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Analysis and design of a motorbike chassis

ABSTRACT

The objective of this project is to establish a method of calculation for designing a
chassis of a motorbike in a manner in which can be measured all the parameters that are
related to the design to get a chassis as light, strong and economical as possible, taking
into account that the time available is limited.

It is first necessary to know when you can give as valid a chassis in their resistance.
This is essential to know the criteria used by tubular chassis designers in different
competitions such as MotoGP or Superbikes.

Once you are aware of the limits that must not be exceeded we must decide how it will
be done the calculation. The theory of finite elements would be ideal if the geometry
was easy to obtain.

The idea is not create a final design for manufacturing; it is validating a first design for
the construction of a prototype on which if perform the testes that will lead to
production.

For the purposes of these theories is necessary to make a rough drawing of the chassis.
To carry out this approach correctly, it is essential to keep in mind the methods of
manufacture which provides a worker when constructing a structure such as this. The
usefulness of the project is evident. It is absolutely necessary to know how carry out the
calculation of a chassis to design a tough motorbike, that, behave properly and be as
light as possible.

Nowadays, in the world of motorbike competition, the solution for the construction of a
chassis could be: the cheapest one, the lightest one or the most resistant one. A lot of
money is being spent on the construction of the motorbikes, big teams don’t care about
the money, and they care about the weight and strength of the motorbike. In this project
the final solution desired would be a combination of the 3 previous solutions.
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1. INTRODUCTION

Increasingly, many people who are fond of the motor world want to put in practice their
driving skills, without endangering their life or people’s life on the roads.

The motorbike is a great way to enjoy motor racing, because you can enjoy driving it
intensely and they are cheaper than a car

These are the reasons why | decided to make this project. The design of a chassis could
be a great idea if you love motorbikes world.

The history of this vehicle starts in 1867, at first it worked with a steam engine and later
in 1885 was changed to an internal combustion engine. The history of motorcycling like
a sport start in 1896, it was held the first motorcycle race, France. At the beginning the
motorbike reaches 18 km/h and the engine developed 0.5 horse power.

At the beginning of the eighties the chassis weren't stiff enough and during some years
designers were looking to increase stiffness. In a few years they arrived to a point in
which the chassis were too much stiff. Then the objective was to find the optimum
stiffness values. Currently we are going into a new stage in which dynamic factors are
playing a more important role (stiffness is a static concept).

The objective of this project is to establish a method of calculation for designing a
chassis of a motorbike in a manner in which can be measured all the parameters that are
related to the design to get a chassis as light, strong and economical as possible, taking
into account that the time available is limited.

Nowadays, in the world of motorbike competition, the solution for the construction of a
chassis could be: the cheapest one, the lightest one or the most resistant one. A lot of
money is being spent on the construction of the motorbikes, big teams don’t care about
the money, and they care about the weight and strength of the motorbike. In this project
the final solution desired would be a combination of the 3 previous solutions.

It is first necessary to know when you can give as valid a chassis in their resistance.
This is essential to know the criteria used by tubular chassis designers in different
competitions such as MotoGP or Superbikes.

1.1 WHAT IS A MOTORBIKE?

A motorbike is a vehicle driven by an engine that drives the rear wheels, except

in rare cases. The chassis and wheels are the fundamental structure of the
vehicle. The guideline wheel is the front wheel.
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Normally the motorbike is powered by a gasoline engine of two or four stroke

(2T and 4T). Although recently the two stroke engine are being reserved for
smaller motorbikes due to environmental reasons. Formerly air cooling was the
normal, but today it has taken extraordinary growth the liquid cooling.

The engine is positioned generally transverse mode; the crankshaft is
perpendicular to the motion, regardless of the number of cylinders. The number
of cylinders varies from one, usually in smaller motorbikes, up to 6 in line,
being very common provisions inline-4 V with two different angles. Speaking
about the capacity, traditionally the most frequent were: 125cc, 250cc, 500cc.
Although are common large ones like 900cc, 1000cc, 1200cc.

2. THE OBJECTIVE OF THE PROJECT

The objective of this project is to establish a method of calculation for designing a
chassis of a motorbike in a manner in which can be measured all the parameters that are
related to the design to get a chassis as light, strong and economical as possible, taking
into account that the time available is limited.

Nowadays, in the world of motorbike competition, the solution for the construction of a
chassis could be: the cheapest one, the lightest one or the most resistant one. A lot of
money is being spent on the construction of the motorbikes, big teams don’t care about
the money, and they care about the weight and strength of the motorbike. In this project
the final solution desired would be a combination of the 3 previous solutions.

The objectives in this project are:

2.1. Prototype choice:It will be studied how the chassis behaves in flexion and torsion
analysis to know which the best prototype is. It will do with the software SolidWorks.
With these studies it will be known which the parts of the chassis that suffer more are.

2.2. Material choice: It will be studied how the chassis behaves in flexion and torsion
analysis for difference materials. It will do with the software SolidWorks. The analysis
of the chassis should be made with different materials that they have different
properties. | order to choose the best suited.

2.2. Statics calculation: They will be held the load distribution when the motorbike is
stationary. The total weight of the chassis is equal to the sum of reactions at the
supports, in our case, the axles of the wheels.
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2.3.Dynamics calculation: They will be held the load distribution when the motorbike
accelerates, when the motorbike brakes and when the motorbike is cornering. When
braking or boot appears an inertial force that opposes the force that tends to set in
motion or stops the motorbike and modifying the loads on axles of the wheels.

When the motorbike accelerates the inertial force is higher on the rear wheel than when
the motorbike is stationary. The opposite happens on the front wheel, because the
weight is transferred from the front wheel to the rear wheel.

For braking, the inertial force is higher on the front wheel than when the motorbike is
stationary. The opposite happens on the rear wheel, because when it's braking, the
weight is transferred from the rear wheel to the front wheel.

Finally, when the motorbike is cornering there is also a load transfer. This aspect will be
studied later. When the motorbike is cornering, it is changing its trajectory, so it is
changing also the loads of the motorbike.

3. DESIGN OF A TUBULAR CHASSIS

The most important in a motorbike is the chassis. A chassis can be defined as a structure
whose purpose is to rigidly connect to main elements of the motorbike.

A motorbike frame has two basic functions: static (this involves supporting the weight
of the rider, engine and transmission, etc) and dynamic (which is critically important).
Dynamic functions of the frame (in conjunction with the suspension and wheels)
include precise steering, good road holding, handling and comfort.

