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Abstract

Bus is a popular and common means of transportthiofa. The structural strength and
speed is a fundamental concern. Unnecessary waighé bus structure leads to reduction of
speed, high fuel consumption and reducing the dvyeegformance of bus.

The primary objective of this research is to imm@othe bus structure weight. The
improvement is carried out by analysing the stngctior two main loading cases, bending
load and torsional stiffness. This study examimesstresses and deformation responses of a
typical bus structure during application of thedaa service. A bus structure was modelled
using computer aided design (CAD) CATIA V5R16 sater and exported to finite element
analysis ANSYS 12 software and simulated by applyioundary conditions. The structure
weight improvement of the bus is made by reduchegdize and thickness of metal used in
the structure. In this analysis a new model oflihe was made and analysed. Two loading
cases were incorporated in the analysis. Bendiad ltase was used to simulate the bus
travelling on smooth road and twisting moment igduso simulate a bus travelling on a
bumpy road. This re-modelled bus is again simulatefinite element analysis software and
found to be structurally safe. The simulation af th-modelled bus was conducted using the
same inputs used in the original model simulatibhe remodelled result shows that the
stress and displacement results are safe.

A simply supported overhanging beam model was nhiad@lidate the results obtained from
finite element analysis simulation. Finally, costibysis is carried out to compare the original
structure cost with the improved. It is found thgtreducing the size of the members used in
the bus structure the cost is reduced. The cosicegllin the considered company reaches

520, 938.00 Birr annually.
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Chapter One

| ntroduction

1.1. Background

Transportation industry plays a major role in tlewreomy of modern industrialized and
developing countries. The major means of transpaittide automobile, buses, trains, ship
aeroplanes, etc. In our country, buses are maj@anmef transport used both for short and
long distances and as a result warranted its fataication. Consequently, many companies
have grown dramatically, from small repair shopgsheir present day level. To date, the
fabrication of these vehicles has been done withimeinecessary analysis that ensures their
reliability on safety and performance. Therefor@sidering their growing trend of demand
and use, it is essential to give due attentionh# fabrication design of these vehicles, to

make sure of their road worthiness, safety andadiveerformance.

A bus body (compartment) structure is fabricateamfrwelded beams of rectangular cross
section which makes up the four sides of and cavbyesheet metal. The main components
of the bus structure parts include right side, $&fe, front side, rear side, roof and floor. The
body structure, which is the main part of the bahgquld support the engine, seats, luggage,
fuel tank and passengers. Besides these, thestuist subjected to dynamic and impact
loads which could be detrimental to the strengith rdgidity of the overall structure. To make
the bus structure strong enough, the local busdérsl use large amount of steel. Simple
modification of structural parts is limited by thedy strength, stiffness and crashworthiness.
The production process is not supported by modesmgd principles. As a result, during the
operation phase, these buses are not as sucleeffisecause of the large amount of self
weight of the buses. In order to make improvementhe design of the structure, it is basic
to analyze the structure for stresses and defoomatio find parts which are subjected to
maximum and minimum stresses and deformations. iflisectly tells whether parts are
highly loaded or not. Therefore, understandinghef tays the foundation for improvement of

the bus in weight.
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1.2. Motivation

The increasing demand for public transportatiorcderresponsible governments to find a
solution. To meet the need and simultaneously $aetgn currency, local fabrications has
been strongly supported. As a result, there argelarumbers of bus body builders in
Ethiopia, mainly located in Addis Ababa. All, builde bus body on imported regular trucks,
mostly ISUZU’s, IVECO’s and DEWOOQO'’s and mainly bdsen vehicle body repair
experience. Most, do not have any designs and woos® have any design analysis which
ought to be a requirement for the certification fbese vehicles. The operation of these
vehicles in service though alleviates the trangion need, causes unnecessary accidents
with loss of life and property damage. Further, aB&arge number of components with the
false assumption “any strong structure is good”’clwhadds up unnecessary weight to the

body and impact the overall efficiency.

The motivation of this research is to propose agesodification to find improved structure
of a locally built bus. By analysing the strengt#hhviour of the bus structure, improvement

on the bus structure is made.

1.3. Problem statement

The modeling and investigation (both static anddy@amic), of the structure of buses on the
road today will indicate the shortcomings of thereat designs. This shortcomings include
over weight of structure, which leads to high feehnsumption. An improved bus body
structure based on finite element analysis willpb@posed to alleviate these shortcomings.
The result of the analysis and the implementatibrthe design will contribute to the
improvement of the locally built buses.

1.4. Objective of the Study

The primary objective of this research is to makeight improvement on the currently
produced bus body structure in Ethiopia. This isady investigating the current bus
structure manufactured in Ethiopia and come up witproved design to alleviate the

shortcomings. The structure is to be lighter ingleiand as a result efficient in fuel saving.
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Analysis of structural strength andftess will be carried out, and the comparison of the
original and improved structures in terms of sttarand rigidity shall be made.

The major objective of the dynamic analysis proesshall be simulation of the bus while
traveling with 20 km/hrand 70 km/hron ISO standard low quality road and finding
responses of the original and improved structuee ¢tresses and displacements) at selected
nodes of the bus structure. Meanwhile, the deteation of the natural frequency and mode

shape of bus structure will be made.

1.5. Scope of the project

The scope of this project includes the followinglgsis,

1) Modeling of the bus body using CATIA V5R16 software

2) Structural integrity (strength and stiffness) asaywill be carried out to observe the
structure strength (stress and deformation) usmtgfelement analysis software.

3) Dynamic analysis of the model using the propertdinelement analysis and
simulation software to investigate the performaoictne model; and

4) Re-modelling of the original structure with newgptaced members of the structure

5) Structural integrity (Strength and stiffness) asaywill be carried out for the new
structure to observe the structure strength (steesb deformation) using finite
element analysis software

6) Dynamic analysis of the model using the propertdinelement analysis and
simulation software to investigate the performaoictne model

7) Cost Analysis will be carried out

8) To recommend the possible and relevant improvenertte design of bus frame

By: Besufekad Getachew 3



Chapter Two

Literature Survey

2.1. Introduction

The design of vehicle body has evolved from a semall steel structure that meets the basic
requirement of strength and functionality, to tlerent day complex and efficient structure.
Lightweight composite materials, such as glassrfibanforced polymers, have been used to
replace traditional steel and aluminium componefisis is because composites offer
significant opportunities for enhancement of prddperformance in terms of strength,
stiffness and energy absorption, combined with ttergduction and space saving. Today,
design procedures of vehicles body that ensuresbidly and road worthiness is well
established. However, as a result of advancementhea areas of material, production
methods, computational & design tools, optimizatechnique, etc., further improvement on

vehicle structural design is still an active topiadesearch.

A wealth of analytical and experimental investigati addressing the issue and methodology
of structural optimization to reduce the overallighe of vehicle body, maintaining the
integrity and performance, now exists [1, 3, 6]eTdptimization of the structural design, is
pursued by either employing new materials [1, 16]Joptimizing the structure using the

traditional material steel [9].

2.2. Literature Review

Boada et al. (2007) presented a genetic-algoritaseth optimization of a bus structure as a
design methodology. The structure of the bus hasn beptimized by using genetic
algorithms. The optimized bus is then checked ftress distribution and stiffness
calculations by means of a developed finite elemewndel of the bus structure. By applying

this method, an optimized structure in weight asrdibnal stiffness has been achieved.
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Lan et al. (2004) investigated medium-sized busdybstructure. In this investigation, they
used computer-aided design (CAD) packageniodelling and the analysis was made using
finite element (FE) solver, ANSYS.

Sensitivity analyses were carried out on body stnat parameters with the objective of
minimizing body weight while maintaining the recpdr performance. Based on the
sensitivity analyses, it was found the upper cilossm of the chassis frame, the vertical
middle posts, the bridging bars of the chassis &amd the lower cross-beam of the chassis
frame are more sensitive to rigidity/weight andqfrency/weight. The body weight is

reduced by 5.7 % he results of the analysis were verified by expental test.

Zhang Xingwang and Tao Zhen (2009) studied Shapeniyation of Bus Body Structure
based on stiffness sensitivity analysiatimization of the design of structure and dimensi
of the body parts was made. The stiffness sensitofi the whole auto body structure parts
were analysed for torsion and bending loads andegrdo be more reasonable, numerically.
They achieved to reduce the mass of original badctire by 8.9 kg which is 2.95 % of the
total weight.

Butdee and Vignat (2008) implemented the Theorynekntive Problem Solving (TRIZ)
method and claims to achieve a light bus body &irac design. Light weight bus body
design is supported by TRIZ. The designed bus misdehnsferred to CAD and transfer data
to CAE using finite element analysis. Then the Wweigduction of bus is made. Re-analysis
of this structure is made with same finite elemmethod as done for the original structure.
The comparison of mass before and after improvemast claimed to have reduced the
weight by 0.93%.

Manokruang and Butdee (2009) presented tHeapproach of light weight design. Used
expert system, to eliminate less priority parts @aeduced the overall vehicle weight by
4.62% while maintaining the stress level belowahewable.

Martin Hornung and Michael Hajj (2009) presente@ tise of structural adhesive and
structural foam as a way of reducing vehicle wei@hiey showed that engineering plastics in
combination with structural foam are good altewedi to replace steel reinforcements.

Components made of steel have been replaced by fams with structural foam on nylon
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carriers, one steel part was upgraded in qualityl another steel part was significantly

downgraded in quality. By these means, a weighingesf 12.5 kg/car was achieved.

Cho-Chung Liang and Giang-Nam Le (2009) used ssgoeegesponse surface method
(SRSM) for optimal analysis of bus superstructurength. Optimisation was performed by
SRSM and finite element was solved by LS-DYNA. \@hiweight at existing level was
maintained while improving the crashworthiness. Tiesult obtained shows that the
deformation of the bus frame was reduced by 49.88ddwer and 39.4% for upper side

frames.

