
INSTITUTO POLITÉCNICO NACIONAL 
ESCUELA SUPERIOR DE INGENIER~A MECANICA Y ELÉCTRICA 

UNIDAD TICOMAN 

QUE PARA OBTENER EL TÍTULO DE: WGENIERO EN SISTEMAS AUTOMOTRICES 
POR LA OPCIÓN DE TITULACI~N: CURRICULAR 

PROYECTO INTEGRADOR SEAT PLAST~CS COMPONENTS CAE AND VERIFICATION 
DEBERÁ PRESENTAR: EL C. PASANTE 

"ANALISIS, VE~FICACION, OPTIMIZACI~N Y C~RRELACION DE SEAT 

SUMEN 

&m 2 

4NTECEDENTES 2 -. -z w., --.- : 

" PLANTEAMIENTO DEL PROBLEMA k;+gd 
.i:> , DESARROLLO 
t., 

RESULTADOS 
CONCLUSIONES 
B I B L I O G R A ' L @  

h L -  
México, DF., a de junio d 



 

Agradecimientos. 

A Dios por las oportunidades que siempre me ha dado. 

A mis padres Edmundo y Ángeles por los valores de dedicación y constancia que me impartieron.  

A mi madre por su apoyo incondicional su cariño y la dedicación que tuvo hacia conmigo. 

A mi padre por provocar en mi la pasión por los automóviles y por el apoyo que siempre me brindo. 

A mi hermano Oscar por siempre confiar en mí y por hacerme saber que siempre cuento con él como un 

amigo. 

A mi familia y amigos que siempre creyeron en mí para alcanzar mis objetivos. 

A mis coaches por su enseñanza de nunca rendirse y siempre dar el segundo esfuerzo. 

A mis compañeros de generación por vivir codo a codo esta experiencia de una nueva carrera. 

A los profesores que en realidad ocupan su tiempo y dedicación para que aprovechemos su 

conocimiento y nos llevemos la mayor cantidad de aprendizaje posible. 

A Ford Motor Company por la gran oportunidad que me brindaron de vivir esta experiencia y poder 

realizar este trabajo. 

A Guillermo Cervantes y a David Marshman por la confianza que depositaron en mí para realizar este 

trabajo y por los conocimientos que me compartieron. 

A mi director interno de proyecto por su apoyo para realizar este y otros proyectos que han dejado huella 

en mí. 

Finalmente a Yadira por su motivación, apoyo, tolerancia y cariño siempre latente e indispensable para 

alcanzar mis metas.  

 

 

 



 

Index. 

Summary.           I. 

Introduction.          II. 

 - Justification.         II. 

 - General objective.         III. 

 - Particular objectives.        III. 

- Hypothesis.          III. 

Background.          1 

Approach to the problem.        1 

Scope.           2 

Methodology.          2 

CAE as a helpful tool.         5 

Chapters. 

 I. Height Adjuster.         7 

 II. Front Sideshield Middle Attachment.      19  

 III. Back Inner Panel Comparison.       27 

 IV. Other Projects.         35 

General conclusions.         38 

Bibliography.           40 



 

Figures and tables.         41 

Glossary.           42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



I 

 

Summary. 

Currently the Seat plastics area does not have standard procedures to establish the 

location of the loads and the limit conditions to validate plastic components either 

virtually or physically. Also the correlation among results from CAE and results from 

physical testing made in laboratories is not strong. 

Today the component validation is made by physical testing in different laboratories 

which interpret the corporate requirements in many ways. Even many CAE analysts in 

different global product development centers have non-homogeneous procedures that 

return different results. 

In the long term this creates an important dependence in the physical testing for each 

new project. 

The objective of this project is to follow a procedure to use this work as a reference of 

repeatable procedures in order to eliminate the variation in how to run the virtual 

analysis, laboratory testing and eventually to correlate both results. 

