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Preface

The work reported in this thesis was performed aldi& Ababa University, School of
Mechanical and Industrial Engineering as a parthef education to Masters of Science in
Mechanical Design Stream. The foundation of thesikh came up as the thesis was to analyze
the existing three wheeled vehicle model short ognaind to remodel a new frame and structure
that can alleviate existing short comings. Thedhwheeled vehicle frame and main structure is a
key factor in this thesis.
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Abstract

Three-wheeled vehicles are becoming a popular anthron means of short distance transport
in Ethiopia. It is significant to know the currestrength situation of three wheeled vehicle
frames to be confident on their load carrying cégaservice and use. They are antiquated,
unsafe and highly polluting, so there is substanbti@m for improvement in this huge market. A

new three wheeled vehicle is designed, safer, mm@ern and easier to manufacture. This had
achieved by modeling and analyzing the existingg¢twheeled vehicle model and by modeling a
new three wheeled vehicle that alleviate the sbantngs in the existing model using different

software like CATIA AND ANSYS. The main thing domeas changing semi-monocoque type

of the existing structure to a space frame. Thalrélsat we obtained was also such a better in
strength and stiffness, easy to manufacture andegfestive. The purpose of this project is to

document procedural details of such remodelingh \&itview to presenting more research and
development oriented investigations in the futdree contents of this report may also be of
interesting to practicing engineers engaged ingbype development and field testing of three
wheeled vehicles.
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Strength analysis of three wheeled vehicle’s ceamsil body frame assembled in Ethiopia

Chapter One

Introduction

The automotive industry is facing tremendous ergging challenges over several years to meet
the requirements generated by the fuel shortage,cfust, pollution control, raw material cost,
and costumer safety. In meeting these challengesda variety of new models has been
emerged or entered into the market in search fibetbgtrength and safety and fuel efficiency. As
a result, three wheeled motor vehicles have beeelalged for the purpose of public and private
transport, all over the world and in particulardaveloping countries. Three wheeled motor
vehicles, typically used in India and most of tleveloping countries have their front steering
with one wheel similar to those of motor cycles amotor scooters and the two rear wheels are
driving wheels with a differential and suspensiamich are similar to those of automobiles.
Even though there are many modifications and imgmments done still there are strength

shortcomings [1].

1.1Background

The three-wheeled vehicles (TWV) are popular mexdnsansportation in Ethiopia because of
their low priced have initial purchase, small sizetl low fuel consumption. They generally
characterized by a sheet-metal body or open frasing and have one wheel in front and two
wheels in their rear. One problem of these vehiddble lowest strength of the frame and main

structure.
The Driver is placed in a small cabin in the frohthe vehicle and the passengers sit in the rear.
These vehicles also can transport all kind of godtie assignment of this thesis is to design and

model a modern and better three-wheeled vehicle.

One of the most important requirements is thatviéitacle must have an optimum strength and

low price. In order to achieve this goal, it is eesary to use the optimal material and suitable

AAIT, master’s thesis October, 2013



Strength analysis of three wheeled vehicle’s ceamsil body frame assembled in Ethiopia

frame type to ensure the required quality with liveest cost and simple construction. This
Master thesis is aimed to strengthen analysis ef akisting three-wheeled vehicle and to
remodel a new three-wheeled vehicle for the Etlaioparket.

In order to build the most energy efficient camsideration of the types of the chassis selection
must be made. Basically, the types of existing sisadesign consist of backbone, space frames,
monocoque, ladder frame, and semi monocoque. Hatassis designs has their own strengths
and weaknesses. Every chassis types are consigetieden weight, component size,
complexity, vehicle intent, and ultimate cost. Evathin a basic design method, strength and
stiffness can vary significantly, depending on¢hassis type. An ideal chassis is the one that
has high stiffness with low weight and cost [4].

The chassis has to contain the various componegtsred for the three wheeled vehicle as well
as being based around a driver’s cockpit. The pafithe chassis is a major aspect in the design,
and should be considered through all stages. Tsigrdalso has to meet strict requirements and
regulations set [5].

Three wheeled vehicle is selected for thigjgezt to be designed, which is a popular
passenger vehicle for middle-income families arny low fee taxi. Three-wheeled taxis form an
essential part of public transport for the urbadadte class population of Ethiopia to move short
distance. Apart from Ethiopia, they are also beisgd in the world, for public transport and for
carrying freight. Obviously, these low cost vehsclgill continue as a major mode of travel in
our country and also the whole Africa and Asia. iEveow a day, their frames are being
assembled in our country, Ethiopia. Also their neairdlemand is increasing fast. So as to
decrease unnecessary wastage of money as welsagd@assengers life and property from risk
of accident on taxi, it is essential to analyzersgth of the frames and remodel. This is done by
investigating the current three wheeled vehiclecttre assembled in Ethiopia and come up with
improved design to alleviate the shortcomings. urthe result of the analysis and the
implementation of the design will contribute to ihgorovement of the locally built tri-wheeler.
In conventional practice the three-wheeled vehmbely is produced from overlapping sheet

metal, fastened by a multiplicity of spot weldseoftrobotically applied. And their construction is
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highly complex and impossible for technologicaklgs developed countries. . Therefore, the first
task in this thesis will be modeling and analydighe existing three- wheeled vehicle frame.

After that the result will be interpreted and degieg on the result the new model will be created
in order to avoid the shortcomings of the existingee wheeled vehicle. To do so, | have used
different software’s like that of CATIA, for 3D meting and ANSYS, for FEM analysis.

1.2. Problem statement

There is a frequent accident occurring on threeeldtketaxis and community dishonest using
these vehicles due to their strength uncertainty iastability. Hence, | decided to do strength
analysis of three wheeled vehicle’s frame and bettycture assembled in Ethiopia and
recommend on shortcomings of current design anedeiha new three wheeled vehicle which
can alleviate the society from fear and accidethiesg shortcomings include over strength of
structure, which leads to overweight, high fuel samption and speed reduction and also under
strength of the current design, may lead to actsdand losses. But the most critical fear of the
population is the level of risk that occurs if tehicle crashes accidentally. Because there is no
protective cover for the passenger the risk legehinking high in the society. This thesis will
try to identify the types of shortcomings reallyistn the three wheeled taxis we see running on

the roads and solve these problem in a right way.

1.3. Objective of the Study

Main objective of this thesis is to investigate thedeling and strength analysis of frame and
main structure of three wheeled vehicles assembl&thiopia.
Specifically we are going to:

» Study the existing frame and structure of threeeMdtevehicle.

» Study load caring and load distribution capacity.

* Model a frame and structure using FEM analysi®aflicasing.

* Evaluate the existing frame and structure andd¢omemend structure change taking for

improvement.

* Prepare and propose a new frame and structurees Wheeled vehicle.
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» Design the new frame of three wheeled vehicle whldle to withstand the load applied
on the chassis structure with maximum strengthpk&nm construction, low cost and

better reliability.

1.4. Project methodology

In order to complete this project, there were sav&eps which had been followed through.

First Data collection has been done from manualdooél assembling company and by
measuring of the real three wheeled vehicle framé structure components. Then CAD
modeling of the structure had made by using tha datorded from the existing vehicle body.
CATIA software was used to build the 3Dcomputer slodlso Finite element analysis using
ANSYS and analytical solution has been performedaioalyzing of the existing frame and
structure for the required results i.e. static gsialand crash simulation. After that, Re-modeling
of the frame and structure using new size of coraptsrand new frame type has been done.
Next to that Finite element analysis of the new eted structure was performed. After these
works Comparison of the original and improved suite In terms of strength parameters of the
original and improved structure was performed. fmaCost Analysis has been carried out.
Recommendation was set on the existing frames of oglevant improvements of the design of
new three wheeled vehicle frame. The project mailogy in the form of a flow chart is

graphically shown bellow in figure 1.
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Figure 1: project flow chart

Materials required
Materials used to accomplish this research arevaodtlike, CATIA and ANSYS ; measuring

instruments like, meter and calipers; Flash; digl@mera; stationary materials; books and
journals; Computer and other complimentary services
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Chapter Two

Literature review

2.1. Introduction

In conventional practice the passenger oalybs produced from overlapping sheet metal,
fastened by a multiplicity of spot welds often rébally applied. The body frame work is
constructed by joining together thin-welded closedtion members, and where these are
subjected to particularly large torsion and benditigsses, such as in the case of body sills, they

may be reinforced by the inclusion of longitudipattitions.

2.2. Theory

Types of three wheeled passenger vehicles

Some common three wheeled vehicles on the markkthair suspension solutions are discussed
below.

Piaggio Ape

The first “auto rickshaw” was produced in 1948 hg ftalian company Piaggio & C. SpA. The
model was named Ape and they are produced in thifegent types; van, pick-up and rickshaw.
It has got a semi-monocoque frame and a steel bodlye front that fits either one or two
peoples, while the rear is built as a single loadrlmg chassis in sheet metal.

The rear suspension consists of trailing armsngpeoils and shock absorbers and in the front
there is a leading link suspension [5].

Bajaj

Bajaj Auto is the fourth largest manufacturer obtvand three-wheelers in the world and the
largest three wheeled vehicle producer in Indize Blajaj auto rickshaws are very common on
the Ethiopian market. One common version is thejBRE [5].
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The first rickshaw built by Bajaj was licensed un&éaggio/Vespa and appeared on the market
in 1950. They used same mechanics as the Piaggeob@ip changed its appearance and even
introduced a taxi version which Piaggio Ape did have [5]. This means that they still used the
trailing arms together with shock absorbers andhgpras rear suspension and leading link as
front suspension. It was taken as my concern sghoject.

Monika Motors

Second largest company that specializes on auksha@ws in Thailand, it's a part of the
B.Grimm concern and was founded in 1883. First aigkshaw came into production in 1960
and was named Monika L5. The L5 uses the same ssispe combination as Tuk Tuk
Forwarders auto rickshaws, i.e. a dual telescapicdnd a rigid rear axle with leaf springs.

In other hand you can say that trailing arms ammon as a rear suspension and trailing and
leading link are common in the front. Those equippeth leading link has the advantage of
anti-dive [5].

Tuk Tuk Forwarder Co., Ltd

This company is only aimed on rickshaws and wasided in 1993. They did not start their
production until 1996 where they had a yearly cdapaaf 12.000 units. In 1994 the first two
electrical Tuk Tuks were produced. Suspension Wisecompany goes in another direction than
the rest as they use leaf springs and double shioairbers together with a rigid axle for the rear

suspension. In the front they use a telescopicvottk coil springs and dual shock absorbers [5].
Mahindra & Mahindra

Mahindra & Mahindra is a company that doesn’t pist for the commercialized vehicle but

also to personal vehicle such as SUV, tractors;wiveelers etc. The company was started in

1945 and is an underlying company of Mahindra grolipe first three-wheeler to reach the

market was the Alfa which was introduced in 200Be Rlfa is equipped with leading link, coil
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spring and hydraulic shock absorber as the froepawsion. The rear suspension consists of

independent trailing arms together with hydrauliock absorbers and rubber springs.