A new approach for optimum design of the bus wingollar member was investigated by
Kim et al. (2000). Stress distribution and fatigsteength were estimated through finite
element analysis and experiment. To verify the ltesatress analyses on the spot welding

points, which were fatigue crack initiation poinigre performed.

A new concept is introduced to optimise the comjpatal costs and the reliability of the
analysis of bus frame dynamics by Balazs GombaZR0A relatively simple finite element
model was used and modal parameters (modal, damantymass) belonging only to the
most significant modes were extracted. The religbénd applicability of the results gained
from this method were verified by the stress measents made on 412 low floor bus type of
IKARUSBUS Inc.

Theodosiou, G. Georgiou and S. Natsiavas (2008gsinyated the periodic steady state
response of a large scale city bus model with neali characteristics. They used a method to
reduce the degree of freedom (DOF) to reduce tin@patational difficulty. Finite element
model of the whole bus body including the accessofiEngine, AC, fuel tanks) were made.
They considered non-linear spring and damper ofstigports. The employed method was

validated by presenting numerical results obtauneder periodic road excitation.

A fundamental theoretical study is performed fog tomputation of the fatigue damage of
the main structures of a road vehicle running oraredomly profiled road by Gobbi and
Mastinu (1998). They considered a simple quarterveaicle model. The expected fatigue

damage was analysed according to Miner’s rule aad-Rlow counting employing Rychlik

By: Besufekad Getachew 6



method. The research showed vehicle parameterse(panasses, dampings, and stiffnesses)

have an influence on fatigue damage.

Structural reliability analysis of bus body in calesation to the correlation of working
conditions was done by Zhang et al. (2009). Thegdustructural reliability analysis for
optimal design of bus structur@he results showed that in the two typical loadesas
(Bending and Torsion), the cross-area of beam elemes a significant influence on the bus
body structure reliability and a less influentifeet has been found on the thickness of skin.

Ahmed et al. (1997) investigated the ride comédrtity bus body mounted on lorry chassis.
In their work, experimental investigations were maoh the actual bus and analytical
investigations were carried out on half vehicle elodcFocus was made to evaluate and
improve the ride performance parameters. Resultsirdad showed that this bus has very

poor ride performance when compared to buses wirth manufactured on a bus chassis.

Sidhu et al. (2003) made a study sitape optimization of vehicle for improved safeiyl a

reliability. HEEDS (Hierarchical Evolutionary Engiaring Design System) software package
was used as optimization techniqusing ABAQUS and HEEDS optimization environment,
this process has been applied to several automiotiver compartment rail designs. Results
showed that significant gains in performance alat) up to 20% reductions in mass were

achieved.
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Chapter Three

Resear ch M ethodology

3.1. Introduction

This research focuses on the improvement of buy tdicture built in Ethiopia. For the

purpose of the data collection, Ultimate Motor Bxly Builder is selected. This company is
selected based on its large market coverage botprigate and governmental companies.
Currently, Ministry of Education is the number arleent. The factory uses RHS 70X50X3
mm, RHS 50X30X3 mm and RHS40X40X2.5 mm to build blus structure. Using the data

found from the company the modeling is made.

The research focuses on weight improvement of lmaly Istructure produced in the above
stated company. It includes strength analysisfnssk analysis, dynamic analysis and
simulation of bus frame. Strength and stiffnesslyaig is concerned with stress and
deformation analysis of bus frame using ANSYS 12kivench finite element analysis.
Dynamic analysis incorporates natural frequencied mode shapes of bus frame and
acceleration responses at selected nodes of thetws® while the bus is travelling on

standard road.

The research commences by modeling the bus steuwtith the data gained from the bus
manufacturer. This model is then analyzed for gfiteproperty i.e. stress and deformations.

Then re-modeling of the bus is made with newlyaeptl RHS. This model is again analyzed
for stress and deformations. Besides, dynamic aisaig made in order to find PSD of

acceleration response, when the bus is excitedhbyréad. Finally, the two results are
compared.

3.2. Methodology of theresearch

1) Data collection: measuring of the real bus body structure compisnen
2) CAD modeling of the structure: this is made by using the data recorded from the
bus body builder.
» CATIA V5R16 software is used to build the computerdel.
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3) Finite element (FE) analysis. analyzing of structure for the required result;\gis
ANSYS Workbench software.
l.e. Stress, displacement, mode shapes, P&€releration
4) Re-modeling of the structure: using new size of components
5) Finite element (FE) analysis of the re-modeled structure: analyzing of structure for
the required results using ANSYS software.
l.e. Stress, displacement, mode shapes, P&€releration
6) Comparison of theoriginal and improved structure

> Interms of Stress, displacement and weight obtiginal and improved structure

3.3. Thestepsof theanalysis

The flow diagram shown below describes the metlatidvied in the overall analysis and
improvement of the bus structure weight on the lmdd#ending load and torsional stiffness.
The re-modelling is made till the stress resulteasonably below the allowable stress for

both loading cases.

Existing Design Modelling of the
of the Bus Bus

A\ 4

\ 4

Finite element

A

analysis Acceleration

analysis

Re-Modelling of
the bus with DR
newly replaced » Stress !
members Results of « Displacement !
structure e PSD of :
|
1
1

No

Yes

\ 4

Improved bus structure

Figure 3.1 Analysisflow diagrams
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3.4. Finite Element Analysis

The finite element method (FEM) is a numerical rodteeeking an approximated solution of
the distribution of field variables in the probletfamain that is difficult to obtain analytically.
It is done by dividing the problem domain into seeslements. Known physical laws are
then applied to each small element, each of whelmlly has a very simple geometry. A
continuous function of an unknown field variableagproximated using piecewise linear
functions in each sub-domain, called an elemembéar by nodes. The unknowns are then the
discrete values of the field variable at the nodes.
Next, proper principles are followed to establisfjuaions for the elements, after which the
elements are ‘tied’ to one another. This procesdddo a set of linear algebraic simultaneous
equations for the entire system that can be sobasily to yield the required field variable.
Traditionally, structures have been analyzed eidisecontinuous or as discretized (‘lumped’)
systems.
Some structures, such as uniform beams, can séfully be treated as continuous systems,
but most are now regarded as discrete multi-DOEeBYs The finite element method, in fact,
can be said to combine both approaches: it is wootis within the elements, but discrete at
the global coordinate level.
The general procedure of FEM for structure analigsis

» Divide structure in to pieces (elements with nodes)

» Describe the behavior of the physical quantitiegach element

* Assemble the elements at the nodes to form an aippate system of equation for the

whole structure
* Solve the system of equations involving unknown ngiies at the nodes (e.g.
displacements)

» Calculate the desired quantities (e.g. deformadiuh stresses ) at selected elements

3.5. Vibration of Beams

It is still useful to be able to calculate the matdrequencies and vibration modes of uniform
beams, plates, cables, membranes, etc. Theserastim@s used in structures, and they are

also useful as test cases for unfamiliar programse the exact analytic answers are known.
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As an example, the bending modes of a uniform basgmow derived. From simple beam

theory, for static loading, the following well-knowelationships apply:

E1S2 = M(x) 3.1
E142 = 5(x) 3.2
E1S2 = w(x) 33

WhereE is the Young’s modulug,is the second moment of area about bending gxssthe
displacement normal to the beam centerline atmtistaalong the beamyi(x) is the bending

moment ak, S(x)is the shear at, andW(x)is the load per unit length &t

If there is no applied force or damping, the loatribution W(x) will be the inertia loading

due to the mass of the beam:

W(x) = —u2 3.4

otz
Whereyu is the mass of the beam per unit length, constetitis case, angis now a function
of time, t, as well as ok. The negative sign in Eq. 3.4 is due to D’Alemtisgprinciple.

dty 0%y

EI 5 =155

3.5

Due to the assumption that there is no appliedefoor damping, only simple harmonic
motion is possible, i.e.,
y = ysinwt 3.6

%y

= —w?ysinwt 3.7

Wherey is a mode shape factor which is a functiorx.ofhe maximum loading corresponds

2
tosinwt = 1, so for this condition,a—y = —w?y . Substituting this into Eq. 3.7 gives:
ot?

d*y  puw? _ _

dax*  El Y= ,[)’4y 3.8
2 _ w

Where 8 = T

The general solution for the above equation becomes

y = Asinfx + Bcosfix + Csinhfix + Dcoshfix 3.9

The constants A, B, C and D depend upon the boynttarditions, i.e. whether an end is

fixed, pinned (simply supported), and free.
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3.6. Modal Analysis

A modal analysis determines the vibration charasties (natural frequencies and mode
shapes) of a structure or a machine componentaitalso serve as a starting point for
another, more detailed, dynamic analysis, suchaaslom vibration, transient dynamic
analysis, a harmonic response analysis, or a gpeanalysis. The natural frequencies and
mode shapes are important parameters in the dedign structure for dynamic loading
conditions. In addition, a modal analysis can baedon a prestressed structure, such as a
spinning turbine blade.

The intention of computer simulation is to predio¢ behaviour of a component or vehicle
under given loading conditions, before manufacufra prototype. Finite element analysis
(FEA) has been an integral part of the design aewkldpment process for commercial
vehicles for many years. FEA is applied to ensheg all parts, linkages and systems, which
make up a vehicle, are strong enough to withstéwedldads placed on them in service.
Beyond this analysis, however, as described prelyothe dynamic behaviour of vehicles in
service has been the result of testing, developmeaijudgment, based on the experience of
the design team. This is where the use of multiytschulation (MBS) software can give real
benefits. Whereas finite-element analysis lookshat stresses and deflections of parts, to
ensure that they are strong enough for their irddnegses, MBS software packages look at the
dynamic behaviour and interaction of mechanisms systems, under loads and conditions
that replicate real life.

