and its suitable position which makes it easy to perform experiments.  First 

the free-free modal analysis of the A-decor is performed using numerical 

and experimental methods and the correlation between experimental and 

numerical results is investigated. The resonance frequencies from the modal 

analysis are used to perform convergence study for the A-decor to get a 

suitable element size and type of mesh for our next simulations. 

The shell model of the A-decor with element size 2mm is selected 

according to convergence study and the plastic clips are simulated with 1D 

elements including RBE2, RBE3 and CBUSH owing to the fact that 

simulations are faster and easier with 1D elements. The shell model of the 

A-decor is attached to the A-pillar with various types of simulated 1D clips 

and the numerical and experimental analysis of the static and thermal 

deformation of the A-decor is investigated. It is concluded that, for the 

static and thermal deformation of the studied A-decor, both the numerical 

simulation and experimental results can be fitted quite well by means of 

proposed 1D clip connection model. 

Finally using our knowledge of simulation of the plastic parts, the gap 

analysis of exterior plastic parts of car under different loading conditions is 

performed using numerical method. 

 

2.5 Disposition of the Thesis   

 

                                                                             In     this     chapter    the 

notation  in the thesis are 

                                                             introduced.    

 

 

                                                                                              

                                                                                      

             

                                                                   In     this     chapter    the  

background,      problem, 

 purpose  and   outline  of 

the   thesis are  presented 

                                                                                  and discussed. 

Chapter 1                                     

Notation 

Chapter 2                              

Introduction 
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This  chapter  presents   and 

explains the method chosen 

in    order   to    fulfill    the 

                                                                              purpose of this thesis. 

 

 

 

 

 

 This     chapter    gives    an 

 introduction     to    exterior 

 plastic   components  of car 

 especially  the  A-decor for 

                                                                               Saab 9-5 sedan. 

 

 

 

 

 

This   chapter   investigates 

E-modulus     of     exterior 

plastic    parts  at  different 

                                                                               temperatures. 

 

 

 

 

 

 

     This  chapter    intends    to 

anaylyse free-free vibration 

of  the A-decor numerically 

                                                                              and experimentally. 

 

 
 

 

Chapter 4                                        

Plastics in Automative Industry: 

Extorier Applications 

 

Chapter 3                                        

Method  

 

Chapter 5                                                

E-modulus of Exterior Plastic Parts at 

Different Temperatures 

 

Chapter 6                                           

Free-Free Vibration Analysis of the A-

decor 
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In this  chapter convergence 

study  for  the A-decor  will 

be    perfomred    to    get  a 

suitable   element   size  and 

 suitable  type  of   mesh  for 

                                                                             next  simulations. 

 

 

 

In   this   chapter   FEM   is 

implemented  to  determine 

the  effect  of  thermal  and 

static    loading     on     the 

A-decor  and   is   validated 

                                                                              by experimentation. 

 

 

 

 

In   this  chapter  a  method 

for     squeak     and    rattle 

simulation  is  used  for gap 

                                                                              simulation. 

 

 

 

 

 

This   chapter   discuss  the 

outcome    of     the    study 

                                                                              conducted. 

 

 

 

 

 

 

 This   chapter   discuss  the 

  future  work  of  the thesis.  

Chapter 8                                                     

Numerical Simulation and 

Experimental Verification of the A-

decor and Plastic Clips under Thermal 

and Static Loading Conditions 

 

Chapter 7                                                 

Convergence Study 

 

 

Chapter 10                                            

Conclusion and Discussion 

Chapter 11                                             

Future Work 

 

Chapter 9                                                 

A Method for Wear and Contact 

Simulation of Exterior Parts of Car 
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3 Method   

3.1 Finite Element Method 

The finite element method (FEM) is a powerful computational technique 

for analyzing complex problems of engineering. The fundamental idea of 

the FEM is subdivided a given domain into an assemblage of discrete 

domains called finite elements. The main advantage of finite element 

method is its ability to solve engineering problems with complicated 

geometry and boundary. Furthermore, it is possible to control the elements 

number in the solution domain that provides better accuracy at boundary 

conditions. Certain steps in formulating a finite element analysis of a 

problem are common to all analyses. The steps can be described as follows: 

1. Preprocessing: the preprocessing step is described as model 

definition step. In other words in this step the geometric domain of 

the problem, the element type(s),  the material properties of the 

elements, the geometric properties of the elements, the element 

connectivities (mesh the model), the physical constraints (boundary 

conditions) and the loadings will be defined. 

 

2. Solution: the governing algebraic equations are assembled in matrix 

form and the quantities of interest are calculated. 

 

3. Postprocessing: the solution results are analyzed and evaluated. The 

objective of this step is to determine whether the solution results are 

physically reasonable [4]. 

In this thesis, the finite element method is the leading technique for 

analyzing the behavior of exterior plastic parts when subjected to a variety 

of loads. The loads are static and dynamic, and the structural responses are 

linear. Therefore, the thesis is concerned with linear analysis methods and 

OptiStruct that is a finite-element solver for linear static and dynamics 

problems will be used to solve the analysis. 
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3.1.1 Linear Analysis 

In a linear analysis there is assumed to be a linear relationship between the 

applied loads to a structure and the response of the structure. Because of the 

linear relationship, the stiffness of the structure can be calculated in one 

step. The structure’s response to applied loads can be computed by 

multiplying the load vectors by the decomposed stiffness matrix. 

Furthermore in a linear analysis, loads can be combined using the principle 

of superposition. A linear analysis is the simplest and most inexpensive 

type of analysis to perform and often gives satisfactory results. Because of 

these benefits, linear analysis is the most commonly used structural 

analysis. In this type of analysis nonlinearities due to material, geometry, or 

boundary conditions are not included [5,6]. 

Linear analysis is based on the following assumptions: 

 Small displacements of the structure when loads are applied 

 The materials in the structure remains elastic 

  Boundary conditions remain constant 

 

Steps in linear analysis are as following: 

1. Set up the model 

 

 Mesh the part 

 Apply Material Properties 

 Apply Boundary Conditions 

 Submit Job 

 

2. Job solution  

 

 Assembly of stiffness Matrix 

 Solution of stiffness matrix 

 Compute the results 

 

3. View results [5,6] 
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4 Plastics in Automotive Industry: 

Exterior Applications 

Almost all exterior plastic parts are located in the front and rear fascia. 

They usually consist of a number of plastic components that are assembled 

to one major part e.g. the front fascia consist of Headlamps/Grille/Fascia 

and chromed details. The major part can be attached to the car body (body 

in white) with plastic clips, bolts or other fasteners. Structure of plastic 

parts usually designed to be more complex and they are made of materials 

like: PC/ ASA, PC/PBT, PC/PET, PU RIM, SMC, PU foam, PC/AES, PP, 

PP/EPDM, PPO/ PA, PA/ABS and Metallized PC/ABS. In Saab 9-5 sedan 

there is a decorative plastic component that cover the A-pillar. It is called 

A-decor and can be used as an example for FE-modeling of exterior plastic 

parts of car. 

 

4.1 A-decor  

The A-decor for Saab 9-5 sedan is a decorative component made of 

polycarbonate (PC) that is attached by 8 plastic clips to the A-pillar as 

shown in figures 4.1 and 4.2. We consider each clip as a support. Thus the 

A-decor is really similar to a beam that is supported at 8 points. As can be 

seen in figure 4.2, five similar plastic clips including 3 in one direction and 

2 in opposite direction are placed in the body of the A-decor. These plastic 

slide clips allow for thermal expansion/contraction of the panels. Also 3 

similar plastic clips including 1 rigid clip and 2 slide clips are placed on the 

edge of the A-decor. The position of the A-decor and plastic clips are 

shown in the following figures. 

 

 
 



17 
 

 

Figure 4.1.The A-decor of Saab 9-5 sedan. 

 

 
 

Figure 4.2.Five plastic clips in the body of the A-decor and 3 plastic clips 

in the edge of the A-decor. 