TVS King

The first auto rickshaw developed by TVS Motor vsasned TVS King and was introduced in

2008; it was the first auto rickshaw model in Indish a four stroke 200 cc engine. The TVS

King uses trailing link as front suspension andvithilial trailing arms as rear suspension and it
has got constant rate coil springs with co-axialraylic dampers [5].

2.3 Type of structure

Introduction of chassis frame

Chassis is a French term and was initially usedketwte the frame parts or Basic Structure of the
vehicle. It is the back bone of the vehicle. A wéhiwithout body is called Chassis. The
components of the vehicle like Power plant, Trassion System, Axles, Wheels and Tires,
Suspension, Controlling Systems like Braking, Stegetc., and also electrical system parts are
mounted on the Chassis frame. It is the main mognfor all the components including the
body. So it is also called as Carrying Unit [4].

The chassis of a car is built to support the bdtyncludes the frame, wheels and working
components of the vehicle. The rigid structure loé¢ frame provides protection during an
accident. There are several types of vehicle strast Structure selection is an important point,
since it will define all the following stages ofethvehicle development. There are different
choices, monocoque, semimonocoque, body on frarter@inds of structures are suerleggera

or backbone and ladder chassis. Each one has adesrdand disadvantages.
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Monocoque or integral structure

Monooque structures consist of sheets, beams @r &ihds of metal components united by
welding and resulting in a rigid structure in oriege. Monocoque chassis are used now a day
for the majority of the vehicles. It is efficiem terms of using space, so the interior space is
wide. It is not cost effective to manufacture thensmall quantities; however it is easy to mass
produce. They might be economically produced duhéohigh automation which allows their

manufacture.

Monocoque structure uses more metal material thgrother type of structure, consequently, it
is heavier. This structure is the best configuratio protect the passengers in rollover, and
generally in any kind of collision because it paes more stability in case of an accident.
Nevertheless, after having an accident the remearasi quite difficult. Less noise and vibration
are produced compared with any other type of siractOne disadvantage is that is difficult to
design different bodyworks from the same vehicld any kind of reform in the structure are
almost impossible to implement. Because it is gdoocadly very complicated, Sheet steel
pressings and spot welds used to form an integadtare. Side frames + depth + roof give good
bending and torsion stiffness. Stress distribuigoiunction of applied loads and relative stiffness
between components. Stress distribution can be/zedlby FEM [4]. Its advantages are stiffer

in bending and torsion; lower weight; less cost quigt operation.

Semi monocoque

Semi monocoque structure is quite similar to mogaeostructure. The only difference is that
semimonocoque has longerons and stingers to malestyength base. The other components
are attached to this base. Sometimes, it is difficudifferentiate it from monocoque structure.
Nowadays, auto-rickshaws have a semi-monocoquesishds is a very simple structure that
consists on a combination of longerons and stingepporting the weight of the metal sheets,
and the round tubes where the roof is attached.chiassis of the current auto-rickshaws is not

monocoque or independent chassis [4].
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Space frames or Body on frame

Body on frame is the oldest structure system usedi mowadays it only applies in the
construction of commercial vehicles and off roadigkes. It consists of two different structures:
the frame and the bodywork.

The frame is a structure consisting of one or nmegal beams along the vehicle, connected by
crossbars welded, screwed or riveted, arrangedueasely or diagonally. This element has a
high strength and the mechanical components anddbgwork are attached on it. The body

forms the outer shell of the vehicle and is screveethe frame. It has not any strength feature.
This system allows some advantages. It has a gtesigth to carry heavy loads and a high
rigidity to withstand high elastic and dynamic stes. This system also protects the bodywork
from bending or torsion efforts. The body on frasystem has a great facility to use different
bodies in the same frame. Reforms in the body ¢tsm lze performed easily. In all frames till

now length in one dimension is very less compandti¢ other two dimensions. Increasing depth

increases bending strength. Beam elements calmgreénsion or compressive loads.
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Figure 2: space frame chassis
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Backbone

A backbone chassis is the simplest structure de#ligonsists of a sturdy tubular backbone that
joints the front and rear axle. These chassislig &nclosed to be rigid structure and handle all
loads. It should be noted that the backbone chasans be built through many types of
construction. The space within the structure isdutse place the driveshaft in case of front-
engine, rear-wheel drive layout. Further, the dtraén, engine and suspensions are all connected
to each of the ends of the chassis. The body Isdiuthe backbone usually made of glass-fiber.
Almost rear wheel drive and front engine vehicles backbone chassis [4]. Main back bone is a
closed box section. Splayed beams at front and egant to suspension mounting points.
Transverse beams resist lateral loads; Back bareefr bending and torsion beam; Splayed

beams: bending; Transverse beams: tension or cesipre

Ladder frame

A ladder frame is the simplest and oldest framedusemodern vehicle construction. It was
originally adapted from “horse and buggy” styleri@ages as it provided sufficient strength for
holding the weight of the components. Larger beamdd be used if there were higher weight
capacity required. The engine of the vehicle ugimg ladder frame is placed in the front or
sometimes in the rear and supported at suspenpmngs. Their constructions consist of two
longitudinal rails interconnected by many latenalds braces, typically made from round or
rectangular tubing or channel. The longitude memlage the main stress member. They deal
with the load and also the longitudinal forces eauby acceleration and braking. It can use
straight or curved members. The lateral and crosmimers provide rigidity to the structure
because it provides resistance to lateral forcdsfanher increase torsion rigidity. Body mounts
are usually integral outriggers from the main radlsd suspension points can be well or poorly
integrated into the basic design. Most SUV’s aileusdte ladder chassis.
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Generally, Functions of the chassis frame are:

1. To carry load of the passengers or goods caimiéte body.

2. To support the load of the body, engine, geardio.

3. To withstand the forces caused due to the subddeking or acceleration
4. To withstand the stresses caused due to theobhddcondition.

5. To withstand centrifugal force while cornering

2.4 frame member cross sections

So far the commercial vehicle ladder frame has kdentified as comprising basically two
members joined by a series of cross-members.nibws necessary to examine this structure in a
little more detail, especially with respect to thaterial selections used, the different methods of
joining the frame members, and the means by wliiel thay be reinforced for greater rigidity,

as follows [7].

Channel section steel pressing of constant wekhhaig usually employed for the chassis frame
side-members. Although the use of channel sectiaviges adequate resistance to vertical
bending loads, it is much less efficient in resgtside-ways bending and torsion (twisting)
loads. However it does lend itself to the econopraduction of commercial vehicle frames for
the numbers required, and also provides for easglanent of cross-members and the various

other mounting brackets.

The cross members must resist torsion deflectioth@fframe as a whole imposed by rocking
movements of the sprung axles, and also preventidhugl twisting of the side members arising
from overhung loads such as the fuel tank. Varioderial sections are used for the cross-
members, including I-section, top —hat section,nolea section and tubular-section beams. |
section cross members are often used towards oné &f the frame, because they can better
resist bending loads in horizontal and verticaledliions, thereby maintaining front end
alignment and supporting the power unit. Top —bkattions cross-sections may be used towards

the middle of the frame, since they more readihdlthemselves to special profiles. These can be
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required to provide clearance for a component, siscan intermediate bearing for the propeller
shaft. Tubular- section cross- members are nornfallpd towards the extreme rear end of the

frame, where they offer good resistance againstdoroads.

Joining methods of the frame members

The processes that may be employed to join theasidecross- members are welding, riveting,
and bolting. Welding gives the most rigid joint,tkihis method has so far been generally
uneconomic for the production members involvedeesly since machine welding would be
required to guarantee the necessary weld uniforofityndividual cross- members. Riveting is
widely used for joining the frame members, and #&ynbe done cold rather than hot so as to
avoid the rivets contracting during cooling and eleping clearances in their holes. Bolting is
also popular and can be more effective than rigetia regards rigidity because the tightness
with which the frame members are clamped together e accurately controlled. A possible
disadvantage is that screwed connections may lobsen properly installed. A combination of
riveting and bolting is sometimes employed; forrapée, a bolted connection may be confined

to the front cross- members so that it can be kgaelinoved to facilitate engine replacement [7].

Beams are the basic parts in case of collisiony Ttae to protect the passengers around any
direction of the space. There were also some difteoptions with respect to beams. First option

was made the beams external parts. That meansstimyd be painted and prepared as the
external sheets, so it makes them more expensive.a@vantage is that the sheets are directly
joined to the beams; consequently, there are nos joetween two sheets. However, external

beams have more complexity shapes. In the othed, lthe internal beams have easier shapes
and probably higher stiffness, so that is the smiutaken.

2.5 Materials

One of the most important decisions is to choosédype of material to be used. Depending on
the manufacturing process, the material used &y vWe can distinguish basically two groups

of parts with different requirement in the vehisteucture. The structural beams, whose goal is
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to get a structure as strong and robust as possifidethe sheets, whose aim is, apart from

providing resistance to the whole, enclose theaimteolume to protect it from the outside.

2.5.1 Structural beams materials

Materials used for beams should be strength, salsate the most adequate material. Common
materials of structural beams are [7]:

Conventional steel: It is a ductile material thah de manufactured with complex forms and it
present good welding properties. It is very ecomainiNevertheless, it is necessary to use
greater thicknesses than other materials, whictisléa a weight increasing. HSS (High speed
steel): It has higher strength than conventionaIstso it is possible to reduce the weight and
increase the rigidity of the structure. They aghtiy more expensive and less ductile. Boron
alloyed steel: This kind of steel might be formed Hot-stamping. This method allows good
ductility during the process and high final rigidilt is more expensive than conventional steel.
Aluminum: It is lighter than steel and gets moreesgth with less weight. It presents better
corrosion resistance. However is more expensive skeel and it is more difficult to weld. Many
people think that the chassis which built from alwmm is the path to the lightest design, but this
is not necessarily true. Aluminum is more flexilhan steel. In fact, the ratio of stiffness to
weight is almost identical to steel, so an alumirairassis must weigh the same as a steel one to
achieve the same stiffness. Aluminum has an adgaraly when there are in very thin sheet
sections where buckling is possible but that ategenerally the case with tubing. The uses of
aluminum and FRP in designing the chassis are tétpeeduce overall vehicle weight, thereby

reducing fuel consumption as well.

2.5.2 Exterior sheets materials

Materials used for external sheets have less stalatequirements. Plastic material; It is a cheap
material and easy to manufacture, but cannot bdesleo the structure and do not provide any
strength to the assembly. Fiberglas; It is a ligiaterial, but harder than plastic. It cannot be

welded to the structure and it is more expensiaa thlastic or sheet metal. Sheet metal; It is a
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cheap material, provides strength and can be wedlieedssembly. However, it is heavier than

plastic.