Computer simulation, if applied properly, bringsnmpaenefits to the analysis of static and
dynamic systems. It opens up opportunities to aeabehaviour previously too complex to
interpret, it can reduce the time required to itigase systems and it reduces some of the
safety risks associated with prototype testing.tddise factors contribute to reducing the cost
of analysis, improving confidence in a design actieving a higher added value to the

analysis service and the products produced.

The tool, known asnodal analysishas its basis in the fact that every mechanicaksgire
exhibits natural modes of vibration (dynamic resg®nand these modes can be readily

computed given the elastic and inertia charactesisif the structure.
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3.6.1. Analysis of freevibration

An independent multi-degree of freedom (MDOF) systean be considered with N degrees
of freedom. The governing equation of motion of slgstem can be expressed in matrix form

as,

KD+ MD =F 3.10

Where K and M are the globe stiffness and mass matiix,is a vector of all the
displacements at all the nodes in the entire pmhi®main, and- is a vector of all the
equivalent nodal force vectors.

For a structural system with a total DOF of N, stiéfness matrixK and mass matrik in

Eq. 3.10 have a dimension of N xN. By solving ¢ég@ation we can obtain the displacement
field, and the stress and strain. The questionisdwawto solve this equation, as N is usually
very large for practical engineering structurese@ay to solve this equation is using the so-
called direct integration method. An alternativeyws solving Eq. 3.10 is using the so-called
modal analysisechnique (or mode superposition technique). Is tbchnique, we first have
to solve thehomogenous equation of Eq. 3.10.

The homogeneous equation is when we considecdbe ofF = 0, therefore it is also called
free vibrationanalysis, as the system is freeesternal forces. For a solid or structure that
undergoes a free vibration, the discretizggstem equation Eq. 3.10 becomes

KD + MD =0 3.11

The solution for the free vibration problem candssumed as
D = gpexp (iwt) 3.12

Whereg is the amplitude of the nodal displacememnis the frequency of the free vibration,
andt is the time. By substituting Eq. 3.12 into Eq. 3.W& obtain

[K — w?M]p =0 3.13(a)
Or
[K—AM]p =0 3.13(b)
Where
A= w?

Equation Eq. 3.13(a) and Eq. 3.13(b) are calleccipenvalue equation.
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To have a non-zero solution fay the determinate of the matrix must vanish:

det[K — AM] = |K — AM| = 0 3.14

The expansion of the above equation will lead tpodynomial of A of order N. This
polynomial equation will hav®\ roots, A1, and .. . . Ay, calledeigenvalueswhich relate to

thenatural frequencyf the system by Eq. 3.13(a).

The natural frequency is a very important charastierof the structure carrying dynamic
loads. It has been found that if a structure isteddy a load with a frequency of one of the
structure’s natural frequencies, the structure wagtergo extremely violent vibration, which
often leads to catastrophic failure of the struatigystem. Such a phenomenon is called
resonance. Therefore, an eigenvalue analysis hhs fgerformed in designing a structural
system that is to be subjected to dynamic loadings.

By substituting an eigenvalugback into the eigenvalue equation, Eq. 3.13(b)haxe

[K — A,M]p =0 3.15

This is a set of algebraic equations. Solving tlae E15 fore, a vector denoted by; can
then be obtained. This vector corresponding to itheeigenvaluesi; is called theith

eigenvectothat satisfies the following equation:

An eigenvectorg; corresponds to &ibration modethat gives the shape of the vibrating
structure of thdth mode. Therefore, analysis of the eigenvaluestuu also gives very
important information on possible vibration modegearienced by the structure when it
undergoes a free vibration and can also be usddtemine the steady state response modal
analysis. Vibration modes of a structure are tlmeeeinother important characteristic of the
structure.

Mathematically, the eigenvectors can be used tstooct the displacement fields. Using a

few of the lowest modes, one can obtain very ateurasults for many engineering
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problems. Modal analysis techniques have been deedl to take advantage of these
properties of natural modes.

In Eq. 3.13(b), since the mass mathk is symmetric positive definite and the stiffness
matrix K is symmetric and either positive or positive semlitdte, the eigenvalues are all

real and either positive or zero. It is possibkg #ome of the eigenvalues may coincide.
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Chapter Four

Modelling and Finite Element Analysis

4.1. Introduction

Computer aided design and analysis has great signde to study vehicles structure
property and improve the vehicle structure. Theiclehstructure strength and dynamic
property can easily be found using this tool. Saettiah is useful to study and examine the
behaviour of a body under different operating sdesawithout the need of physical test of
the actual. Further, simulation results can be usedemonstrate and communicate the
reliability of the vehicle to the authority appraogi the certification. This procedure will have
an advantage both to the manufacturers to havedemde on what they do (provided they
fabricate the body as per the design) and the cpwitlarge that benefits from reliable

locally built vehicles.

4.2. Busspecification

The following table shows bus specification usethmanalysis. The factory uses DAEWOO
trucks to build the bus.
Table 4.1 Bus specification

Width =2.5 m
Overall Dimension Length=11.5m
Height =2.8 m
Capacity 61 Passengers
Wheel Drive 4X2
Wheel Base 6.1m
Maximum Speed 100 km/hr
Fuel Tanker Capacity 250 L
Engine type Diesel, Inline 6 cylinder
Maximum Torque 90 kg.m / 1200 rpm
Maximum Horse Power 240 Hp / 2300 rpm
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4.3. Modelling of bus structure

The modeling of the bus structure is made with datifected from Ultimate Motors bus

body builder. Before measuring of the structur@wding of the bus structure is made. This
helps for easy placement of the measured lengtlthencorresponding members on the
drawing. During the data collection of the struetuall members of the structure are
measured with length measuring tape. The modeltihghe bus structure is made with
CATIA V5R16 software. The bus structure is madéhveiteel beams of rectangular hollow
section (RHS), with different size. The sizes ofRtsed are RHS 70X50X3 mm, 50X30X3
mm and 40X40X2.5mm. This bus has a capacity gge&&kengers.

70

40

| 50 | 30 LLJ

Figure 4.1 RHS profiles employed (dimensionsin mm)

RHS (Rectangular Hollow Section) steel is useduitdithe bus structure. The steel used in

this analysis is DIN standard of St 37.2 with mialgsroperty given in table 4.2.

Table 4.2 Material property of RHS used

Material Property Structural steel
Tensile yield strength 230 MPa
Compressive yield strength 230 MPa
Tensile ultimate strength 440 MPa
Density 7850 kg/m
Young’'s modulus 200 GPa
Elongation 26%
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Table 4.: Overall dimension of bus model

Length of mode 11.5m
Width of mode 2.5m
Height of mode 2.8m

Before going to the finite element analysis, thedelmg of the bus structure should be m:
The figure given below shows the model of the bus madéAnIA V5R16 window The
structureparts are made with the real profiles ddimension used in the factol

Figure 4.2 CAD model of busstructure

4.4. Finite element modelling of the bus structure

Finite dement modelling is made with ANSYS 12 WorkbencheBtructure model made
CATIA V5R16 software is imported to ANSYS 12 workbenchoidder to import the CATI4
made model to ANSYS 12 window, both softwares rtrtha same time. The model
CATIA is opened.Then with the import option found in ANSYS workbénthe modelling

is imported. Figure 4.2 shows the model of the bus structuN®BYS workbench windov
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Figure 4.3 Imported model of busto ANSY S 12 window

The imported model to ANSYS window has differentocw from the CAD model because
the ANSYS window recognizes each assembled paraasidns its own colour to individual
parts of the structure.

4.5. Consideration of welding effect in finite element modelling
of the structure

The model constitutes assemblies of individual mensilbo form the whole structure. When
the model is imported in to ANSYS 12 workbench, A&NSYS 12 workbench automatically
recognizes the members in contact. The contacasesfin reality are the places where welds
are found. But to in incorporate the weld effeat$a the analysis, we need to use ANSYS 12
workbench weld representative element. ThereforddNSYS 12 workbench, there are two
ways of considering welded assemblies. The firg @mncontact element where it is used
when we have a solid model. The other one called-spld connection is used when we
have model of surface bodies assembled togethér Th& model in this analysis is a solid
model. Therefore, contact element of type CONTA ik/dsed.

The assumption in ANSYS 12 workbench is that cdnédements transfer structural loads
and structural effects between solid body partser@iore they are used for stress,
displacement, frequency, strain, and solutions.
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4.6. Finite element meshing of the bus

Finite element meshing is made with ANSYS 12 worldie Meshing is an integral part of
the computer-aided engineering (CAE) simulation cpss. The mesh influences the
accuracy, convergence and speed of the solutiomhdéfmore, the time it takes to create a
mesh model is often a significant portion of thmeiit takes to get results from a CAE
solution.
Tetrahedral mesh elements are used in meshing efbtls structure. In ANSYS 12
Workbench, Tetra mesh method provides:

« Support for 3D inflation

« Built-in growth and smoothness control. The meshilirtry to create a smooth

size variation based on the specified growth factor

A tetrahedron element is 3-D solid element whick hdriangle faces and 6 triangle cross-
sections. For this case, SOLID 186 elements aré tassesh the bus body structure.

Element Faces Element Cross-Sections

Figure 4.4 Tetrahedron element

As shown below, each tetrahedron cross-sectiomnstoucted by passing a plane through
one of the edges and the closest point on thegbtrdine containing the opposite edge.
(Midside nodes, if any, are ignored.)
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Figure 4.5 a) Tetrahedron element cross section construction b) SOLID186
Structural solid geometry (Tetrahedral Element)

The CAD model is an assembly 870 individual parts and shown in figure 4.6. The tini

element model consists 07,046nodes an®6,07lelements.
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Figure 4.6 Finite element model mesh of the bus

4.7. Inputsfor Finite Element Analysis

The inputs for the finite element analysis areth# loads carried by the bus. This loads
carried by the bus during operation are self weajlius, passenger weight, luggage, engine
weight, fuel weight and extra tyre weight. There different loading cases that act on the bus
structure. But the two main loading cases are lmgnttiad due to the weight and torsional
stiffness due to the relative vertical movementhefwheels. When analysing the total weight
(self weight of bus, passenger weight, luggageinengeight, fuel weight), the displacement
in vertical direction at the nodes of the wheelsdastrained. Therefore, weight of bus is the
reaction force.