The fact of reducing the use of prototype parts is related to the reduction in cost, time of 

development and time of validation of each plastic component in a seat. In the same 

form it affects those aspects for the complete seat and the complete vehicle assembly.  

This work have to be used as reference of the load cases and load locations in order to 

perform physical testing of the components which record the quantifiable information of 

deflection and stress, this allows to make a correlation and establish the correct form of 

how to perform either CAE analyses and physical testing. 

 

 

 

 
 

 

 

 



II 

 

Introduction. 

Justification. 

The automotive industry requires a significant level of quality during the product 

development stage. This is even more significant due to the increasing level of 

competition and aggressive/shorter development timeframes. That is why each 

company establishes their design criteria for all components in a vehicle, even though 

sometimes the interpretation of those criteria varies; even when the applicable testing 

are performed. Also the results from each testing are not correlated to preliminary CAE 

assessments. 

The above has given way to establish a reference to eliminate the variation in the 

results from the testing made on seat plastic components and also establish how to 

considerate the criteria to perform CAE analysis , physical testing and hand 

calculations. 

To attend this necessity, this project is focused on the correlation among the three types 

of testing (if applicable) of the main components in the Seat plastics area of Ford Motor 

Company North America which are:   

Sideshields. 

Back panel. 

Levers and knobs. 

It will determine the necessary conditions and considerations to perform each of those 

analyses and in consequence reduce to the minimum the physical testing required for 

validation of seat plastics components. 

Ford´s CAE department will do the necessary software analysis; physical testing will be 

coordinated by Seat Plastics engineers/complete seat engineer and the hand 
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calculations will be calculated by the trainee in the components that require it using his 

knowledge learned at the Institute. 

At the end of this project Ford Motor Company will get a benefit to develop future 

projects reducing time and cost during the development and the validation of each seat 

plastic component. At the same time the trainee will get important work experience 

applying his knowledge to analyze automotive plastic components. 

The develop and results from those testing will be supervised by the project director and 

at the end of the project the results and the correlation among each one will be 

presented in order to generate best results from CAE analysis.  

General objective. 

To analyze, relate and compare the testing made by CAE with physical testing and 

hand calculations of some automotive seat plastic components.  

Particular objectives. 

1. - To validate that components withstand the loads required as per the applicable 

internal testing specifications. 

2. - To prove an adequate correlation among CAE analysis, physical testing and hand 

calculations. 

3. - To propose a reference for future analyses and by doing this to reduce the number 

of physical testing. 

Hypothesis. 

If there is a dependable correlation among CAE analysis, physical testing and hand 

calculations then the number of physical testing decreases and in consequence the cost 

of development for new projects. 
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Background. 

The Seat Plastics team does not have standard procedures about how to locate the 

loads in the analysis of components, and the conditions to validate components either 

by virtual analysis or by physical testing. 

Now the validation of the components is made by physical testing on prototype parts 

because there is not a great correlation among physical testing and CAE analysis. 

The above is because CAE analysis are made in different global engineering centers 

around the world and each one have their own procedures, also the physical testing are 

made in different laboratories who interpret in a variable form the requirements. 

Approach to the problem. 

There are some requirements established for each sort of components in the Seat 

Plastics department, it is necessary to test each component in order to see if it meet 

these requirements. 

Three types of testing validate that components meet the requirements: 

-Hand Calculations. 

-CAE analysis. 

-Physical testing. 

The three types of testing are performed (if applicable) to validate the components but 

physical testing is the one that generate a lot of costs in each new project. 

If the number of physical testing decreases, the cost of developing new components 

decreases too. 

The biggest obstacle that makes it does not happen is that there is not a dependable 

correlation among the three types of testing. 
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This problem is generated by the absence of repeatable procedures for do each kind of 

testing. 

The solution is to register the results and the conditions from CAE and use them as 

reference to perform detailed physical testing that return quantifiable information in 

order to make a correlation between both analyses and finally establish repeatable 

procedures for next projects.   