To design the chassis, first | need to know which those main elements are, they are the
following:

- In the front, the chassis is directly attached to the axis of the motorbike
direction.

- Below, the chassis must be attached to the engine.

- Above, it shall be subject to the docking pilot seat.

- On the back, it must be well designed for coupling the swing arm that hold the
rear wheel to the chassis and make the buffer.

For the realization of the chassis we have to take into account stiffness, weight, space
and cost criteria. . It should be considered static and fatigue resistance, stability of
structural members, the load bearing capacity of the unions, manufacturing and
assembly. But in this project only will be considered static efforts.

10
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3.1 DESIGN CRITERIA

3.1.1 Stiffness criteria

The overall expression of the stiffnessis: K AP/
Where: P: applied load
A deformation
The stiffness supplies the followings proportionalities: oc Exl and Koc EXA
Where: E: modulus of elasticity or Young’'s modulus
I: moment of inertia
A: sectional area

In the stiffness of a chassis, it will take into account two aspects: Bending stiffness and
torsion rigidity.

3.1.2 Weight criteria

In terms of weight when we are designing a chassis, we must take in account the
following points:
- The less the chassis weights, respecting the rigidity, the best engine power the
motorbike will have.
- The center of gravity should be as low as possible, and in the middle of the
motorbike to improve the stability of it.

Below, they will be given some values obtained:
- weight of the motorbike: 105 kg
- pilot weight: 70 kg
- weight of gasoline, lubricants and cooling fluids: 15 kg

3.1.3 Space criteria

To design the chassis we have to consider space terms. Seeing other models on the
market | estimate some geometry parameters like:

- Long wheelbase: 1410 mm

- Center of gravity height: 650 mm. And itis in the middle o the motorbike

- Advance: 80 mm
The chassis must have sufficient space to put the engine in the middle, as shown in the
picture below.

11
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Figure 3.1: Space criteria

3.1.4 Cost criteria

In the design of a chassis, should be taken into account the following aspects to
decrease the cost:

up

The selection of bars should be the less varied possible in diameters.

The number of bent bars should be as small as possible.

The number of joints should be the minimum.

In a welded construction of a tubular structure, almost all costs manufacturing bars
correspond to the filling bars. It has been shown that with K-type joints could be
obtained the minimum number of bars and filling joints. The spaced knots are
easier to manufacture, because they simply apply a single cut on each end of the
filling bar.

Tubular profiles in extra long lengths. The number of welds should be the
minimum. This is achieved asking

12
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3.1.5 Design algorithm
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3.2 DESIGN OF THE CHASSIS

3.2.1 PROTOTYPES

They have been done three different prototypes. All of them are multitubular chassis.
This kind of chassis is a frame built with tubes. Other options could be simple or double
cradle, pressed sheet metal, twin spar and others but trellis chassis is easier to build and
cheaper than them.
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The different prototype have been designed using SolidWorks software, it is a good

program for the design of this kind of piece. And also, it can be use to make the analysis
of the chassis.

First of all, it was done the first prototype that is the following:

3D view:

Figure 3.2: Prototype 1, 3D view

The front: The side:

Figure 3.3: Prototype 1, front view Figure 3.4: Prototype 1, side view
The top:

Figure 3.5: Prototype 1, top view

14
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Then they have been done some changes on the chassis to see later the difference
between them in the analysis.

So, it was changed the attachment between the engine and the chassis thinking the
sustained efforts by the chassis are lower. It was got the second prototype that is the
following:

3D view:

Figure 3.6: Prototype 2, 3D view

The front: The side:

Figure 3.7: Prototype 2, front view Figure 3.8: Prototype 2, side view

The top:

Figure 3.9: Prototype 2, top view

15
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For the third prototype is was taking the first one also and it was added one bar more in
the middle of the chassis with the intention to have a stronger and resistant chassis to

vibrations.
3D view:

Figure 3.10: Prototype 3, 3D view
The front: The side:

Figure 3.11: Prototype 3, front view Figure 3.12: Prototype 3, side view

The top:

16
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3.2.2 CHASSIS PARAMETERS

The idea is not create a final design for manufacturing; it is validating a first design for
the construction of a prototype on which if perform the testes that will lead to
production.

So, it is not necessary exactly the parameters of the rest of the motorbike and it can be
done approximation about the parameters of the chassis.

Here they are the parameters of the chassis:

Prototype 1:

200 300
2 8§
= +
Q }3
B 18 <
2 13 3 o
o o D
(= V
Figure 3.14: Chassis parameters, front
300
Q>
e %
%
R
L)
52
ab
360

Figure 3.15: Chassis parameters, top
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Prototype 2:

506C70
6']9

Figure 3.16: Chassis parameters, prototype 1

Prototype 3: There are not variations of the parameters in the third prototype

3.2.3 TYPES OF BARS

Before to start it must be answered which bars do we prefer, solid or hollow bars? we
know that thin-walled tubes are kept well in flexion and buckling because the moment
of inertia 1’ is greater than the moment of inertia in a solid tube of the same weight. In
conclusion, the best bars to do a chassis are the hollow bars, in other words, the tubes.

The next question is; tubes of circular section (CHS) or tubes of rectangular section
(RHS)? The CHS is particularly attractive and provide effective distribution of steel
around the center axis. This page opposes the minimum resistance to wind and water
loads. The problem is that when they have to join with others circular forms it may be
required special profiling. Moreover, it is known that the geometric properties of the
bars influence the capacity of resistance of the union. It can only be got the best design
if the designer understands the behavior of the union and takes it into account from the
conceptual design. Is known the properties of the joints between CHS and the joints
between RHS, but is not known the properties of mixed unions. In the case of chassis,
are preferred the CHS against RHS because of; esthetic, aerodynamic, axial bending and
because the number of joints is not very high, so that is not decisive in the total cost.

Taking into account regulation of tubes for this kind of structure, it was decided the
dimensions for this one:

- 70 mm the diameter with 6 mm thickness for the tube of the direction axis.

- 35 mm the diameter with 2.5 mm thickness for the mains tubes.

18
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- 30 mm the diameter with 2 mm thickness for the rest of the tubes.

Figure 3.17: Bar dimensions, front

LY

L P

Figure 3.18: Bar dimensions, top

3.2.4 OTHERS

The chassis must be attached to the engine and must be well designed for coupling the
swing arm.

