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ABSTRACT

Chassis is one of the important parts that usedutomotive industry and
every car passenger has it. This structure waditigeer component in the car and
the car shape dependent to this chassis. As a majoponent of a vehicle, chassis
has a considerable affected to the performancleotar. Also known as the “back
bone” of the vehicle, it will be subjected to mewital shocks, and vibrations and
the result were the failures some component arahegg was the worst problem can
be happened. Therefore, the prediction of the myngroperties of the chassis is
great significance to determine the natural fregiesnof the structure to make sure
working frequency are lower than natural frequeatyhe chassis to avoid resonant
and determine the stress distribution on the chaglsen receive the load. The finite
element modeling issues regarding the experimeanalysis of car chassis is
addressed for the natural frequency analysis (Mdnausing FEMPRO Algor. A
comparison of modal parameters from experiment emmiputational shows the
validity of the proposed approach. Result shows fifabending for I natural
frequency (50.56 Hz), 1st torsion fdF'matural frequency (62.10 Hz), mixed fdf 3
natural frequency (83.25 Hz) an8®dending for & natural frequency (91.89 Hz).
The model performed the linear material stress yaiglto define the stress
distribution on the chassis when receive the loatlthe maximum stress of all cases
are normally acting upon at the point of joint péart the value is under the

allowable stress for steel which is 300 MPa.
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ABSTRAK

Kerangka adalah salah satu bahagian penting yaggnakan di dalam
industri automotif and setiap kereta pengangkutampunyainya. Struktur ini
adalah komponen yang terbesar dalam kereta daokbketeta bergantung kepada
kerangka ini. Sebagai componen kereta yang utaerangka dianggap memberi
kesan kepada prestasi kereta. Dikenali sebagangubelakang’ kenderaan, ia akan
menerima kejutan mekanikal dan getaran dan hasddgéah kegagalan sesetengah
komponen dan resonan adalah masalah yang palingk bgang akan terjadi.
Sehubungan dengan itu, manganggar sifat dinamiangi&a adalah sesuatu yang
bagus untuk mengetahui frikuensi asli kerangka kumeghindarkan resonan dan
menganggarkan taburan tekanan di dalam keranghalapaenerima beban. Model
unsur terkira (Finite Element Modeling) dibuat kmrdukan kepada kajian
eksperimen kerangka untuk kajian frekuensi asli dahjo dengan menggunakan
FEMPRO Algor. Perbandingan modal parameter darieeken dan pengiraan
menujukkan kesahihan pendekatan yang dicadangkaputdsan menunjukkan
bengkokkan pertama untuk frekuensi semulajadi y@ertama (50.56 Hz) , kilasan
pertama untuk frekuensi yang kedua (62.10 Hz), caarmpbengkokkan dan kilasan
untuk frekuensi yang ketiga (83.25 Hz) dan bengkekkkedua untuk frekuensi
yang keempat (91.89 Hz). Tekanan bahan mendataredLi Material Stress
Analysis) untuk menjelaskan taburan tekanan padanigka semasa menerima
beban dan tekanan maksimum untuk semua kes adakdnia bertindak pada titik

persambungan dan tekanan yang di benarkan untulvgsadalah 300MPa.
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CHAPTER 1

INTRODUCTION

11 INTRODUCTION

Almost every year, each vehicle manufacture prodoee design of their
vehicles for them can compete to others manufacittat means that the vehicles
become important in nowadays lifestyle. The functaf this vehicle was use to
transfer or move people from one place to otheasqd with safe and comfortable.
These two important criteria implement in the evesystruction of the car. All these
cars created commonly have to through the roaddhanected every place in the

world and it created on the land with follow thetedand surface contour.

When Ford makes his first car, the car chassis ateated from wood. After
that, on about 1910’s steel and aluminum was besn as the chassis of the
automotive field effected by industrial revolutiand the early of this year start use
both woods and steel as the material of chassis1930’s created the technology
that can improve the steel type and it come to awprthe chassis structure in term
of the increase the stiffness, torsion and redootibvibration. This was the reason

that the chassis was fully made from steel.

The chassis also receive the vibration and for@ #xternal and internal
produce from the car. The road bumping, the loadasisenger, the vibration of the
engine and others can be the source of the extanshinternal force and it can be
failure of the structure when the excitation of dbincides with the natural
frequencies of the chassis and create resonanbnBetsheld in two conditions first

mode is bending and second twisting and it repeatéd every natural frequency



level [1]. Since the material almost same the diifié that differ for each chassis is

come from the chassis design.

1.2 PROJECT BACKGROUND

Chassis is one of the major components of a vebetause it can consider
effected to the performance of a car. This carnvdesn it be subjected to mechanical
shocks or and vibrations that may result in fadBuseme component and after some
limit, it can also be major problem to the car sashthe car can be collapse while it
in running that cause from resonant. The resonappén when the excitation same
to the natural frequency of the chassis and impobrta determine the natural

frequency of the structure to avoid this situafi®n

Finite element analysis is a computer simulatiahméue for modeling and
analyzing the effect of mechanical loads and théstre@sses applied to a part or
material that use in the system. This also tooldentifying the areas of stress
concentration that are susceptible to the mechlmcathermal failure before
manufacturing and test. It is the new method tangethe parameter in save and
short time because no waste sample material wolllyce and the result better and
accurate. Validation of computational is importaot make the result from both

method is acceptable.

Through experimental method, it can define the erogs of the structure
using modal analysis [5].Therefore; the predictadrthe dynamic properties of the
chassis is of great significance. In this papee, fihite element analysis using 3D
modeling issues regarding the experimental anabfstar chassis is addressed. The
modeling approach is investigated extensively udbagh of computational and
compared it to experimental modal analysis. A camspa of the modal parameters
from both experiment and simulation shows the viglidf the proposed approach.
Then perform the computational stress analysis lintar material type analysis to
find the stress concentration point in the car sisad’he point that come from the
stress analysis can be use to determine the steuahility to withstand the load,

force and the vibration.



1.3 PROBLEM STATEMENT

Growth economy gives affected nowadays lifestyl@siMpeople personally
want drives theirs own car to work place. Everygednow that car has a body
which carries both the load and the weight. The lmady consists of two parts:
chassis and bodywork or superstructure. Seldomctratiser realize that this chassis
function to distribute the load and weight for wéadlody including the passenger to
the suitable position in order to stabilize the. @thers function of this car chassis
also have to withstand the vibration come fromrttezhanical part in the car and the

vibration from the outer of car such as the roatigiag [7].

Steel was the material of the car chassis. It hessd widely for chassis
manufacturing among the car manufacture. The cdiorel chassis frame, which
made of pressed members, can be considered saueisirgrillage. This chassis
include cross-members located at critical stresst po provide that chassis structure
box-like structure to absorb the impact from algjlen As the material that uses for
chassis same, the different for every manufactar¢heir design to increase the

performance of the car and this make each chassigrdhave their advantages.