 

The A-decor for the current Saab 9-5 sedan is selected for FE- analysis due 

to the following reasons: 

 

 Relative simple geometry to mesh/measure 

 Suitable position which makes it easy to perform experiments 

 Relative small, gives small FE-model   
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5 E-modulus of Exterior Plastic Parts at 

Different Temperatures 

The properties of some materials, like many plastics, will change with 

temperature. One of the most important properties of materials is E-

modulus that is a measure of the stiffness of an elastic material and is a 

quantity used to characterize materials. Thus the temperature dependence of 

the E-modulus is a very important factor and should be investigated at the 

early stage. In this part the E-modulus of the exterior plastic components at 

different temperatures is measured using the three point bending flexural 

test. The objective of the experiment is to study how the E-modulus of 

different materials that are used in the fascia and the A-decor varies with 

different temperatures.  

  

5.1 The Three Point Bending Flexural Test   

Flexure testing also known as transverse testing, modulus of rupture testing, 

3-point bend testing is a test method for measuring the force required to 

bend a beam under three point loading conditions. In other words, this type 

of test measures the behavior of materials like metals, wood, glass, 

concrete, plastics and composites subjected to simple bending loads. The 

test can be performed by supporting the specimen by two bearing surfaces 

and applying an axial load at its centre by a third bearing load. This method 

can be used to calculate flexural modulus or modulus of elasticity in 

bending    (from the slope of the bending load vs. deflection curve), 

flexural stress   , flexural strain    and the flexural stress-strain response of 

the material [7,8].   
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Figure 5.1. The three point bending flexural test. 

 

There are some advantages of using flexural testing for measuring the E-

modulus such as: easing of the specimen preparation and testing owing to 

the fact that the specimen in this type of test should not be manufactured 

and just punched from the component while in tensile testing the test 

specimen needs to be manufactured, simplicity, ensuring the integrity and 

safety of products, ensuring components, materials and products are fit-for-

purpose and compliance with industry standards [8]. The main 

disadvantage of flexural testing is the result of the testing method is 

sensitive to specimen and loading geometry and strain rate [7]. 

 

5.2 Flexural Modulus 

The flexural modulus also known as the modulus of elasticity in bending    

is a measure of how a material will deflect when force is applied and it is 

defined as the ratio of stress to strain in flexural deformation. This property 

is a very important factor in the selection of correct materials for parts that 

support loads. Flexural modulus is calculated experimentally using flexural 

testing and is usually measured at room temperature conditions but for our 

case flexural test is conducted  at different temperatures [9].  
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5.2.1 Assumptions 

The flexural modulus is calculated using the following assumptions: 

 The material is linearly elastic 

 The material is isotropic and homogenous 

 

5.2.2 Governing Equation 

The flexural modulus is calculated for a 3-point deflection test of a beam 

using the following formula [7]:                                                             

                                                       

                                                                            h 

                                                                                                                        

                                                                                             

  
   

    
   

    

  
     

   

      
 

where 

      w = Width of the beam (m) 

      h = Height of the beam (m) 

      L = The distance between the two outer supports (m) 

      d = The deflection of the beam (m) 

      F = Load applied at the middle of the beam (N) 
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5.3 E-modulus of Exterior Plastic Parts at Different 

Temperatures  

The materials in the automative industry should have lightweight 

construction and should be reliable in continuous service. The A-decor for 

the Saab 9-5 sedan is made of polycarbonate (PC), the metallic part around 

headlamp is made of Metallized Polycarbonate/Acrylonitrile Butadiene 

Styrene (Metallized PC/ABS), the black part around headlamp is made of 

Polycarbonate/Acrylonitrile Styrene Acrylate (PC/ASA) and the fascia is 

made of Polypropylene/Ethylene Propylene Diene Monomer (PP/EPDM ). 

Polycarbonate also known by the trademarked names as Lexan, Makrolon, 

Makroclear is type of thermoplastic polymer which is often used as a 

replacement for glass or metal when the temperature does not exceed 

125°C. It has numerous applications in automotive industry including 

headlamps, mirrors, press-fit pivot bushings and integral housings. Also 

printed PC film has been used for back-lit instrument panels [1,7].   

The properties that caused polycarbonate have many applications in 

automotive industry are as follows: 

 It shows outstanding physical properties such as outstanding impact 

resistance, heat resistance up to 125°C and good clarity 

 It  is easily worked, moulded, and thermoformed 

 It can produce very smooth surfaces that can be used in parts such 

as decorative bezels and optical reflectors 

 High toughness even at low temperatures 

 Transparency/Coloring 

 Weather resistance 

Polypropylene (PP) is a thermoplastic polymer used in a wide variety of 

applications like automotive components. It has properties of high stiffness 

and good tensile strength [10,7]. 

http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Polymer


22 
 

5.3.1 Experimental Setup 

In this experiment the structure under test is plastic bar that is made of PC, 

Metallized PC/ABS, PC/ASA and PP/EPDM.  The test bars for bending are 

punched in size 150 15 and 75 10 mm from the exterior plastic 

components and 3-points bending are performed with a span of 100mm, 

speed 1 mm/min and contact areas with radius around 2mm at different 

temperatures -40, -30, -15, -10, 23, 40, 80. In addition the axial 

compressive load is 15 N. 

Also the following equipment is used  

 Flexural test fixtures 

 Heat cabinet  

 Freezer 

 Thermometer type K 

 

5.3.2 Results 

The results for E-modulus of exterior plastic components at different 

temperatures are shown in figures 5.3 and 5.5: 

 

 

Figure 5.2. The A-decor of Saab 9-5 sedan. 
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Figure 5.3. Flexural modulus of the A-decor versus temperature  

 

Figure 5.4. The metallic part, the black part and the fascia of Saab 9-5 

sedan 
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Figure 5.5. Flexural modulus of the A-decor, the metallic part, the black 

part and the fascia versus temperature. 

 

Table 5.1. Variation of E-modulus of exterior plastic parts with 

temperature. 

Materials Used in Exterior 

Plastic Parts 

PC Metallized 

PC/ABS 

PP/EPDM PC/ASA 

Variation of E-Modulus with 

Temperature (%) 
10% 8% 84% 34% 

  

As can be seen temperature has a very small influence on the flexural 

modulus of the A-decor and metallized plastic around the head lamp in the 

tested range. Thus the polycarbonate and Metallized PC/ABS are almost 
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heat resistance and according to the results they can be a good replacement 

for metal when the temperature does not exceed 80°C.  This property cause 

that the outward appearance of the exterior plastic components does not 

deteriorate over time. E-modulus has 34% decrease for PC/ASA and 84% 

decrease for PP/EPDM. 
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6 Free-Free Vibration Analysis of the A-

decor 

Two methods for free-free vibration analysis of the A-decor are presented 

in this part: numerical analysis and experimental analysis. In numerical 

analysis the shell and solid models of the A-decor are created. Then the 

resonance frequencies and mode shapes are computed using those models 

with different types of mesh and different element sizes. In experimental 

analysis impulse hammer is used as the exciter and the resonance 

frequencies and mode shapes are calculated. Then the results are compared 

using those methods. Modal parameters are extracted from the measured 

data and used to update and verify the numerical model. The objective of 

this part is to study the vibration of the A-decor and to reach a convergence 

for selecting the suitable element size and suitable type of mesh for our next 

simulations. 

6.1 Experimental Work 

In this part the A-decor is studied with experimental testing. A suitable 

experimental modal analysis test is carried out with an impulse hammer. 

Then the resonance frequencies and mode shapes are estimated. 

6.1.1 Experimental Setup 

In this experiment the structure under test is hanged to simulate free-free 

boundary conditions as shown in figures 6.1, 6.2, 6.3, 6.4 and 6.5. The 

measurements are done with a impulse hammer and a fixed accelerometer. 

In the test one accelerometer is used in point 8 and the excitation is done in 

19 points including 5 points in the edge of the A-decor and 14 points in the 

body of the A-decor. Points 8,9,10,11,12,13,14 are excited in 2 directions –

Y and –Z , points 1,2,3,4,5,6,7 are exited in –Y and points 15,16,17,18,19 

are excited in –Z. The response is obtained in point 8 in 2 directions Y and 

Z. 

Also the following equipment is used: 

 Accelerometer and Cables  

 Impulse hammer and Cable 
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Figure 6.1. Measurement setup. 

 

Figure 6.2. Measurement setup (excitation in -Y ). 
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Figure 6.3. Measurement setup (excitation in –Z). 

Figure 6.4. Mesurement setup. 
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Figure 6.5. Measurement setup. 

 

6.1.2 Results  

The first three resonance frequencies and mode shapes obtained by 

experimental modal analysis are shown in figure 6.6 and table 6.1: 

 

Table 6.1. Resonance frequencies of the A-decor obtained from 

experimental modal analysis. 