2.6 Vehicle axis system

The vehicle moves around an axis system, with xang z-axles, with its origin in a line
perpendicular to the road through the CG (centrgrafity) of the whole vehicle and at the
intersection of the vehicle roll axis. A body inase is determined by six degrees of freedom
(DOF), one rotation and one translation about eadls. Since the vehicle chassis can be
modeled as a rigid body its rotations can be deedr[5]. Roll angle: it is the rotation around the
x-axis; the x-axis is pointed in the longitudindtedtion of the vehicle, in other words the
driving direction of the vehicle. When the vehictdls the body leans as when cornering. The
vehicles positive longitudinal direction is definalbng the x-axis according to ISO 8855. Pitch
angle: it is the rotation around the y-axis; thaxys is transverse to the vehicle. When the vehicle
brakes or accelerates there is a pitch change. afmgle: it is the rotation around the z-axis; the
z-axis is perpendicular to the road pointing dowrotigh the vehicle in the SAE vehicle axis
system.

2.7 Software

CATIA (computer aided three dimensional interactaggplication) is used to model the three
wheeled vehicle 3D drawing. It is used to do baiht grawing and assembly drawing.

The finite element method (FEM) is used for seekang approximated solution of the
distribution of field variables in the problem damahat is difficult to obtain analytically.

Known physical laws are then applied to each selalnent, each of which usually has a very
simple geometry. A continuous function of an unknofield variable is approximated using
piecewise linear functions in each sub-domain,edalan element formed by nodes. The

unknowns are then the discrete values of the fiatthble at the nodes.
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2.8 modeling

Traditionally, formal modeling of systems has bg&na mathematical model, which attempts to
find analytical solutions to problems and therelbalde the prediction of the behavior of the
system from a set of parameters and initial coogti While computer simulations might use
some algorithms from purely mathematical models, @n combine simulations with reality or

actual events, such as generating input respotsesimulate test subjects who are no longer
present. Many research works had been done orclegsycomputer aided design of various
engineering structures and assembly. And the ursgeeialty of the work is the integration of

computer aided design, modeling and simulationuincthe use of relevant computer programs
to aid the assembly procedure of Tricycle. Thid Wwélp the accuracy, save time and make it

flexible thereby improving quality and efficiencythe assembly procedure [8].

In the study of “Stability of Three-Wheeled Vehglavith and without Control System” by
M.A.Saeedi R.Kazemi, 2013, stability control ofhaete-wheeled vehicle with two wheels on the
front axle, a three-wheeled vehicle with two whemighe rear axle, and a standard four-wheeled
vehicle are compared. For vehicle dynamics corgystems, the direct yaw moment control is
considered as a suitable way of controlling therltmotion of a vehicle during a severe driving
maneuver. In accordance to the present availaldentdogy, the performance of vehicle
dynamics control actuation systems is based onnthgidual control of each wheel braking
force known as the differential braking. Also, irder to design the vehicle dynamics control
system the linear optimal control theory is useder, to investigate the effectiveness of the
proposed linear optimal control system, computerutations are carried out by using nonlinear
twelve-degree-of-freedom models for three-wheeksd and fourteen-degree-of-freedom model

for a four-wheeled car [9].

“Development of an auto rickshaw vehicle susperisignThomas Gyllendah and David, 2012
was to develop a vehicle suspension intended foawto rickshaw. A variety of different
suspension types were investigated and evaluatéldtwa suspension types were chosen; one
type for the front and one type for the rear. Thesgpension types were then simulated and

tested in Siemens NX in different critical scenario gain useful information. The information
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was then evaluated to draw a conclusion if the ldg@eel suspension obtained good performance.
The final solution was simulated and partly vedfend still work remains to get a full overview
of the performance. And this study has printedurpal [5].

“Dynamic Behavior of Three-wheeled Vehicle unden&am Road Characteristics Using FEM”
was done by R. Koonal, M.K. Naidu and B. Satyaramay 2004. In this work the analysis is
performed using power spectral density analysi®SPD spectrum is a statistical measure of the
response of a structure to random dynamic loadorglitions. It is a graph of power spectral
density versus frequency, where the PSD may be spladement PSD, velocity PSD,
acceleration PSD or force PSD. Similar to respapsetrum analysis random vibration analysis
may be single point or multi point. In a single morandom vibration analysis, only one PSD
spectrum is specified at different points in thedeloIn the present paper single point response
analysis has been used [1].
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Chapter three

Modeling and analysis of the existing three wheetedor vehicle

3.1 Introduction

Here, the chassis and body are built as two separats. The body is then assembled in to the
chassis with welds to hold the body to the rigidssis. But all these tasks may depend on the
type of model we are going to analyze. For thisgmoa three-wheeled vehicle having the

specifications shown in table 1 bellow is considere

3.2 Three wheeled vehicle Technical specification

The data and specification of three wheeled vehieg been collected from TAGRO BAJAJ
P.L.C Company and from field measurement of reed¢ehwheeled vehicle. Even from field
measurements, basic dimensions that are approymed@al to the specification data were

obtained.

Engine and transmission

Name-- ------------Bajaj RE 4-sbke
Type four strokespark ignition, forced air cooled
No of cylinders---------------------- one

Bore------ - ---57 mm

Stroke------- m-mmmmmeme—--—---68 MM

Engine displacement---------------- 173.52 cc
Maximum net power---------------- 8 Hp at 5000 rpm
Maximum net torque---------------- 1.3 kg.m at 4068m
Compression pressure--------------- 12+ 0.5 kg/cm2
Compression ratio-------------------- 9:1

Idling speed -----------1200+-150 rpm
Ignition system--- electronic, dl. type
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Ignition timing

3 BTDC upto1500 rpm and 1 BTDC up to 2500 rpn]

onward

Fuel------------ oo 87 octane peol

Carburetor---- --side draft 18mequivalent venture
Spark plug----------- MICO WR7BC4

Spark plug gap

--0.6 up to 0.7mm

Lubrication positive lubgation ,wet sump
Starting-- ------------------—---glectric sté&@r motor and hand lever
Clutch wet, multi dsk type

Transmission

4-speed forwardeverse

Differential---

--integral withengine

Differential gear ratio

forward 2.19P;reverse 1.925:1

Overall gear ratios

1% gear------ S— 32.558:1
T e — 19.065:1
39 gear---—----- cemmmemeem---11.862:1
4" gear-------- ----8.25:1
Reverse gear--------------==---=------ 28.59:1

2. chassis and body

|ded

ing

al

Frame type ------------------mm--- constructed fropnessed steel sheets and sections we
together (semi-monocoque)

Suspension

front--- --------anti drive typeconstant rate coil spring and double act

hydraulic shock absorber
rear e independentlypsung wheels by trailing arms with helic
springs and hydraulic damper

brakes

front and rear

de

hydraulic expding shoe type size 170mm * 29.5 wi

parking

----mechanglly operated on rear brakes

wheel rims(front and

rear) 8inx3in
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wheel outer diameter-------------------- 400mm

Tire (front and rear) -- 4-8,4R.

TYRE PRESSURE

Front--- -- 2.1kdgcm2(30 psi)
Rear-------- -- 2.4 g/lcm2(34 psi)

Fuel tank capacity- 8 litancluding 1 liter reserve
3.electricals

System------------- - 12 vdld.c. negative ground
Battery------- 12v32 ah

Head lamp----- 35/35w

Tail/stop lamp--- e 5/21 w

Side indicator lamp------------------------ 10w

Pilot lamp-------- e 5w

Reverse lamp---- mmmmmm e 10w

Battery charging, Neutral, head light hi beam, tpitot

Indicator-- -- - 2w

Horn--- 12vd.c

Wiper system--- e eledtal wiper motor

4.DIMENSIONS

Length- -- 2625mm

Width----- ---- 1300mm

Height------- e 1710mm

Wheel base------------------m-mcmemeeeo- 2000mm

Wheel track----- - 1150mm

Ground clearance----------------------- 180mm thssthe distance between the ground and
the underside of the vehicle chassis

Turning circle radius--------------------- 5760

5.WEIGHTS

Kerb weight---- - 330 kg fte weight of motor car without occupant

or baggage)
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Gross vehicle weight---------------------- 640kg

Maximum permissible weights (the total weight of tkehicle and load, including the
weight of fuel, and the driver and passenger ified) for goods vehicles and trailers
depend on their wheelbase, the number of axlegyuter axle spread (the distance

v

between the center of the wheels on the front eadwost axles) and the relevant axle
spacing in the case of articulated vehicles.

Maximum play-load including driver----------- 310kg
Maximum front axle weight--------------------- 21@K
Maximum rear axle weight 430k
6.PERFORMANCE

Maximum speed------ mmmmmmmemnee- 60k/h
Climbing ability---------- e 18% maximum

Table 1 : specification data of the existing thndeeeled vehicle

3.3 CATIA Modeling of existing three wheeled vekicl

The model consists of main chassis elements angl Bd@ mass of the components like engine,
gear box, propeller shaft etc. is considered as Bwss elements. Any problem becomes
complex, if the real situations are consideredyeitomes very difficult to analyze the problem
with such complexities. In order to simplify theoptem, some assumptions have to be made. In
the present analysis the following assumptioncansidered.
1. The curvature of the chassis members where cras#orsechanges takes palace is
neglected
2. The tires are considered as linear springs witmess in vertical direction alone
3. The mass of the engine gear box and other compoaeaiumped at appropriate nodes
4. Some small members which do not have any signifidead carrying function are
neglected.
The CATIA V5R16 is used for model of the existitgee wheeled vehicle. It is made by using

chassis cross-section of ¥80x3mm steel beam rectangular hallow section(RHSkat part
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and top hat cross section at front with steel shesttl of 8mm thickness spot welded with it.

Chassis is a semi- monocoque type (figure 3).

Figure 3: semi monocoque chassis of the existingaino

Generally the model has been done using the owdirainsions of 2625mm Length, 1300mm
Width and1710mm Height. Bars with circular crosstises and diameters of 25mm and 1.5mm
thickness have been modeled in CATIA for roofinggmse. Finally each part assembled

together before going to finite element analysgufie 4).
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Figure 4: 3D model of the existing three wheelelicle

3.4. Finite element analysis of the existing TWKusture

The reason for using a FEA software program is raly@e and compare the performance
varying design iteration, with the process of tfamng the model from the CAD program
CATIA to the FEA program ANSYS. Next, proper priplgs are followed to establish equations
for the elements, after which the elements arettieohe another. This process leads to a set of
linear algebraic simultaneous equations for th&estystem that can be solved easily to yield

the required field variable.