This paper focuses to perform the finite elemerdlymis to determine the
stress and modal parameter of the car chassis amgbacred the result to the
experimental data for validation. The model wadofes the exact shape and
dimension of the actual model. Finding of the stre®ints in the chassis is to
analysis that it can withstand the load to prowie safety to the passengers of the
car. Determination of the modal parameter importar the ensure that the working
frequency of the car are lower than the naturajdemcy of the chassis to avoid the

resonant [3].



1.4 PROJECT OBJECTIVE

There are several objectives regarding to the cdatipnal stress and modal

analysis of car chassis which are:

a. Computational stress analysis of car chassis UsE® to determent the
stress von misses distribution on the car chassis

b. Computational modal analysis of model of car clsagsideterments the
modal parameter such as the natural frequency at shape of the car

chassis

1.5 PROJECT SCOPE

By starting this project based only on the objextiy not recommended as is too
large or too wide to cover, and it is importantteate a scope of this project. Scope

of Computational Stress and Modal Analysis of Clha$3is are:-

a) Design - create the 3D modeling of car chassisguSiaD.

b) Analysis
I.  Linear material stress analysis of car chassistbthe stress von
misses distribution.
II.  Linear natural frequency (modal analysis) of caasdis to find
out the mode shape and natural frequency of thehzmsis.

1.6 CHAPTER OUTLINE
Chapter 1 describes the purpose of Computatiomab$Stand Modal Analysis
of Car Chassis, the objective and the scopes ofamiesting. This chapter also

defines the problem and can be guide of the corntipatd analysis.

Chapter 2 explains the fundamental of the Modatifigsand FEA information
include the important the modal analysis to thessisastructure. It is important to



study on the basic concept of modal testing fontsatle because both result use to

verified the computational result.

Chapter 3 describes the procedure or the guideardbive the goal or the
objective of this simulation. This chapter will éxim the stage of the simulation
where start from the design the model, detail effiftocedure and tool to perform the

simulation.

Chapter 4 provides the result of the simulationlyais and the discussion of
every result. Comparison from experimental resoltthie simulation result is
displayed and the result of convergence test. flethe suitable meshing
percentage can be find in this chapter.

Chapter 5 represent the summary of entire the sithoual project include the
recommendation for future research on the car c¢habhis part relate the chapter 1
those the objective archive or opposite.

1.7  GANTT CHART
The purpose of Gantt chart is to display the timd duration together with

work implementation. This reason Gantt chart cibédeensure the progress in flow

and it can be referred to Appendix A and Appendix B



CHAPTER 2

LITERATURE STUDY

2.1 INTRODUCTION

This chapter explains the fundamental of the Modalkting and FEA
information that reason to determent the modalmatar of the chassis structure. It
is important to study on the basic concept of mddating for both side methods

because both result use to verified the computaticsult.

2.2 MODAL ANALYSIS

Modal analysis is the study of the dynamic praperbf structures when it
under vibration excitation. Also known as ExperitarModal Analysis (EMA) is
the field of measuring and analyzing the dynamspoase of structures and or fluids
when excited by an input [3]. The parameter to diesdhe structure in terms of its
natural characteristics which are the frequencypmiag and mode shapes. Modal
domain becomes analysis domains to help to unaersttauctural vibrations. Under
normal operating conditions, a structure will vileran a complex combination of all

its mode shapes.

By analyzing the mode shapes, it is possible ta gai understanding of the
types of vibration that the structure can exhibitodal analysis also reduces a
complex structure, which is not easily analyzedp ia set of single-degree-of-
freedom systems that can easily be understood.rdotipe, a structure's natural

frequencies cannot be defined until it is jolted, br excited in some way [3]. As



usual in physics, the system needs an input taagessponse. Physical testing for

normal modes excites the system and measuressphense.

Easy to describe the modal analysis like freelgpsuted flat plate which
constant force is applied to the plate shown inRigeire 2.1 with input is from force

and the output will measure at response sensoattzah to the plate.

RESPONSE

FORCE

Figure 2.1 Simple plate and excitation/response model [4]

People will think when a force in a static sensactwhwould cause some
static deformation in the plate. But the fact is force that applies to the plate varies
in a sinusoidal fashion. Fixed force frequency e€iltation to make the constant

force use as the input data.

There will change the rate of oscillation of thedquency but the peak force
will always be the same value, only the rate ofillzgon of the force will change.
The response of the plate measured due to theasmoitwith an accelerometer
attached to one comer of the plate, Figure 2.2 rélkalt shown that the amplitude

change as the rate of oscillation of the inputhianged [4].

There will be increases as well as decreases ititahg at different points as
changed up in time. This result differs from expédince applying a constant force
to the system then the amplitude varies dependmthe rate of oscillation of the

input force.
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Figure 2.2 Simple plate responses [4]

Figure 2.2 indicate that the response amplifiewaspply a force with a rate
of oscillation that sets closer and closer to tlural frequency or resonant
frequency of the system and reaches a maximum wWigerate of oscillation is at the
resonant frequency of the system. This happen bBedéwe same peak force and just

oscillation is changing.

Time data provides very useful information likeRmgure 2.2, but in modal
analysis using frequency domain is more useful ttheecalculation will depend on
frequency value. Engineers use modal analysisedigrthe theoretical vibration of

a structure from a finite element model.

The first step is to represent the structure deearttical collection of springs
and masses; then develop a set of matrix equatiansiescribes the whole structure.
Then apply a mathematical algorithm to the matrtocesxtract the mode shapes and
resonant frequencies of the structure [1].

All this theoretical work produces very practicanefits because it allows
the prediction of the modal response of a structtireding and addressing potential
problems early in the design process, manufactu@nssave money and improve

product quality.



2.2.1 Frequency Response Function (FRF)

Time data provides very useful information for exmental result. Changing
time data transform to the frequency domain usiagt FFourier Transform to get
graph like Figure 2.3. The Frequency Response Fam¢ERF) is a fundamental
measurement that isolates the inherent dynamiceptiep of a mechanical structure.
Peak in Figure 2.3 function which occurs at theomasit frequency of the system
where the time response was observed to have maximesponse corresponding to

the rate of the input excitation.

Figure 2.3Simple plate frequency response functions [4]

Frequency domain can be use for to determine wiherenatural frequency
occurs because peak of the frequency domain ismtiw@mum amplitude which
means the natural frequency value for system [4gaily the frequency response

function is easier to evaluate because this pestkthe peak at time domain.

2.2.2 MEscopeVES (Visual Engineering Series)

This is a family of software packages and optitreg make it easier for to
observe, analyze, and document noise & vibratiooblems in machinery and
structures. ME’scopeVES is used to display andyaeaéxperimental multi-channel
time or frequency domain data, acquired duringojeeration of a machine, or forced

vibration of a structure [3]. ME'scopeVES contaars interactive animated display
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with which can observe spatially defined data sashoperating deflection shapes
(ODS's), mode shapes, acoustic sound and intefiredit, or other engineering data

such at temperatures or pressures.

Spatial response of a structure can be animatstbim motion; it can view a
structure’s overall motion, and the motion of oraet pelative to another. Locations
of excessive vibration or high levels of noise easily identified. Using interactive
sweep animation, structure model can be animatexiegping through a set of time
histories, and observe its overall response; whetl® sinusoidal, random, transient,

linear or non-linear, stationary or non-stationary.