The attachment to the engine supports the weight of it. The parameters are the
followings:

- 30 mm edge cube
- 20 mm the diameter of the hole
- 20 mm radius the large rounding

- 2mm radius the small rounding

Figure 3.19: Engine attachment

19
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The attachment to the buffer is on the back of the chassis. The function of the buffer is
to decrease the efforts of the chassis must support. The buffer has two supports; one of
them is coupled to the down tube.

- 50 mm the diameter of the tube

Figure 3.20: Buffer support 1

\

The other is above

- 50 mm the diameter and 6 mm thickness for plat

- 32 mm the diameter and 18 mm the width of the
cylinder.
Figure 3.21: Buffer support 2

The swing arm is attached to the chassis and to the buffer. It can sedigart8.20,
the support between the chassis and the swing arm. The diameter of the hole is 40 mm

4. PROTOTYPE CHOICE
4.1 INTRODUCTION

The choice of the best prototype must be chosen after to do a comparison between the
prototypes designed.

The dynamic behaviour of a motorcycle is strongly influenced by bending and torsional
stiffness of its frame; moreover the frame has to withstand the stresses due to the forces
transmitted by the rear suspension and by the steering headstock. Modern frame design
techniques incorporate simulations and experimental testing.

For precise steering, the frame must resist twisting and bending sufficiently to keep the
steering axis in the same plane as the rear wheel (to maintain the desired steering
geometry in all conditions) regardless of the considerable loads imposed by power
transmission, bumps, cornering and braking. Good road holding means the ability of the
machine, through its tires, to maintain contact with the road. It depends on frame
stiffness, tire type and size, suspension characteristics and weight (and its distribution);
and good handling is related with the ease, style and feels with which the motorcycle
does rider's command. It depends on the same parameters as road holding but the
requirements are sometimes contradictory so a compromise must be struck.

20
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Frame bending and torsional stiffness is measured by means of experimental tests.
These are non-destructive tests, so they run in the elastic range of the material

To get good chassis must be follow some testes.
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4.2 TESTES

Instead, in this project they have been done only three testes. It has been taken into
account bending and torsion testes.

4.2.1 TEST 1. FRAME LONGITUDINAL STIFFNESS TEST

On Picture 6.8 is shown a sketch of the test.

HEAD FIPE
AXIS

SWING ARM
XS

Figure 4.1: Longitudinal bending test

We can see that the head pipe collars (and bearings, not shown) are fixed on it. The
body is fixed to the bench on the swing arm axis, which includes the swing arm bushes.

What we measure on the test is the displacement of the bar on the head pipe in which
we apply the force. That measure will give usnd, as we know F, we g&t The
stiffness obtained from this test is the Longitudinal Frame Stiffness, kzf

We fix the frame from the swing arm axis to the rig and make sure it does not move
(with the help, for example, of some extra structure on the frame). It comes with the
bearings and head pipe collars on it. We also need a special swing arm axle to perform
these stiffness tests (explained later).
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The momentum will be introduced more or less the way you ségature 6.8: a bar
introduced on the head pipe axis and a force applied on it to introduce a momentum on
the head pipe. We will use the same instruments as on the torsional test, so we introduce
directly the momentum and measure it on the dial.

In the elastic range of the material, the relation between the momentum applied (M) and
the deflection & which we can convert to degrey) is linear. To check this, the test

has to be done with several different momentums so we draw all the data obtained on a
graph and we approximate it to a straight line. The slope of that straight line will tell us
what the stiffness,, ks.

4.2.2 TEST 2: FRAME LATERAL STIFFNESS TEST

On Picture 6.2 is shown a sketch of the test.

HEAD PIPE

ARIS

AWING ARM

ARIZ

Figure 4.2: Lateral bending test
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We can see that the head pipe collars (and bearings, not shown) are fixed on it. The
body is fixed to the bench on the swing arm axis, which includes the swing arm bushes.

What we measure on the test is the displacement of the bar on the head pipe in which
we apply the force. That measure will give &1s0, as we know F, we gét The
stiffness obtained from this test is the Lateral Frame Stiffness, kf

We fix the frame from the swing arm axis to the rig and make sure it does not move
(with the help, for example, of some extra structure on the frame). It comes with the
bearings and head pipe collars on it. We also need a special swing arm axle to perform
these stiffness tests.

The testing bench:

Figure 4.3: Flexion test

The weight makes a force on the chassis creating bending. The weight creates a force on
the Y direction, that force is transmitted through the rope to the chassis analyzed. The
force creates bending on the chassis.
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4.2.3 TEST 3: FRAME TORSIONAL STIFFNESS TEST

On Picture 6.5 is shown a sketch of the test.

HEAD PIPE
aXIS

®
L

SWING ARM
axis - HE

Figure 4.4: Torsional stiffness test

We can see that the head pipe collars (and bearings, not shown) are fixed on it. The
body is fixed to the bench on the swing arm axis, which includes the swing arm bushes.

What we measure on the test is the displacement of the bar on the head pipe in which
we apply the force. That measure will givedudhat we can convert to degreéy, so,

as we know M, we gek. The stiffness obtained from this test is theteral Frame
Stiffness, kit

We fix the frame from the swing arm axis to the rig and make sure it does not move
(with the help, for example, of some extra structure on the frame). It comes with the

bearings and head pipe collars on it. We also need a special swing arm axle to perform
these stiffness tests (explained later).
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The momentum will be introduced the same way you sed’iotures 6.5:a bar
introduced on the head pipe axis and torque wrench introducing a momentum on it.

In the elastic range of the material, the relation between the momentum applied (M) and
the deflection & which we can convert to degrey) is linear. To check this, the test

has to be done with several different momentums so we draw all the data obtained on a
graph and we approximate it to a straight line. The slope of that straight line will tell us
what the stiffness,, ks.

The testing bench:

Figure 4.5: Torsion test

The weight makes a moment on the chassis creating torsion. The weight creates a
moment on the X direction, that moment is transmitted by lever to the chassis analyzed.
The moment creates torsion on the chassis.

4.3 THE CHOICE
The prototype chosen is the third, the reasons are:

- The tenses that this prototype suffers are almost always minors. They are always
minors except in the third test (torsion test) that the prototype one suffers minor
tenses

- Ifitis taken a look on the results obtained for the displacements, it can see that
they are clearly better the results of the third prototype. Therefore, the best
prototype is the third.