The FEA of the model, once imported into ANSYS sraple process, consisting of a number
of simple steps;

1. selecting the element type(s) to use,

2. Inputting material properties,

3. Entering real constants, thickness values diaseproperties,

4. Meshing elements
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5. Applying loads and boundary conditions,

6. Running Analysis and viewing results.

Materials

Material selection of the chassis plays cruciat paproviding the desired strength, endurance,
safety and reliability to the vehicle. To choose tiptimal material we need an extensive study
on the properties of different materials. The matdor the existing three wheeled vehicle

model is the structural steel ASTM 106a grade Bhthe following parameters shown in table 2

bellow.
No material Yield Ultimate Young’'s Polson Elongation
strength tensile modulus(E) ‘s ratio(v)
strength
1 Structural  300MPa 441MPa 200000MPa 0.3 20%

steel

Table 2: material for the existing three wheelelisgie model

3.4.1 Static analysis

A static strength analysis calculates the effetst@ady loading conditions on a structure, while
ignoring inertia and damping effects, such as thuesed by time-varying loads. This analysis
determines the displacements, stresses, straid$peres in structures or components caused by
loads that do not induce significant inertia andngeng effects. For carrying out the FEM
Analysis of chassis as per standard proceduretfirstuires to create merge part for assembly to
achieve the connectivity and loading and constngis required to be applied. Simplified CAD
model of existing three wheeled vehicle frame iated using CATIA and it is imported in

ANSYS as an external geometry file.
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Meshing

An important process of any FEA is to refine thesm#hat is used in the analysis, a process that
involves reducing mesh or element size a numbeinas and plotting the results as to ensure
the analysis is stable. The mesh influences tharacg, convergence and speed of the solution.
Furthermore, the time it takes to create a mesheinedften a significant portion of the time it
takes to get results from an ANSYS solution. Tetchhl mesh elements are used in meshing of
the three wheeled vehicle structure. A tetraheddlement is 3-D solid element which has four

triangle faces and six triangle cross-sectionsi(édb).
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Figure 5: FEM mesh of the existing model
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Element and Nodes

The meshed TWV chassis model has number of elenaadtsmiumber of nodes. The element is
tetrahedral. In order to get a better result, lgcaher meshing applied in the region which is
suspected to have the highest stress. Finally, ZZl@8mbers of Nodes and 124768 numbers of
Elements has been found.

Loading and Boundary condition

Total weight, the weight of three wheeled motor ltaving all components without occupant or
baggage is, 330 kg or 3237.3N. This will be appbé¢dhe center of gravity of the frame. And
Maximum play-load including driver is 320kg appliedl seat points of each passenger and
driver. For each will have 80kg (784.8N) weightheTTWV chassis model is loaded by static
forces from its own body and load from passeng#igser, and other baggage weights. For this
model, the maximum loaded Gross vehicle weighd@ Kg. The load is assumed as a uniform
distributed obtained from the maximum loaded weidjivided over the total length of chassis
frame. Maximum front axle weight is 210kg (2060.1Mhich is the part of the Gross vehicle
weight that loaded on front tire so that it uses a®rtical reaction force at front tire. Maximum
rear axle weight is 430kg which is the part of G®ss vehicle weight that loaded on rear left
and rear right tires, so that it uses as a reaftie. For the two rear tires there will have 2495k
(2109.8N) reaction load each. Detail loading of elad shown in Figure 6. Earth gravity is also
considered for the chassis frame as a part of hgadihe location of the CG of the driver,
passengers and TWV's frame are calculated usinghtiee wheeled vehicle drawing in the x, y
and z coordinate system. These are as followsyraxd z axis order.

v' Driver= [-1350, 500,400] mm
Passenger 1= [-550, 200, 400] mm
Passenger 2= [-550, 512, 400] mm
Passenger 3= [-550, 825, 400] mm

v
v
v
v Body CG= [-900, 500,148] mm
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There are three displacement boundary conditionswadel. The first boundary condition is
applied in front part of the chassis, the secordl the third boundary conditions are applied in

rear part of chassis. For all displacement boundasgditions the z component of the

displacement had set to zero.

Figure 6: loads and boundary conditions of thetegsmodel

Simulation Results

The overall solution progress is indicated by dustdar. In addition we can use the Solution
Information object which is inserted automaticallyder the Solution folder. This object allows
us to view the actual output from the solver, greglhy monitor items such as convergence
criteria for nonlinear problems and diagnose pdssibasons for convergence difficulties by

plotting Newton-Raphson residuals.

The analysis type determines the results availédrleus to examine after solution. For this

project the analysis type is structural analysi$ ae are interested in equivalent stress results or
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maximum shear results. The result types sectida liarious results available to us for post

processing. In this case the solution shown bellotable 3 is obtained.

Result Equivalent | Maximum | Maximum | Safety Total Directional
type or von- shear stress principal factor | deformation | deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 2.9166e-003 1.6302e- -58,389 1.6799 0 -0.62973
003
Maximum 178.58 103.08 124.91 - 64.393 2.4887

Table 3: solution table of existing model statialgsis

Maximum Von Misses stress and maximum shear stress

The Maximum Equivalent Stress safety tool is bazedhe maximum equivalent stress failure
theory for ductile materials, also referred to fas von Mises-Hencky theory. The theory states
that a particular combination of principal stressasses failure if the maximum equivalent stress
in a structure equals or exceeds a specific shirags The Maximum Shear Stress safety tool is
based on the maximum shear stress failure theargidctile materials. The theory states that a
particular combination of principal stresses caulsdsire if the Maximum Shear equals or

exceeds a specific shear limit, where the limiemsgth is generally the yield strength of the

material.

From the table 3 the maximum Von Misses stress matg obtained is 178.58 MPa and the
maximum shear stress magnitude is 103.08 MPa téadrpoint is around the side surfaces of
the TWV about 600mm from rear as shown in figut@)7and(b). But factor of safety is 1.6799
obtained as shown in figure 7 (c) and this is wetiable value. So it is safe mode of the chassis

frame to resist the load because the stress resell bellow frame material yield strength.
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Figure 7: results of a) equivalent stress b) maximnshiear stress c) safety factor respectively d)
total deformation

Displacement results

The maximum displacement of chassis and locatianafimum displacement is 64.39mm
obtained around the rear part on the roofing tubbe.magnitude of maximum displacement is
too large to expect that the model is safe. Framrdsult we can see as the model needs some
improvement around the tube structures.

29
AAIT, master’s thesis October, 2013



Strength analysis of three wheeled vehicle’s ceamsil body frame assembled in Ethiopia

3.4.2 Torsion loading condition

One of the most important FEA analyses of the franfiebe the Torsion Rigidity analysis. That
is because with this analysis, we are going to khiee rigidity of the frame in all the cases that
the vehicle is running, breaking, turning and dumgpiAll this dynamic actions will provoke
serious torsion stresses on the frame. In torssonulate the wheel run up) the torque can be
confirmed by axle load, suspension stiffness ardrttugh of road surface. For that, making a

correct analysis of the deformation and torsioasstes on the frame is very important.

In order to design a car of maximum torsion stié¢he generalized equation for torsion must
be examined. Figure 8 below is a basic shaft cam&d at one end and an applied torque T at

the other, withd denoting the resultant twist of the shatft.

1

Figure 8: Simple Torsion of Shaft

Equation is the simple formula that relates thiglarof twist to the applied torque, with J
representing the shafts polar moment of inertisg@esenting the shear modulus of the material
andl is being the length of the shaft.

@JG
T=—o
L
This equation can then be rearranged to expresstostiffness,

r_Je
- =

L
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This expression displays that torsion stiffnesgrisportional to both the polar Moment inertia
and material shear modulus, whilst being inverpetportional to the length. The stiffness of the
chassis can be helped to be maximized, by usirsgtkey relationships and placing them in the
context of the chassis.

* Length — relates to the wheelbase of the car.

* Shear modulus — is related to the Young’'s modufusroaterial and will be examined.

» Polar moment of inertia — is a section propertyt thalefined by equation above and is

increased by having more cross-sectional areadddatther away from the neutral axis.

o In the case of three wheeled vehicles torsion Weidldbccur when one of the three wheels
run up (bump) due to road roughness. Only one o&se subject the TWV for torsion
that is when one of the rear wheels bump. But, wthenfront wheel bumps up, it will

create a bending load effect on the three wheeadbthe chassis.

Method of loading for bump

To do the FEA analysis of Torsion Rigidity, we hdwgecreate a structure that will simulate the
wishbones of the suspension, just in the line whiggdront axe will be. That's because we want
to simulate the efforts that the road make on theeds. This effort will be transmitted to torsion
efforts on the frame. An assumption is made thamwihe vehicle passes over a bump, the entire
weight of the vehicle will turn into two point loadat the two points where the wheel force is
transmitted to the frame, through the suspensitwe. Worst case will be when the suspension
fails and the entire force is transmitted. As tbguirement is not for the frame to fail in case the
suspension fails. These two point loads will bea¢toi the weight of the frame.

2F=mxXxg
Where, F is force on each wheel, m is total maskeof/ehicle including driver and passengers,

and g is the gravitational acceleration.
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3.4.2.1 Rear right Wheel Bump case

Model used is full model of the three wheeled vighand the load is the total weight (Vehicle
+Driver + passengers weight) is applied on the mdg8ieundaries conditions are all DOF (Ux,

Uy, Uz) are zero at front wheel and rear left whaal free at the rear right wheel attachment
point. That means the frame will be fixed selectimg joints at the rear left wheel position of the

frame and at the front wheel position where thgsnsion would mount.

Stress results

The maximum Von Misses stress magnitude, 295.31 bfPeritical point is around 600mm
from rear of TWV and the maximum shear stress madaiis 170.45 MPa and 600mm from
rear as shown in the figure 9. But factor of safety.0159. As we see on the stress plot (table 4),
the maximum stress is under the material resistdwait is almost equal. That is impossible by
a correct design of the frame. One of the imporfaators is that the car is very heavy at all,
maximizing the efforts. Other factor is that thesension will not absorb the great part of the

impacts produced by bumps on the road. That prevtia the load that we use to make the test

is maximized.
Result Equivalent | Maximum | Maximum | Safety Total Directional
type or von- shear stress principal factor | deformation | deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 3.2588e-003 1.8263e- -75.25 1.0159 0 -1.103
003
Maximum 295.31 170.45 164.69 - 64.449 2.7419
Table 4: simulation results of rear right wheel lpucase
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Figure 9: show a) equivalent stress b) maximumrssieass c) total deformation d) safety factor

respectively

Deformation results

As we can see on the displacement plot in figu®, %he maximum displacement in any

components of the frame, under a torsion effort balabout 64.449 millimeters.
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3.4.2.2 Front wheel bump case

The model used is full model of the three wheeletliacle and the load applied on vehicle is

similar to the rear bump case. Boundary conditemesall displacement values had set to zero at
rear right wheel and rear left wheel but free at filont wheel attachment point. That means all

loads will be transmitted to frame through rear elbe

Stress results
The maximum Von Misses stress magnitude is 276d4tlae maximum shear stress magnitude

is 159.77 MPa. But factor of safety is 1.084. As see on the stress result plot in table 5, the

maximum stress is under the material resistanceit Bualmost equal.