As shown in figure 4.7, all the loads consideresl agpplied on the structure. The dark black
arrows indicate the places of the four nodes wtiexavheel of the bus structure is mounted.
The applied loads are indicated by red colour. [Blagls on the bed of structure are lumped
and placed on the respective nodes. The luggagghtvearried on the bus structure is

distributed on the roof section.
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When analysing the torsional stiffness, the reaeeldand front left wheel displacement in

e}

Fa+03

Figure 4.7 Bus structureload applied

vertical direction is zerdBut the front right wheel displacement is given a vadid 00mm

used to act twisting moment on the structure.

Loads applied to find the torsional stiffness aasgenger weight, weight of individual seat,

weight of engine, self weight of the structure, giiof luggage and fuel tank.

Self weight of the bus taken from the result of thaction force calculated from the static

analysis of the structure to be 2999.29 kg.

Table 4.4 Loads applied on the structure

Amount in Av_e_rage Total mass Total weight
No. Component number Individual (kg) (N)
mass (kg)
1 | Passenger 61 65 3,965 38,896.65
2 | Seat 61 10.29 627.69 6,157.64
3 Luggage on i 1200 1200 11,772
Roof
Luggage on
4 | rear and side - 200 200 1,962
compartment
Self weight of 29,423.03
5 structure - 2999.29 2999.29
6 | Fuel tank - 250 250 2,452.5
7 | Engine - 900 900 8,829
Total sum of weight 10,141.98 99492.32
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4.8. Boundary conditionsused in the analysis

The boundary condition used in the analysis ised#fit according to the operating conditions
of the bus. The two major loads considered areibgridad and torsional stiffness.
The bending load case is used to demonstrate trevioair of the bus while it is travelling on

the standard (smooth) road.

During the bending loading case the main loadsaratonsidered are passenger weight, seat
weight, luggage weight and engine weight and seligit of the bus which is taken into
consideration by applying gravity as inertial loatlich is gravitation acceleration i.e. 9.81
m/s’. The passenger weight together with seat weighttisd as a lumped mass. The point of
application is on the nodes of the passenger $eatluggage is assumed to be on the roof
serves as a load bearing structure in additionréwiging protection. Beside, the bus has

compartment on the rear side and right side wisalsed to carry luggage.

During the torsional moment case the loads consttare passenger weight, seat weight,
luggage weight, fuel tank weight and engine weightl self weight of the bus structure
which is taken in to consideration by applying dgias inertial load which is gravitational
acceleration i.e. 9.81 nflsThe passenger weight together with seat weigtitcted as a
lumped mass on the respective nodes of the pagssesafs.

Torsional moment helps to demonstrate the strudiehaviour while the bus is travelling on
none standard or bumpy road.

This loading case is same as bending load casetettw in this case the front right side
wheel vertical displacemertt {lirection) is given 400 mmvalue to create twisting moment
on the bus structure. Figure 4.8 (a) shows thentbaty condition to be applied in torsional
moment case. Figure 4.8 (b) shows the bumpy roeyhthe
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a) Boundary Condition

u,= 100 mm Ux

Rear Sid b) Bump Height

Figure 4.8 Boundary condition during torsional moment case

4.9. Resultsand discussion of static structure analysis

The static analysis solves the static equationthefproblem, i.e., the equations resulting

setting all time derivatives in Eq. 3.2Qual to zero. Doing so gives Eq. 4.1
KD =F 4.1

WhereK is the stiffnessD is the displacement arkdis load vector

It demonstrates the bus traveling on standard r¢adooth road). The deformed
configuration of the system under the applied statds is then computed. Static analysis is
carried out on the model to get the weight of the &tructure, stress, deformation.

The static analysis is performed for two travelliread conditions. The first one, bending
load case, is used to demonstrate the bus trayetim a smooth road and extract the
deformation and stress values. The second casgtjnigvimoment case, is used to find the
values of stress and deformation while the whemte foumpy road. In this case, the front

right side wheel is subjected to bump.
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4.9.1. Bending load case

* Boundary condition for bending loading case

The boundary condition for such loading case i Ifiint and the rear wheels (left and right
side wheel) are to be constrained in the threecypah directions at the nodes and the
displacements in, y,andzdirections are set as zero. Applying these boundangitions on

the finite element model, the calculate stressésdisplacements on the critical members of

the structure, obtained as an output from ANSY Skviimnch are summarized in table 4.5.

Analysisresult

Table 4.5 Stress antisplacementyalues in bending load case of original structure

Object Name Vertical Normal Equivalent Total
Displacement Stress Stress Displacement
Minimum | 0.1818 mm | 0.4139 MPa| 0.00501 MP 0 mm
Maximum| -5.833 mm 90.36 MPa 122.57 MPa 573 mm
Minimum occurs on Part 157 Part 20 Part 145 Part 37
Maximum occurs on Part 314 Part 20 Part 23 Part 315

Table 4.5 shows the results of bending load. Thgatnve sign in the displacement values
show the direction of the displacement. Maximumueabf displacement is 5.883 in the
downward direction where as the minimum is 0.1818e upward direction. In addition, the

maximum normal stress is 90.36 MPa and the mininsud¥139.
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Figure 4.9 Equivalent stresses (Von miss stress) of original structurein bending
load case

Fig. 4.9(a) shows the vertical member located adotlne rear wheel has maximum stress
values. We can see that the maximum equivalerdsstseel22 MPa which is lower than the

yield stress (230 MPa) of the material which threctire is made. From the contour plot of
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the figure, we see that most of the structure mesndiee subjected to equivalent stress below
30 MPa. From figure 4.9(c), the roof members atgesated to stresses value of 83 MPa.
Particularly, the periphery of the roof sections snbjected to relatively higher stress values.

The members located at the middle section are siglojeo higher stress values; Figure 4.9(b)
shows this in detail. The stress at this area e=aap to 95 MPa.

Overall look on the analysis result depicts thaagdnal members of the structure are
subjected to stress lower stress values. This shbatsstill we can work on the design
modification of the bus structure. This proofs tlaagely the load is transferred through the
vertical members.

Figure 4.9(d) shows details of the bus structui tige wheels. In this figure, the diagonals
and vertical members are shown. These memberseosttacture which are close to the
wheel are subjected to stress values which isivelgt higher than other neighbouring
members. This is due to the loads which are agppplesar the wheels and forced to be greater

in value.

Figure 4.10 shows the contour plot of normal stkedses of the structure. Here the diagonal
members are subjected to lower normal stress vélelesv 4 MPa, Figure 4.10(c) shows in

detail. Figure 4.10(b) shows the periphery of tbefrsubjected to stress value of 80MPa.
Figure 4.10(d) shows the front roof member in detad depicts lower stresses occurs at that

area.
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Figure 4.10 Nor mal stresses of original structurein bending load case
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Figure 4.11 shows the contour plot of the totaplisements of the structure. The front and
rear sides of the structure experience lower digptent (below 0.95451mm) where as the
middle section of the bus has deformation valueveéen 1.909 mm and 3.8181 mm.
Maximum displacements occurs at the middle seafawof structure with value of 5.7 mm.

The directional displacement, Figure 4.12 shows displacement is in downward direction.

Figure 4.11(a) shows that displacement of the fieaery low at the rear, this case holds for
the front floor areas too.

The displacement values of the roof section arevahia detail in figure 4.11(b). Maximum
displacement values occur at the middle sectiothefroof structure. It has a value of 5.7
mm. From figure 4.11(c), the rear area door is extbd to higher displacement than the
corresponding left side of the bus. This is becafighe unsymmetrical feature of the left and
right side. The unsymmetrical feature is due to rib@ side passenger door opening, so
absence of diagonal and vertical members. As shiowime figure above the right side which
is equipped with the passenger door opening, tiseam excessive displacement due to the
removal of the stiffener components from the doeaa

Diagonal stiffeners of the original bus structuravéa lower displacement values. Figure
4.11(d) shows the diagonal members displacement.

The bottom rear section of the bus structure igestdd to lower displacement values. This is
reasonable because most of the load carried bigubdies at the middle section. This holds

true for the front section of the bus.
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Figure4.11 Total displacements of original structurein bending load case

31

By: Besufekad Getachew



The displacement in z-direction is shown below.nfrribe figure, the highest displacement
occurs on the roof of the structure with a valu&s@&mm in the downward direction. The

rear and front members are subjected to an upwefatrdation where as the middle part of
the structure is deflected in the down ward digectivhich can be seen from the Figure 4.12
shown below. This occurs because most of the loadged by the bus are between the front
and rear wheels. This displacement of the membeas the wheels is relatively very low

because it is the place where the structure ist@ned to have zero displacement. The
contour plot showed with red colour shows thesaesl

Figure 4.12(d) shows how the same colour codingdiféerent results that are from -0.4mm

to 2mm. The wheel node has a zero displacementubeda is constrained there. So the

neighbouring members of the wheel have much lowésrchation.

Figure 4.12 (a) shows the displacement values ohlbees near the wheel areas. The figure
shows the horizontal and verticals. It has muchkelodisplacement. This is due to the

availability constrains near that areas.

By: Besufekad Getachew 32



424003 (rmm)

Figure4.12 Vertical displacements (Z-Axis) of original structurein bending load
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Displacement of the members near the wheels isivelya very low because it is the place
where the structure is constrained to have zerplatisment. The contour plot with red

colour shows these values.