As already said the best prototype is the third, the reason of that is the tube was added.
This tube gives more stability to the chassis doing it stronger and resistant for the
vibrations.
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5. MATERIALS

5.1 INTRODUCTION

Not infrequently in designing structures, the designer makes the mistake of ignoring the
material that most suits from the beginning, and its possibilities to be modeling. The
engineer must know the tools available to tinker, its costs and experience. He must
know whether the material is made up in cold or hot, the behavior of welded joints
varies. Also it is very important to know which are the mechanical properties of
materials such as its elasticity modukisthe shear moduluS, densityp and its yield
stressfy. In theory, the section of the tubes that are available can be circular or
rectangular, and may be hollow or solid.

Taking everything into account, the material of choice is steel, because it has good
properties.

5.2 KIND OF STEEL

The chassis could also be made of titanium, aluminum or carbon fiber, but | choose
steel, why?

The truth is that chassis can be made of almost any material but it must also be taken
into account cost, mechanical behavior and formability possibilities it has

The steel has the following advantages:

- Its price is relatively cheap

- Good weld ability

- Ductile material

- Its elasticity modulus is higher than many other materials such as titanium or
aluminum.

As is mentioned in the introduction, the designer always needs to specify whether the
material is cold-finished or warm-finished. The cold-finished tubular profiles are always
welded, and the warm-finished tubular profiles, although most of them are also welded,
may not have seam. In the case of the construction of a tubular chassis the most usual is
to use cold-finished tubular profiles

The types of steel are specified by the International Organization for Standardization
(ISO) in the following rules:

- IS0 630: Structural steels.
- IS0 4951: High yield strength steel bars and sections.
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- IS0 4952: Structural steels with improved atmospheric corrosion resistance.

The chemical composition and mechanical properties of cold-finished tubular profiles
comply with the recommendations IO 630. The mechanical properties of steels are
generally characterized by the yield strengjh tensile ultimate strengtffy, and
elongation §. These properties are determined by tensile tests and can achieve diagrams
c-¢. The regulationENV 1993-1-1 prescribes the following minimum value for the
relationship between ultimate strengglahd tensile yield strengtlx f

fu/ fy= 1.2 (based on the nominal values of f, and f,)

A structure made of tubular profiles filled with predominantly static loads should, in
principle, be designed so as to provide a ductile behavior. This means that if the bars are
critical, they should ensure capacity of rotation, or if the joints or connections are
critical, they should also ensure sufficient rotation capacity. The ductility is measured in
the Charpy V- test, in which a small steel piece with standard dimensions and a standard
V-cut is subjected to a shock load in an environment with a given temperature. Charpy
value represents the minimum breaking energy of the pieces in the trial that can
withstand when they are set out to a given temperature, expressed in Joules. The values
of the steels standardized by the ISO and by the CEN obey the minimum requirement of
27 Joules prescribed by the Eurocode 3.

Other aspect in the description of the mechanical properties is defined by the resistance
and the ductility of the tubular profiles when they are loaded in the thickness direction.
If during the test appear a crack (a lamellar tearing), it may be avoided by using steel
with low sulfur content or adding sulfur with other elements such as, for example,
calcium.

| i LH-.I
L = h
- 5T

Fime 11
Figure 5.1: Lamellar tearing
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5.2.1 Possible of steels
Among all the possible materials they have been chosen the followings

- AISI 304

AISI 304

Chemical composition: C=0.08%max, Mn=2%max, Cr=19%, Ni=9.5%

Property Value in metric unit Value in US unit
Density 7.9 *103 kg/m3 493 Ib/ft=
Modulus of elasticity 193 GPa 28000 ksi

Thermal expansion (20 °C) 17.2*10°° °C™: 9.5%10°® in/{in* °F)
Specific heat capacity 502 J/(kg™K) 0.12  BTU/(Ib*oF)
Thermal conductivity 16.2 W/ (m*K) 112 BTU*in/{hr*ft2*oF)
Electric resistivity 7.2%1077 Ohm*m  7.2*10°° Ohm*cm
Tensile strength (annealed) 586 MPa 85000 psi

Yield strength (annealed) 241 MPa 35000 psi
Elongation (annealed) 55 %a 55 %

Hardness (annealed) 80 RB 80 RB

Tensile strength (1/2 hard) 1100 MPa 160000 psi

Yield strength (1/2 hard) 760 MPa 110000 psi
Elongation (1/2 hard) 10 %a 10 %

Hardness (1/2 hard) 35 RC 35 RC

Table 5.1: AISI 304
- AISI 1035

AISI 316
Chemical composition: C=0.08%max, Mn=2%max, Cr=17%, Ni=12%, Mo=2.5%

Property Value in metric unit Value in US unit
Density 8.0 *10% kg/m= 499 Ib/ft=
Modulus of elasticity 193 GPa 28000  ksi

Thermal expansion (20 °C) 15.9*10°% oC”t 8.8%10°%|in/(in* oF)
Specific heat capacity 502 J/(kg™K) 0.12  BTU/(Ib*oF)
Thermal conductivity 16.2 W/ (m*K) 112 BTU*in/(hr*ft2*oF)
Electric resistivity 7.4*1077 ' Ohm*m | 7.4*10°°|Ohm*cm
Tensile strength (annealed) 586 MPa 85000 psi

Yield strength (annealed) 241 MPa 35000  psi
Elongation (annealed) 55 %a 33 Ya

Hardness (annealed) 80 RB 80 RB

Tensile strength (cold drawn) 620 MPa 89900 psi

Yield strength (cold drawn) 415 MPa 60200  psi
Elongation (cold drawn) 45 %a 45 Ya

Hardness (cold drawn) 91 RB 91 RB

Table 5.2: AISI 316
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- AISI 316
Propiedad Valor Unidades
Moédulo elastico 2.0499995984e+011 | N/m"2
Coeficiente de Poisson 0.2% ND
Médulo cortante 7.999999987e+010 | N/m*2
Densidad de masa 7850 kg/m*3
Limite de traccion 585000003 N/m*2
Limite de compresion en X N/m*2
Limite elastico 282685049 N/m*2
Coeficiente de expansion térmica 1.1e-005 K
Conductividad térmica 52 Wi(m-K)
Calor especifico 486 Ji(kg-K)
Cociente de amortiguamiento del material ND

Table 5.3: AISI 1035

5.2.2 Increase in the elastic limit caused by the cold deformation

That increase can be used only in RHS profiles in traction elements but not in flexion.
For all, the best option is the CHS profiles so that increase does not matter in the elastic
limit.