Result Equivalent | Maximum | Maximum | Safety Total Directional

type or von- shear stress principal factor | deformation | deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 2.2975e-003 1.3259e- -64.855 1.084 0 -0.62386
003
Maximum 276.74 159.77 139.4 - 64.421 2.4187
Table 5: simulation results of front wheel bumpecas
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0.0022975

Figure 10: show a) equivalent stress b) total aeé&dion c) maximum principal stress d) safety
factor of front wheel bump test respectively

Displacement Result

As we can see in figure 10 (b) the maximum dispte®t on the main frame, after the
application of the forces described, and fixing fitsene correctly is 64.421 mm. The figure tells
us this displacement has been occurred on thengdfibes. This means that these tubes are
sensitive to displacement and have no contribufmn strength because they have highly
displaced with a load of under the material strengt
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3.4.3 Impact simulation

The force applied on the front head direction istgyrbig, because is simulating a front impact.
Then we need a very tough structure to resistihis$ of impact. We can get the result of the test
that the maximum displacement under these conditisnoccurred by using the following
dynamics load. For a perfectly inelastic collisiengrgy transferred,
~mlxm2x (ul —u2)?

2(m1 4+ m2)

Where, m1l & m2 are the two colliding vehicle massath velocities u2 & ul respectively.

Et

Since both m1 & m2 are two three wheeled vehiclgl similar masses & the vehicle m2 is at
rest. Implies that, m1 = m2 & ul =0 then,
E; = 0.25xm1xui

Et
Now, FF = T where, tis impact time and F is impact force.

0.25 x m1 x u1?
F =
t
Total weight of the vehicle (including driver andgsengers) is m1 which is 640 Kg .maximum

sped of the vehicle is 60 km/h that is 16.7 m/snost crashes t is the order of 1 second. Now in

our case of three wheeled vehicle crash force bespm

¢ _ 025 X 640kg (16.7m/s)?

= 44622.4N
1s

Also the design is for no plastic deformation, Wiedicle should remain in the elastic region. The
design factor of safety should remain above urikyng in to account uncertainty in the nature
of forces.

3.4.3.1 Front impact FEM analysis

To do the FEA analysis of the front Bulkhead, we going to apply the load of 44622.4N at the
front in addition to static loads we have seen tgeio the static condition analysis. The point of

application of these loads will be the actual dttaent points between the impact front heads
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(figure 11). The frame will be fixed displacemenit mot rotation of the bottom nodes of both
sides and both locations. Model used is full magfethe three wheeled vehicle with boundary

conditions at suspension mounting points Uy = Wrand at rear corner points all DOF=0.

Figure 11: loads and boundary conditions for fiamgact

Stress results

Since the force applied on the front bulkhead redtp big, the location of maximum Von Misses
stress and maximum shear stress are at front. BimeMisses stress magnitude of critical point
is 21369 MPa and the maximum shear stress magngud#837 Mpa as we see from table 6. As
we can see, the result of the test is that the mmaxi displacement under these conditions is
106.92 mm, which is totally unacceptable. This ltelsas happened because the circular bars are
in incorrect position and not giving a high rigidio the frame. Safety factor is 0.014039 hence;

the Chassis will not safe under Frontal Impactufegl2 (d) shows this truth in a very clear way.
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Result Equivalent | Maximum | Maximum Safety Total Directional
type or von- shear stress principal factor deformation | deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 8.0295e-011 4.1838e- -1079.1 1.4039e 0 -5.0448
011 002
Maximum 21369 12337 11661 - 106.92 86.948
Table 6: simulation results of front impact case
a b

ime:
10/7/2013 8:20 PM

21369 Max
18995
16620
14246
11872
9497.4
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Figure 12: show a) equivalent stress b) maximumcgoal stress c) total deformation d) safety
factor of front impact test respectively
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3.4.3.2 Rear impact FEM analysis

To do the FEA analysis of the rear head impactareegoing to apply the load of 44622.4N at
the rear (figure 13) in addition to static loads veee seen before in the static condition analysis.
The boundary conditions are used at Suspension tmgupoints Uy = Uz = 0 and at front
corner points all DOF=0.

Figure 13: loads and boundary conditions for regact

Simulation results

The location of maximum Von Misses stress and marinshear stress are at rear. Table 7
shows the Von Misses stress magnitude of criticahtps 19804 MPa and the maximum shear
stress magnitude is 10996 Mpa due to Impact. Axavesee the table, the result of the test is
that the maximum displacement under these conditien 1436.8 mm, which is totally

unacceptable. This result will be done becauséréime could not resist the load, has not enough

rigidity. Safety factor is 0.015148 shown in figuté(d) hence, the chassis will not safe under
frontal impact.
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Result Equivalent | Maximum | Maximum Safety Total Directional
type or von- shear stress principal factor | deformation| deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 3.7728e-004 2.1656e- -7034 1.5148e- 0 -1435.8
004 002
Maximum 19804 10996 22060 - 1436.8 2.7133

Table 7: simulation results of rear impact case

1436, Max
12111
1175
957,86
18,32
638,57
70,03
319.28
158.64
0 Min

15 Max

1

5

1

0.015148 Min
0

d

Figure 14: show a) equivalent stress b) maximunarssteess c) total deformation d) safety
factor of rear impact test respectively
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3.4.3.3 Side impact FEM analysis

To do the FEA analysis of the side impact, we aiagto apply the Load of 44622.4N at the
side in addition to static loads we have seen bdfothe static condition analysis. The point of
application of these loads will be the actual dttaent points between the impact front and side

heads. Boundary conditions applied at suspensiamtimg points are Uy = Uz = 0 and at rear
corner points all DOF are zero.

Figure 15: loads and boundary conditions for smdpact

Simulation results

The location of maximum Von Misses stress and marinshear stress are at sides around
passenger’s seat. The Von Misses stress magnitudetioal point is 345.36 MPa and the
maximum shear stress magnitude is 197.39 MPa autafks we can see, the result of the test is
that the maximum displacement under these conditien 66.116 mm, which is totally
unacceptable. Safety factor is 0.86942. Hencechlssis will not safe under frontal impact. See
table 8 and figure 16 for details.
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197.39 Max

7.7217e-8 Min

66,116 Max
5877

51424
44077
36731
29385
22034
14692
73462

0 Min

Result Equivalent | Maximum | Maximum | Safety Total Directional
type or von- shear stress| principal factor deformation| deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 1.3414e-007 7.7217e-008 -69.32 0.86942 0 -1.0997
Maximum 345.08 197.39 228.73 - 66.116 1.2501
Table 8: simulation results of side impact case

1000.00 (ram)

500,00

M ;341407 Min

15 Max.

10

5

0.86942 Min
0

Figurel6: shows a) maximum shear stress b) equitvaleess c) total deformation d) safety

factor
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3.5 Result verification and conclusion for the &rig model

The highest von-miss stress occurred is 21369 MHAzEM analysis in case of front impact. The
material yield strength is 300 MPa. The result Bfdnhalysis is bigger 70 times than the material
strength. The maximum displacement of numericalukation result is 1436.8 mm and the
minimum safety factor is 0.015148 obtained in cateear impact. The result of numerical
simulation is unexpected and unimaginable. Thedgesaell us that the model could not resist
the crash loads and could not give a protectiothéopassengers and to driver also. It indicates
that it is necessary to model a new three wheedbitle structure.

The conclusion that we can get of this FEA analysisthat the frame is not correctly
dimensioned for the weight of the car. That willdexause the strength is only for static case but
during impact the load resistance reliability swgigd is not optimum. Other factor is that the
sheet metal cover of the car is making a frame ibedor a vehicle; maybe it will be better to
improve the frame and think about making the vehiighter and strong. In that case the space
frames will make better strength, but reducingwhmgght of the car. As we have seen the sheet
metal has no value to protect driver and passenygesisg the space frame has a great advantage

to alleviate this shortcoming and to protect pagsesfrom risk.
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Chapter four

Modeling and analysis of new TWV model

4.1 Frame design criteria

A frame of a vehicle can be defined like a strugtilvat has the finality to connect in a rigid way
the front suspension with the rear one and at #mestime brings anchorage points for the
different parts of the vehicle. Its finality is alprotecting the driver and passengers in case of
impacts or rollovers. The design of a frame is amament between rigidity, weight and
volume, without forgetting the final economic codiave to be considered the static resistance
and the fatigue, the loads limits on the unions,lihilding and the assembly. In this project only
takes into account the static stresses and thecisidaaving for a higher level of complexity the
fatigue calculations. In the frame design, regaydmstiffness, there are some aspects to take in
count [2].

» Items that are not part of the structure that giféness to the frame.

» The anchor points that support large loads mustribagulated, like the suspension

attachments.
» Although is interesting to the frame to allow defation due to an impact, the part that

protects the legs has to be totally rigid.

Rigidity criteria

We must differentiate between bending stiffness emdion stiffness. The first refers to the

deformation of the frame under the weight of th#edent elements. Not a problem while

designing the chassis. The second refers to tieefideformation when is under an asymmetric
load, such as when one wheel goes through a hole.

Several studies show that the deformation due tal d&rces is much smaller than due to
bending moments and torsion. That is why it isdydtt load the bars with axial efforts than with
bending moments or torsion moments. Regard with dr@l effort type, is better the

compression efforts than the traction efforts toidwuckling problems [2].
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Mass distribution criteria

0 Itis interesting to maintain the rigidity of theame, trying to get the overall
weight of the frame lower as possible to take athga of the engine power.
0 Regard to the suspension studies, it is convetoekeep the center of gravity as

low as possible [2].

Space criteria

0 Leave space for the engine and its components (exheir intake...) and the
transmission (chain and differential).

0 The frame needs to allow the entry on the cockipat ®th percentile male with a
helmet.

0 The size of the pedals, the angle and length olietlie and feet determine the

length of the pilot’s compartment (cockpit).

Cost criteria

0 The selection of the bars has not to be very vangdrms of diameter and
thickness

o Will be bending the low number of bars and tryiadend only bars of one
determinate diameter.

0 Minimum number of joints.

In general the Requirements of bodies for varigpes of vehicles: The body of the most

vehicles should fulfill the following requiremer&y:

1. The body should be light.
2. It should have minimum number of components.

3. It should provide sufficient space for passes@ed luggage.
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. It should withstand vibrations while in motion.
. It should offer minimum resistance to air.

. It should be cheap and easy in manufacturing.
. It should be attractive in shape and color.

. It should have uniformly distributed load.