4.9.2. Torsonal Moment case

During the torsional moment case the loads consttare passenger weight, seat weight,
luggage weight, fuel tank weight and engine weightl self weight of the bus structure
which is taken in to consideration by applying dgiwas inertial load which is gravitational
acceleration i.e. 9.81 nflsThe passenger weight together with seat weigtitcted as a
lumped mass on the respective nodes of the pagssesafs.

Twisting moment helps to demonstrate the strudbeteaviour while the bus is travelling on
none standard or bumpy road. Two separate torsiooaient cases are considered.

The first case is when only one wheel is subjetdesl bump. The other case when diagonally

opposite wheels are subjected to bump.

* Boundary condition for torsional moment case 1
This loading case is same as bending load casetettea in this case the front right side
wheel vertical displacementjus given al00 mmvalue to create twisting moment on the

bus structure.

Front Side
u;

b) BumpHeight
Rear Sid

Figure 4.13. Boundary condition during torsional moment case 1

Figure 4.13 (a) shows the boundary condition toapplied in torsional moment case 1.

Figure 4.13 (b) shows the bumpy road height.
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Results of the analysis

The following table 4.6 summarise the stresses @fdrmation values on the structure

members.

Table 4.6 Stress antisplacemen¥alues of original structure in twisting moments@a

Object Name Vertical Normal Equivalent Total
Displacement Stress Stress Displacement
Minimum -5.39 mm 9.76 MPa 0.01 MPa 0 mm
Maximum 13.77 mm 92.131 141.67 MPa 13.8 mm
MPa
Minimum occurs on Part 324 Part 20 Part 232 Part 62
Maximum occurs on Part 79 Part 345 Part 106 Part 50

Table 4.6 shows the displacement result in negaingepositive values. The negative value it
to mean the displacement values in down ward dareathere as the positive one is to mean
the displacement value on up ward direction.

Figure 4.14 shows the contour plot of total defdiamaof the structure after applying the

loads and boundary conditions. A relatively higliksplacement occurs at the point of

application of the displacement (front left sidetloé structure), figure 4.14 (b) shows this in
detail.

Figure 4.14(c) depicts displacement of members resardoor. Here again the rear door top
left corner is deformed much higher than the cquwesing left side of the bus members.

This is due to the absence of horizontal, vertaoad diagonal members of the structure for
the door opening.

Figure 4.14(a) shows the displacement of roof merhbe value of 8.8 mm, which is higher

than the bending load case displacement of the Tdwf members near the wheel which face

the bump are subjected relatively higher displacemalues than the neighbouring members.

Figure 4.15 shows the directions of displacementife members. The rear members of the
structure are subjected to a downward displacen&nte the front right side is lifted, the
rear structure tends to go downward direction, thar load applied also have great
contribution for this downward displacement. Tharr®ad includes passengers, luggage and

extra tire weight.
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twisting moment case

Figure 4.15 Directional displacements (z-dir ection) of original structurein
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The figure above (figure 4.15) shows the vertidaphcement (z-direction) of the structure.
A relatively lower displacement occurs at the reide of the bus structure. The front right
side, front passenger door left top corner expegenhigher displacement. This is due to the
absence of horizontal and diagonal stiffener ferapening of the front passenger door.

Figure 4.16 shows contour plot of equivalent sessm the structure. It can be seen from the
figure that most of the structure members are stdxeto equivalent stress values below 31
MPa. Figure 4.16(a) shows rear wheel area venmieahber subjected to stress value of 130
MPa. Figure 4.16(b) shows stress values of membeas the middle section of the bus

structure, from this figure we can see a membejestdd to equivalent stress value 102 MPa.

On the other hand, roof members are subjectediabvay higher stress values, figure 4.16
(b) shows a member subjected to stress value dfMiP@. This occurs because the roof

structure is the direct load bearing member, fgghge.

Figure 4.16 shows equivalent stress value of thet floor. As it can be seen from the figure,
the top left corner of the door is subjected testrvalue of 46 MPa. This happens due to the
applied bump at the front wheel node which makes dtiess of the members grow big.
Similarly, the driver door area members are alsojesied to stresses of 53 MPa which
relatively larger stresses than the neighbouringhbess.

Contour plot of normal stress figure is shown be(figure 4.17). Figure 4.17 (a) shows that
the top periphery of the member is subjected tsilerstress of value 50 MPa and the lower

periphery of the member is subjected to compresghesses of 46 MPa.

The rear structure members are subjected to stahsss of below 22 MPa.
The left side top corner of the front door expecena relatively higher normal stress values

because of the direct transmission of the bumpédatructure.

The figure below (Figure 4.17) shows the bus sidezbntal member top periphery is
subjected to negative normal stress (-17 MPa) wimditates the member is in compression.
This is true since the middle section of the buddaformed in down ward direction which

pulls the side horizontal members to become comsptes
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Figure 4.18 Shear stressof original structurein torsional moment case 1

Figure 4.18 shows the shear stress distributiothefbus structure. The maximum shear

stress that occurs on the bus structure is 78.7. NIRia is small compared to the allowable

stress of the material. The middle section of the has higher values compared to the

neighbouring members of the structure.

Boundary condition for torsional moment case 2

This case is used to simulate the structure regpahen the diagonally opposite wheels
are on bump. The figure below indicates how boundamdition is applied on the

structure.

Front Side u;

u,=100mm

u,=100m Uy

b) BumpHeight
Rear Sid

Figure 4.19 Boundary condition during torsional moment case 2
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Result of the analysis

The following figure (figure 4.20) shows the totiisplacement of the structure for torsion
moment case 2. As it can be seen from the figurea@mum displacement occurs near the
front right side wheel with value of 15 mm. In attloh the rear left side of the structure is

also subjected to large stress. This is due tapipiication of the bump near those areas.

EEI

Figure 4.20 Total displacement of the original structure during torsional moment
case 2
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Figure 4.21 shows contour plot of equivalent sessm the structure. It can be seen from the
figure that most of the structure members are stdjeto equivalent stress values below 21
MPa. Figure 4.42 (a) shows rear wheel area vemiaahber subjected to stress value of 130
MPa. Figure 4.21(b) shows stress values of membeas the middle section of the bus
structure, from this figure we can see a membejestdd to equivalent stress value 102 MPa.
Equivalent stress near the front door is shownidpyré 4.21(d). As it can be seen from the
figure, the top left corner of the door is subjécte stress value of 46 MPa. This happens due
to the applied bump at the front wheel node whickes the stress of the members grow big.
Similarly, the driver door area members are alsojesied to stresses of 53 MPa which

relatively larger stresses than the neighbouringbess.
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Figure 4.22 Shear stressof theoriginal structure during torsional moment case 2

The above figure shows the shear stress of thetbusture for torsional moment case 2. The
detail in figure (a) shows the middle section satgd higher values of shear stresses. The
maximum shear stress that occurs is 86.1 MPa. @yndooking on the shear stress
distribution of the original structure for torsidrmaoment case 2, the members are subjected
small stress of value below 26 MPa.

Therefore, the results of the two cases of tordior@ment show the structure is subjected to

stress values below the allowable of the material.
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4.10. Vibration analysis of original structure

4.10.1. Vibration analysis of bus model

After modelling the bus structure using with CADy Hbefining material properties and
boundary conditions in ANSYS 12 workbench, the oese at selected points of the structure
is obtained by performing spectrum analysis whenwbhicle moving a0 km/hrand 70
km/hron class H roads.

A spectrum analysis is one where the results of ahathalysis are used with a known
spectrum to calculate displacements and stressi® imodel. It is mainly used in place of
time-history analysis to determine the responsstmictures to random loading conditions
such as earthquakes, road unevenness, wind loaet) svave loads, jet engine thrust, rocket
motor vibrations and so on.

In this research the analysis is performed usinggpspectral density (PSD) analysis. A PSD
spectrum is a statistical measure of the respohsestructure to random dynamic loading
conditions. It is a graph of power spectral dengéysus frequency, where the PSD may be a
displacement PSD, velocity PSD, acceleration PSidroe PSD.

Similar to response spectrum analysis random vdiranalysis may be single point or multi
point. In a single point random vibration analysis]y one PSD spectrum is specified at
different points in the model. In the present pagiagle point response analysis has been
used.

The power spectral density (PSD) of random propessides the frequency composition of
the data in terms of the spectral density of itamequare value. The track input PSD
describes the frequency content of track.

The relation between the PSD and spatial frequanggneral is represented as [17]

Spp(Q) = ¢, A7 3.17
Wheres,,,(Q) = PSD inm?/cycles/m
Csp, N = constants depend upon type of road
Q = spatial frequency in cycles/m
The above relation in terms of actual frequenayiven by

Cspf_N

Spp(f) =~ iw 3.18
Spp(f) = PSd of displacment
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cycles

f = frequency in

V = vehicle speed inm/s
For I1ISO road standard of low quality road of Cl&tsthe values of the constants and

corresponding equations for plotting road roughmesgiven by,

Fora <1/, Spp() = 0.032768(2m0) 2
and
For>1/, spp(Q) = 0.032768(2Q)1° 3.19

Using Eq. 3.19, road roughness for Class H roatbised using MATLAB.

Class H road is considered because it is highlglooad than the other class.

The values of graph (Figure 3.3) are used as ifgputhe dynamic response analysis of the
bus structure. These values are imported to ANSYBklench to work on the random

vibration of the bus.

Class H Road Roughness

Power Spectral Density (m2/cycles/m)

B R R P |
10 107 10° 10
Spatial Frequency (cycles/m)

Figure4.23 MATLAB plot of PSD of Road Roughness
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The PSD plot in terms of frequency is plotted befowvelocity of 70 km/hrand20km/hrof
the bus. This is then used as an input to the AN$X &orkbench for analysing response of

the structure for such road condition.