2.3 MODE SHAPE

Structures vibrate in particular shapes called engltapes when excited at or
near their resonant frequencies [4]. Under nornp&rating conditions, a structure
will vibrate in a complex combination of all its @ shapes. By analyzing the mode
shapes, it is possible to gain an understandintheftypes of vibration that the

structure can exhibit and properties.

This can be determined by the material properfreass, stiffness, and
damping properties), and boundary conditions ofstinecture. Each mode is defined
by a natural (modal or resonant) frequency, modahging, and a mode shape. If
either the material properties or the boundary t¢an of a structure change, its

modes will change.
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MODE3

MODE 4

el e
# f/iu\.:l“—x_ 1
Vi, e

Figure 2.4Simple Plate Sine Dwell responses [4]

The Figure 2.4 shows the deformation patterns #iltresult when the
excitation coincides with one of the natural freggies of the system. The result
obtain for dwell at the first natural frequencyaisirst bending deformation pattern in
the plate shown mode 1. After that dwell at theosdcnatural frequency, there is a
first twisting deformation pattern in the plate smoin mode 2. When dwell at the
third and fourth natural frequencies, the seconddimg and second twisting
deformation patterns are seen in mode 3 and moespéctively and at Figure 2.5.

These deformation patterns are referred to asntibee shapes of the
structure. (That's not actually perfectly corregaini a pure mathematical standpoint
but for the simple discussion here, these defoongbatterns are very close to the
mode shapes, from a practical standpoint.). At earrthe natural frequency of a
mode, the overall vibration shape (operating déflacshape) of a machine or struc-

ture will tend to be dominatdaly the mode shape of the resonance [3].
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Flexible Body Modes

JDView Shape 1 - 732696 Hz [I7] Shape T - 365,576 Hz |07]

First Torsion Second Torsion

Figure 2.5Flexible Body Modes [3]

This Figure 2.5 shows the condition of the modepshahen resonant. First
for one axis and after that second mode the modpeshas additional axis on their

resonant mode shape.

2.4  OPERATING DEFLECTION SHAPE (ODS)

Defined as any forced motion of two or more poimtsa structure mean that
specified the motion of two or more points defireshape. Stated differently, a
shape is the motion of one point relative to afleps. Motion is a vector quantity,
which means that it has both a location and a time@ssociated with it. Motion at a

point in a direction is also called a Degree Ofedieem (DOF) [3].

Experimental modal parameters are obtained by ically exciting a
machine or structure, measuring its operating défle shapes (motion at two or
more DOFs) and post-processing the vibration dature 2.6 shows an ODS being
displayed from a set of FRF measurements with theot located at a resonance
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peak. In this case, the ODS is being dominated byode and therefore is a close

approximation to the mode shape.

B Animate 3DView: JIMBEAM.STH - [Dwelll JIMBEAM BLK
”FI Edit Display Cisvs Animiate Movie  #4odify
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Figure 2.6 Frequency Domain ODS from a set of FRF's [3]

This to shows the frequency from experimental beedtom the only value
of the frequency. Through this, the mode shapdefniatural frequency can visibly

to user and easiest to user determent the typedémshape.

2.5 DEGREE OF FREEDOM (DOF)

The numbers of degrees of freedom indicate thabrating system has will
greatly affect how it vibrates or the other wordhe number of coordinates that it
takes to uniquely specify the position of a syst@onsider a rigid block that is free
to move in 3 dimensional space and it moved withrotdtion in each of the three

directions x, y and z. So these are called thestdegyrees of translation.

The block may also rotate about each of the akesetare called the three
degrees of rotation. Both condition categorizednulti degree of freedom due the
number of variable axis involve in the motion arerenthen one. It is possible to

reduce the number of degrees of freedom of suclgid block by introducing
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constraints. A continuous system such as a beararhasinite number of degrees of
freedom. A system of particles could have up te§rees of freedom, but would
normally have less because of constraints (e.gesmfrithem might be joined by rigid
links).

2.6 FINITE ELEMENT ANALYSIS (FEA)

Finite Element Analysis work base on a numericathad which provides
solutions to problems that would otherwise be difii to obtain. However FEA has
applications in a much broader range of areas;ef@mple, fluid flow and heat
transfer [1]. Time consuming can be thorough sd thake the importantly to
choosing appropriate properties for analysis shbaldarefully selected.

A typical criterion for selection includes devicesomponents or design
concepts which correct and utilize state-of-theesruinique packaging and design
concepts [1]. The analysis will encounter severgirenmental loads and have
safety-critical thermal or mechanical performanecel dehavior constraints. The
most labor intensive portion of the FEA is creatangappropriate model, which is
being addressed by the development of intelligeatleting software (CAD) and
automated mesh generators (CAE).

This method includes the 2D finite element and 3Befinite element. The
2D finite element analysis includes plane stresanep strain, and axi-symmetric
finite element analysis, hi the case of plane sirdse stress perpendicular to the
plane of interests is zero [9]. The corresponditrgirs is not zero. In the case of
plane strain, the stress in a direction perpendictd the plane of interests is not

Zero.

The strain in the corresponding direction is zefxi-symmetric stress
analysis is related to the studies of the stressilolitions in bodies of revolution
under axi-symmetric loading. Although 2D approxiioat offers affordable and
economic models, the stress results are exaggerBted3D finite element analysis

provides more realistic and accurate results.
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2.6.1 Modelin FEA

The model uses in the Finite Element Analysis (JFEB& the medium to
perform the analysis or the modal of the analyBere three methods for modeling,
first method is Superdraw lllhich have interface contains CAD tools that will
allow build a wireframe or meshed model in FEA eonment. This interface will
useful if want to change any geometry models. Cimanthe surface, part or layer
that certain areas of the model are located in evase this interface.

Second method that similar to the previous metBazbnstructed in the FEA
Editor environment. Both this method can use faidbahape. The third method was
using CAD Solid Model environment. This third medhosing third party to make
the model that used in FEA. This tool can makedtmplex shapely create in the
CAD environment due the tool and purpose of CADvgaife to make variety shape

of model. File saves as IGES type to make the aisabf the model in the FEA.

2.6.2 Validation of model

The validation of the model important to ensurattmodel is can be use
during the analysis and the result that get caeg@ed for further action. Validation
of model get with the measure of the model can & in the analysis. For this
project, model dimension measure by using manually the shape of the model
manually created base on the measuring data earher acceptation of the model
can the come from the result from this model anchgared to the experimental

result.

2.6.3 Mesh Generation

The mesh generation is an important procedure utadigide the solid
geometry into elements. Fine mesh requires coraitkercomputing time and
memory space. On the other side, coarse mesh edheecomputing time and
memory space, but will cause inaccurate resultghim work, proper meshing is
determined based on the convergence regarding tigells element types, element
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constants, material properties, and the model gg@maewhich is used in this work.
This easily to describe like place Sieve on thdasar of the model. The higher the

number of mesh, the smaller rectangle will prodorcehe surface.