© 00 N o o b~

. It should have long fatigue life

10. It should provide good vision and ventilation.

4.2 Basic decisions

Some basic decisions must be taken at the begimfitig project development, such as the type
of structure, the manufacturing processes and tienmals used. These three decisions must be
taken together. The materials must be adequatesg¢othe manufacturing processes selected.
Type of structure is Space frame structure wilsbkected. Using this structure the TWV will be

safer and adequate for mass production.

The space frame design is a very popular optiorclassis type, as it is a low cost, simple to
design and easy to construct. The design is goseyethe Pakistan Standards and Quality
Control Authority (PSQCA) for three wheeler autdides. PSQCA rules, although they leave
enough freedom to see a wide verity of space frahmegpes, sizes and design techniques.
Generally there are two main options for the matarsed in the space frame, these are plain
carbon steel and AS 4130, commonly known as chremelly because of its chromium and
molybdenum content. One of the main advantagesiofjuhe space frame design is its easy and
logical construction process, of which can be pentxdl by person with intermediate knowledge
and experience using basic welding and metal wgrlequipment [3]. Generally, the space
frame chassis is the most suitable chassis type inmsthe prototype car construction in world

compared to others chassis types, hence | decaeply this concept in my thesis.

There are many advantages obtained from space .fr8nee the space frame systems are
triangulated format, it will provide maximum strehgand minimum deflection of the design

compare to the other chassis types due to the sufsppm tubular pipes. Space frame chassis
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systems are lighter than traditional steel. Thessfdt provides significant economy in
foundation costs. Using a space frame chassighirea wheeled car, the high torsion rigidity can
be achieved as well as its light weight. It medret,tspace frame chassis designs will enhance

the rigidity per weight ratio.

4.3 New three wheeled vehicle 3D CATIA model

The CATIA V5R16 is used for model of the new thvageeled vehicle. It is made by using
rectangular hallow section (RHS) of 480x3mm steel beam welded together. Chassis is a

space frame type with the same length width anghteialue as previous.

parameter Valuein mm
length 2625
width 1300
height 1710

Table 9: basic dimensions of the new model

The Pakistan standard of three wheeled vehiclertaasy rules that should be fulfilled during the

design of TWV. These rules are listed bellow intddde10 and used in thesis as guidance.

Rule name specification

numbers

1 seating capacity Three (3) or Seven (7) persons including driver.
2 safety bar There shall be a partition between thedand

passengers and with safety bars.

3 provision of (OPTIONAL)
doors
4 protection from The passengers shall be provideteption from weather
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weather

by means of fiberglass or any suitable raratgstant

material.

over hang

Rear over hang shall not be more than 68 cm (2¥esic

seat

Every passenger shall be provided with at 8%&sm (157)
x 38 cm (15") seats.

seating height

Shall not be less than 30 cm (12 inches) measuoed f

floor board.

backrest

Every passenger shall be provided witkreatof 40 cm

(16 inches) height minimum.

roof

Watertight roof shall be provided which shall cover
completely the area from windscreen to the extrezae

edge of the vehicle.

10

height of roof

The internal height of the roof me@sl from the seat leve

to any point vertically above each seat shall motriore
than 1060mm.

11

leg room back

Every passenger shall be provided with legroonless
than 32.5 cm (13 inches).

12

floor board

Shall be strong made of suitable makao closely fitted

covered to prevent smoke or dust from entering in.

13

entrance level

In case of empty vehicle the entrance level (stefmor
board) shall not be less than 30 cm (12 inchesnaore
than 55 cm (22 inches).

14

mirrors

Shall be provided internally and externaibyfitted as to
enable the driver to have view of the road in #a 0f the

vehicle.

Table 10:

rules and standards of Pakistan [3]
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Using data in table 9 and rules and standards kisfaa in table 10 the CATIA model of the
new vehicle structure has been developed. This modgure 17 shows the model of the new

three wheeled vehicle that is ready for FEM analysi

1.
/

Figure 17: CATIA model of the new three wheeledigkh

4.4 FEM analysis of the new vehicle model

The element types selected were BEAM 181 for thentusections and shell element being used
for skin floor. ANSYS only required the input of ¥pg’s modulus and Poisson's ratio, with the

values of 200GPa and 0.3 used respectively; these wsed for both the tubing and sheet steel.

An important process of any FEA is to refine thesmthat is used in the analysis, a process that
involves reducing mesh or element size a numbémafs and plotting the results as to ensure

the analysis is stable as shown in figure 18.
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Figure 18: FEM mesh of the new model

Element and Nodes

The meshed new model of TWV chassis has numbeteofients and number of nodes. The
element is BEAM 181. In order to get a better rgdatally finer meshing applied in the region
which is suspected to have the highest stressslaabund the sheet metal. Finally the model has
39943 numbers of Nodes and 18992 numbers of Elament

4.4.1 Static analysis

Loading and Boundary condition

Total weight, the weight of motor car having allhnggonents without occupant or baggage is,
330 kg or 3237.3N. This has been applied at théeceari gravity of the frame. And Maximum
play-load including driver is 320kg applied at spaints of each passenger and driver (figure
19). For each will have 80Kg (784.8N) weights. Astty no modification applied to loads and
boundary conditions since our aim is to get betteength and stiffness in comparison to the

existing model.
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Figure 19: loads and boundary conditions for nevdehstatic analysis

Analysis results review

Automobile chassis usually refers to the lower boélyhe vehicle including the tires, engine,
frame, driveline and suspension. Out of these, ftame provides necessary support to the
vehicle components placed on it. Also the frameuhde strong enough to withstand shock,
twist, vibrations and other stresses. The chasamd consists of side members attached with a
series of cross members. Stress analysis usirtg 8f@ment method (FEM) can be used to locate
the critical point which has the highest stresgsThitical point is one of the factors that may
cause the fatigue failure. The magnitude of thesstican be used to predict the life span of the
vehicle chassis. The accuracy of prediction lifeelficle chassis is depending on the result of its
stress analysis.

Maximum Von Misses stress and maximum shear stress

For the new model, the maximum Von Misses stresgnitiade obtained is 221.31 MPa (figure
20(a) and table 11). Its critical point is arounhdof of 1100mm from rear of TWV and the
maximum shear stress magnitude is 125.26 MPa €ig@d(b)). But factor of safety is 1.3556
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(figure 20(d)). So it is safe for stiffness andcitmiess of the chassis frame at reliable stress leve

It indicates as it is necessary to accept a negetiuheeled vehicle.

Result Equivalent | Maximum | Maximum | Safety Total Directional

type or von- shear stress principal factor | deformation | deformation

misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 6.2787e-003 3.5104e- -32.338 0.35557 0 -2.4154et

003 002

Maximum 221.31 125.26 132.97 - 0.44868 1.3635
002

D
]

Table 11: static analysis results of new model

Figure 20: shows a) equivalent stress b) maximusarsstress c) total deformation d) safety

factor

AAIT, master’s thesis October, 2013
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Displacement results

As we can see in figure 20 (c), the maximum disgiaent on the main frame, after the
application of the forces described, and fixing fifagne correctly is 0.44868 mm. Then we have
got minimum displacement and that occurs on shetalmThat has been got thanks to a correct
designing of the shape of the TWV structure. Thgmitade of maximum displacement is too

exact to expect that the model is safe.

4.4.2 Crash analysis of new TWV model

4.4.2.1 Front crash simulation

To do the FEA analysis of the front impact for tiesv TWV, we are going to apply the load of
44622.4N at the front in addition to static load$he frame has displacement boundary
conditions at suspension mounting points Uy = U2 and at rear corner points all DOF=0.see
figure 21.

0.00 1000,00 {ram)

500.00

Figure 21: loads and boundary conditions for fiamgact analysis of the new TWV model
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Analysis stress results

Since the force applied on the front head the ionabf maximum Von Misses stress and

maximum shear stress occurred at front (figure 2Be Von Misses stress magnitude of critical
point is 937.72 MPa and the maximum shear streggitoge is 543.85 MPa (table 12). Even if

the stress values obtained are above the mat&ealgth we should not forget as the analysis is

for collision. This result has found because theslzae in a correct position, and giving a high
rigidity to the frame. Safety factor is 0.31958 benthe Chassis will not safe under frontal
impact but compared to the existing model it is en@liable under crashing condition.

)%
1

AAIT, master’s thesis October, 2013

Result Equivalent | Maximum | Maximum Safety Total Directional
type or von- shear stress principal factor deformation | deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 2.2003e-005 1.2415e- -56.232 0.31958 0 -4.3832et
005 002
Maximum 938.72 541.81 558.16 1.0883 2.3177¢
002
Table 12: front crash results of new model
o o
0.00 1000.00 (mm) 0.00 1000.00 {mm}
a b
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1000.00 ()

500,00

Figure 22: shows a) equivalent stress b) maximusarsstress c) total deformation d) safety
factor

Deformation results

As we can see in figure 22 (c), the maximum disggaent under these conditions is 1.0883 mm,
which is totally acceptable. Especially figure slsave the front beams are deflected inward due
to the large amount of load applied in case ofisioth.

4.4.2.2 Rear crash simulation

To do the FEA analysis of the rear impact load igopk 44622.4N at the rear in addition to
static loads we have seen before in the staticitondinalysis. The point of application of these
loads will be the actual attachment points betwberimpact front and rear heads and boundary

conditions are: at suspension mounting points Wz= 0 and front corner points all DOF=0.
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1000.00 {prm)

S

Figure 23: rear crash loads and boundary condittdmew model

Analysis results

The location of maximum Von Misses stress and marinshear stress are at rear (figure 24).
The Von Misses stress magnitude of critical pan281.03 MPa and the maximum shear stress
magnitude is 162.05 MPa. As we can see table E3rdbult of the test is that the maximum
displacement under these conditions is 2.0697 minighwis totally acceptable. This result will
be done because the frame could resist the loatl,gasng a high rigidity. Safety factor is

1.0675 hence; the chassis will be safe under neaact.