Displacment PSD[ (mZ2) /s]

10 | :::::::i H :::::::i H :::::::i
10" 10° 10' 10° 10°
Frequency (Hz)

Figure 4.24 Displacement PSD of ClassH road for 20 km/hr and 70 km/hr
4.10.2. Modal Analysis

The modal analysis is performed in order to extthetnatural frequencies and mode shapes
for vibration of the bus. The purpose of finding thatural frequency and mode shapes is to
compare the original and improved bus structurgeims of these values and see the
difference. In addition, it is used as input fondynic analysis of the bus while it is travelling
on standard road. The suspension has a springest#ffof 35,000 N/m and damping of 1000
Ns/m.

The mode shapes and frequency values are tabudatdéollows. The first four modes are

considered in this analysis.
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Table 4.7 Frequency value at each mode shapegnakistructure

Mode | Frequency [Hz]
1 6.2242
2 9.9311
3 12.308
4 14.4637

The following figures show the mode shapes of the btructure. The equivalent stress
values for each mode case shown separately belGguire

1]
264003 {rane) X——L
[ —

Le+003 Le+003

Figure 4.25 Defor mation of busfor mode 1 and mode 2 of original structure
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Figure 4.26 Displacement of busfor mode 4 and mode 3 of original structure
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Figure 4.27 Equivalent Stress Valuesfor modes 1, 2, 3, and 4

The following figures show the acceleration resgootthe bus structure at selected nodes.
Node 147 and Node 20 is considered for both spetts bus. Node 147 is located at the

rear door left top corner and Node 20 is at thetfteft top corner. That is for speedsaff

km/hrand70 km/hr This node is found at the rear door top lefheor
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b) Responsef Node 147 at rear or top right corner atpeed of .0 km/hr
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d) Response of Noc20 at front dootop right corner at speed 70 km/hr

Figure 4.28 PSD responses of selected nodes dueto road roughness of original

structure
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From the above acceleration PSD results, whildtlsetraverses on Class H road at speed of
20 km/hrexperiences lower force on the stated nodes. Bsitecomes higher when the bus
travels on the same road condition with speed0km /hr As this force greatly affects the
strength of the bus, it is recommended to drivéa\atver speed on such worst road case.

4.11. Improvement process

The critical objective of improvement of the sturet is to reduce weight while keeping the
structure strength in safe condition. As the rasaftthe original structure in bending load
and torsional stiffness depict, the stress andatisments found are very low. So there is a
room to modify and improve the structure.

Therefore, the weight improvement of the structarmainly based on the bending load and
torsional stiffness results. The improved structisreagain analysed for this two loading
cases. The following figures (figure 4.23 and 4.84pw the components that have same
RHS size. Those components of the structure thatRkS of size 70X50 and thickness of
3mm are assigned with number one where as thoseébarerwhich use RHS of 50X30 and
thickness of 3mm are assigned with number two. dibeve stated sizes of RHS are used to

build the bus structure in the factory.

'“'n IS

l__l__ :\T_‘[]__

—=———

Figure 4.29 Passenger door side structure showing member s which use same
RHS
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Figure 4.30 Driver sidedoor structure showing memberswhich use same RHS
4.11.1. Changing thesizeof RHS

The results of the original structure analysis despthat the structure is subjected to low
stress values. When we look at the results of Imgnidiad structure, the structure is subjected
to lower stress compared to the torsional stiffnd@é® results of the torsional structure are
higher in magnitude but generally the structursubjected to very low stress values, very
lower than the yield stress of the material. Thigvles a room for reducing the size of the
structure members. Therefore, the sizes of the mesntan be reduced with lower sizes of
members.

The improvement of the bus considers replacindhefrhembers of the structure with lower
sizes members. RHS size of 70X50X3 mm is replage@dX40X2.5 mm and RHS size of
50X30X3 mm is replaced by 40X40X2.5 mm. Therefdhe new model is made with new
the replaced RHS.

The loading cases, the boundary conditions aresalsme as with the original structure. The
new model will be analysed for bending load anditoral stiffness. The only change in the
improved structure analysis is the use of the nawbdelled bus with the newly replaced

members of the structures.
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4.12. Improved structure analysis
4.12.1. Finite element mesh of the improved model

The following figure shows the finite element medtthe bus structure.

S

7

-

e
g

A A

Figure 4.31 Finite element mesh of the improved bus structure

4.12.2. Boundary conditions of theimproved structure analysis

The improved structure is analyzed in same wayhasotiginal structure is analyzed. The
difference in the two analyses is the use of a&dsiffit model for the improved structure of the
bus. All the boundary conditions used in the omdjistructure analysis are used for the
improved structure too.

The load conditions considered for the originauatnre analyses is done here for the
improved structure. These two major loads consileaee bending load and torsional

stiffness of the structure.
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4.12.3.Bending loading case

Analysis Results

The following table 4.8 shows the values of sti@ass deformation of the improved structure

in bending loading case.

Table 4.8 Values of stress and displacement fomtipeoved bus

Object Namg  Equivalent Vertical Normal Total
Stress Displacement Stress Displacement
Minimum 0.003 MPa 0.43093 mm 12.87 MPa 0 mm
Maximum 143 MPa -6.5327 mm 121.6 MPa  6.5327 mm
Minimum Occurs On Part 167 Part 341 Part 27 Part 33
Maximum Occurs On Part 98 Part 7 Part 27 Part 30

The following figure (figure 4.32) shows the stressnd deformation of the bus for bending
load case. The maximum equivalent stress is 143 afidahe minimum is 0.003MPa. Most
of the structure members are subjected to strdew/l3¥.181MPa.

Figure 4.32 (b) indicates the middle bottom sectdrthe bus structure member subjected
stress value of 129.4 MPa.

The diagonal members are subjected to stress khanr38 MPa. .

A relatively higher stress value occurs near théobm members with value of 53 MPa
compared to side members of the structure. Thigrecat the rear side bottom section of the
structure (figure 4.32(a)). The roof structure ko improved bus behaves in same way with
original structure in that both are shown to hasatively higher equivalent stress. This is
shown in figure 4.32(b). The stress value is 79/Ps.

In addition, members located at the middle sectbrthe structure are subjected to high
stresses as most of the load carried by the blasased at the middle section. This is shown
by figure 4.32(c).
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Figure 4.32 Von-Miss stress of improved structurein bending load case
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The contour plot of normal stress figure (figurd3).shown below. Figure 4.33(a) shows the
normal stress of members near the rear wheel. Hereop periphery of the horizontal
member is subjected to compressive stress of vilBl#6 MPa while the bottom is subjected
to tensile stress of 106.5 MPa.

In addition, the side horizontal members, in thedte section of the bus are shown to have
compressive stress on the top periphery and testsdes at the bottom periphery. This is due
sagging tendency of the bus structure in the middlgtion, i.e. between the front and rear
wheels. It is shown by figure 4.33 (c).

The diagonal members are subjected to compressess0f values 38 MPa. This is shown

in figure 4.33 (b). Lower normal stress occurshatftont and rear section of the bus
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Figure 4.33 Normal stresses (y-direction) of improved structurein bending load

case

60

By: Besufekad Getachew



The figure below (figure 4.34) shows the verticatedtional displacement of the bus
structure (z-axis). The maximum displacement i8B/5mm in down ward direction and the
minimum is 0.43093 mm in upward direction.

It can be seen from directional displacement (&gdr34(a)) of the structure, the structure
deforms downward direction. The side members ofthgture between the wheels exhibit a
negative displacement values which can easily ba f®m the directional displacement of
the structure, figure 4.34. This is again due toghgging tendency of the bus structure at the
middle section. Figure 4.34(c) shows the diagonamimers subjected to negative

displacement values.

In addition, from figure 4.34(d) the chassis crassmbers which are found in between the
front and rear wheels are subjected negative displant values. The same is true for the
diagonal members which are found in between thet faod rear wheels. Such case happens
because most of the load carried by the bus lideiween the rear and front wheels, that is

middle section bus.

On the other hand, figure 4.34(b) shows the digptent of members near front door
opening. There is lower displacement with positreéue which indicates that it deforms in
upward direction. The total displacement at thisaais shown in figure 4.28(d) which has
value of 4 mm. Similarly the displacement of thes lati the rear side has lower positive value

which shows rear members deform in upward direction

Besides, from the directional displacement figui@44 at this area has positive value which
makes us to conclude the members are deformednardpirection.

Structure member near to the place of constrametsabjected to lower displacement value.

Roof members of the structure experience highgslatement relative to other members.
Figure 4.35 (a) shows the total displacement ofrded member. The displacement has a
value of 6.5327 mm.

Also higher displacements occur at the middle eactf the bus. This shown by figure

4.35(b).
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Figure 4.34 Directional displacements (z-direction) of improved structurein
bending load case
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4.12.4. Torsonal moment case

Analysisresult

* Torsional moment case 1

The improved structure with newly replaced membgranalysed for torsional stiffness. In
the improved structure RHS 70X50X3 mm is replacgdRbS 60X40X2.5mm and RHS
50X30X3mm is replaced by RHS 40X40X2.5 mm. Thisecassimilar with the original one
except here the model used in the analysis is aroved one.

Table 4.9 Stress and displacement values in takloading case

Object Name Equivalent | Vertical Normal Total
Stress | Displacement Stress Deformation
Minimum | 0.00855 MPa -7.1325 mm 14.61 MPa 0
Maximum | 150 MPa 19.716 mm 137.89 MRa 19.713 mm
Minimum occurs on Part 302 Part 316 Part 58 Part 123
Maximum occurs or Part 190 Part 75 Part 63 Part 321

Table 4.9 shows the displacement values in posdivé negative sign. The negative sign
shows the direction of displacement is in downwalereas the positive sign shows upward
displacement. The figure below (figure 4.36) shawmsatour plot of equivalent stress of the
improved bus structure. Most of the bus memberssatgected to equivalent stresses of
below 43 MPa.

As it can be seen from the figure 4.36(a), the mmefmber is subjected to equivalent stress of
55 MPa. Figure 4.36(b) shows the stress near the ttoor which has a value of 41 MPa.