Scope. 

To correlate and validate CAE analyses with physical testing and hand calculations (if 

applicable) of three plastic components of a seat. (Height Adjuster, Front Sideshield 

Middle Attachment, Back Insert Panel). 

Methodology. 

As consequence of an established procedure showed in the diagrams below, the 

components have to complete a cycle to be validated. 

There are two ways to be subjected to this cycle, one as a problem detected in a 

component, this could be manufacturing issue, performance, assembly problem; the 

other as a new component without any kind of testing made before. 

These cases have to be analyzed in order to establish the conditions at which they will 

be tested, also there are specific requirements that they must complete. 

When applicable, hand calculations will be made on the designs with the conditions for 

withstanding the required load cases. 

The CAE analysis will be made with the same conditions as the hand calculations and 

the results will be compared with the calculations. 
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Sometimes the results from these testing need to be improved in order to prevent the 

failure. Redesigned proposals are tested then in order to compare their results against 

the first results. 

The physical testing will be made in laboratories who will be asked to mimic similar 

boundary and load conditions. 

If it will be necessary the conditions of CAE analysis and CAE models could be modified 

in order to obtain a better relation with physical testing. 

Finally the procedure and conditions to do future testing will be established. 

In the long term the objective is to eliminate physical testing and make the validation of 

components just by CAE testing. 

Analysis Verification 

(Requirements) 

Optimization Validation and 

correlation 

 

 

Diagram 1. Current procedure to validate a component. 

Problem detected 

New Component 

Results 

Calculations 

Redesign 

Physical testing 

CAE 
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Analysis Verification Optimization Validation  

 

 

Diagram 2. Long term objective. 
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CAE as a helpful tool. 
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There is an ever increasing demand for using innovative and cost effective designs in 

various automotive components and assemblies. One of the most commonly used 

design and analysis method in automotive field is the Finite Element Method.  

This method has been used very effectively during the early stages of product 

development life cycle to understand the strength and weakness of a design thereby 

serving as a effective prediction tool. 

 This method together with other simulation tools, collectively known as the CAE tools 

has resulted in more cost effective designs and faster delivery of the product to the 

market (Radesh, V.2008). 

CAE is a combination of techniques in which man and machine are blended into a 

problem solving team, intimately coupling the best characteristics of each. The result of 

this combination works better than either man or machine would work alone, and by 

using a multi-discipline approach it offers the advantages of integrated team work 

(Meguid,S.A. 2006). 

The use of CAE must be more than just a guide; it has to be the most important tool for 

validation, a dependable tool in which the results obtained are enough to describe the 

behavior of a component analyzed. 

Although this tool is very useful for companies, the dependency in physical testing is yet 

big and CAE is just used to perform representative analysis. 

CAE dependability is based upon all proper assumptions as inputs and must identify 

critical inputs. Even though there have been many advances in CAE, and it is widely 

used in the engineering field, physical testing is still used as a final confirmation for 

subsystems due to the fact that CAE cannot predict all variables in complex assemblies. 
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I. Height Adjuster. 
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1.1 Problem. 

During the assembly of the height adjuster handle with the metallic bracket, a 

considerable deflection appears. This is the condition to be analyzed to determine if that 

deflection could be permanent.  

A new design will be compared against the current design to evaluate which one has a 

better performance (less stress). 

The next figure shows a view of both sides of the height adjuster. 

 

Figure 1. Height adjuster handle. 

1.2 Considerations. 

In order to do the study of the stress due to a deflection, some considerations were 

taken for both; analysis (hand calculations and CAE analysis). 

The objective of those considerations is to simplify the problem and make easier the 

analysis as well as to maintain a relation between the CAE analysis and the calculations 

once made. 

The application of a point load was considered in a specific point in order to produce a 

deflection, the above to simulate the contact between the bracket and the height 

adjuster handle.  
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The next figures show the load locations applied to generate a deflection and also this 

deflection. 