57
AAIT, master’s thesis October, 2013



Strength analysis of three wheeled vehicle’s ceamsil body frame assembled in Ethiopia

A\)%

Result Equivalent | Maximum | Maximum Safety Total Directional
type or von- shear stress principal factor deformation | deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 1.287e-003 6.8609e-| -32.657 1.0675 0 -5.1976e+
004 002
Maximum 281.03 162.05 180.17 - 2.0697 7.1932¢
002
Table 13: analysis results of rear crash for newleho
NS ANSYS

Squivalent Stress

Type: Equivalent (von-Mises) Stress

nit: MPa
10710/2013 10:16 PM

28103 Max
2438

21858

18735

156,13

1249

93,676

62.451

3L326
0.001287 Min

Maximum Shear Stress
Typei Maximum Shear Stress
Unit: M

10410/2013 10:20 M

162,05 Max
14405
12604
10804
90,023
2024
54018
3.012
18,008
000068609 Min

VP
Tirni

Safety Factor 2
Type: tor

10/10/2013 10:22

2.0697 Max
14307
16098
13796
11499
0.929865
10,6899
045993
022007
0 Min

Timeil
10/10/2013 10:20 P

Figure 24: a) equivalent stress b) safety factanaXimum shear stress d) total deformation of

analysis results of rear impact

AAIT, master’s thesis October, 2013
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4.4.2.3 Side impact FEM simulation

Side impact of the vehicle may occur due to crash wehicle with another vehicle that comes
perpendicular to the side of this vehicle. To d® BEA analysis of the side impact, we are going
to use the load applied of 44622.4N at the sidee odel used is full model of the three

wheeled vehicle and boundary conditions at suspenmsounting points are Uy = Uz = 0 and at
Rear Corner Points All DOF=0.

arce 9.2
. orce 3:2100,2 N
EI Displacernent

1000.00 (i)

Figure 25: shows loads and boundary conditionsdef isnpact simulation for new model

Analysis results

The location of maximum Von Misses stress and marinshear stress are at top sides around
driver seat (figure 26). The Von Misses stress ritada of critical point is 853.33 MPa and the
maximum shear stress magnitude is 477.63 MPa (th#h)e As we can see, the maximum
displacement under these conditions is 1.378 mnighnil totally acceptable. This result will be
done because the bars are in a correct positigimgga high rigidity to the frame. Safety factor
is 0.35156 hence, the Chassis will not safe unmier lsnpact but still better than the existing
model.
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Result Equivalent | Maximum | Maximum Safety Total Directional
type or von- shear stress principal factor | deformation | deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 1.8342e-005 1.0394e- -96.391 0.35156 0 -7.2955et
005 003
Maximum 853.33 477.63 802.73 - 1.378 1.3761

Table 14: analysis results of side impact

Time: 1
10/10/201

Figure 26: shows a) equivalent stress b) maximusarsstress c) total deformation d) safety

factor

AAIT, master’s thesis October, 2013
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4.4.3 Bump analysis of the new model

4.4.3.1 Front wheel bump analysis

In bump analysis of the new model due to road roegh, loads and boundary conditions
applied are similar to the existing model analykighis front wheel bump case of analysis load
of 6150.4N (Vehicle +Driver + passengers Weigh@pplied on vehicle. Boundary conditions
are All DOF =0 at rear right wheel and rear lefte@hbut free at the front wheel attachment

point. That means all loads will be transmittediréame through rear wheels.

Stress results

Using the above input and doing the FEM analysssnfaximum Von Misses stress magnitude
of 163.46 MPa is obtained and its critical pointaiound front from rear of TWV and the
maximum shear stress magnitude is 90.912 MPa igud). The maximum deflection obtained
is 0.65574mm. But factor of safety is 1.8353. Assge on the stress plot table 15, the maximum
stress is under the material resistance. Thatssiple by a correct design of the frame. One of
the important factors is that the car is not heatvgll. Other factor is that the frame will absorb
the great part of the impacts produced by bumpthemoad. That provokes that the load that we

use to make the test is minimized.

Result Equivalent | Maximum | Maximum | Safety Total Directional
type or von- shear stress principal factor | deformation | deformation
misses (MPa) stress (mm) (mm)
stress (MPa (MPa)
Minimum | 4.8153e-003 2.7306e- -34.398 1.8353 0 -2.5931et
003 002
Maximum 163.46 90.912 245.74 - 0.65574 1.5974¢
002
Table 15: front wheel bump simulation results & tiew model
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AAIT, master’s thesis October, 2013



Strength analysis of three wheeled vehicle’s ceamsil body frame assembled in Ethiopia

Equalent Sres NNSY(S.
Type: Equivalent (von-M; 4 Akl
nit:MPa

]

Time: 1
/112013 8:37 Pl

163.46 Max]
153
7.4
108.98
0815
12653
s4.431

ANSYS Satety factor 2 NANSYS

WA Type: Safety Factor

Time:
Time: 1 10411/2013 8:41 PM
1071172013 633 P

90.912 Max}
80811
i
60.609
50.508
.47
30306
.25
10104
00027306

Figure 27: a) equivalent stress b) maximum sheasst) total deformation d) safety factor of
front wheel bump simulation results of the new mode

4.4.3.2 Rear right Wheel Bump Test

Keeping applied load similar to pervious, the frawik be fixed selecting the joints at the rear
left wheel position of the frame and at the frortte®l position where the suspension would
mount. The maximum allowable deflection and stressefailure must not occur anywhere in
structure.

Stress results

The maximum Von Misses stress magnitude, 231.21 dReatical point is around the top rear
corner of TWV and the maximum shear stress magaitsid 38.88 MPa on sheet metal 1100mm
from rear. The maximum deflection obtained in ttase is 0.49403mm (figure 28). But factor of
safety is 1.2975 (table 16). As we see on thespkx, the maximum stress is under the material

resistance. That is possible by a correct desige. @ the important factors is that the car is very
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light at all, compared to frame strength. Othetdacs that the suspension will absorb the great

part of the impacts produced by bumps on the rohdt provokes that the load that we use to
make the test is minimized.

Result Equivalent | Maximum Maximum | Safety Total Directional
type or von- shear stress| principal factor | deformation| deformation
misses (MPa) stress (MPa (mm) (mm)
stress (MPa
Minimum | 5.4289e-003 3.1213e-003 -31.531 1.2975 0 -2.9547e-002
Maximum 231.21 130.88 139.91 - 0.49403 1.0546e-002

Table 16: rear right wheel bump simulation resaftthe new model

on
15

b

s

12975 Min

0

ﬁ‘

"I"
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Figure 28: shows a) equivalent stress b) maximumarststress c) safety factor d) total
deformation of new model in rear wheel bump case

4.5 Analytical Verification

The following method is used as verification foe tmethod used. The method is verified by
using a simply supported overhanging beam of csession used in the structure. Total load
acting on chassis is the sum of capacity of thessisaand Weight of body and engine, which is
640 kg. Chassis has two beams. So load acting dn lesam is half of the total load acting on
the chassis. That is 320 kg mass.

I.  Calculation for reaction

Chassis is simply clamp with Shock Absorber. SosSisais a Simply Supported Beam with
uniformly distributed load. Acting on Entire spaftlee beam is 320kg (3139.2N). Length of the
beam is 2000 mm and uniformly distributed loadi8®2 / 2625 =1.1959 N/mm.

Side bar of the chassis are made from rectangh&rrels with 40mm x 40 mm x 3 mm and,

v" Front Overhang (a) = 325 mm
v" Rear Overhang (c) = 300 mm
v" Wheel Base (b) = 2000 mm
v Total length (I) = 2625 mm

1.1959 N/mm

S TS SENS TS S NN SN SR S

A Jc 2000mm D 300mm

¥ ™

&
¥

2625mm

Figure 29: Chassis as a simply supported beamowvighhang
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Now taking the moment around the support D,
wXIX(l—2Xc)
ke = 2XDb
1.1959 N/mm X 2625mm X (2625mm — 2 X 300mm)
- 2 x 2000mm
= 1589.24N

And taking the moment around the support C,
_wxlix(-2xa)

Rd 2XDb
1.1959 N/mm X 2625mm X (2625mm — 2 X 325mm)
B 2 X 2000mm
= 1550N

II.  Calculation for Shear Force and Bending Moment

Shear Force calculation

Vi=wxa
=1.1959 N/mmx325 mm
=388.67 N

V,=Rc-V1
=1589.24N —388.67 N
=1200.57 N

Vz=Rd-V4
= 1550N - 358.77 N
=1191.23 N

V4= WXC
=1.1959 N/mmx300mm
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=358.77 N

120057TN

Figure 30: Shear force diagram
Bending Moment

To find bending moment between A & C,
—w X a?
—
—1.1959N /mm X (325mm)?
- 2
= —63158.46875Nmm

M1 =

To find bending moment between D & B,
—w X c?
—
—1.1959N /mm X (300mm)?
- 2
= —53815.5Nmm

M2 =

To find bending moment between C & D,

M3 = Rc X ke
- e (ZXW @)
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1589.24N
X 1.1959N /mm

= 539473.159Nmm

= 1589.24N X (5 — 325mm)

M3 is the maximum bending moment is calculated.

1242451 TENmm

e Y,

-63158.47Nmm -53815.5Nmm

Figure 31: bending moment diagram

1. Stress calculation

The stress is given by

M Xy
Iz

6=1

Where M= Bending moment, 1z = second moment of aretb is the stress at distance y from

the N.A. (z-z axis) of the beam cross-section
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':L:r

40mmm

&
F

40mm

Figure 32: Cross section of the beam used in thi&oagion

The second moment of area is given by
b x h3
Iz = 17
40 x 403 34 x 343
T 12 12
= 101972mm*

The maximum tensile stresses occur at bottom perypdf the cross section, i.e. y =-20mm
whereas the maximum compressive stress occurs &bphperiphery of the cross section, i.e.

y=20mm.

P 1249491.078 Nmm X 20mm
e 101972mm4
6 = +105.81MPa

The compressive stress occurs at the top sideeafrtiss section and its value is calculated to be

—105.81MPa. The tensile stress occurs at the bottom seofithe beams cross section and its
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value is found to be-105.81MPa. Now to find the von miss stress (equivalergss), we should
first find the principal stresses.
-

O S /7 4 4 4 7 T

40mm

¥

Figure 33: Cross section of beam for shear stress

For the shear stress at section, considering theéesharea above
Q=y'xA'
Where, y’ is the distance from the neutral axith®centroid of the area considered and A’ is the
area of the considered section.
As we have seen from shear force diagram sheag &drthe middle between points C and D of

the beam becomes zero.
VxQ

Txy = I

Since shear force has a zero value, the sheas steesmes zero, i.e,, = 0 . To find the

principal stresses, the following equation is used.

ox +o oxX — 0
ol,o2 = —y + \/(—y)2+rxy2
2 2
ox = —105.81MPa, oy =20
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Then, it will give us,

gl =0, 02 =0and 03 = —245.06552MPa

(61 —02)?+(02 — 03)?4+(03 — 01)?
Ovon—miss = 2

Ovon—miss = 105.81MPa

It is the von-miss stress ai the middle point betwsupports.

IV.  Analytical verification for deflection of the beam

Macaulay’s method is used to find the bending mdraeany general section X-X of the beam.
The Macaulay’s method helps to find a single exgcesfor bending moment throughout the

complete span of the beam. It is used to covdoatling conditions. Finding moment at x—x,

taking clockwise direction as positive,

1.1959 N/mm
X
v [ 4 v ¢ v ¥ ¥ + v '
A fc 2000mm M 300mm E
C L ___
2625mm >

Re X Ed

[ Y
e B . .
Y

Figure 34: Section X-X of Beam

Mxx=-1.1959N/mmx (2625-x)-£(x-2300)-Rdx(x-300) +1.1959N/mmx(x/2)

=-1.1959N/mmx (2625-x)1589.24N x(x-2300)-1550Nx(x-300) +1.1959N/mmx(x/2)
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=-1.1959N/mmx (2625-x)1589.24N x(x-2300)-1550Nx(x-300) +1.1959N/mmx(x/2)
=-3139.2375+1.1959x%589.24 xx+3655252-1550xx+465000+0.59795xx

=4117112-3137 xx

But the bending moment is given by the followingiatipn

d?y
M =El——
d?x
By integrating this equation, slope is found.
dy
0 =—
dx

The second integration of this equation gives défle (§) of the beam.