Also higher stresses occur near the driver doois Ehbecause of the bump applied at the
front wheel node, figure 4.36 shows this. In additifigure 4.36(c) it can be seen that higher
stresses occur near rear wheels. Similarly religtinggher stresses occur at the bottom

section of the structure around rear wheel areashwias value of 169 MPa. This is shown

in figure 4.36(c).

The diagonal members are subjected to equivalesgssof 30 MPa, figure 4.36 shows this.
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Figure 4.36 Equivalent stress of improved structurein torsional load case 1
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The figure below (figure 4.37 (a)) shows the norstagss values of the structure. Similar to
the original structure, the side horizontal membkeys periphery is subjected to negative
stress values which indicate compressive stresses avhereas the bottom periphery of the

side members are subjected positive stress values.

Similar to the equivalent stress, relatively higimermal stress occurs near the rear wheel
area members, which can be seen from figure 4.3Fig)re 4.37(b) shows normal stress on

the diagonal members with a value of 27 MPa.
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Figure 4.37 Normal Stress (vertical-direction) of improved structurein torsional
load case 1
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e Shear Stress

The following figure shows the shear stress distrdn during the torsional moment case.

This result shows that there is maximum shear st@éshe middle section of the structure.

Generally the structure is subjected to very lowalues of shear stress compared to the
allowable stress of the material. Therefore, heeede not fear failure that can occur due to
the applied torsion moment.

A: Static Structural (ANSYS) Mm
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Figure 4.38 Shear stressof the improved structurefor torsional moment case 1

The figure below (figure 4.39) shows the verticaledtional displacementz-axis) of the
structure. The maximumisplacements 19.7 mm and the minimum is 7.1 mm in downward
direction. A relatively lowerdisplacementoccurs at the rear side of the bus structure
members. From figure 4.39(b), a higher deformatioaurs near the point of application of
the displacement (front right side of the structuiiéhe front right side door members are
subjected to relatively highéisplacementalues.

Rear side of the structure is subjected to downwigplacementfigure 4.39. This is again
due to the lifting of the front right side wheeldathe added weight at the rear side, i.e.
luggage passenger and extra tire weight. These ligaudl to deform the rear side structure in

downward direction.
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b

Figure 4.39 Directional displacements (vertical direction) of improved structurein
torsional load case 1

From figure 4.40(a), thdisplacemenbf members near the rear door side is shown te hav
value of 1.804 mm. Relatively higher displacemeotus by the side of wheel which is
subjected to bump, i.e. front right side wheel.urey4.40(c) shows thdisplacemenbf the
roof members to have value of 5.85 mm. Tmplacemendf diagonal members around the
application of the bump area is shown in figureD4di.
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Figure 4.40 Total Displacement of improved structurein torsional load case 1

Figure 4.40 shows the maximum tothtsplacemenof the structure. This occurs near the
front door top left corner. This is due to the buagplied at the front wheel.

» Torsional moment case 2

The following figure shows the equivalent stressthad bus structure when the diagonally
opposite wheels face bumps. The result shows Heastructure is subjected to maximum
stress of 151 MPa. This occurs at the rear seafathe bus structure where the left side
wheel is located. Compared to the other neighbgunrembers, the roof structures are

subjected to higher stress values. A relativelatmestresses occur at the middle section of
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the structure. From the displacement values, hbesetis higher displacement in the

downward direction.
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Figure4.41 Equivalent stressin the improved structure for torsion moment case 2
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Figure 4.42 Shear stressof theimproved structurefor torsion moment of case 2

The above figure shows sheas stress distributionhefimproved structure for torsion
moment case 2. From the figure, there maximum vafube shear stress is 106 MPa which
is greater than from the torsion moment of caskliBimum increment occurs in the shear

stress value and the stress is still below thenvalbde stress.
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Figure 4.43 Total displacement of theimproved structurefor torsson moment case 2

Figure 4.43 shows the total displacement of therawgd structure during torsion moment
case 2. Similarly with the other torsion momentegakere are higher displacement values
near the application of the bump. Here the figurewss that higher displacement occurs at
the left side rear area where the bump appliesttjreGreater displacement again occurs

near the front right side wheel. This is due tolihenps applied on this wheel.
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4.12.5.Vibration analysis of theimproved structure

Modal analysis is carried out in order to extraet node shapes and natural frequencies.
The following table presents the modes and fregesnaf the bus. In addition, we get the

displacement and equivalent stress values of thetste at selected modes.

Table 4.10 Mode shape and frequencies of improtredtare

Mode | Frequency [Hz]
1 10.38
2 12.907
3 14.158
4 18.89

] 34003 {mm) ><J\V 0 34003 {mm) X,/LV
S (S

15e+003 15e+003

Figure 4.44 Displacement of improved bus structure for mode 1and mode 2

By: Besufekad Getachew 74



Total Deformation 3.

3e+003 (mm)

1.5e+003

0 Min

34003 {mm)

Lie+003

Figure 4.45 Displacement of improved bus structure for mode 3and mode 4
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Figure 4.46 Equivalent stressvaluesfor theimproved structure
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Figure 4.47 PSD responses of selected nodes dueto road roughness of original structure

Similar things can be stated here again for theawgd structure of the bus. From the above
acceleration PSD results, while the bus traverse€lass H road at speed of 20 km/hr
experiences lower force on the stated nodes. Baibdtomes higher when the bus travels on

the same road condition with speed of 70 km /hr.
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4.13. Comparison between original and improved structure

® Bending Load applied to thestructure
When bending load is applied on the structurectmaparison between the original structure

and improved structure is shown.

Table 4.11 Comparison between original and imprataatture during bending load case

Original Structure Improved structure
Mass 2999.29 kg 2809.49 kg
Max. Total Displacement 5.837 mm 6.5327 mm
Max. Normal Stress y-axis 90.36 MPa 121.647 MPa
Max. Equivalent Stress 122.57 MPa 143 MPa

® Torsion moment applied to the structure

When Torsion load is applied on the structure cibraparison between the original structure

and improved structure is shown.

Table 4.12 Comparison between original and imprataecture during torsion load case

Original Structure Improved Structure
Mass 2999.29 kg 2809.49 kg
Torsion casel| Torsion case 2 | Torsion casel Torsion case 2
Max. Total 13.826 mm | 15.793 mm 19.716 mm 21.078 mm
Displacement
Max. Equivalent 141.67 MPa| 145.38 MPa 150 MPa 151.54 MPa
Stress

The structure mass is reduced 189.8 kgwhich is a great improvement for the bus body

builders. It is improved by 6.33 %.
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4.14. Verification of the method used

The following method is used as verification foe timethod used. The method is verified by

using a simply supported overhanging beam of cgseston used in the structure.

4.14.1. Bending M oment

The stress is given by

azi& 4.2

I,
WhereM= Bending moment
|, =second moment of area and

o is the stress at distance y from the N.A. of thenbbeross-section

Now we should find the bending moment)(

The applied loads are the load of the passengeseatdveight.

18N 738N 738N 738N 738N 738N 738N 738N 738 N 738N 738N 73N

O N
= =

All dimensions in mr

Y

Figure 4.48 L oads applied on the beam

Y
70| -1 -+

|
i
|
|
|
- - | _Z
|
|
1
| ) . )
i All dimensions in mm

N

50

Figure 4.49 Cross section of the beam used in the verification
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Figure 4.50 Reaction forces of the beam

Calculation of the reaction force,
Fy+Fg=738+738+ 738+ 738+ 738+ 738+ 738 + 738+ 738 + 738 + 738 + 738

F, + Fy = 8856 N
—738x690 = 738x700 + 738x1400 + 738x2100 + 738x2800 + 738x3500 + 738x4200
+ 738x4900 + 738x5600 — F5x6300 + 738x6990

F, = 4428 N Fp = 4428 N

The second moment of area is given by
1,3

I, =—hbh 4.3
12

b=50mmand h =70mm

1 3 1 3
I, =Ex50x70 —Ex44x64

I, = 467971.99 mm*
The maximum bending moment is calculated to b&,,,, = 4656780 N mm

The maximum tensile stresses occur at bottom perypdf the cross section, i.¢. = 35mm
where as the maximum compressive stress occung &bp periphery of the cross section, i.e.

fory = 35 mm.

4656780x35
c=4—u =
467971.99

o = +348.28 MPa
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The compressive stress occurs at the top sideeafrthss section and its value is calculated to
be —348.28 MPa. The tensile stress occurs at the bottom secfitimeocbeams cross section
and its value is found to b€348.28 MPa. Now to find the von miss stress (equivalent

stress), we should first find the principal strasse
|

A _ _ \\\\ \‘\\\ R

NA =t L. ¥_
70 mm

Ll

50'mm
Figure 4.51 Cross section of beam for shear stress

For the shear stress at section, considering theéesharea above

Q=y A 4.4

Wherey~ is the distance from the nutral axis to the cedtod the area considered aAlis

the area of the considered section.
64
yo = 7+ 1.5 =33.5mm

and
A' =50 x 3 =150 mm?

Q = 33.5 x 150 = 5025 mm?

By: Besufekad Getachew 81



Shear force diagram (N)
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Figure 4.52 Shear force diagram

Now shear force at the middle of the beam becorees z

_ v
oy = 77

Since shear force has a zero value, the sheas sieesmes zero,

to find the principal stresses, the following edumis used.

2
__ Oxtoy Ox—0y 2
01,02 = — + \/(—2 + Tyy

oy = —348.28 MPa and o,=0
0-1 = O 0-2 S 0 0-3 S _348.28 MPCl

1
_ [(61=02)*+(0,—03)%+(05-01)? /2
Ovon—miss — 2

Ovon—miss = 348.28 MPa

A 4

4.5

i€, =0

4.6

4.7
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4.14.2. Deflection of the beam

Macaulay’s method is used to find the bending mdna¢rany general section X-X of the
beam. The Macaulay’s method helps to find a simgteression for bending moment

throughout the complete span of the beam. It igl teeover all loading conditions.