5.2.3 Consideration about the weld-ability of the materials

Essentially, the chemical composition of a type of steel is what determines your ability
to solder. For welding, the ability of steel usually used for the construction of a chassis,
the critical carbon content (€ 0.22%) and purity of the steel indicated by sulfax

0.045 %), phosphorus (R 0.045%) and nitrogen (NZ 0.009%). The weld-ability
improvement, It is not only by the low percentage of carbor< (@20%), but also
because of the fine-grained microstructure of the material, reducing the susceptibility to
brittle fracture. The chemical composition, which influences susceptibility to fracture in
the cold of the heat affected zone, often measured by the value of carbon equivalent
CEV as follows.

5.3MATERIAL CHOICE

The chassis has been analysis by SolidWorks with different material, exactly the
materials before mentioned. The objective, choose good material for this material for
this structure.

The material chosen is AISI 304. It has been chosen this material because taking into
account the results, these materials are very similar. So, it has been chosen AISI 304
because is often used for this kind of structure.
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Then, it is showed the physical properties from the material chosen, AISI 304:

- Elastic modulus E = 190,000 N/mr (MPa)
- Shear modulus G= 2(111 5 = 75,000 N/mm (MPa)
- Creep limit fy = 207 N/mnf (MPa)
- Poisson ratio v=0.29
- Linear expansion coefficient 0=17.2x 10 /°C
Density p = 8000 Kg/n?

6. ANALYSIS OF THE CHASSIS

6.1 INTRODUCTION

The final design has been analyzed with SolidWorks. It is a program of computer-aided
design for modelling mechanical currently developed by SolidWorks Corp.

The program allows modelling of parts and assemblies and to extract both flat and other
information necessary for production. It is a program that works using new modelling
techniques with CAD systems. The process is to transfer the mental idea of the designer
to the CAD system, "virtual build" the piece or whole. Later, all withdrawals (drawings
and swap files) are made fairly automated.

The chassis has been analyzed statically and dynamically, when the motorbike is
stopped, when the motorbike is accelerating, when it is braking and when it is
cornering.

6.2 STATIC ANALYSIS

In this case the motorbike has been studied when the motorbike is stopped. The
motorbike has a weight that makes a force focused on the center of gravity.

The total weight of the chassis is equal to the sum of reactions at the supports, in our
case, the axles of the wheels. The module suRri@ndF2 is equal td~.
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Figure 6.1: Static study
P=m x g= 190 kg x 9.8 m/s2 =1864 N

So, taking into account the center of gravity is in the midéleand F2 are equal and
their value is 932 N.

These forces have been applied dividing equally on four different points of the chassis
and calculated with SolidWorks. The values depend with the distance they have to the
center of gravity.

Mombte de modela: defintivo prieha diametro ultima
Mombre de estudio; Estudio 3

Tipo de resulttado: Tension en el peor caso Tensiones]
Escala de deformacian: 1

Peor cazo (Mim"2)

51081025
4682427 5

. 42567520

L 38N0770

. 34054015
29797265
h 25540513
L 2azeamep
- 17027008

- 2TT 0256

851.350,4
4256752
oo

Figure 6.2: Static analysis, Von Mises
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Mombre de modelo: definttivo prisha dismetro ultims

Mombre de estudio: Estudio 3

Tipo de resuttado: Desplazamiento estatico Desplazamientoz1
Eztala de deformacion: 1

URES (mm)

3 436e-002
3.1490-002

. 2863e-002

. 25772002

. 2.290e-002

. 2004e-002

‘. L 1718e-002
| 1 432e-002

_ 1 1452-002

. 8.589e-003

5.7 26e-003
2.863e-003
1.000e-030

Figure 6.3: Static analysis, Displacements
The highest tense is found near the direction axis and the value is about 5 MPa.

The highest displacements are found where on red places and their value is about
3.436e10-2 mm.

The chassis will hold the weight without problems.

6.3 DYNAMICS ANALYSIS

6.3.1 IN MAX ACCELERATION

In this case they will be studied the forces that motorbike support when it is in its
maximum acceleration possible. The acceleration creates a Kages¢ if | take into
account Newton’s laws, I'll have another force to equal this Ea is located at the

point of contact between the rear tire and asphalt, having the same direction as the
direction of acceleratiork-1 andF2 represent the vertical force due to the weight, being
downstream at the point of application (CG) and opposite reaction at the point once
again at the point of contact between the rear tire and asphalt.

When we are in max acceleration, it will be nil the force on the front wheel. So,
geometrically we can see that the product of two vectors, the vector fanafi on

the one hand, anBa and F2 on the other, must be aligned (dotted red line in the
drawing).
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It is considered that the coefficient of friction between asphalt and rear tire 1.2, thus
avoiding the tire slip. In addition, the CG position will not be the same that when the
motorbike is in rest, the pilot’s forward tilt will also move forward so that the two
vectors of force resulting in the CDG and rear wheel are respectively aligned.

Figure 6.4: Max acceleration study

So, F1=0 and theR2=P

P=m x g= 190 kg x 9.8 m/s2 =1864 N

Doing YMCG , | will obtain Fa

YMCG =0

Fa x 650 =F2 x 705

Fa = 1864 x 705/650 =2021.72 N

Fa =Fi =2021.72

o= arctg (F2/Fa) = arctg (1864/2021.72) = 42.67°

The motorbike suffers a moment respect of the chassis of the gravity center. It is
M=1314.118 Nm. This moment is applied like a force in one or some points on the
chassis but must be taking into account the distance to the center of gravity.
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Mombre de modelo: chaszsis definitivo a analizar

Tombre de estudio: Estudio 4

Tipo de reauttado; Tenzidnen el peor caso Tensianes] Pear caso (Mim"2)
Escala de deformacion: 1

38 430,756 0
l 352281920
. 320256300

. 2E.8230680

. 256205040

S 22T e42D0

192155780

i

160125150

v

128102520
- 9607 6290
6.403126,0
3202.565,0

oo

S

Figure 6.5: in max acceleration, Von Mises

Mombre de modelo; chassis definitivo a analizar

Mombre e estudio; Estudio 4

Tipo de resultado; Desplazamiento estético Desplazamientos

Escala de deformacidn; 1 LRES: (mm)

1.8782-001
l 1.7228-0M
- 1 5658001

- 1.4092-001

. 1.252e-001

- 1.0988-001
93926002

. T.327e-002

. B.361e-002

. 4596s-002
3131 e-002
1.5652-002

1.000&-030

oL

Figure 6.6: in max acceleration, Displacements

The highest is found near the top of the direction axis and the value is about 38.43 MPa.
The highest displacements are found in the red places. And their value is about
1.87e-1 mm.