Resonance Frequency (Hz) f1 f2 f3 

Experimental Work 42.8 56.4 100 
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Figure 6.6. The three lowest mode shapes of the A-decor obtained from 

experimental modal analysis. 

 

6.2 Finite Element Model 

In numerical part, the solid and shell finite element models of the A-decor, 

each with a different element size (shell model:1mm, 2mm, 4mm, 8mm and 

solid model:1mm, 2mm) and with free-free boundary conditions are created 

and the resonance frequencies and the mode shapes are calculated.  

6.2.1 Meshing 

The A-decor has a relative simple geometry and it can be considered to be 

thin in thickness compared to its length and width, thus it can be modeled 

as shell structure or a solid structure. Midsurface is created from the solid 

CAD part using a combination of manual and  automatic tools in 

Hypermesh. Element thickness is assigned on the node levels and the shell 

model is meshed using element size 1mm, 2mm, 4mm, 8mm. For creating 

the solid structure, the geometry is needed to be modified and a closed 

volume is generated. Then solid model is meshed using first and second 

order tetrahedral elements 1mm and 2mm as shown in figures 6.7 and 6.8. 
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Figure 6.7. Shell meshing 1mm,2mm,4mm,8mm. 

  

Figure 6.8. Solid meshing, first and second order tetra 1mm,2mm. 

 

6.2.2 Results  

The first three resonance frequencies of the A-decor obtained from the shell 

finite element models with element size 1mm, 2mm, 4mm and 8mm and 

the solid finite element models with first and second order tetra elements 

(1mm and 2mm) are shown in table 6.2. As can be seen there is a slight 

difference in results from the shell models with different element sizes.  
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Table 6.2. Resonance frequencies of the A-decor that is obtained from the 

shell FE models with element size 1mm, 2mm, 4mm and 8mm and the solid 

FE models with 1
st
 and 2

nd 
order tetra 1mm,2mm. 

Resonance Frequency (Hz) f1 f2 f3 

FE Model (shell 1mm)                   

FE Model (shell 2mm)                   

FE Model (shell 4mm)                   

FE Model (shell 8mm)                   

FE Model (1
st
 order tetra 1mm)                    

FE Model (1
st
 order tetra 2mm)                     

FE Model (2
nd

 order tetra 1mm)                    

FE Model (2
nd

 order tetra 2mm)                    

 

The three lowest mode shapes of the A-decor obtained from the shell FE 

model with element size 1mm and the solid FE model with second order 

tetra element 1mm are shown in figures 6.9 and 6.10.  

 

 

 

Figure 6.9. The three lowest mode shapes of the A-decor obtained from the 

shell finite element model with element size 1mm. 
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Figure 6.10. The nine lowest mode shapes of the A-decor obtained from the 

solid finite element model with second order tetra element 1mm. 

 

As can be seen the mode shapes obtained by shell 1mm agree quite well 

with those predicted by solid 2nd
 order tetra 1mm but the phase is different.  

 

6.3 Correlation Between Numerical and 

Experimental Results  

The first three resonance frequencies of the A-decor obtained from the shell 

finite element models with element size 1mm, 2mm, 4mm and 8mm, the 

solid finite element models with first and second order tetra elements (1mm 

and 2mm) and experiment are shown in table 6.3. 
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Table 6.3. Resonance frequencies of the A-decor obtained from the shell FE 

models with element size 1mm, 2mm, 4mm and 8mm, the solid FE models 

with 1
st
 and 2

nd 
order tetra 1mm,2mm and experiment. 

Resonance Frequency (Hz) f1 f2 f3 

FE Model (shell 1mm), m=274.46 g                   

FE Model (shell 2mm), m=273.93 g                   

FE Model (shell 4mm), m=273.94 g                   

FE Model (shell 8mm), m=273.29 g                   

FE Model (1
st
 order tetra 1mm), m=330.37 g                    

FE Model (1
st
 order tetra 2mm), m=324.47 g                     

FE Model (2
nd

 order tetra 1mm), m=330.37 g                    

FE Model (2
nd

 order tetra 2mm), m=329.88 g                    

Experimental Work, m=350 g 42.8 56.4 100 

 

As can be seen the resonance frequencies obtained by shell model (1mm, 

2mm, 4mm, 8mm) agree quite well with those predicted by experiment but 

there is significant difference between the mass of shell models and real 

model. The results of tetra first order are not accurate. Furthermore there is 

a slight difference between the results of tetra second order and experiment. 

The first three mode shapes of the A-decor obtained from the shell finite 

element model with element size 1mm,  the solid finite element model with 

second order tetra elements 1mm and experimental modal analysis are 

shown in figure 6.11.  
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Figure 6.11. The three lowest mode shapes of the A-decor obtained from 

experiment, the shell FE model 1mm and the solid  FE model with second 

order tetra 1mm. 

 

As can be seen the mode shapes obtained by experimental modal analysis 

agree quite well with those predicted by finite element analysis but the 

phase is different. In addition the experimental analysis is performed on the 

right A-decor while the left A-decor is used for numerical analysis, 

however the mode shapes are the same.  
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6.4 FE-Model improvement  

In this part the experimental results is used to validate and improve the 

finite element model. It observed that there is a difference between the mass 

of real model and FE model. The FE model mass is scaled with its density 

to match the mass of the tested component. In other words the FE models 

are updated by correcting the density for getting a better agreement between 

the FE-models and the experiment.  

6.4.1 Results   

The first three resonance frequencies of the A-decor obtained from the shell 

FE models (correct mass) with element size 1mm, 2mm, 4mm and 8mm, 

the solid FE models (correct mass) with first and second order tetra 

elements (1mm and 2mm) and experiment are shown in table 6.4. 

Table 6.4. Resonance frequencies of the A-decor obtained from the shell FE 

models (correct mass) with element size 1mm, 2mm, 4mm and 8mm, the 

solid FE models (correct mass) with 1
st
 and 2

nd 
order tetra 1mm,2mm and 

experiment. 

Resonance Frequency (Hz) f1 f2 f3 

FE Model (shell 1mm), m=350 g                   

FE Model (shell 2mm), m=350 g                   

FE Model (shell 4mm), m=350 g                   

FE Model (shell 8mm), m=350 g                   

FE Model (1
st
 order tetra 1mm), m=350 g                    

FE Model (1
st
 order tetra 2mm), m=350 g                     

FE Model (2
nd

 order tetra 1mm), m=350 g                    

FE Model (2
nd

 order tetra 2mm), m=350 g                    

Experimental Work, m=350 g 42.8 56.4 100 
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As can be seen the resonance frequencies obtained by shell model with 

correct mass (1mm, 2mm, 4mm, 8mm) does not agree well with those 

predicted by experiment. The results of tetra first order with correct mass 

are not accurate. Furthermore there is a good agreement between the results 

of tetra second order and experiment. 

The first three mode shapes of the A-decor obtained from the shell finite 

element model (correct mass) with element size 1mm,  the solid finite 

element model (correct mass) with second order tetra elements 1mm and 

experimental modal analysis are shown in figure 6.12.  

 

 

Figure 6.12. The three lowest mode shapes of the A-decor obtained from 

experiment, the shell FE model (correct mass) 1mm and the solid  FE 

model (correct mass) with second order tetra 1mm. 

 

As can be seen the mode shapes obtained by experimental modal analysis 

agree quite well with those predicted by finite element analysis with correct 

mass. In addition the experimental analysis is performed on the right A-

decor while the left A-decor is used for numerical analysis, however the 

mode shapes are the same.  
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7 Convergence Study 

In finite element modeling, a finer mesh typically results in a more accurate 

solution. However, as a mesh is made finer, the computation time increases. 

Convergence study is way to get a suitable element size and suitable type of 

mesh that satisfactorily balances accuracy and computing resources. This 

part describes how to perform convergence study for the A-decor to get a 

suitable element size and suitable type of mesh for our next simulations. 

The process is done as follows: 

 Create shell mesh and solid mesh using the fewest, reasonable 

number of elements (shell mesh: 8mm, solid mesh: 1
st
 order tetra 

2mm) and perform the resonance frequency analysis of the model. 

 Recreate the shell mesh and the solid mesh with a denser element 

distribution (shell mesh: 4mm, solid mesh: 1
st
 order tetra 1mm), re-

analyze it, and compare the results to those of the previous mesh. 