2.6.4 Convergence Test

As discussed before, the number of the elemergd issimportant for the
quality of the results. Convergence test is coretlitb get the suitable number of
mesh. Assuming that the finite element model depatowith a stainless steel post
and a vertical concentrated force of 100N applgedsed. Then the sample meshed
using five different mesh sizes to observe the eogence of the results. The five
mesh levels are 6, 7, 8, 9 and 10. Mesh |6velthe fine mesh, which contains 7853
elements, and mesh level 10 is the coarse meskhwbntains 529 elements. From
above explanation, at mesh level below level 8 sthesses on sample do not change
greatly. Conclusion can be made that mesh levelat&sfies the convergence
requirement. That was the characteristic of thehingsreach the convergence level.

2.7 LINEAR ANALYSIS ELEMENTS

Each analysis category makes a different set emeht types available.
Although some element types are available in mleltjategories they act differently
in each. Once selected the type of element that tearse for this part, the necessary

parameters for that part input is important.

2.7.1 Truss

Truss elements are two-node members which alld@irary orientation in
the XYZ coordinate system. The truss transmitsldai@e only and, in general, is a
three degree-of-freedom (DOF) element (i.e., tlylebal translation components at
each end of the member). Trusses are used to nsbdefures such as towers,

bridges and buildings.
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The three-dimensional (3-D) truss element is assutbehave a constant
cross-sectional area and can be used in linearcetamlysis. Linear elastic material
behavior is defined only by the modulus of elasticiLinear trusses can also be used

to simulate translational and displacement boundbaments.

2.7.2 Beam

A slender structural member that offers resistatacdorces and bending
under applied loads. Beams are found in buildirgnfes, transmission towers and
bridges. The Eiffel Tower in Paris is made of bedonghe example. A beam differs
from a truss in that a beam resists moments (wgstnd bending) at the

connections.

2.7.3 Brick

Brick elements are four-, five-, six- or eight-moélements formulated in
three-dimensional space. Brick elements are usedodel and analyze objects such
as wheels, flanges, and turbine blades. Brick ettsnigave the ability to incorporate

midside nodes (producing 21-node elements) andaawvaterial models.

2.7.4 Tetrahedral

Linear tetrahedral elements are either constamsstelements with four
nodes or linear stress elements with 10 nodes.elrbements are formulated in
three-dimensional space with three degrees of dmeeger node; these are the

translational degrees of freedom in the X, Y ardirEctions, respectively.

The ten-node element is an isoparametric elemethtsarsses are calculated at
the nodes. The following element-based loadings beagpplied:

* Uniform or hydrostatic pressure on the elementdace

» Thermal gradients defined by temperatures at tideso

+ Uniform inertial load in three directions.
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2.8  ANALYSIS TYPE

Many type of analysis can perform in Algor FEMPR@Q different analysis
to get different value. Sometimes each type reswlts uses for others type of
analysis. There are only several type analysis loanuse for get the natural

frequency, mode shape and the stress of the steuctu

2.8.1 Natural Frequency (Modal)

The major purpose of Natural Frequency (Modal)yamis is to determine the
natural frequency of the object. Engineers musigdethat resonance does not occur
during regular operation of machines. Ideally, fird mode has a frequency higher
than any potential driving frequency. Frequentlgsanance cannot be avoided,
especially for short periods of time. For exampleen a motor comes up to speed it
produces a variety of frequencies. So it may passugh a resonant frequency.
Other vibration processes, such as Transient StRssponse Spectrum, Random
Vibration, and others are used in addition to Natirequency (Modal) analysis to
deal with this type of more complex situation. Téneme called transient natural

frequency processors.

2.8.2 Linear stress analysis

The aim of stress analysis is to take the geonwétaycomponent or structure
and the externally applied loads and determinesthée of stress in the material.
When the stresses in the body are known, the rahf@operties are used in a failure
theory to decide whether the body can withstandd#sgn loads. If this is the case,
then further analysis may be undertaken to detexriia service life of the structure.

In general, these analyses are accomplished by watigm with a calculator
or a computer. However, stress analysis may alsdrormed experimentally.
Since the computer has invaded the design offloe,importance of experimental
stress analysis has waned in recent times. Itwsmainly used in the determination

of loads and stresses for in-service componentgsiems.
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29  SOLID WORKS

The SolidWorks is tools for 3D modeling, assemladyawing, sheetmetal,
weldments, and freeform surfacing. It can impomnewous file types from other 2D
and 3D CAD programs. It also has an API for cusfmogramming in Visual Basic
and C language. This software work as Parasolidébaslid modeler, and utilizes a

parametric feature-based approach to creating re@ohel assemblies.

Parameters refer constraints whose values detetimnghape or geometry of
the model or assembly. Parameters can be eitheenwmparameters, such as line
lengths or circle diameters, or geometric pararsetsuch as tangent, parallel,
concentric, horizontal or vertical, others. Feasurefer to the building blocks of the

part. It included the shapes and operations thagtoact the part.

Shape-based features would include slots, holessdsoand the like that
either add or remove material from the part. SHagmed features typically begin
with either a 2D or 3D sketch. These types of femtuinclude operations like
filleting, chamfering, shelling, or applying drafb a part. Building a model in
SolidWorks usually starts with either 2D or dirgati 3D sketch.

The sketch consists of geometry such as lines, aamsics, and splines.
Dimensions are added to the sketch to define thee and location of the geometry.
Relations are used to define attributes such asgetay, parallelism,
perpendicularity, concentricity, and such.
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GilselidWorks | lestenmessemmitl (1 - - - = -9 - § B~ 7 - = x

PIx

2 3D arrangement of parts andjor other assemblies

2D sngineering drawing, typically of a part or assembly

ok | [ cancel | [ hep

Select the document type and the tuterial option if you ars currently follawing the tutarial,

Figure 2.7 SolidWorks

The parametric nature of SolidWorks means the dgioms and relations
drive the geometry, not the other way around. Tingedsions in the sketch can be
controlled independently, or by relationships thestparameters outside the sketch.
Another aspect of the feature-based nature of Bai#ts is you can roll back into
the history of the part in order to make changdd,additional features, or change to
sequence in which operations are performed.

In an assembly, the analog to sketch relationsnaages. Just as sketch
relations define conditions such as tangency, |edisah, and concentricity with
respect to sketch geometry, assembly mates ddfensame relations with respect to
the individual parts or components. Figure 2.7 shtve interface of the SolidWorks
and clearly that this software purpose of CAD safv Basically in modeling three
types which make the part, assemble the part arke i@ dimension of the model.
Dimension use for referring in future use or furthactions.
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210 FEMPRO ALGOR

ALGOR’s software was multipurpose function engmeg tool. This
software includes design, analysis and simulatioolst that allow engineers to
virtually test and predict real-world behavior afw and existing product designs.
These tests help engineers speed up time to mamklaihake better, safer products at

a lower cost [4].

This software also have wide range of simulatiopatdities includes static
stress and Mechanical Event Simulation (MES) witiedr and nonlinear material
models, linear dynamics, fatigue, steady-stateteantsient heat transfer, steady and
unsteady fluid flow, electrostatics, full multiphgs and piping. These analysis
capabilities are all available within FEMPRO, arsyeto-use single user interface
that supports most CAD solid modelers and includkstching, modeling and

meshing tools.