 

Figure 2. Load locations. 

 

 

 

 

 

Figure 3. 1mm Deflection in each tip. 

Figure number 4 shows the cross section of the current design in which the problem 

was detected. 

1mm 1mm 

5mm 

Loads 
2mm 
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Figure 4. Current design. 

A new design proposal is showed in figure 5 it was evaluated to watch its behavior. 

 

Figure 5. Design proposal. 

To approximate the calculations made, the problem was considered as a cantilevered 

beam with a point load located at 2mm from the free edge, this load produced a 1mm 

deflection. 

1.3 Calculations. 

The force on the free edge necessary in each case necessary to reach a 1mm 

deflection was calculated and then the stress generated in the built-in edge is figured 

out. 

The results will be compared with the ones from the same testing using CAE. 

This is the equation to calculate the deflection on a cantilevered beam (Belendez, T. 

2002): 

F
3EI

L3
yf =  From where: 
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yf = Deflection. 

L= Length from the built-in edge to the applied load. 

E= Elastic module of the material. 

I= Moment of inertia of the beam's cross section. 

F= Load applied on the beam. 

Solving the equation to determine the quantity of force necessary to produce the 1mm 

deflection: 

L3

3EIyfF =  

The next figure shows a diagram of the current design with its dimensions and the load 

location, for each case the calculations were made with ABS as the material whose 

elastic module is E=1.7GPa. 

 

Figure 6. Current design diagram. 

Because it has a non-uniform cross section, the moment of inertia was calculated in the 

cross section at where the stress will be calculated, that is shown in the next figure. 

F 

3.85mm 

5.89mm 

 

1.1mm 

2mm 

1.43mm 

 

1.28mm 
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 Figure 7. Beam's cross section. 

Using the formula (Belendez, T. 2002):              
12

h3b
I =      From where: 

b= base of the cross section. 

h= height of the cross section. 

 

The result for the moment of inertia is: 

I=0.8738mm4. 

With the next information the force is calculated: 

yf = 1mm. 

L= 3.89mm. 

E= 1.7 GPa (ABS). 

I= 0.8738 mm4. 

Substituting data in the formula we have: 

3.89mm

)mm48GPa)(0.873(1mm)3(1.7
3

=F  

1.28mm 

5mm 
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F=75.70N 

With this force then the stress generated is calculated using the next formula: 

It

FQ
maxτ =  From where: 

F= Deflection force. 

Q=Static moment of area. 

I=Moment of inertia. 

t= Thickness. 

The Static moment of area is calculated with the formula: 

8

h2b
Q =  Therefore: 

Q=1.024mm3. 

Substituting in the formula and resolving it, the maximum stress is: 

τmax= 17.744 MPa. 

The figure below shows a diagram with the dimensions of the proposal design that was 

analyzed. 
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Figure 8. Proposal design diagram. 

In this case, the same force was applied to the beam that is why just the maximum 

stress in the built-in edge was figured out with the force value of the last case.  

The figure 9 shows the cross section of the built-in edge, in which the moment of inertia 

and the static moment of area were calculated using the formula previously mentioned.  

 Figure 9. Proposal's cross section 

The moment of inertia and the static moment of area of this section are: 

I= 0.6012 mm4. 

Q=0.7980 mm3. 

With the information below the maximum stress is calculated: 

F= 75.70 N. 

1.13mm 

F 

3.85mm 

7.63mm 
 

2.47mm 

2mm 

1.43mm 
 

1.13mm 

5mm 
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Q=0.7980 mm3. 

I=0.6012 mm4. 

t= 5 mm. 

 

Therefore the maximum stress is: 

τmax= 20.097  MPa. 

We can see from these results that the stress generated in the proposal is 13.26% 

bigger than in the current design, but in no case the stress is over the yield stress of the 

material (ABS=50Mpa). 