 Keep increasing the mesh density (shell mesh: 2mm and 1mm, 

solid mesh: 2
st
 order tetra 2mm and 1mm) and re-analyzing the 

models until the results converge satisfactorily. 

This process gives us an accurate solution with a mesh that is sufficiently 

dense and not overly demanding of computing resources.   

7.1 Result and Conclusion  

The results for resonance frequency analysis of the A-decor using shell 

mesh (1mm, 2mm, 4mm and 8mm), 1
st
 order tetra (1mm and 2mm), 2

st
 

order tetra (2mm and 1mm) and experimental frequency analysis are shown 

in figures 7.1 and 7.2. As mentioned before there are differences between 

the A-decor mass and the FE models. Thus the Hypermesh models are 

updated by correcting the density for getting a better agreement between the 

FE-model and the experiment. The information of the finite element 

analysis of the models including CPU time, mass, number of elements, 

nodes and degree of freedom is shown in table 7.1. 
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Figure 7.1.convergence study (resonance frequency as a function of mode 

number). 
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Figure 7.2.convergence study (resonance frequency as a function of mode 

number) for modified models. 
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Table 7.1. Finite element model data information. 

 Solid 

Volume 

2D Shell 

8mm 

2D Shell 

4mm 

2D Shell 

2mm 

2D Shell 

1mm 

1st order 

Tetra 

2mm 

2ndorder 

Tetra 

2mm 

1st order 

Tetra 

1mm 

2ndorder 

Tetra 

1mm 

Element  1752 5532 44869 76828 223048 223048 1211263 1211263 

Nodes  1823 5670 22951 77299 62734 398527 294510 1983243 

Dof  10938 34020 137706 463794 188202 1195581 883530 5949729 

Cpu 

time 

 00:00:01 00:00:06 00:00:30 00:04:55 00:00:50 00:23:18 00:11:36 06:25:08 

Mass/g 350 273.29 273.94 273.93 274.46 324.47 329.88 330.37 330.37 

Scaled 

mass 

350 350 350 350 350 350 350 350 350 

 

From the results, we conclude that 

 There is almost no difference in results of the shell models 1mm, 

2mm, 4mm and 8mm. It actually converge for 16 mm or 32 mm. 

However in those meshing, it is difficult to simulate the clips in a 

correct way.  

 There is a good agreement between shell results and experimental 

results in low frequencies (less than 300 Hz) even with large 

element size. But in high frequencies the shell model cannot 

represent the real model. 

  There is a large difference between the mass of shell model and 

solid model.   

 There is not a good agreement between modified shell (correct 

mass) results and experimental results especially in high 

frequencies. 

 Lower order tetras gives inaccurate results owing to the fact that 

first order tetra are vey stiff. 

 Second order tetras gives fairly large models and the computation 

time increases but the results are accurate and there is a good 

agreement between second order tetras and experimental results in 

high frequencies ( more than 300 Hz ). 
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To sum up, shell mesh 2mm with correct mass will be used in next 

simulations to decrease the computation time and to make simulation of 

plastic clips in an accurate way. 
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8 Numerical Simulation and 

Experimental Verification of the A-

decor and Plastic Clips under Thermal 

and Static Loading Conditions 

Two methods for analyzing the A-decor and the plastic clips for thermal 

and static loads effects are presented in this part: numerical analysis and 

experimental analysis. In numerical analysis, the finite element models of 

the A-decor with different types of plastic clips are created. Then the static 

and thermal deformation of the A-decor is investigated using those models. 

Also the forces in the clips that are generated under thermal loading 

conditions are calculated. In experimental analysis, the static and thermal 

displacement of the A-decor at different points are measured using dial 

indicator and vernier caliper. Then the results are compared using those 

methods. The objective of this part is to analyze exterior plastic parts 

especially the A-decor for thermal and static loads effects and to develop 

FE-models of the plastic clips and the A-decor under static and thermal 

loading conditions.  

8.1 Plastic Clip 

In the A-decor, two types of plastic clips are used as shown in the following 

figures. Five similar plastic clips are located in the body of the A-decor and 

3 similar plastic clips are placed on the edge of the A-decor. 
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Figure 8.1. Plastic clips in the A-decor.  
 

 

These types of clips securely join panels without tools in lightweight 

applications and they can easily snap into round holes holding in metal, 

plastic, and a variety of materials. Also several size options are available to 

accommodate wide range of panel thicknesses. In our case, these plastic 

clips join the plastic A-decor to the steel A-pillar. The 8 clips snap into 

round holes in the steel A-pillar. When the plastic clips are pushed into 

holes in the A-pillar, hollow prongs compress and they return to their 

original shape as they pass through holes. Thus the hollow prongs will be 

fixed in the steel A-pillar. The head of the clips are located in the plastic A-

decor. The head of the 7 clips (including the 5 similar clips that are located 

in the body of the A-decor and two of the 3 similar clips that are placed on 

the edge of A-decor) are designed to slide in one direction. Thus, they allow 

for thermal expansion/contraction of the panels.  
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8.2 Finite Element Modeling of the Plastic Clips and 

the A-decor  

In this section the attachment of the A-decor to the car body is studied in 

more detail. In section 7 it is concluded that a shell mesh of 2mm for the A-

decor will be good enough to capture the static stiffness. The 2mm meshed 

A-decor is selected to have a refined model of the clip location.  

The best way of modeling the A-decor attached to the car body would have 

been a complete contact model with each clip modeled as 3 D parts. 

However an analysis like that would be time consuming. Thus the focus 

have been to simplify the clip as much as possible but still capture the 

deformation behavior of the A-decor subjected to thermal and static loading 

conditions. 

The simulated A-decor is attached to the A-pillar with various types of 

plastic clips. The plastic clips are simulated with 1D elements including 

RBE2 (RBE2 elements are rigid 1D elements with 2 nodes used to model 

rigid connections), RBE3 (RBE3 elements are elements with one dependent 

node and variable independent nodes typically used to define the motion at 

the dependent node as a weighted average of the motions at the independent 

nodes) and CBUSH elements (CBUSH elements are spring-and-damper 

structural elements that may be nonlinear or frequency dependent) as 

shown in the following figures. 

As mentioned  above the hollow prongs of the clips will be fixed in the 

steel A-pillar. Thus, the stem of the clips should be rigid and is simulated 

using RBE2 elements. The head of the 7 clips can slide in one direction. 

 Therefore, different types of the head of the clips are modeled to develop a 

correct FE-model of the plastic clips.  

8.2.1 Clip 1 

The first clip (clip 1) is simulated using RBE2 elements. Thus, the stem and 

the head of the clip are completely rigid as shown in figure 8.2. 
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Figure 8.2. Clip 1, the head (RBE2) and the stem (RBE2). 

 

8.2.2 Clip 2 

The second clip (clip 2) is simulated using RBE2, RBE3 and CBUSH(1) 

that can only slide in one direction (    ) and has stiffness in other 

directions. The stem of the clip is modeled using RBE2 elements and the 

head of the clip is simulated using the RBE3 and CBUSH(1) elements as 

shown in figure 8.3. 

 

 Figure 8.3.Clip 2, the head (RBE3 and CBUSH(1)) and the stem (RBE2). 
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8.2.3 Clip 3 

The third clip (clip 3) is simulated using RBE2 and CBUSH(1) elements. 

The stem of the clip is modeled using RBE2 elements and the head of the 

clip is simulated using the RBE2 and CBUSH(1) elements as shown in 

figure 8.4. 

 

Figure 8.4.Clip 3, the head (RBE2 and CBUSH(1)) and the stem (RBE2). 

 

8.2.4 Clip 4 

The fourth clip (clip 4) is simulated using rigid RBE2 and RBE2 (123) that 

has 3 degree of freedom (free in translation along X, Y, Z) and CBUSH(1) 

elements. The stem of the clip is modeled using rigid RBE2 elements and 

the head of the clip is simulated using the RBE2(123) and CBUSH(1) 

elements as shown in figure 8.5. 
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Figure 8.5.Clip 4, the head (RBE2(123) and CBUSH(1)) and the stem 

(RBE2). 