Figure 2.8Finite Element Model. [2]

Figure 2.8 was the result after the model succksbfough the meshing
process. The small the rectangle on the surfaeesitiller mesh percentages use.
Appropriate mesh percentages can give advantagasabfsis.
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2.11 PAPER REVIEW

2.11.1 Basics and state-of-the-art of modal testing

This paper gives the situation of current statutheftechnology of modal testing.
Experimental serves 2 important which to obtain snea data that to check the
accuracy the theory and to check their completenéske theory. Experimental
play as control role in overall design processhuauit them, design prediction remain
invalidated.[1]

2.11.2 A procedure for the virtual evaluation of tle stress state of mechanical
systems and components for the automotive industry:development and

experimental validation

This paper story about the dynamic multi body maoalehlyzed considering their
static and dynamic. Using virtual simulation andtptyping tools such as MBS and
FEA software. The experimental was perform on Piatto was the subjected model
to analysis to find the result that can show adeuezaluation made of the stress and

strain. [8]

2.11.3 Dynamic Stress Analysis of a Bus Systems.

This paper to analysis dynamic stress of the batesy The experimental analysis
requires flexible multi body to calculate dynam@adl and modal coordinate. The
multi body is modeled like leaf spring and otheffe@ed nonlinear structure. Other
non-structure is making as body structure. Caleardady computer to determines the

mode shape and natural frequency. [6]

2.11.4 Experimental Modal Analysis

This paper show that nodes used as simple andeetfimeans of resonant vibration

there are two type of vibration which resonant atunal modes and vibration
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response input. The detail explanation about m@i®S, how to measure noise,
SIMO and the other. [3]

2.11.5 Application of Dynamic Correlation Techniqueand Model Updating On

Truck Chassis

This paper show the dynamic correlation techniquneclv used to measure finite
element representation. Experimental modal sunaydected to compared from
FEA model and EMA represented data acquired in rotdeidentify the modal
characteristic of chassis. Perform model updatesse result not match FEA and
EMA. [5]

2.11.6 Stress Analysis of Truck Chassis With RivedieJoint

This paper shows that vehicle subjected to bothicséand dynamic. The dynamic
come from moment inertia on uneven surface andSfagic loads from braking
cornering and others. Load cause bending or twgstinthe structure perform the

chassis an optimum connection plate length seerine pvactical solution. [7]



CHAPTER 3

PROJECT METHODOLOGY

3.1 INTRODUCTION

Chapter 3 will guide the overall proc#sat will use to achieve the goals and
the objectives of this study. The methodology el planned system of method
that has been designed and illustrated clearlyakenthe study smooth and achieved
the goals. Figure 3.1 show the flow of methodoldgyachieve the objective.
Following is the summary methodology flow chart.

3.2 OUTLINE FOR METHODOLOGY

a. Design
l. Created car chassis using 3D modeler or CAD wighetkact dimension.
Il. Using Natural Frequency (Modal) and Linear Stresmlgsis types of
analysis for get the natural frequency of structarel the force
analysis.
b. Result
l. Result of the analysis base on the computationallysis and compared

with the experimental result.



Literature review

l

A 4

Modeling the car chassis

Model Constraints Loads/
boundary condition.

EMA

Finite Analysis

Comparison

Discussion

l

Thesis

|

25

e Study and gather
information related to
stress analysis using FEA

—

= Dimensioning  detail
of car chassis.

= Created the design in
Solidwork

= Place the boundary
condition and others
information that need

in perform the
analysis.
= Run Simulation

analysis using Algor
= Fixed the problem if
error to get the result.

= Validate and figure the
result effect.

= Analysis the result.

= Compare with the EMA
result.

= Thesis writing.

N

Figure 3.1Flow chart of the project
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3.3 GENERAL PROCEDURE USING FEMPRO ALGOR

In this study, a 3D finite element model is depeld to analyze the natural
frequency, mode shape and stress distribution ®sttiacture. The geometric models
are first developed using CAD or a commercial pgek8olidWorks. SolidWorks is
a parametric solid-modeling system. The advantagessing SolidWorks are the
capabilities to build smooth shape of the model gederate accurate geometries.
The generation of the finite element model, cakoitaof the stress distributions and

post processing are earned out using Algor FEMPRO.

|

Nafural Frequency (Modal) with Nominezr Material Madels lnear ¥ Stafic Stresswith Linear Material Model
Typiczl Applcations: Noninezr ¥ Natural Frequency (Modal)
} Wi Hem
Shuchres - Thgrmal Natural Frequency (Modal) with Load Stiffening
Buldings;Bridges; Tovers | FlidFon ¥ Response Spectum
Shafts

| Eecrostatic b Random Vbration

| Mifphysis ¥ Frequency Respanse

Transient Stress (Diect Integration)
Transient Siress (Modal Superposition)
Critcal Bucking Load

Dynanic Design Analysis Methad (DDAM)

Figure 3.2 Type of analysis

Algor FEMPRO is a general-purpose finite elemeralgsis tool with the
ability to analyze a wide range of problems frosiraple, linear, static analysis to a
complicated, nonlinear, transient dynamic analjjkes show at the Figure 3.2.There
are typical step in modeling and analysis in Algoi=EA. Every FEA must create

mesh the model before the model can enter the Fikamment.

This meshing is to create a grid of nodes and elértieat represent that
mode. Then after defined the unit that want usthénanalysis, analysis parameter,
element type and boundary condition to the moddltha material type of the model
must be defined. After that performs the analysggle to calculate the result of the

analysis. The end of analysis will come out of tesults that have been calculated
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by the computer. These steps are usually brokemtopthree stages. First stage is
setting up the model. Created the model and pladhe FEA environment is the

meaning of this stage.

This information was created by user which becorties guide to the
computer to perform calculations. Then is analytedmodel that has been setting
up according the appropriate specification. Thespssare automatically performed
by software and computer performance can effedteditme taken to solve. Results
evaluation is the last stage, this stage was peddrby user because the software

just followed the information that been set ontfgtage.

3.3.1 Meshing the model

To mesh the model, after opening the CAD 3D modeFEA, press the
model mesh setting in the Figure 3.3 to settingiesh size.

e nee e |7 R m s o
i e s [ ' ﬁjﬁffl‘@n\f
Lo BV Model mesh setting

Figure 3.3Model mesh setting toggle

4 Model Mesh Settings

Mesh type Mesh size
=) Salid Coarse Fine

2 Midplane J
) Platefshell

[ Optons... ]

[ Ok ] [ Cancel ] [ Mesh model ]

Figure 3.4 Model mesh setting
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After press the model mesh setting toggle, theetéike Figure 3.4 appears.
This table to set the type of meshing and the ns&sh of the element. Choose the
solid mesh type and move the slide pin to 70 %nTgress the mesh model button to
perform the meshing process to the 3D model.