35



Analysis and design of a motorbike chassis

6.3.2 IN MAX BRAKING

6.3.2.1 On the front wheel

In this case, consider that only stop with the forward brake with the maximum
efficiency. The brake creates a for¢éh). So, if | take into account Newton’s laws, |
will another force i) equal to this.

When we are in maximum braking, it will be nil the force on the rear wheel. The vector
sum ofP andFi will be a vector applied to the CG that must be aligned, in the limiting
case, with the resulting vector of the vector suniFoaind F1, located at the contact
point between the front and the asphalt.

It should be noted that braking causes the collapse of the fork, a phenomenon that
lowers the motorbike’s CG and reduce the vertical distance betwesanrd Ff, but not

be considered because the consideration of this situation causes a solicitation rigid
higher, so it will be a design case even more critical.

Figure 6.7: max braking with front wheel study

So, F2 =0 and theRl1 = P=1864 N
Doing YMCG , | will get

YMCG =0

Ff =2021.72 N

a=arctg (F1/Ff) = 42.67°

The motorbike suffers a moment respect of the chassis of the gravity center. It is
M=1314.118 Nm. This moment is applied like a force in one or some points on the
chassis but must be taking into account the distance to the center of gravity.
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Mamibte de modela: chassiz defintivo & analizar Pear caso (Mm°2)
hombre de estudio: Estudio 4
Tipo de resultads: Tension en el peor caso Tensiones? 41 8354560

Escala de deformacion: 1

l 383491680

. 348625800

313765920
. 27.890.304,0
_ 244040160

208177280
174314400
L 139451520
_ 10458 864 0

69725760

3.486 2588,0

0o

56

Figure 6.8: in max braking with front wheel, Von Mises

Mombre de models: chassis definitivo & analizar URES
Mombre de estudio; Estudio 4 {mm)
Tipo de resuttado; Dezplazamiento estatico Desplazamiertos1

Ezcals de deformacion: 1 2371e-01

2174e-001

. 1.976e-001

. 17783001

_ 1 531e-001

. 1333001

. .786e-001
QA& e-002
_ 7 anse-00z

. 5828002

3 A52e-002

1.876=-002

1.000&-030

¥
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Figure 6.9: in max braking with front wheel, Displacements

The highest tense is found near of the direction axis and the value is about 41.83 Mpa,
higher than in max acceleration. The highest displacements are found in red places and
their value is about 2.37e-1 mm, higher than in max acceleration.

37




Analysis and design of a motorbike chassis

6.3.2.2 On the rear wheel

In this case, the motorbike only brakes with the rear wheel. Imnmediately activated rear
brake, the weight distribution will var§2 will be less tharir1. Due to that, | will apply
a coefficient of 0.7 té-2 force.

Figure 6.10: Max braking with rear wheel study

If P=1864 N, sd2=0.7x P/2) =0.7 x (1864/2) = 652.4 N
And F1 =P-F2=1211.6 N

Doing YMCG, | will get Ff’

YMCG =0

1211.6 x 705 — 652.4 x 705 — Bt'650 = 0

F =635.8 N

The motorbike suffers a moment respect of the chassis of the gravity center. It is
M=413.27 Nm. This moment is applied like a force in one or some points on the chassis
but must be taking into account the distance to the center of gravity.
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~
Mombre de modela: chassis defintivo & analizar Feck Erzniivin2)
N.ombre de estudio: Estgfilo 4 ; 13.156.699,0
Tipo de resultado: Tension en el peor caso Tensiones] l

Escala de deformacidn: 1
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Figure 6.11: in max braking with rear wheel, Von Mises

Mambre de modelo: chassis defintivo s analizar

Mombre de estudio; Estudio 4

Tipa de rezultado: Desplazammiento estéticn Desplazamisrtos
Escala de deformacion: 1

LIRES (mm)
7 A58e-002

6 536e-002

. B.215e-002

- 5593002
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. 4.350=-002

. 3.7289e-002

. 3A07e-002

. 2486=-002

. 1864002

1:243e-002

6.215e-003

1 .000e-030

Figure 6.12: in max braking with rear wheel, Displacements

The highest tense is found near of the direction axis and it is really smaller than tense
obtained with braking on front wheel. The value is just 13.16 MPa. The highest
displacements are found in the same place and also they are smaller. Their value is
about 7.46e-2 mm.
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6.3.3 IN CORNERING

This study has been done considering the maximum inclination possible of the
motorbike, taking in account that not exist acceleration force and braking force. Around
the tire’s grip is intended to overcome the force centrifuge due to cornering.

The vector sum oF1 andN is collinear to the vector sum &fandFc. The fulcrum of
the motorbike is moved, but also the center of gravity because the driver goes off it.

Figure 6.13: Cornering study

P=N=1864 N

a=42.67°

tga = N/F1 — F1 = 1864/tg42.67 =2022.12 N
F1+N=2750N

Fc+P=2750 N

The motorbike suffers a moment respect of the chassis of the gravity center. It is
M=890.84 Nm. This moment is applied like a force divided equally in four points on
the chassis but must be taking into account the distance to the center of gravity and the
direction.
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Mombre de modelo: chazsis defintivo a analizar Pear cazo (Mim*2)
Mombre de estudio; Estudio 4
36882 644 0

Tipo de resuttads: Tenzsion en el peor cazo Tensiones]
Escala de deformacian: 1
33:809.092,0

. 307355360
. 2T EE1.934,0
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Figure 6.14: in cornering, Von Mises

Marmbre de modelo: chassis definitive s analizar
Maotnbre de estudio: Estudio 4
Tipo d fado: Despl iento estatico Despl ientos1

IP0 de resUliiaco;. DespiaZamiento 2 IcO Desplazamientos g 028—001

Escala de deformscion: 1
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Figure 6.15: in cornering, Displacements

The highest tenses are found on the back of the chassis where they are red placed. And
the value is about 36.88 MPa. Therefore, the tense in curve is smaller than the tense in
max acceleration and the tense in max braking with the front wheel. The highest
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displacements are found in red places and the value is about 6.1e-1. It is higher than in
max acceleration and in max braking with the front wheel.

6.3.4 COMPARISON

It has been done the contrasting between max acceleration, max braking with the front
wheel and in draft. It can be seen that the worst situation for tense is when the
motorbike is braking then when it is accelerating and then when it is in draft. Also it can
be seen that the worst situation for displacements is when the motorbike is braking and
then when the motorbike is accelerating.