 

8.2.5 Clip 5 

The fifth clip (clip 5) is simulated using rigid RBE2 and RBE2 (456) that 

has 3 degree of freedom (free in Rotation about X, Y, Z) and CBUSH that 

has stiffness in all direction. The stem of the clip is modeled using rigid 

RBE2 elements and the head of the clip is simulated using the RBE2(456) 

and CBUSH elements as shown in figure 8.6.  

 

Figure 8.6.Clip 5, the head (RBE2(456) and CBUSH) and the stem (RBE2). 
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8.2.6 Clip 6 

The sixth clip (clip 6) is simulated using rigid RBE2 and RBE2 (456) that 

has 3 degree of freedom (free in Rotation about X, Y, Z) and CBUSH(1) 

that can only slide in one direction (    ) and has stiffness in other 

directions. The stem of the clip is modeled using rigid RBE2 elements and 

the head of the clip is simulated using the RBE2(456) and CBUSH(1) 

elements as shown in figure 8.7.  

 

Figure 8.7.Clip 6, the head (RBE2(456) and CBUSH(1)) and the stem 

(RBE2). 

 

8.3 Experimental and Finite Element Analysis of the 

Static Deformation of the A-decor  

For static measurement on the A-decor, two methods are used: numerical 

method and experimental method. In numerical analysis, the shell models 

of the A-decor with different types of plastic clips are created. Then the 

deflection of the A-decor that is loaded at different points is calculated. In 

experimental analysis, the A-decor is loaded at different points and the 

resulting deflection is measured using vernier caliper. Then the results are 

compared using those methods. The objective of this part is to study effect 

of static load applied at different points on the A-decor and to develop a 

finite element model for plastic clips and the A-decor under static loading 
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conditions. In addition the effect of plastic clips on the behavior of the A-

decor subjected to static loads is investigated. 

 

8.3.1 Static measurement on the A-decor 

In this part the static deflection of the A-decor is studied with experimental 

testing. The A-decor supported by 8 clips is loaded at 6 points. The 

resulting displacement at different points is measured using vernier caliper 

and compared with numerical results. 

  

8.3.1.1 Experimental setup 

At first a suitable length of the A-decor is selected. The length of the A-

decor is 75 cm and the length 65 cm from the top of the A-decor (near the 

roof) is selected due to simplicity of measurement. The z-direction is 

perpendicular to the exterior surface of the A-decor, the x-direction is along 

the length of the A-decor and the y-direction is along the width of the A-

decor. we mark the points X=10cm, 20cm, 30cm, 40cm, 50cm and 60cm 

where the load should be applied. Moreover we mark the points X=15cm, 

25cm, 35cm, 45cm, 55cm and 65cm where the displacement of the A-decor 

in z-direction should be measured. Then the point load F=50 N is applied 

using Dynamometer perpendicular to the exterior surface of the A-decor 

and vernier caliper is used  to measure the displacement at the selected 

points. The experiment is repeated twice to check the repeatability. 

The equipment used for the experiment are the following: 

 Dynamometer 

 vernier caliper 
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Figure 8.8. Experimental setup. 
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8.3.1.2 Results  

The results of static deflection of the A-decor in z-direction are shown in 

table 8.1. 

 

Table 8.1. Static displacement of the A-decor in z-direction. 

Position of the 

points that the 

load is applied 

(cm) 

Deflection of A-

Decor at X+5mm in 

z-direction in first 

experiment (mm) 

Deflection of A-

Decor at X+5mm in 

z-direction in second 

experiment (mm) 

Mean 

value 

(mm) 

X=10  3.6 4.7  4.15  

X=20  4.7  4.7  4.70  

X=30  5.1  4.9  5.00  

X=40  5.4  5.1  5.25  

X=50  4.2  4.8  4.50  

X=60  4.4  4.2  4.30  

 

8.3.2 FE model 

In numerical part, the front of the Saab 9-5 sedan is used as sub-model for 

simulation as shown in figure 8.9. Then the shell FE-model of the A-decor 

with element size 2 mm is attached to the A-pillar with various types of 

plastic clips. A point load F=50 N perpendicular to the exterior surface of 

the A-decor and in the z-direction is applied at points X=10cm, 20cm, 

30cm, 40cm, 50cm and 60cm. Then displacement of the A-decor in z-

direction at points X=15cm, 25cm, 35cm, 45cm, 55cm and 65cm is 

calculated. 
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Figure 8.9. Sub-model for staic load analysis. 

 

Figure 8.10 shows the displacement of the A-decor simulated with different 

types of clips in z direction when the point load (F=50 N) is applied at point 

X=30cm. The red region shows the largest displacement of the A-decor 

when the point load is applied.  
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Figure 8.10. Static deflection of the A-decor simulated with different types 

of clips in z-direction when the load F=50 N at point X=30cm is applied. 

 

8.3.2.1 Results  

The results of static displacement of the A-decor in z-direction with clips 1, 

2, 3 and 6 are shown in table 8.2. Static measurement of the A-decor that is 

simulated with clip 4 is not possible owing to the fact that clip 4 has 

freedom for displacement in x,y,z directions and will depart from the 

model. Thus the clip 4 will be omitted for our next simulations.  
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Table 8.2. Static displacement of the A-decor in z-direction with clips 1, 2, 

3 and 6. 

Position 

of 

points 

that the 

load is 

applied 

(cm) 

Deflection of 

A-Decor  

modeled with 

clip 1 at 

X+5mm in z- 

direction 

(mm)  

Deflection of 

A-Decor 

modeled 

with clip 2 at 

X+5mm in z- 

direction 

(mm) 

Deflection of 

A-Decor 

modeled 

with clip3 at 

X+5mm in z- 

direction 

(mm) 

Deflection of 

A-Decor 

modeled 

with clip6 at 

X+5mm in z- 

direction 

(mm) 

X=10  2.544  4.427  3.066  4.221  

X=20  3.148  5.436  3.658  5.215  

X=30  3.227 5.99  3.778  5.666  

X=40  3.385  5.756  3.942  5.393  

X=50  2.941  4.792  3.177  4.451  

X=60  2.950  5.483  3.357  5.026  

 

8.3.3 Comparison  

The comparisons between experimental and numerical results are shown in 

figure 8.11. As can be seen, there is a good correlation between the results 

of simulation of the A-decor with clip 6 and the experimental data. 

According to experimental data the minimum displacement of the A-decor 

is at point X=15cm (when the load is applied at point X=10cm) and the 

results of simulation of the A-decor with clip 6 confirm that. According to 

experimental data the maximum displacement of the A-decor is at point 

X=45cm (when the load is applied at point X=40cm) while the results of 

the simulation of the A-decor with clip 6 shows that the maximum 

displacement of the A-decor is at point X=35cm (when the load is applied 

at point X=30cm). Furthermore the graph shows that the clips 1 and 3 are 

too stiff and clip 6 is a bit flexible. 

To sum up, the 8 clips of the A-decor should be simulated with the clip 6 

for creation of a valid FE-model of the A-decor under static loading 

conditions.    



56 
 

Figure 8.11. Displacement of the A-decor in z-direction as a function of 

length of the A-decor  comparisons between experimental and numerical 

results for static load analysis of the A-decor 

 

8.4 Experimental and Finite Element Analysis of the 

Thermal Deformation of the A-decor  

This part is composed by an experimental part and numerical part, aimed at 

contributing to a better knowledge of the behavior of plastic parts under 

thermal loading conditions. In numerical part, the shell finite element 

models of the A-decor with different types of plastic clips are created. The 

change in length of the A-decor due to thermal expansion and contraction 

are calculated. In the experimental part, the A-decor is heated/cooled. Then 

the resulting change in length of the A-decor at different points 

are measured with dial indicator. At the end the results are compared using 

those methods. The objective of this part is to study effect of thermal load 
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on the plastic parts especially the A-decor and to develop a finite element 

model for plastic clips and the A-decor under thermal loading conditions. In 

addition the effect of plastic clips on the behavior of the A-decor subjected 

to thermal loads is investigated. 

 

8.4.1 Experimental work 

In this part the change in length of the A-decor due to temperature change 

is studied with experimental testing. The sub-model including the A-decor 

attached to the A-pillar is heated to 80 °C/cooled to -30 °C. The resulting 

displacement at different points is measured using dial indicator.  