Figure 3.5Meshing model

The result from the meshing the model like in tiguFe 3.5, from this figure,
the model surface have many rectangle that inditegeelement size choose at the
mesh setting. The from the convergence test, thienapm mesh percentages was 70

percent and the number element that produce wishnlesh percentages was 6626
element.
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3.3.2 Define element type and element material

Meshing just to divide the surface, to make the ehdthve the suitable
behavior and the information that need be put the®analysis to able perform the

analysis were define the element type and the elematerial.

1 = Design Scenario 1 >
Analysis Type = Static Stress with Linear
45 Planes
e Plans 1 < XY-Top =
e Plane 2 < ¥Z-Right =
s Plane 3 < XZ-Front =
E FEA Object Groups
= Parts
= P Part 1 = Unnamed =

i

Element Definition Truss
Material = Unnamed Beam
B <AD Mesh Options Membrane
oy, Surfaces
- .
B Meshes Brick
+=-1. Coordinate Systems Plat=
B cContact {Default: Bonded) Tetrahedron
Spring
Rigid

Gap
Thin Composite
Thick Composite (Sandwich)

Figure 3.6 Element type list

= 1 < Design Scenario 1 =
+ Analysis Type < Static Stress with Linear
=43 Planes
My Plane 1 < XY-Top >
Ay Plane 2 < YZ-Right >
Q{} Plane 3 < ¥Z-Front =
% FEA Object Groups
= Parts
= E.c Part 1 < Unnamed =
Element Type < Brick =
Element Definition
Material < Unnam—"
B CAD Mesh Optior . Modify Material..

+ gy Surfaces

£ Meshes

Figure 3.7 Define material properties

Figure 3.6 and Figure 3.7 were the step to defiree dlement type and
element material to give the model properties atiogrthe user definition. The of
element type list shown at Figure 3.6 appear aitgrt click the element type word
on the part tree. This analysis use brick as temeht type. Same goes to define the

material properties, after click the modify matebatton like Figure 3.7, the list of
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library material of Algor, Figure 3.8 appear. Thesmlyses choose steel, AlISI 1005
steel as the chassis material properties.

Element Material Selection 2 B3
Y Create New Library... %Y Add Existing Library.

ket Uy AISI 1005 Steel

ALGOR Material Library ~=

5 ALGOR Matorial Library (=]
er Defined]

el
fAisi 1005 Steel
AIS| 1006 Steel. cold drawn
010 old o

Eai Properios T = .

Figure 3.8 Material library

Table 3.1AISI 1005 steel properties

Mass density (kg/f) 7872
Modulus of elasticity (pa, N/M 200000 MPa
Poisson’s ratio 0.29

Thermal coefficient of expansion {@) 0.0000126
Shear modulus of elasticity (pa, N)m 80000 MPa
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3.4  WIRA CHASSIS

Figure 3.9 Chassis

Figure 3.9 was the actual chassis that will usthenfinite element analysis.
This chassis dimension play as the reference o8ihenodel that be created in the
CAD. The reason choose this chassis because th¢hdditbe compared was use this
chassis. Experimental modal analysis of car chasas perform with dismantle
model because the analysis will only performedlmdhassis and this assumption
was use in the FEA environment in order to make panmeon the result on both
method.
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3.5 3D MODEL

Model is important to perform any analysis in FEFo create that can
directly in the FEA environment and also can ddynusing CAD as the tool to
make the 3D and 2D sketch. SolidWorks as the corialgrackage that produce the
CAD software been use to create 3D model of cassikaThe important in the exact
and accurate measure of the car chassis and tranafeo create the 3d model of car
chassis. Picture can be environment while in angatihe model to guide the curve
and shape. Ensure that the model follow the measotréhe picture. Figure 3.10 to

Figure 3.13 were the view of 3D model.

Figure 3.10lsometric view Figure 3.11Top view

Figure 3.12Front view Figure 3.13 Sde view
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3.6 NATURAL FREQUENCY (MODAL) ANALYSIS STEP

A Natural Frequency (Modal) analysis can be per&mrby executing the steps in
the general procedure using FEA. After meshing rtinedel, place the suitable

element that can indicated the model propertieslaadnaterial of the model.

In Natural Frequency (Modal) type analysis, theeereo boundary condition
and constrain load have put to the model. Aftecglall the information, the analysis
can be performing. The results come out sometinitobacceptable ranges. The
result need to be in the range and to setting tiate the upper and lower limit of

frequency.

Figure 3.14 shows the setting to place the rangbeofesult of analysis. The
reason makes the result in that range because i tBBIsuperposition of every axis

intercept in this range.

Analysis Parameters - Natural Frequency (Modal)

Description of model

Structural [ Reset From Model ]

[ Resat From Defautt ]

l Solution ] Output ] Advanced

Settings

Number of frequencies/modes to calculate

Lower cut-off frequency 38 cycles/s

Upper cut-off frequency 200 cycles/s

[] Rigid body mades are expected

QK ][ Cancel ][ Help

Figure 3.14 Setting the upper and lower limits
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3.7 STATIC STRESS WITH LINEAR MATERIAL MODELS STEP

The static stress with linear material models carpérformed by executing
the step in the general procedure using FEA. Aheough meshing process, the
model place the suitable element, material andrstlike in Natural Frequency
(Modal) analysis but the different are importargqa the boundary condition and the

constrain load of the model.

ol

Ingquire
Modal Boundary Condition. .. Add »
Modal Displacement Boundary. .. Coordinate Systems »
Modal Elastic Boundary...
Modal Rigid Boundary...

Modal Force...
Modal Lumped Mass...
Modal Momenit. .. -
A Mowve
Modal Temperature. .. i
A4 Project...
Modal voltage. ..
@f’ Refinement Points...

E’_Euo Construction Vertices...

Figure 3.15Place the boundary condition and constrain load

This analysis using fixed boundary condition at ¢aeh corners of car area
which mean indicate that position will remain statihen the model receive external
force. Force place at passenger seat area to iedisahe weight of the passenger be
the load to the chassis. To place the boundarypsehselect vertices for select type

and point for shape in selection option.

Click the point on the model and right click. Figus.15 appear after right
click on that point. This was to place the boundewypdition and constrain load to

the model. After that, continue the procedure uhglend.

Figure 3.16 shows the result after place the caimstoad to the model. At

result environment, there are variant type resait be shown and choose the right
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type of result to be shown to ensure the right datarchive the objective of the

project.

|
f

i

B

i3
ﬂ

ik
]
4
<

Figure 3.16Constrain load

Blue arrow indicates the load direction from thed®lo Figure3.16 show four
group of blue arrow, 12 nodes contain on the eaohpy The boundary condition
use in this environment needed to user chooseettiin to be fixed, in this analysis

all direction were to be fixed and after that timalgsis can be perform and result at

the end of the process.



CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

This chapter discuss about the result obtained fioite element analysis by
using FEMPRO Algor. The model will through the Bmestress analysis and natural
frequency (modal) analysis. Natural frequency tesampared with experimental
data for validation. The discussion on the conwvecgetest to shows that the
convergence test can affect the result of analysis.