6.4 CREEP LIMIT CHECKING

To perform the checking of the creep limit in the chassis will be needed the obtaining of
the stress distribution in each case, or, which are the bars that are withstanding more
stress. This Von Misses stress is compared with the maximum stress that can withstand
material {y= 207 MPa)and, thereby, it is obtained the use of each section in the form of
percentage. Then it is analyzed the results of each scenario:

N
OoyMm = K‘}‘_ +3—

6.4.1 Static analysis

In static analysis, the points that suffer the most are near the direction axis. The chassis
will only support 2.4 % respect its total capability.

6.4.2 Dynamic analysis

In maximum acceleration, the points that suffer the most are near the direction axis. The
chassis will support 18.56 % respect its total capability.

In maximum braking, the points that suffer the most are near the direction axis. The
chassis will support 20.21 % respect its total capability.

In cornering, the points that suffer the most are on the back of the chassis. The chassis
will support 17.81 % respect its total capability.

As a general conclusion, from the study of bars for the three scenarios, it has been found
that the working sections are far below of the creep limit. As it has already been
mentioned several times throughout the project, that is because, the chassis is designed
to be rigid and not only to hold the maximum stress.
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7. CONCLUSIONS

The first and most important conclusion is that there is no method completely
automatable to design and calculate a chassis. Is needed a creative mind to make
decisions regarding changes in geometry that it can give up to get the final design.

As can be seen in this report, designing this chassis, following this method, is long and
tedious. Depending on the initial design, must be done a high number of iterations to
achieve a satisfactory result. It is therefore very important to follow the design criteria

defined in the report from the beginning.

| can say that the objectives of the project have been achieved and the results are
available because the percentages are low. The working sections are far below of the
creep limit. So, the chassis will resist in max acceleration, max braking and in cornering
without many problems.

Therefore, removing some material, could be got lighter chassis and the results would
continue being available. Other option could be change some bars for other with lower
diameters and thickness.

As a final conclusion, it must be said that this project is a method which can lead to
tubular chassis engineering, although not the ideal method. The ideal is not feasible now
because CAD technology has not reached the point where it can be drawn the tubular
structures with the interested flexibility.

8. RECOMMENDATION

The chassis has been designed taking into account only the considered static loads.
When driving, it is obvious that, in the vehicle, appear vibrations due to the efforts from
the field have different distribution. This will make that the chassis can fail to fatigue.

The design of the chassis has been done taking into account only the weight of the pilot
and the weight of the motorbike. A complete would be the one which takes into account
the suspensions, transmission, steering, etc... Moreover, a motorbike is exposed to
collisions that are more common than we would like to, and usually, they have serious
consequences. According to the motorsport magazines, the chassis should absorb these
efforts. To absorb these efforts, the chassis should be deformed. This requires that
certain areas of the chassis should have relatively small stiffness. At this point, it is
reached a contradiction with what has been seen in this project, so, a balance between
rigidity and flexibility on the different areas of the chassis should be damather

point that should have been studied is the determination of the applicable load
assumptions due to aerodynamic forces.
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It is an iterative method, and depending on how close is the initial design and the final
solution, sooner or later will be finished. It is advisable to make a good initial estimate.
But there are no tricks to it; the more experience the better projecting the initial design.
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APPENDIX A: TECHNICAL REGULATION SPEED CHAMPIONSHIP OF
SPAIN

12.INTRODUCTION

With the only condition of which the Regulation of the Championship of Spain of
Speed is respected, the Builders can be innovators regarding the conception, the
materials and the set of the construction of the motorcycle. Only will be admitted the
check of an alone motorcycle by pilot and class. In case a motorcycle, after fall in the
course of the official trainings, was suffering hurts of difficult repair in the circuit, the
Commissioner Technician might admit the check of the second motorcycle. Once begun
the official trainings, only it will be able to remain in the stall the checked motorcycle.

2. CLASS 125 GP. SPECIFICATIONS.
» 125 GP. Superiors to 80 cc. And up to 125 cc., an alone cylinder.
3. ENGINES
3.1 The engines can work only under the beginning of two.
3.2 The engines must be of type aspiration.
3.3 The cylinder capacity will be defined:
Displacement = (D2 x 3.1416 x C)/4

- D = Diameter.
- C = Stroke.

3.4 No tolerance will be authorized in the cylinder capacities.

3.5 The cylinder capacity of the engine will have to measure up to temperature set.
4. GEARBOX

There will be a maximum of six gears.

5. WEIGHTS

5.1 The following minimal weight is authorized:

125 GP: 136 Kg motorcycle + | pilot

5.2To come to the minimal weight, one can use ballast. The checked weight will be the
total of the pilot with the whole kit and protections mass the weight of the motorcycle,
including warehouse of fuel, water and other liquids, besides any complementary
element fixed to the motorcycle, such as the issuer of timing, chamber, equipment
telemetric, etc. During the trainings random controls of weight will be able to be
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effected in the zone designated by the Chief of the Commissioners Technician, as well
as at the end of the career.

6. WAREHOUSES OF FUEL

6.1 The stoppers of fuel must be monopolies and have an effective system of closing.

6.2.1The chimneys of aeration of the warehouse of fuel must take a valve of retention.
The exit of the chimneys of aeration must come out inside an appropriate recuperate,
one for motorcycle with a minimal capacity of 200 cc. And a maximum of 250 cc.

6.3.1 The warehouses of fuel must have a protection system against the fire or be
provided with a bladder of fuel.

6.3.2Except in case a warehouse of fuel is screwed to the chassis, all the conduits of
fuel between the warehouse and the carburettor or the system of injection must have a
system of fittings monopolies. This fitting must separate when there is exercised a force

lower than 50 % of the necessary load capable of conquering a resistance of any part of
the conduit of the fitting or of starting it of the warehouse.

7. SAFETY AND CRITERIA OF CONSTRUCTION

7.1 Gyratory fist of gas.

7.1.1 Thegyratory fist of gas must be closed automatically in all that him release.
7.2 Direction.

The handle must have a minimal width of 450 mm. And his ends must be solid or
covered of rubber. The width of the handle is that measure between the exteriors of the
fists of the handle or of the gyratory fists of gas.

7.2.2There will have to be a minimum of 15 °© from movement of the direction to every
side of the axis.

7.2.3A few ceilings will have to be fixed to assure a space of a minimum of 30 mm.
Between the handle and the petrol tank and / or the fairing, when the angle of draft is in
his maximum point.

7.2.4The motorcycles must be provided with a button of he gives birth in operative
condition.

7.3 Brakes.

The motorcycles will have to be equipped with at least a brake in every wheel, which
works separately.