 

8.4.1.1 Experimental setup 

In this experiment the structure under test is the sub-model including the A-

decor, the A-pillar and the front window that is removed from Saab 9-5 

sedan as shown in figure 8.12. Magnetic bases are attached in 9 positions to 

the surface of the A-pillar, allowing the bases to be positioned in the best 

orientation for the A-decor to be tested. Then the dial indicators are 

attached to the bases and the sub-model is heated to 80 °C /cooled to -30 °C 

using oven/freezer. The changes in length of the A-decor at points X=0, 

10cm, 20cm, 30cm, 40cm, 50cm and 60cm, 70cm, 75cm are measured by 

dial indicator. 

The equipment used for the experiment are follows: 

 Dial indicator  

 Magnetic base 

 Freezer 

 Oven  
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 X=75 X=70    X=60     X=50        X=40      X=30      X=20       X=10   X=0    

 

 

Figure 8.12. Measurement setup 
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8.4.1.2 Results  

The results of the change in length of the A-decor due to the thermal 

expansion and contraction are shown in tables 8.3 and 8.4. 

 

Table 8.3. Displacement of the A-decor due to thermal expansion in x-

direction. 

Position of the points that 

the displacement of the A-

Decor  is measured (cm) 

Displacement of the A-

Decor  at point  X in x-

direction (mm) 

X=0 -0.83 

X=10 -0.60 

X=20 -0.22 

X=30 0.10 

X=40 0.28 

X=50 0.60 

X=60 0.80 

X=70 1.20 

X=75 1.20 
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Table 8.4. Displacement of the A-decor due to thermal contraction in x-

direction 

Position of the points that the 

displacement of the A-Decor  

is measured (cm) 

Displacement of the A-Decor  

at point  X in x-direction 

(mm) 

X=0 0.60 

X=10 0.40 

X=20 0.30 

X=30 0.13 

X=40 -0.13 

X=50 -0.35 

X=60 -0.65 

X=70 -0.83 

X=75 -1.00 

 

8.4.2 FE model 

In numerical part, the front of the Saab 9-5 sedan is used as sub-model for 

simulation. The shell FE-model of the A-decor is attached to the A-pillar 

with various types of plastic clips. The sub-model is heated to 80 °C / 

cooled to -30 °C using the card TEMPD (defines a temperature value for all 

grid points of the structural model). The room temperature is assumed to be 

23 °C. Thus the temperature difference for expansion is ΔT=57 °C and for 

contraction is ΔT=53 °C. Material is considered to be isotropic, thus the 

expansion and contraction occur at the same rate in every direction 

however, due to the geometry of the A-decor and slide clips, length of the 

A-decor expand and contract more with respect to thickness and width. 

Therefore, the change in length of the A-decor is investigated in x-direction 

and at points X=0, 10cm, 20cm, 30cm, 40cm, 50cm and 60cm, 70cm, 

75cm. When the model is heated/cooled, the steel A-pillar 
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expands/contracts too. Thus the relative displacement of the A-decor is 

calculated at selected points. In addition it is assumed that the coefficient of 

thermal expansion is constant and does not vary with temperature. 

 

8.4.2.1 Thermal expansion  

Figure 8.13 shows the displacement of the A-decor and the A-pillar 

simulated with different types of clips due to the thermal loading (T=80°C). 

As can be seen the A-decor expands to both sides in the x-direction. The 

largest displacement of the A-decor is in the positive side of the x-axis and 

it is marked with red. The dark blue color shows that the A-decor expands 

in the negative side of the x-axis too. Thus there is a point along the A-

decor that the relative displacement in x-direction is zero and the change in 

length of the A-decor will start from that point to both sides of the A-decor. 

Figure 8.13. The change in length of the A-decor and A-pillar due to 

thermal expansion.  
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8.4.2.1.1 Results  

The results of the change in length of the A-decor (simulated with clips 1, 

3, 5 and 6) due to the thermal expansion are shown in table 8.5.  

 

Table 8.5. Relative displacement of the A-decor in x-direction. 

Position of 

the points 

that 

relative 

displaceme

nt of the A-

Decor  is 

measured   

(cm) 

Relative 

displacement 

of the A-

Decor  

modeled 

with clip 1 at 

point  X in x-

direction 

(mm) 

Relative 

displacement 

of the A-

Decor 

modeled 

with clip 3 at 

point X in x-

direction 

(mm) 

Relative 

displacement 

of the A-

Decor 

modeled with 

clip 5 at 

point X in x-

direction 

(mm) 

Relative 

displacemen

t of the A-

Decor 

modeled 

with clip 6 

at point X in 

x-direction 

(mm) 

X=0  -0.1831  -0.9767  -0.1468  -0.8623  

X=10  -0.0434  -0.6995  -0.0191  -0.5824  

X=20  0.1566  -0.4063  0.1810  -0.3006  

X=30  0.2955  -0.1245  0.3257  -0.0190  

X=40  0.4446  0.1719  0.4534  0.2719  

X=50  0.5967  0.4592  0.5630  0.5581  

X=60  0.7301  0.7361  0.6646  0.8357  

X=70  0.9416  1.0085  0.8590  1.1117  

X=75  1.0805  1.1588  0.9864  1.2583  

 

8.4.2.2 Thermal contraction 

Figure 8.14 shows the displacement of the A-decor and the A-pillar 

simulated with different types of clips due to the thermal loading (T=-
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30°C). As can be seen the A-decor contracts to both sides in the x-direction. 

The largest displacement of the A-decor is in the positive side of the x-axis 

and it is marked with dark blue but the A-decor contracts toward negative 

side of the x-axis. The red color shows that the A-decor contracts in the 

positive side of the x-axis. Thus there is a point along the A-decor that the 

relative displacement in x-direction is zero and the change in length of the 

A-decor will start from that point to both sides of the A-decor. 

 

Figure 8.14. The change in length of the A-decor and A-pillar (simulated 

with different types of clips) due to thermal contraction. Top left figure 

represents simulation with clip1, top right with clip5, bottom left with clip3 

and bottom right with clip6. 

 

8.4.2.2.1 Results 

The results of the change in length of the A-decor (simulated with clips 1, 

3, 5 and 6) due to the thermal contraction are shown in table 8.6. 
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Table 8.6. Relative displacement of the A-decor in x-direction 

Position of 

the points 

that 

relative 

displaceme

nt of the A-

Decor  is 

measured   

(cm) 

Relative 

displacement 

of the A-

Decor  

modeled 

with clip 1 at 

point  X in x-

direction 

(mm) 

Relative 

displacemen

t of the A-

Decor 

modeled 

with clip 3 

at point X in 

x-direction 

(mm) 

Relative 

displacemen

t of the A-

Decor 

modeled 

with clip 5 

at point X in 

x-direction 

(mm) 

Relative 

displacemen

t of the A-

Decor 

modeled 

with clip 6 

at point X in 

x-direction 

(mm) 

X=0  0.1590  0.8999  0.1357  0.8035  

X=10  0.0416  0.6465  0.0230   0.5521  

X=20  -0.1520  0.3805  -0.1682  0.2871  

X=30 -0.2797  0.1185  -0.3028  0.0260  

X=40  -0.4152  -0.1585  -0.4215  -0.2484  

X=50  -0.5736  -0.4307  -0.4980  -0.5217  

X=60  -0.6769  -0.6884  -0.5906  -0.7797  

X=70  -0.8755  -0.9476  -0.7741  -1.0397  

X=75  -0.9951  -1.0749  -0.9164  -1.1585  

 

8.4.3 Comparison  

The comparisons between experimental and numerical results are shown in 

figures 8.15 and 8.16. As can be seen, there is a good correlation between 

the results of simulation of the A-decor with clip 6 and the experimental 

data. Also according to experimental data for thermal expansion, at point 

X=26.8 cm the relative displacement of the A-decor in x-direction is zero. 

Thus the change in length of the A-decor will start from that point to both 

sides of the A-decor. In other words, the length of the A-decor between 

X=0 and X=26.8 cm expands in the negative side of the x-axis and the 

length of the A-decor between X=26.8 cm and X=75 cm expands in the 
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positive side of the x-axis. The largest displacement of the A-decor is at 

point X=75 cm. Furthermore according to experimental data for thermal 

contraction, at point X=35 cm the relative displacement of the A-decor in x-

direction is zero. Thus the change in length of the A-decor will start from 

that point to both sides of the A-decor. In other words, the length of the A-

decor between X=0 and X=35 cm contracts in the positive side of the x-axis 

and the length of the A-decor between X=35 cm and X=75 cm contacts in 

the negative side of the x-axis. 