=y

Therefore, integrating twice the above bending mareguation will provide the following
deflection equation along the length of the beam.
EI§ = —522.8x3+2058556x2 + Ax + B

Where, A and B are integrating constants to beesbfsom the boundary conditions.
Whenx =300,y = 0and x = 2300,y =0
Therefore, the values of A and BAs= —21.89 x 108  and B = 48.25 x 101°
EI = 200 x 103 x 101972 = 2039440000 Nmm?
Substituting these values in the deflection equatice maximum deflection can be found at the
center between supports C and D at x=1325mm.
Eldmax = —522.8 X (1325)3+2058556 X (1325)? — 21.89 x 108 x 1325 + 48.25 x 101°

Elémax = —121.6139 x 10%° + 361.405 x 10° — 290.0425 x 10%° + 48.25 x 101°

EISmax = —1.185 x 101°

odmax = —5.81mm
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This result indicates that the deformation is 5.81downward.

4.6 ANSYS verification

Using this beam of 2625 mm in length and having zgisplacement values at its supports
attachment points the ANSYS verification is dondeTresult extracted is the stress and
displacement values at the middle point betweempaup because the analytical verification is
done at this point. This happens since we areyegfour analytical results and ANSYS results
in comparison. The ANSYS result gives a maximumiejant stress of 100.92MPa (figure

35).this result is less than the analytical restilt05.81MPa. And the maximum displacement
obtained in analytical calculation 3881mm but ANSYS gives the result of 5.7755mm (figure
35b).The difference is caused by simplification mbdel and uncertainties of numerical

calculation but values approaches to each othes.iiitplies that our analysis was correct.

10/20/2013 3:06 PM

633.2 Max
602.99
35278
502.58
452.37
402.16
35105
30175
15154
01.33
15113
100.82

&
! 0.0ag, 400,00 Y<
0 -99 469 (mm) "

0.50524 200,00

10 400,00 fmrm) Y<‘
[ =S| W

200,00

082508
0.41354
0 Min

Figure 35: ANSYS verification results
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Chapter five

Comparison of the two models

Here we will see the results of the existing mae the new model in comparison. Different
cases of the analysis are tabulated and compaestindetail cases and remarks have been
given. The remark is given to the new model stiestsitus when compared to the existing

model strength.

5.1 In terms of static case results

As we can see the results in table 17 bellow tiselt® of equivalent stress, maximum shear
stress and maximum principal stress are bellownrthterial strength for both existing and new
models. Even though the values of the new modeks#s are higher than the existing model
stress values the safety factor value indicatestiieamodel is safe. This shows that the new
model is designed to have high strength withoutenmt wastage. But when we see the

displacement values the new model is extremelgbdithan the existing model.

Analysis type Existing model New model remark
Von-miss stress (MPa) 178.58 221.31 safe
Maximum principal 124.91 132.97 safe
stress(MPa)

Maximum shear 103.08 125.26 safe
stress(MPa)

Total deformation(mm) 64.393 0.44868 better
Safety factor 1.6799 1.3556 safe

Table 17static case result table
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5.2 In terms of impact case

Front impact

Table 18 sows that the new model is much safer tharexisting model in the case of front
crash. Even if the new model stress level is altbgematerial strength the safety factor is about
30 times of the existing model. When we see therd®ition results there is al05mm difference
between. This indicates that the new model desggmguhe space frame is advanced one step

forward in front crash case.

Analysis type Existing model| New model remark
Von-miss stress (MPa) 21369 937.72 better
Maximum principal stress(MPa) 11661 558.16 better
Maximum shear stress(MPa) 12337 541.85 better
Total deformation(mm) 106.92 1.0883 better
Safety factor 1.4039<10? 0.31958 better

Table 18 front impact result table

Rear impact case

The advancement of the new model in the rear imgas¢ is special and unexpected. All stress
results of the new model are under the materiastaasce. As we remember from the figure of
the existing model result the rear part of the nedes diminished. But in the new model this
case is extremely changed. Even the safety factoorhes above one. From table 19 we can
observe the deformation difference that is unbals.
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Analysis type Existing model New model remark
Von-miss stress (MPa) 19804 281.03 better
Maximum principal stress(MPa)| 22060 180.17 better
Maximum shear stress(MPa) 10996 162.05 better
Total deformation(mm) 1436.8 2.0697 better
Safety factor 1.514810° 1.0675 better

Table 19 rear impact result table

Side impact case

This case of the analysis is somewhat differentftbe previous results. All the stress results of
the new model are above the material capacity uesthe stress results of the existing model
are all under the material resistance value. Tletyséactors values of both models are bellow
one. As we see from table 20 even if the new m@&lelot safe in terms of side impact the

deformation value is highly improved.

Analysis type Existing model New model remark
Von-miss stress (MPa) 345.06 853.33 Not better
Maximum principal 228.73 802.73 Not better
stress(MPa)

Maximum shear stress(MPa) | 197.39 477.63 Not better
Total deformation(mm) 66.116 1.378 better
Safety factor 0.86942 0.35156 Not better

Table 20 side impact result table
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5.3 In terms of bump

Front wheel bump case

Table 21 shows the results of the two models ire edsront wheel bump. The values indicate
that the stress levels for both models are bellgwie material load capacity. But when we see
the deformation values there is a earth and sKgrdifice. This is very big and critical change.
The safety factor is above one for both cases afetsobut in the existing model case the value

is very close to one and it indicates that thegie® not reliable for front wheel bump case.

Analysis type Existing model New model remark
Von-miss stress (MPa) 276.74 163.46 better
Maximum principal stress(MP&a)139.4 245.74 good
Maximum shear stress(MPa) | 159.77 90.912 better
Total deformation(mm) 64.421 0.65574 better
Safety factor 1.084 1.8353 better

Table 21front wheel bump result table

Rear wheel bump case

All the stress values and the deformation resulthe existing model are higher than the new
model results. But the values of both cases atevielg the martial resistance. When we see the
safety factor results the new model has a very gabety factor result. But the existing model

safety factor is close to one. It indicates tha tlew model design is more reliable than the

existing model.
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Analysis type Existing model| New model remark
VVon-miss stress (MPa) 295.31 231.21 better
Maximum principal stress(MPa)| 164.69 139.91 better
Maximum shear stress(MPa) 170.45 130.88 better
Total deformation(mm) 64.449 0.49403 better
Safety factor 1.0159 1.2975 better

Table 22 rear wheel bump case

AAIT, master’s thesis October, 2013
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Chapter six

Cost estimation

Cost analysis is carried in order to estimate that of the new three wheeled vehicle model. The
analysis is based on the current cost of the nad¢an the market. Figure 36 shows the numbers
given to each parts of the space frame to idem#gh other. Members have the same cross

section but they are different in their length. lEatember has a rectangular hallow cross section
of 40 X 40 X 3mm.

m.-"_”-"_uf'_ﬁ_/—m 15
16

17

15
20

21

12

23

24

25

26 27 s ~ 9 — 3

31 32

Figure 36: identifications number for each member

In order to estimate cost, we need to find thd tetegth of beam used in the three wheeled
vehicle structure. To do this we have make a thplgrouping members with the same length in
one column. Table 23 bellow shows grouped membmetsteeir total length.
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Group Identification numbers Unit Number | Total

number length(mm) | of length(mm)
members

1 2,4,10,15,18,22,24,25,27,29,30,3; 1220 12 14640

2 9,11,12,17,21,26 1530 6 9180

3 1,8 410 2 820

4 3,5 380 2 760

5 6 725 1 725

6 7 2040 1 2040

7 28,31 1420 2 2840

8 13,14 1840 2 3680

9 19,23 1430 2 2860

10 16,20 140 2 280

The sum of total length 37825mm

Table 23: cost analysis table

From the above table the total lengths of the regikar hallow cross section withd x 40 x
3mm required is 37825mm. The current cost of the st&hl the above cross section obtained
from market is 80 Birr per meter. Now multiplyinfgettotal lengths of the steel required with its
cost per meter the total cost of the new model &aan be obtained.

total cost eastimated = 37.825m X 80Birr/m

= 3026 Birr

This cost is so small comparing to the current 0d3tWV in the market, which is around 85
thousand birr. Even if this cost of the new modssinot include the cost of the engine, the axle,
wheels and electrical systems it will obviously @ese the manufacturing cost and simplify the

level of technology requirement.
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Chapter seven

Conclusions and Recommendations

7.1 Conclusion

This report thoroughly dealt with various load as& on chassis and optimization has been
achieved by changing the chassis type and by isitrgats resistance to loads. The chassis and
body frame was designed so as the vehicle can tartisbetter crash and static types of loads
and is capable of moving on bumpy road. | alsoebelithat the design is quite successful and
have the opportunity to design a vehicle with thesaracteristics is very important. The frame
has been improved by optimizing the number of laais tubes that are part of it and repeating
over and over FEA analyses. In this way could redhe weight of our vehicle and increase its
strength. One of the main improvements to be madeich designs would be to build the frame
in such as low cost, easy to manufacture and highigng. An attractive option is to be
performed using the space frame. That greatlyifamk the assembly and may even lead us to
manufacture in our country, which represents a magwance to Ethiopia. In this thesis we have
seen that the space frame is a better option mstef strength and stiffness and cost for the
TWV frame and body design. In the existing modeltta¢ total displacement values obtained
were above 60mm. bit in the new model designedgusirace frame the maximum displacement
obtained was 2.07mm. This indicates that the st#fénvalue has been improved. Also in terms of
the crash analysis the maximum von-misses streséneld in the existing model was about 70
times larger than the results obtained in the nevdeh This shows that the new model can

withstand impact loads so as the risk level has Ing@imized.
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7.2 Recommendation

As a recommendation | put here my feelings to Fiiaio investors, researchers, vehicle body
manufacturing companies and to the governmenttalsosest their money and knowledge on
the sector of three wheeled vehicle to minimizeltiss of our currency.

7.4 Future works

* The dynamic response of the model should be peddrmthe future.

» The sheet metal which is covered on the structuoeld be included in the finite element
analysis in order to find a more refined result.

» Further redesign of the TWV structure considerimdjvidual members is recommended.

* Prototype development and test should be performed.

» Stability analysis should be prformed.
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