These results were compared with testing made by computer using CAE software to 

compare how they correlate. 

1.4 CAE software results. 

To develop the testing with CAE software, the considerations used in hand calculations 

were taken and the results are shown in the next figures. 

The model's edges were restrained in all six degrees of freedom to avoid displacements 

due to the force applied, limiting the model just to be subjected by a deflection. 

The next figure shows the CAE analysis made to the current design. 



16 

 

 

Figure 10. Current design CAE analysis. 
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The analysis on the proposal is shown in the next figure. 

 

 

Figure11. Proposal CAE analysis. 
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When zooming in the zone of interest, we see that the maximum stress value in the 

current design (left) and in the proposal (right) in the next figure. 

 

Figure 12. Maximum stress in both designs. 

1.5 Conclusions. 

Once we have the results obtained from the calculations and also from the CAE 

analysis, the conclusion is that there is a correlation with 3% of variation between both 

analyses. 

Having this correlation and knowing that neither the current design nor the proposal the 

stress generated is over the yield stress, also the conclusion is that the current design 

will be implemented because the stress in it is less than the other and the deflection will 

not be permanent. 

 

 

17.3 MPA 20.0  MPA 
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II. Front Sideshield Middle Attachment. 
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2.1 Problem. 

After testing the middle attachment of a sideshield, we saw that the arrowheads were 

subjected to an excessive effort which deforms them. This deformation is shown in the 

next figure. 

 

 

 

 

 

Figure 13. Clip deformation. 

2.2 Proposal. 

Once seen the behavior of the clip designed, it was necessary to design a proposal that 

not generate damage due to the insertion effort. The new design had to be able to 

withstand the insertion effort and keep fixed once inserted. Also it had to endure an 

attachment force that does not allow going out easily. The redesigned arrowheads to 

prevent the deformation when it is inserted, is shown in the next figure. 

 

 

 

 

Figure 14. Clip Proposal. 

Redesigned 

tips 
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2.3 CAE Simulation. 

Simulations of the insertion were made for the clip designed and also for the proposal to 

see the differences and in that manner determine if the proposal performs better.  

To make the simulation the metallic structure with the hole for the clip insertion was 

required. 

 

 

 

 

Figure 15. Metallic structure. 

The clip was forced to go through the hole until the arrowheads were inserted to see if 

they come back to their original position. 

 

Figure 16. Both clips going through the hole in the insertion simulation. 

2.4 CAE analysis results. 

For both designs the stress at which they were subjected when inserted through the 

hole was determined in two locations, in the base of the clip and in the arrowheads. 

Baseline Proposed 
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The results obtained will be shown in the figures below, in which you can see the 

maximum values of stress generated and a graph that illustrates the value of the 

insertion efforts for each design. 

For the previous design, a maximum stress at the arrowheads of 33MPa was detected 

and a 16MPa stress at the base of the clip was obtained as the result of a 83N 

maximum insertion effort. The next figure shows the results from the CAE analysis for 

the previous design. 

 

Figure 17. Previous design result. 

Figure 18 shows a graph which represents the insertion effort to make the clip goes 

through the hole. 

16MPa 

33MPa 
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Figure 18. Insertion effort graph. 

In a closed view of the tips we can see that the displacement presented in the physical 

testing also occurs in the simulation. 

 

Figure 19. Tips displacement. 

The same simulation was made for the design proposal and the results obtained are as 

follows. 

A 20.5MPa stress at the redesigned tips and as the previous design a 16Mpa stress at 

the base of the clip were seen, but the insertion effort changed to 63N. 

83N 
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The figure below shows these results. 

 

Figure 20. Proposal design results. 

Due to the deflection produced at the redesigned arrowheads, we got another graph for 

the insertion effort and the maximum insertion effort was also determined. 

The next figure shows a graph of the maximum insertion effort for the proposal design. 

16MPa 

20.5MPa 



25 

 

 

Figure 21. Insertion effort graph for the proposal design. 