 

Figure 8.15. Displacement of the A-decor in x-direction as a function of 

length (thermal expansion) 
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Figure 8.16. Displacement of the A-decor in x-direction as a function of 

length(thermal contraction) 

 

To sum up, the 8 clips of the A-decor should be simulated with the clip 6 

for creation of a valid FE-model of the A-decor under thermal loading 

conditions. 
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8.5 Finite Element Analysis of Forces in the Plastic 

Clips of the A-decor  

One major advantage of using CBUSH elements for clip simulation is that 

you can calculate the forces generated in clips. This part presents a 

numerical simulation of the forces induced in the plastic clips of the A-

decor due to thermal expansion and contraction. The same sub-model is 

used for simulation as before. The sub-model is heated to 80 °C /cooled to -

30 °C using the card TEMPD and the forces generated in CBUSH elements 

of clips due to the thermal expansion and contraction of the A-decor are 

calculated. The objective of this part is to study effect of thermal load on 

the plastic clips and the forces induced in the clips. In addition the effect of 

different plastic clips on the behavior of the A-decor subjected to thermal 

loads is investigated. 

 

8.5.1 Thermal expansion  

Figure 8.17 shows the forces generated in the 8 plastic clips of the A-decor 

simulated with clips 5 that is rigid (CBUSH) and 6 that is a slide clip 

(CBUSH(1)) due to the thermal loading (T=80°C). In the A-decor 

simulated with clip 5, the maximum force is induced in clip E5 

(     635.59 N) and the minimum force is induced in clip C5 

(     66.59 N) but we know that the simulation of the A-decor with this 

clip is not correct due to the fact that the real clip is a slide clip while the 

clip 5 is a rigid clip. As mentioned before the A-decor simulated with the 

clip 6 is a valid FE-model of the A-decor. In this model the maximum force 

is induced in clip E6 (     2.85 N) and the minimum force is induced in 

clip G6 (     0.92 N) 
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Figure 8.17. The forces induced in the plastic clips of the A-decor 

simulated with clips 5 and 6  due to thermal expansion   

                           

8.5.1.1 Results   

The results of the forces generated in the 8 plastic clips of the A-decor 

simulated with clips 5 and 6 due to the thermal loading (T=80°C) are 

shown in tables 8.7 and 8.8. As mentioned before, the clip 5 is a rigid clip 

and clip 6 is a slide clip (   0), thus if the rigid clips are used in the A-

decor, large forces will be generated in the plastic clips due to the thermal 

loading. 
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Table 8.7. The forces induced in the plastic clips of the A-decor simulated 

with clip5 due to thermal expansion 

Number of clip   (N)   (N)            

A5 294.37 -66.14 -2.12 301.7 

B5 -188.80 -36.71 -20.51 193.4 

C5 -4.73 -62.86 -21.44 66.59 

D5 196.21 -43.74 -48.62 206.8 

E5 634.01 43.36 11.06 635.6 

F5 -333.34 7.01 71.97 341.1 

G5 -139.46 -3.20 -23.21 141.4 

H5 128.15 -2.12 19.41 129.6 

 

 

Table 8.8. The forces induced in the plastic clips of the A-decor simulated 

with clip 6 due to thermal expansion 

Number of clip   (N)   (N)            

A6 0 1.39 -1.92 2.382 

B6 0 0.27 -0.90 0.9428 

C6 0 1.55 -0.87 1.789 

D6 0 1.42 -0.21 1.445 

E6 0 -2.62 1.10 2.849 

F6 0 -0.14 -1.11 1.12 

G6 0 0.32 0.86 0.922 

H6 0 0.59 -0.87 1.056 
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8.5.2 Thermal contraction  

Figure 8.18 shows the forces generated in the 8 plastic clips of the A-decor 

simulated with clips 5 and 6 due to the thermal loading (T=-30°C). In the 

A-decor simulated with clip 5, the maximum force is induced in clip E5 

(     590.99 N) and the minimum force is induced in clip C5 

(     61.92 N).  In the A-decor simulated with the clip 6 the maximum 

force is induced in clip E6 (     2.65 N) and the minimum force is 

induced in clip G6 (     0.86 N). 

 

 

Figure 8.18. The forces induced in the plastic clips of the A-decor 

simulated with clips 5 and 6 due to thermal contraction. 

 

8.5.2.1 Results   

The results of the forces generated in the 8 plastic clips of the A-decor 

simulated with clips 5 and 6 due to the thermal loading (T=-30°C) are 

shown in tables 8.9 and 8.10.  
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Table 8.9. The forces induced in the plastic clips of the A-decor simulated 

with clip5 due to thermal contraction 

Number of clip   (N)   (N)            

A5 -273.71 61.50 1.97 280.5 

B5 175.55 34.13 19.07 179.9 

C5 4.40 58.45 19.94 61.92 

D5 -182.44 40.67 45.21 192.3 

E5 -589.51 -40.32 -10.29 591 

F5 309.94 -6.51 -66.92 317.2 

G5 129.67 2.97 21.58 131.5 

H5 -119.15 1.97 -18.04 120.5 

 

Table 8.10. The forces induced in the plastic clips of the A-decor simulated 

with clip 6 due to thermal contraction 

Number of clip   (N)   (N)            

A6 0 -1.29 1.79 2.215 

B6 0 -0.25 0.83 0.8767 

C6 0 -1.45 0.81 1.663 

D6 0 -1.32 0.20 1.344 

E6 0 2.44 -1.026 2.649 

F6 0 0.13 1.032 1.041 

G6 0 -0.30 -0.80 0.8573 

H6 0 -0.55 0.81 0.9822 
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8.6 Conclusion and discussion  

The results shows that the 8 clips of the A-decor should be simulated with 

the clip 6 for creation of a valid FE-model of the A-decor under thermal 

and static loading conditions. Three features cause that the clip 6 has a good 

correlation with the experiments. The features are as follows: 

1. As mentioned before in our real model the hollow prongs of the 

clips will be fixed in the steel A-pillar. Thus, the stem of the clips 

should be rigid and should be simulated using RBE2 elements. This 

feature is considered in simulation of the clip 6.  

 

2. The head of the plastic clips in real model can slide in one direction. 

Also this feature is considered in the simulation of the clip 6 and the 

slide CBUSH(1) (    ) is used for simulation of the head.  

 

3. The head of the plastic clips in real model has contact with plastic 

A-decor. Thus there is a contact between two plastic part wherein 

one part is at least partly rotatable in relation to the other. This 

feature is considered in simulation of the clip 6 and head of the clip 

6 is simulated with RBE2(456) that has freedom for rotation.  

 

Therefore the clip 6 is the best clip for simulation of the plastic clips of the 

A-decor. 

It has also been observed that if rigid clips (CBUSH that is rigid in all 

directions) instead of slide clips ( CBUSH(1)     ) are used to attach the 

A-decor to the A-pillar, large forces will be generated in the plastic clips 

due to the thermal loading. 
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Figure 8.19. Clip 6, the head (RBE2(456) and CBUSH(1)) and the stem 

(RBE2). 

  



74 
 

9 A Method for Wear and Contact 

Simulation of Exterior Parts of Car 

In this section the relative displacement between two trim parts is used to 

evaluate the risk for wear and contact. The SAR-LINE™ method which is a 

new method for squeak and rattle simulation of interior parts is used for gap 

simulation of exterior parts[11]. A sub-model including the headlamp of the 

Saab 9-5 sedan is created as shown in figure 9.1. The material data in 

section 5 is used for exterior plastic parts of the sub-model and the clip 1 is 

used for connections due to the fact that simulation of the sub-model with 

clip 6 is time consuming. Furthermore the proposed clip connection model 

(clip 6) is valid for the A-decor model not for every attachments. The 

behaviour of the gaps between different surfaces is simulated using SAR-

LINE™ method in Hypermesh and the thermal loading (possible for other 

static loads) T=80°C is applied and the relative displacement between 

different parts is calculated in Matlab. The results are exported from Matlab 

and imported to Hyperview and the relative displacement is shown in each 

gap line. With this method you are able to plot the relative displacement in 

x,y,z directions and the magnitude of relative displacement in local 

coordinate system in Matlab and it is possible to see the relative 

displacement (x,y,z and magnitude in local coordinate system) in each gap 

line in Hyperview directly. Then the dynamic loading is applied and the 

relative displacement is calculated with the same procedure. Finally the 

static loading (thermal loading T=80°C) and the dynamic loading are 

applied and the relative displacement between surfaces is calculated. 
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Figure 9.1.Sub-model for gap simulation  

 

The procedure for squeak and rattle simulation is as follows: 

 Gap simulation in the Hypermesh, the simulation is performed using 

SAR-LINE™ method in each gap line and started from 1001 to 

7018 (master nodes that is the same as the number of elements) 

 Export data from Hypermesh in ’pch’ format.  