X
I
T8N 7N men gy TN T8N 7N 7N TN TN 738N 7N
690 —— 700 —— 700 700 i 70— 700 700 700 i 700 700 — ﬁlsu |
]
— ! / l | Y N S
| b
¥ I
A |
; £t
A i
ey
_; X X

Figure 4.53 Section X-X of Beam

Fy = 4428 N Fp = 4428 N

M., = —738x — 738(x — 690) + 4059(x — 690) — 738(x — 1390) — 738(x — 2090)

— 738(x — 2790) — 738(x — 3490) — 738(x — 4190) — 738(x — 4890)

— 738(x — 5590) — 738(x — 6290) — 738(x — 6990) + 4059 (x — 6990)
But the bending moment is given by the followingiagon
M=E1%Y 4.8
By integrating this equation, slope is found.
6== 4.9
The second integration of this equation gives défia (§) of the beam.

6=y

Therefore, integrating twice the above bending muneguation will provide the following

deflection equation along the length of the beam.

3 _ 3 _ 3 _ 3 _ 3
y=26= i[_738x__ 73g X=690° | 40q WT6900° | S0 (17139000 g (1220000
El 6 6 6
— 3 _ 3 _ 3 _ 3 _ 3
738(x 2790) —738(x 3490) _ 738 (x—4190) _ 738 (x—4890) _ 738 (x=5590)%
— 3 _ 3 _ 3
738 22020 _ 738 =00 4 4059 =20 4 Ax + B 410
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WhereA andB are integrating constants to be solved from thendary conditions.

Whenx = 690

Therefore, the values éfandB is
A= -9.0688 x 10°

y=0 alsox =6990 y=0

B =6297.922 x 10°

El = 200 x 467971.99 x 10® = 9.36 X 10'° N mm?

Substituting these values in Eq. 4.9, the follownatpes are found.

Table 4.13 Deformation values of the beam calcdlatelytically

Length of Deflection (mm)
Beam (mm)
0 67.2895
690 0
1390 -68.6697
2090 -129.6382
2790 -174.7913
3490 -198.7199
3840 -201.7671
4190 -198.7199
4890 -174.7895
5590 -129.6353
6290 -68.6657
6990 0
7680 67.2957
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Figure 4.54 Deflection curve of the beam plotted in Microsoft Excel
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4.14.3.Verification of manual analysis of the beam with ANSY S 12
Workbench

The following figure shows finite element mesh loé beam. BEAM 44 elements are used in
meshing of the beam.

0.00 1500.00 3000.00 {rmm) vj
I I 1

750,00 225000

Figure 4.55 Finite element mesh of the beam

The loads on the beam are applied on the struotuthe places where they are applied on
the structure.

0.00 150000 3000.00 (mm}
1

750,00 2250.00

Figure 4.56 Minimum bending stress
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Figure 4.57 Maximum bending stress
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Figure 4.58 Defor mation of the beam

The maximum displacment is 201.95mm. As we obsfewm the analtical and software
analysis of the beam, there is a close similartiganding and deflection results. This shows
the procedure used in the analsyis of the busugteicis correct. Specifically, looking in to
the deformation of the beam, there is close simylaThe beam deflected in up ward
direction at its ends whereas it deflected in devand direction in the middle section. This is

what we have seen in the bus strcutre case.
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Chapter Five
Cost Analysis

Cost analysis is carried in order to show the diffiee in cost between the original and
improved structure. The analysis is based on thetucost of the materials in the market.
The following table shows the types of the RHS usedhe original and modified bus
structure.

Members marked with number 1 use RHS of 70X50X3mrthé original structure whereas

those members which are marked with number 2 us® &ftsize 50X30X3mm.

Table 4.14 Sizes of RHS used in the bus Structure

No. | Previous RHS used Newly used RHS
1 70X50X3 mm 60X40X2.5 mm
2 50X30X3 mm 40X40X2.5 mm

In order to estimate cost, we need to find theltagth of RHS steel used in the bus

structure. First we examine the passenger sidetstau
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Total length of RHS 70X50X3mm used in passenger dm structure

Table 4.15 Total length of RHS 70X50X3mm used isgg@ger door side structure

Member Length(m | Amount in Number | Total length (mm)
m)

1 Vertical stand 2300 5 11500

2 Vertical Stand 1720 4 6880
(Shorn)

3 Verticals (Bottom) | 530 5 2650

4 Top Horizontal 11000 1 11000

5 Vertical (Rear) 2100 1 2100

6 Front vertical stand 2272 1 2272

7 Horizontal window 1250 12 15000
frame

8 Horizontal window 1020 2 2040
frame rea)

9 Top door side 810 2 1620

10 | Small horizontals 300 2 600
(Froni)

Sum Total of Length 55662 mm

Total length of RHS 50X30X3mm used in passenger dim@ structure

Table 4.16 Total length of RHS 50X30X3mm used isgg@ger door side structure

Member Length(mm) Amount in Number Total length (mm)
1 | Diagonal stiffener 906 12 10872
2 | Small vertical stiffeners670 7 4690
3 | Rear diagonal stiffeners/82 2 1564
Sum Total of Length 17126
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Total length of RHS 70X50X3mm used in Driver domlesstructure

Table 4.17 Total length of RHS 70X50X3mm used invB&rdoor side structure

Member Length(mm)| Amount in Total length (mm)
Numbe

1 Vertical stand 2300 5 11500

2 Vertical Stand 1720 4 6880
(Shori)

3 Vertical stand 1650 1 1650
driver side doo

4 | Verticals (Bottom) 530 5 2650

5 | Top horizontal 11000 1 11000

6 | Vertical (Rear) 2100 1 2100

7 Front Vertical 2272 1 2272
Stanc

8 Horizontal window 1250 12 15000
Frame

9 Horizontal window 1020 2 2040
frame (Feal)

10 | Top Rear door 810 2 1620
side

11 | Driver door 1090 2 2180
horizontal bottor

12 | Top of driver door 765 1 765
horizonta

Sum Total of Length 59657 mm

Total length of RHS 50X30X3mm used in passenger dm@ structure.

Table 4.18 Total length of RHS 50X30X3mm used isge@ger door side structure

Member Length(mm) Amount in Number| Total length (mm)
1 | Diagonal stiffener 906 12 10872
2 | Small verticals 670 8 5360
3 | Rear diagonals 782 2 1564
4 | Rear diagonals 740 2 1480
(door)
Sum Total of Length 19276
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From the above calculation, the total length of RHE&50x3mm employed in the left and

right sides of the structure is 115,319mm and RHDX30X3mm is 36,402 mm.

From market the following prices of the RHS is oftal.

Table 4.19 Prices of RHS

No. | Profile type

Price/6m (birr)

1 RHS 70X50X3 mm 790.00
2 RHS 50X30X3 mm 480.00
3 RHS 60X40X2.5mm 560.00
4 RHS 40X40X2.5 mm 350.00

Table 4.20 Length of RHS and cost saved

No. | Profile type Length (m) | Cost (Birr)
1 RHS 70X50X3 mm 115.319 15183.67
2 RHS 60X40X2.5mm | 115.319 10763.10
3 RIIS 50X30X3 mm 36.402 2912.16

4 RHS 40X40X2.5 mm | 36.402 2123.45

}4420.67 Birr

}788.71 Birr

v
5209.38 Birr

The total cost that will be saved by replacinghef RHS with the newly ones is 5209.38 Birr.

The factory saves 5209.38 Birr per Bus producece @hnual production of the factory

reaches 90 to 110 Buses. Consequently, the aversiesaved from manufacturing of the

structure with the newly replaced RHS reaches 928,00 Birr in a year.
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Chapter Six
Conclusions and Recommendations

6.1. Conclusions

This research focuses on improving of the bus &iraaveight.The strength of bus structure
is the most important thing to be considered indégign process. The bus model used in this
research for simulation was developed with the sdmensions of a real bus manufactured
in Ethiopia. The strength of the bus structurenalgsed for two major load cases. The first
case bending load case and the other is torsidifiless. The results of the original
structure analysis show the stresses found ard,smiath directly implies the bus structure
is overdesigned. It was seen that the highestatdisment occur at the roof section of the bus
structure because the members used to build tfearecsmaller in cross section than other
members.

This gives us a room to further improve the buscstire by redesigning. In the improvement
process, the members of original structure areaospl with reduced thickness and cross
section profile. The total weight reduced during thnprovement process 189.8kg. Again
this improved structure is analysed for bendingllaad torsional stiffness. It is found that
the stress is raised in some members, howeverrigakii the overall structure, the stresses
found are still small. The procedure used in thalyasis is validated using simply supported
overhanging beam. Specially, the deformation of ltkig is very similar with the beam
deformation. So, with improvement made on the stingg the total cost saved by replacing
with the new members 8209.38 Birrper bus produced. Generally the factory will save
total of 520, 938.00 birr annually.

The acceleration PSD response analysis revealsmiiat driving at high speed on gravel
road of standard Class H, larger force will be wetlion the structure, which leads to easy
failure of the RHS. However, driving with lower sgksignificantly reduces the forces where

by leaving the structure in safe condition.

6.2. Limitationsof the study

The results of this study clearly showed that whiga considered cases of operating scenarios,
the structure is improved. But limitations of thedy are:
Shape of the structure is not analysed which haxlgeamic effect on the structure.

Welding quality in assembling of the structure menskis not analysed.

By: Besufekad Getachew 91



6.3. Recommendation for Future Study

 The sheet metal which is covered on the structooeld be included in the finite element

analysis in order to find a more refined result.

* The behavior of the structure during rollover, sakgthe roof section of the bus need to

be analyzed.

* Further redesign of the bus structure considendg/idual members.
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