In this new design the displacement observed in the previous design does not appear.  

It is important to say that some permanent deformation is presented in the arrowheads 

proposed. 

The distance between the fins and the clip was 1.3mm before the insertion and after the 

insertion this distance was reduced 0.1mm. 

The permanent deformation generated does not affect the correct function of the clip; 

therefore it is not necessary to develop any further proposals. 

 

Figure 22. Permanent deformation. 

63N 

1.3mm 

1.2mm 
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2.5 Physical testing and ongoing CAE extraction. 

A basic physical testing was done using gages to measure the extraction effort of the 

redesigned clip; this testing was done shaking the part and squeezing the clip from the 

back. 

Actually CAE department is working in order to simulate that kind of testing and get 

some results about the extraction effort that will be correlated with the results returned 

from the physical testing.  

2.6 Conclusions. 

Due to the results obtained from CAE analysis shows enough data about the behavior 

of both designs within its insertion; it is possible to determine that the redesigned 

arrowheads perform better than the previous design.  

Although in the redesigned clip a permanent set appears, this deformation is not an 

important to make this design will be rejected; that is why this design was the final 

choice to attach the sideshield.  

The results from the physical testing were enough to establish which clip was going to 

be used but it is important to keep working in simulate the extraction effort using CAE 

and then establish a more specific physical testing to these cases. 
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II. Back Inner Panel Comparison. 
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3.1 Problem. 

The insert panel of a back panel approved the testing of its behavior but it showed 

difficulties to be manufactured; the Seat Plastics team needed to create a new design 

proposal changing some attachment components. 

The new manufactured proposal had the changes that the supplier suggested and it had 

to be tested in order to see if the new design met the requirements like the previous 

design did. 

3.2 Analysis specifications. 

The analysis that the insert panel had to meet was focused on apply an specific 

longitudinal force at each attachment point, the above in order to know if it would not be 

subjected to an excessive stress that makes a permanent deformation or makes it 

unlatch. 

 

 

 

 

 

 

 

  

Figure 23. Load at each attachment point. 
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3.3 Baseline Analysis. 

A previous CAE Analysis performed showed that the insert panel, met the requirements 

of load; this analysis was focused on a longitudinal force applied at ten different 

locations in where an attachment element was placed. 

The results of this analysis are shown in the table below. 

Table1. Previous design analysis. 

Location 
Image 

Maximum stress at  

Location  

Case 1 

 

 

27.7 MPA 

Case 2 

 

 

27 MPA 
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Case 3 

 

 

16.6 MPA 

Case 4 

 

 

15 MPA 

Case 5 

 

 

15 MPA 

Case 6 

 

 

17 MPA 
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Case 7 

 

 

26.6 MPA 

Case 8 

 

 

28 MPA 

Case 9 

 

 

20.8 MPA 

Case 10 

 

 

21.6 MPA 
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In all the cases the yield stress (39.6 MPa) was not surpassed. 

3.4 CAE Analysis on the redesigned insert panel. 

As follows, a table shows the results of the CAE analysis made on the redesigned insert 

panel. 

For this case, the load was applied at twelve different locations due to the attachment 

elements added. 

Table 2. Redesigned insert panel analysis. 

Location Image Zoom 

Maximum 

Stress at 

Location 

Case 1 

  

19.9 MPa. 

Case 2 

  

22.5 MPa 

Case 3 

  

26.5 MPa 
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Case 4 

  

14.5 MPa 

Case 5 

  

13.08 MPa 

Case 6 

  

13.21 Mpa 

Case 7 

  

14.12 MPa 

Case 8 

  

12.22 MPa 

Case 9 

  

21.63 MPa 
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Case 10 

  

19.26 MPa 

Case 11 

  

33.21 MPa 

Case 12 

  

35.25 MPa 

 3.5 Conclusion. 

In the redesigned insert panel, the maximum stress recorded was 35.25 MPa, this value 

is under the yield stress of the material.  