4.2  STRESS ANALYSIS

Stress analysis is to determine the stress poimnwhe chassis structure
receives the loads. By making assumption that thers component that attach to
the car was include as the car weight, so the camload of the chassis is the
passengers and to convert it to load force, thegmager's weight will multiply to
gravity constant. Taking average adult weight ikiédgram and multiple by gravity,
G the load force value was 637.65 Newton for eadsenger.

The positions to that place this load force ardhat position where seat
placed on the car. The analysis will perform bg thumbers of passengers to
determine the reaction each load to the chassiedoh case. First case for indicate
one passenger, second case for indicate two passenigird case indicate for three

passengers and forth case indicate for four passemngthe car.
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(a) Case 1 (b) Case 2

(c) Case 3 (d) Case 4
Figure 4.1 Position of forces load

The position of the force load at each type ofsstr@nalysis showed at Figure
4.1 above. As mention early on this chapter, tlal Iplace by the position of the
passengers commonly seat in the car. Each gromod#s indicates the force load
each passengers like in the Figure 4.1 and eaclpgnalicates 637.65 N per group.
Every node group contains 12 nodes. One passeagatafine as only driver weight
as the load. Two passengers can indicate as theflooit seat receive the load and
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for three passengers was addition front passeragel®ne rear passengers. The last

was the four passengers was seat at the car seat.

Stress
won Mises
MNAmm*2)

11.70245
1052467
0366883
£.1991
7031317
5863534
4695751
2527068
2380184
1192401
002451843

Load Case: 10f 1 Y
Maximum Value: 11.7024 Ni{mm*2)

Mirirnurn Yalle: 0.0246184 Nimim"2)

Figure 4.2 Stress Von Misses of the chassis for case 1

Figure 4.2 shows the stress distribution in thessisaand the clearly on the
figure that the higher value of Von Misses stress W1.7 MPa and at the joint area
where red circle was placed. The figure clearlywshthat each corner of pillar joint
has higher stress concentration in when it recteeload or force. B-pillar have

high stress due the nearest to the source of load.
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Stress
won Mises
NAmm*2)
234049
21.14884
1880279
16.45673
1411067
11768462
9.413861
7072505

- 4726440
2380393
003433702

; Y
Load Case 1 of 1

Maximum Yalue: 234943 NAmm"2)

Minimum Yalue: 0.034337 MNimm*2)

Figure 4.3 Stress Von Misses of the chassis for case 2

Figure 4.3 shows the stress distribution in thessisaand the clearly on the
figure that the higher value for Von Misses stress 23.49 MPa and at the joint
area where red circle was placed. The figure glesdltbws that each corner of pillar
joint has higher stress concentration in whendenee the load or force. B-pillar has
less stress but both A-pillars have same stressecdration due to both loads at front

seat position.
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Stress
won Mises
HAmm"2)

32.95433
20 66205
2636977
23.0775
19.75522
1649294
13200687
9908391
B.E16114
3.323838
003156143

Load Case: 1of 1

haximum Value: 32,9543 M/mm*2)

Minimum Yalue: 0.0315614 Ngmm*2)

Figure 4.4 Stress Von Misses of the chassis for case 3

Figure 4.4 shows the stress distribution in thessisaand the clearly on the
figure that the higher value of Von Misses stress 82.95 MPa and at the joint area
where red circle was placed. The figure clearlywshthat each corner of pillar joint

has higher stress concentration in when it recésigdoad or force.
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Stress
wan Mises
Ni{mm#2)

35.88082
22.20256
287243
25.14604
21.56778
17 .98952
1441126
10.833
7254743
2676484
0.095322445

Load Case: 1

Maxirnum Yalle: 35 8808 MAmm*2)

Minimum Yalue: 0.0982245 Ni{mm"2)

Figure 4.5 Stress Von Misses of the chassis for case 4

Figure 4.5 shows the stress distribution in thessisaand the clearly on the
figure that the higher value of Von Misses stress 85.88 MPa and at the joint area
where red circle was placed. The figure clearlywshthat each corner of pillar joint

has higher stress concentration in when it recésigdoad or force.

Figure 4.2 until Figure 4.5 shows the reaction dtircases which the car
receive the load forces. Each figure indicate tbaddion when incressing the
numbers of passengers in the car. The boundaryitmmmevere fixed at each corner
of the model. Only one node choose at each coongerform this analysis. This was
the condition on the boundary condition to makeduoggp analysis to the structure.

Through bending analysis can carry out the strealysis on the structure.

From all the figure, the stress concentration wgsears at the joints. Pillar
was play the main enroll to withstand the stresdribution. This can see on the
above figure that each of each of it will appeansttpillar have the stress
concentration and it place at the joint the pitathe body such as the lower part of

the chassis or the roof of the chassis.
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The load force were placed on floor of the chas&ist the stress
concentration appear more at the joint differ t® litad force have been placed. This
shows that the stress diatribution play the maiolewhen the chassis receive the
load and distribute the load in order to withstdinel laod. From this result also can

prove that joint concentration will occur at thénjfoof the structure.

The shape of the structure can give the factoritiostand the force. This can
see on the B-pillar that made with curve shape. cdmeentration can be concentrate
to some point differ the A-pillar that made withastjht shape. Straight shape make
the whole structure receive the stress.

The improvemant can be done on the high concemitratias occur only if
come out with the curve shape, if the straight shéipe modification need be occur
on the whole part structure. The maximum stressltrésr first case was 11.7 MPa,
second case was 23.5 Mpa, third case was 33 MP#andrth case was 36 MPa.
This result give the appropriate result that thereasing the load force, the stress
directly increase due the theorical analsysis sttiess directly proportional to the

load or force applied to the structure.

4.3 NATURAL FREQUENCY ANALYSES

The analysis of natural frequency (modal) to deteesithe modes shape and
the natural of frequencies of the model. Sincecttraparisons happen on the curtain
range, the settings of the analysis to make thaltre$ the analysis produce in the
range that have been selected for comparison vahese analyses that have been

mention to find the natural frequency of the chegath in 40 Hz to 138 Hz.
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Nodal Displasement
Magnitude
mm

172533
1566022
1396715
1227407
1.058000
05387914
0.7199836
05501758
0.3808881
02115602
004225253

Mode: 10718
Freguency: 50.5654 cycles/s

Maximurm Yalue: 1.73333 mm

Minimum ‘alue: 0.0422525 mm

Figure 4.6 First mode shape

Figure 4.6 show the first natural frequency wa6@lz. This mode shape
was bending with vertical bending type. This caa séth the axis of the bending
mode shape in the vertical direction. Front andilkupjoint to the passengers
compartment have maximum displacement in this mebape condition. the

maximum displacement for first mode shape was 1@9m



44

Nodal Displacement
Magnitude
mm

2379125
2147367
1.91561
1.683852
1452004
1.220336
09885785
07568207
05260620
02033081
006154732

MWode: 2 of 15

Freguency: 62.1024 cyclesis
Maximurm Yalue: 2.37313 mm

Minimum Yalue: 0.0815473 mm

Figure 4.7 Second mode shape

The second mode shape of the chasssis are twatialgo known as torsion
mode shape. The value natural frequency of thisemaé 62.10 Hz and the most
displcement occur at the engine bay of the chashis.rear seat area and the wall of
passenger compartment to engine bay were the & dwisting. This can see the

displacement is lower at this area with the bluewo The maiximum displacement
for this mode shape was 2.37 mm.
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Modal Displacement
Magnitude
mm