 Import the ’pch’ file to Matlab and calculating the relative 

displacement and plot the relative displacement versus number of 

master nodes.  

 Export the data from Matlab in ’txt’ format.  

 Import the ’txt’  file to Hyperview and show the relative 

displacement (x,y,z and magnitude in local coordinate system) in 

each gap line. 
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Figures 9.2 and 9.3 show the ’pch’ file that is exported from Hypermesh 

and it converted to the ’txt’ file using Matlab.  

 

 

Figure 9.2. The ’pch’ file 
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Figure 9.3. The ’txt’  file 

 

9.1 Thermal loading conditions 

The result for thermal loading conditions (T=80°C) is shown in figure 9.4. 

The relative displacement between every two parts is calculated.   
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Figure 9.4. The relative displacement between every two parts under 

thermal loading conditions (T=80°C) 

 

The four gap lines that are simulated and the corresponding Matlab graph 

for each gap are shown in figure 9.5. The x-direction is along the gap line 

and will change in each section, the y-direction is perpendicular to surface 

of the picture and the z-direction is perpendicular to the gap line. The black 

color in Matlab graph shows the magnitude of relative displacement, the 

green color shows the relative displacement in x-direction, the red color 

shows the relative displacement in y-direction and the blue color shows the 

relative displacement in z-direction. In the first gap, the first Matlab graph 

shows the magnitude of the relative displacement in the master node 1029 

is the largest, in the second gap, the second matlab graph shows the 

magnitude of the relative displacement in the master node 3023 is the 

largest, in the third gap, the third matlab graph shows the magnitude of the 

relative displacement in master node 5019 is the largest and in the fourth 

gap, the fourth matlab graph shows the magnitude of relative displacement 
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in master node 7018 is the largest. The results of the relative displacements 

are shown with color bar in the sub-model too. To sum up, relative 

displacement in master node 7018 is the largest displacement in the sub-

model under thermal loading conditions. In this node             
                          . Thus the largest relative 

displacement of the sub-model under thermal loading is in master node 

7018 and in the y-direction.  

 

 

Figure 9.5. The relative displacement in four gaps under thermal loading 

conditions (T=80°C) 

 

The four Matlab graphs corresponding to the four gap lines are shown in 

figures 9.6, 9.7. 9.8 and 9.9. 
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Figure 9.6. The relative displacement vs master nodes in first gap.  
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Figure 9.7. The relative displacement vs master nodes in second ga.p  
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Figure 9.8. The relative displacement vs master node in third gap. 
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Figure 9.9. The relative displacement vs master node in fourth gap. 

  

9.2 Dynamic loading conditions 

The result for dynamic loading conditions is shown in figure 9.10. The 

relative displacement between every two parts is calculated. Displacement 

of the parts will change at each time due to dynamic loading, thus the 

maximum relative displacement is calculated as shown in the following 

picture. 
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Figure 9.10. The relative displacement between every two parts under 

dynamic loading conditions. 

 

The four gap lines that are simulated and the corresponding Matlab graph. 

for each gap are shown in figure 9.11. The relative displacement in master 

node 3027 is the largest displacement in the sub-model under dynamic 

loading conditions. In this node           ,            and 

          . Thus the largest relative displacement of the sub-model 

under dynamic loading is in master node 3027 and in the y-direction.  
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Figure 9.11. The relative displacement in four gaps under dynamic loading 

conditions. 

 

The four Matlab graphs corresponding to the four gap lines are shown in 

figures 9.12, 9.13, 9.14 and 9.15. 
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Figure 9.12. The relative displacement vs master nodes in first gap 
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Figure 9.13. The relative displacement vs master nodes in second gap 
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Figure 9.14. The relative displacement vs master nodes in third gap. 
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Figure 9.15. The relative displacement vs master nodes in fourth gap. 

 

9.3 Dynamic load and thermal loading conditions 

In a linear analysis there is assumed to be a linear relationship between the 

applied loads and the response of the structure. In this type of analysis, 

loads can be combined using the principle of superposition. In this part the 

result for dynamic and static loading combined using the principle of 

superposition is shown in figure 9.16.  
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Figure 9.16. The relative displacement between every two parts under  

thermal and dynamic loading conditions. 

 

The four gap lines that are simulated and the corresponding Matlab graph 

for each gap are shown in figure 9.17. The relative displacement in master 

node 7018 is the largest displacement in the sub-model under dynamic and 

static loading conditions. In this node           ,             and 

          . Thus the largest relative displacement of the sub-model 

under dynamic and static loading is in master node 7018 and in the y-

direction.  

 

 



91 
 

 

Figure 9.17. The relative displacement in four gaps under thermal and 

dynamic loading conditions 

 

The four Matlab graphs corresponding to the four gap lines are shown in 

figures 9.18, 9.19, 9.20 and 9.21. 
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Figure 9.18. The relative displacement vs master nodes in first gap. 
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Figure 9.19. The relative displacement vs master nodes in second gap. 
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Figure 9.20. The relative displacement vs master nodes in third gap. 
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Figure 9.21. The relative displacement vs master nodes in fourth gap. 
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10  Conclusion and Discussion   

In this thesis FEM is implemented to determine the effect of thermal 

loading on exterior plastic components and is validated by experimentation. 

The first phase in development of the thesis is to study the temperature 

dependence of the E-modulus of exterior plastic components using the three 

point bending flexural test owing to the fact that the properties of many 

plastics will change with temperature. Based on experimental observations, 

temperature has a small influence on the flexural modulus of the exterior 

plastic components in the tested range. Thus the exterior plastic 

components is almost heat resistance. This property cause that the outward 

appearance of the exterior plastic components does not deteriorate over 

time.  

 

In the second phase, it is focused on one single component. The A-decor for 

the current Saab 9-5 sedan is selected and the free-free modal analysis of 

the A-decor is performed numerically and experimentally and the 

correlation between experimental and numerical results is investigated. The 

resonance frequencies from the modal analysis are used to perform 

convergence study for the A-decor to get a suitable element size and type of 

mesh for the next simulations. It is concluded that there is a good 

agreement between shell results and experimental results. In addition lower 

order tetras gives inaccurate results. Shell mesh 2mm is selected according 

to convergence study to decrease the computation time and to make 

simulation of plastic clips in an accurate way. 

 

In the third phase, the plastic clips are simulated with 1D elements 

including RBE2, RBE3 and CBUSH. Based on numerical analysis, several 

FE models for plastic clips are developed. To verify the best proposed 

connection model, a number of experiments of the A-decor under static and 

thermal loading conditions are performed and the experimental results are 

compared with the corresponding numerical results. From the comparison 

of numerical and experimental results in the terms of thermal and static 

deformation of the A-decor, it is concluded that both thermal and static 

behavior of the A-decor in test can be well captured by means of proposed 

plastic clip connection model. Furthermore it is concluded that OptiStruct is 

a fast and accurate finite-element solver for linear static and dynamics 

problems. The advantages of simulation of plastic clips with 1D elements 
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are acceptable accuracy, simplicity and quick computation time. One of the 

advantages of CBUSH elements is that you can calculate the forces 

generated in clips while it is not possible to compute the forces using RBE2 

elements. 

Finally using our knowledge of simulation of the plastic parts, a method for 

squeak and rattle simulation of exterior parts of car under static (thermal 

loading T=80°C) and dynamic loading conditions is developed numerically. 
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11 Future Work 

The future work of the thesis can arise from the following analysis: 

In complete vehicle the analysis for  

  SAR-LINE™ 

  Stresses 

  Local displacements  

  Local panel modes for exterior components  

  Thermal loading 

  Gravity loads (some kind of maxloads, x=3g y=3g z=5g?) 

  Static loads (global torsion, global bending) 

 Road load (durability loads) 

 Pot hole simulations (or z=5g)  
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