In conclusion, the changes made, do not affect the general behavior of the insert panel, 

the redesigned insert panel performs well and now it could be manufactured. 

Once the prototypes will be ready, the physical testing will be performed and it is 

necessary to use this study as reference of the cases of load.  

Whether the physical testing will perform correctly, and the stress is recorded, the 

correlation between those results and this analysis, could be made in order to see if the 

CAE analysis could be improved to obtain more closely results.  
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IV. Other projects. 
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4.1 Next steps. 

The Seat Plastics department is working in order to establish procedures, conditions 

and considerations to test new components in a seat; currently there are no procedures 

or specific load cases for these components and they began adapting some criteria 

from other components which have similar usage conditions. 

4.2 Third row seat with thin plastic carrier structure. 

This project consists, in the midterm to validate a new kind of seat which does not have 

springs for the user comfort, it uses a new molded plastic carrier that brings, with a new 

spacer fabric, support for the back, also the cushion uses a new elastic fabric that works 

as a spring array. 

In the long term this project will contribute new procedures, load cases and conditions in 

order to validate future seats with this kind of components. 

4.3 Application of Design for Robustness tools to an under seat 

Storage Bin. 

The project is focused on validate a storage bin placed under the seat bringing more 

robustness to the design making P-diagrams, Interference diagram, etc. and also 

establishing procedures and considerations to perform virtual and physical testing. 

The objective of these projects is to create a robust design following the Six Sigma 

procedures and also create a reference for physical testing correlated with CAE 

analysis for future seat components whit these characteristics.  
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4.4 Assessment of bonding forces comparing vibration welding VS 

sonic welding processes. 

The side pocket could not be molded in one piece with the back panel; it was needed to 

design it separately of the back panel. 

That is why a welding process was required to join both parts and there were two 

options, vibration welding process and sonic welding process. 

It is required to test both processes in order to obtain the results of their bonding forces 

because the side airbag will be placed there; the process that produces more bonding 

force will be the best option in order to prevent that the side pocket separates from the 

back panel when the airbag explodes. 
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General Conclusions. 

 

 

 

 

 

 

 



39 

 

CAE is a helpful and important tool for the company and if it is used until its maximum 

capability, it could bring a lot of savings in cost and time of production. 

It is important to keep working in the correlation among the testing, because it will 

reduce the number of physical testing that are needed to validate the components and 

in that form, save money.  

Today, a lot of physical testing used to validate components, do not return quantifiable 

results of the deflection and the stress produced, this generate a huge problem to 

correlate them with CAE analysis and hand calculations. 

The analyses, verifications and optimizations of some seat plastics components are 

shown in this work with the conditions and considerations in each case. 

In this work you can see that the correlation between hand calculations and CAE is  

very close, in the other hand the analysis performed with CAE showed similar results as 

the basic physical testing done. 

Using this work as reference for do more detailed physical testing in which the 

deflection and the stress is recorded carefully, the correlation with CAE could be done. 

It will be necessary to perform more CAE analysis in order to test different conditions 

such as mesh density, element's size and form, until get results correlated with the 

physical testing and in that form, the objective of have a dependable correlation among 

the testing could be reach. 

Talking about the other projects, it is important to work hard in order to obtain an explicit 

manner of how to test them, also made detailed physical testing that validate the CAE 

analysis that will be performed as well as establish repeatable procedures for next 

components with the same characteristics. 
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Glossary. 

yf . Deflection. 

L. Length from the built-in edge to the applied load. 

E.  Elastic module of the material. 

I. Moment of inertia of the beam's cross section. 

F.  Load applied on the beam. 

b.  Base of the cross section. 

h.  Height of the cross section. 

F.  Deflection force. 

Q. Static moment of area. 
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I. Moment of inertia. 

t. Thickness. 

CAE. Computer Aided Engineering. 

 

 