2.417088
2178401
1935702
1695003
1454304
1213605
0.8728064
0.7322078
0.4915088
0.2508099
0.01011112

Mode: 30f 15
Frequency: 83.2457 cycles/s
Maximurn Value: 24171 mm

Minimurm Yalue: 0.0101111 mm

Figure 4.8 Third mode shape

The natural frequency of the third mode shape afsis is 83.25 Hz with the
mixed mode shape. The mode shapes in this modemigesl due the combination
both bending and twisting mode in one mode. Thetimg axis are at the rear area
with the roof and the floor of the chassis do thisting meanwhile the engine bay or

the front panel receive the lateral bending. Th&imam displacement for this mode
shape was 2.417 mm.
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Modal Displacement
Magnitude
mm

1890474
1794807
1608730
1402872
1207005
1011138
08152708
0.6194028
0.4235364
0.2278592
0.03180201

Mode: 4 af 15
Frequency: 91.8915 cycles/s
Maximum Value: 1.99047 mm

Minimum Value: 0.031802 mm

Figure 4.9 Forth mode shape

Bending are the forth mode shape of this car chaasd the natural
frequency are 91.98 Hz. The lateral bending wad#raing type and the axis is at
the side of the chassis floor. That was the redeenmidle of the floor got high

displacement differ to the side of the floor. Thaximum displacement are 2.0 mm
and front panel is the maximum place was occur.
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44  RESULT COMPARISON

As mention before, comparison result from finitereént analysis with

experimental modal analysis is to validate thelte$able 4.1 shows the comparison

both result.
Table 4.1Comparison between finite element analysis
and experimental modal analysis
Mode FEA modes EMA modes Error (%)
frequency (hz) frequency (Hz)
Mode 1 50.5654 44.7 10.36%
Mode 2 62.1024 67.9 9.33%
Mode 3 83.2457 104 24.90%
Mode 4 91.8915 123 33.80%

The error that produce from the comparison betwegte element analysis
to the experimental modal analysis was 33 perdawin theorical, the result from
this analysis should be lower than experimentad @cause of many assuming done
at the biginning of the analysis and the computatioesult in the range of result but

only the first data has the higher value to thesexpental result.

This because many factors been assume duringptheexting real model to
3D model. The main factor was the real model carbeareated and the model have
simplify. Then the others factors comes from netgi@éd¢o create dificult part such as
the wave floor, rib on the structure, and otheenbeeglected.

Type of meshing can influent the result. Thereraamy type of meshing and
although the result not rely so much but the aaguta archive. The different type of
meshing means the different way to deveide the tmdéce in FEA.
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45 CONVERGENCE TEST

This result of the natural frequency with differemesh percentage. The
greater mesh percantages the rectangle on the rhedeme more larger as been

mention before on the previous chapter about mesh.

Table 4.2: Optimum percentage mesh of frequency

Percentagge Model Model2 Model3 Moded4 Mode5 Nelement
100 52.0939| 63.5206 81.8657 87.60R9 90.9374 4211
90 52.8181| 76.346 82.6436 90.8621 105.898 4047
80 43.1679| 58.8151 72.4736 79.9463 81.9195 5695
70 35.5451 | 43.2505| 60.5354 | 64.0732| 71.0177 6626
60 36.0749| 42.7697 59.4679 61.6081 65.8695 8392
50 37.0356| 41.7527 60.8899 61.5987 65.9387 8798
40 30.2814| 33.6049 47.5373 51.3241 63.5895 12303

FREQUENCY VS MESH PERCENTAGE GRAPH
100
80
o »
E 60 h e == m0de 1
g 40 _L !t? ——-mode 2
- 20 mode 3
0 i 11012 4
100 90 80 70 60 50 40
«— S
Course MESH PERCENTAGE Fines

Graph 4.1 Frequency versus mesh percentages
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Graph 4.1 and Table 4.2 shows the result of meshiintjfferent percentages
and the value of natural frequency use as to déterthe convergence point. The
lower percentages, the small of the element sipeapon the model surface. From
the table, the fines the mesh gives the lowersevafinatural frequency of the model
and the higher give the high value. The numberglement give the factors of

natural frequency of the chassis.

This can define at 100 percent of mesh have a loesult value than 90
percent of mesh. Regarding to the number of me@tpedcent have lower amount
than 100 percent mesh. This condition shows thatnihmber of element was the
factors of the analysis. According to the perceesagf meshing, the lower percent of
meshing would be creating the larger amount of elgmFrom the graph and the
table, the convergence point at 70 percent of mgshecause after than that point,

that natural frequency value remain constant.

So the optimum meshing percentages was at 70 gent®n6626 element on
it was the selected to use in the analysis inghigect. This point used to the model

meshing size when converting from 3D to FEA envinent.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 INTRODUCTION

This chapter represent the summary of entire thigefelement analysis
include the recommendation for future enhancemdnthe knowledge in finite
element analysis on the car chassis. This paterdi@ chapter 1 those the objective

archive or opposite.

5.2  CONCLUSIONS

Static stress with linear material models analymnsl the linear natural
frequency (modal analysis) were perform on the 3Ddeh of car chassis to
determine the stress distributions, the naturajueacy, and the mode shape of the
car chassis by using FEMPRO Algor. In this projecgating the 3D model base on
the actual chassis and the follow the shape adichgnsion.

The stress analysis is to find out the stressildigton when receive the load
force. From the analysis, indicate that the joiavé stress concentration differ to
others part in the chassis. The modal analysisnpetex that retrieves from the
natural frequency analysis was compared to therarpatal data and the error

created is 33 percent.

This error come from the error from the converting actual model into 3D
model with make many assumption. This project catety successful and reach the
objective. The different error that produce canabeepted and this method can be
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use to determine the dynamic characteristic ofcdrechassis. Chassis structure is
major component on a vehicle. It is important tedgtthe dynamic characteristic of

the car chassis so that resonance does not occthe @hassis in working condition.

5.3 RECOMMENDATIONS

As seen in chapter 4, the result obtain are natrate, this is because the error
comes from converting the actual model into 3D nhaaled others factors can
influent the result. Hence below are some recommgoms for enhancement of

knowledge in finite element analysis:

a. Use advance FEA software that less limitation tokeénanore complex
analysis. Less limitation of the software ability teceive large amount of

element was the others criteria in choose the agvBREA software.

b. Perform the modal updating to reduce the error eetbwcomputational and

experimental.

c. For accuracy of the model, using 3D scanner toterde 3D model. This 3D
model can produce directly accurate dimension &edshape of the actual

model into 3D model.
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Introduction and Briefing

Literature Review

Scope and objective
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Report & proposal
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ACTIVITIES

Modeling chassis into CAD.

Structure analysis using FEA.

Perform the analysis

Result Analysis.

Compare the result

Report FYP 2 writing.
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APPENDIX C

MODEL DIMENSION