7.3.2 There remains totally prohibited the utilization of brake discs of carbon.
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7.4 Leak.

7.4.1The exit of the leak cannot exceed the tangent vertical one of the edge of the back
tire.

7.4.2The last 30 mm. Of the pipe must they be horizontal and parallel in relation to the
average line of the motorcycle.

7.4.3For safety reasons, the exposed radius of the exit of leak must become wealthy not
to have sharp tops.

7.5 Footrest.

The footrests must have extremities rounded with a minimal spherical full radius of 8
mm.

7.6 Handles of the handle.

The length of the handles cannot be superior to 200 mm, measured from the pivot and
finished in a sphere with a diameter not lower than 18 mm.

7.7 Fairing.

7.7.1The edge of the dome and the edges of the rest of the exposed parts of the fairing
must be rounded.

7.7.2The maximum width of the fairing cannot overcome 600 mm. The width of the
saddle or of any another element later to this one cannot overcome 450 mm. (With the
exception of the pipes of leak).

7.7.3The fairing cannot happen from a line planned vertically in front of the axis of the
front wheel and a line planned vertically in the edge of the back tire. The suspension
must be completely extended in the moment of the measure.

7.7.4 When it looks laterally, one must be able to see:
a) 180 © at least of the rim of the back wheel.

b) The totality of the rim of the front wheel, with the exception of the part covered by
the mudguard or the pitchforks.

c) The pilot sat in normal position, exempting the forearms.
Note: No transparent material can be in use in order the rules to skip before mentioned.

7.7.4 No part of the motorcycle can be behind a line planned vertically at the edge of the
back tire.

7.7.5There will be a maximum difference of 150 mm. Between the base of the saddle
and the highest point of the saddle.
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7.7.7The mudguards are not obligatory. The front mudguard, if he establishes himself,
will not have to exceed:

a) A line planned up and towards in front of 45 © of a horizontal line that happens for
the axis of the front wheel.

b) Below a line planned horizontally and behind the front wheel.

7.7.8Ailerons can fix, always and when they are an integral part of the fairing or of the
saddle, and that do not overcome the width of the fairing or of the saddle or the height
of the handle. Any edge in top will have to become wealthy. The mobile aerodynamic
devices are prohibited.

7.8 Free movement / space.

The motorcycle, not loaded, has to be able to incline up to an angle of 50 ° from the
vertical one without touching the soil, with no other element that is not the tire. There

must stay a free space of a minimum of 15 mm. About the circumference of the tire in
all the positions of the suspension of the motorcycle and all the positions of adjustment
of the back wheel.

7.9 Pipes of aspiration.

Any pipe of aspiration from the engine or from the gearbox will have to come out into a
warehouse adapted with a minimal capacity of 250 cc. There will have to be a
warehouse separated for every pipe of aspiration.

7.10 Titanium and light alloy.

The utilization of the titanium in the manufacture of the chassis (I) (fit), of the front
pitchfork, of the handle, of the axes of the oscillating arms and of the axes of the wheels
it is prohibited. For the axes of the wheels there is equally prohibited the utilization of
light alloys.

7.11 Protector of chain.

A protector of chain must notice so that it prevents that the leg / the foot of the pilot gets
between the tour of the low chain and the later crown of the later wheel.

12.TIRES AND RIMS
The maximum widths of the rims are the following ones:
125 GP

- Front: 2,5 inch
- Rear: 3.5inch
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9. NUMBERS AND FUNDS

9.1 The numbers of career must be fixed in the front part and in both sides of the
motorcycle, in order which they are clearly visible for the timing, the spectators and the
Officials. The front number must be placed in the center of the altar frontal of the
fairing or in the side where the official timing is placed. The lateral plates must be
placed in the later right and left part of the 500delli. The numbers will have to be visible
for the spectators and officials from any side of the track.

9.2 The measures of the numbers will be: 140mm x 25mm minimum. The numbers of
the 1 to 9 will be able to be broader. Only they will be able to use the dorsal ones of the
1 to 99.

9.3 The minimal measures of the funds will be:
- Width: 275 mm.
- Height: 200 mm.

9.4 The funds of the plates it carries numbers they must not have an inclination of any
more than 30 ° with regard to the vertical one.

9.5 There will have to be left a free space of at least 25 mm. About the numbers.

9.6 In case of conflict as for the reading of the numbers, the final decision belongs to the
Commissioner Technician.

10. FUELS AND LUBRICANTS

The fuels will have to be unleaded and with the characteristics that are specified in the
Regulation of Fuels (Article 01.63).

11. CONTROLS OF SONOROUS LEVEL

11.1The controls of sonorous level must be affected in a zone opened with a space of
10 m. At least between the motorcycle that is controlled and any wall or another type of
obstacle. It is necessary that the sonorous level sets in the zone are minor of 90 dB in a
radius of 10 meters.

11.2 The equipment of measure must be calibrated before the control and be
recalibrated regularly.

11.3The equipment of measure must place to 50 cm. Of the end of the pipe of leak and
with an angle of 45 ° of the pipe of leak, already be of side or for below.

11.4 Sonorous level.

* The sonorous maximum level for the whole event is of 113 dB/A.
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» For major comfort, made possible by the similarity of the career of the piston for
configuration of the engine according to the cylinder capacity of every class, the control
can be affected to a maximum number of R.P.M. 7000.

12. DANGEROUS MOTORCYCLES

If during the trainings or the career, a Commissioner Technician states a fault to a
motorcycle and that this fault might constitute a danger for the rest of pilots, it will
inform the Juror. It is of his own responsibility to exclude the motorcycle of the
trainings or of the career.
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APPENDIX B: CALCULATIONS WITH SOLIDWORKS
INTRODUCTION

SolidWorks is a program of computer-aided design for 53modelling mechanical
currently developed by SolidWorks Corp.

The program allows 53 modelling of parts and assemblies and to extract both flat and
other information necessary for production. It is a program that works using new 53
modelling techniques with CAD systems. The process is to transfer the mental idea of
the designer to the CAD system, “virtual build” the piece or whole. Later, all
withdrawals (drawings and swap files) are made fairly automated.

Bl SolidWorks

Figure B.1: SolidWorks

TEST ANALYSIS FOR PROTOTYPE CHOICE

To do the choice of the best prototype, | had to do different testes for each prototype and
compare the results.

TEST 1: FLEXION ON THE Y DIRECTION

For the first test | put a force on the axis of the direction creating flexion, the value of
this force is 4000N. And the frame is fixed on the back of the chassis where is placed
the swing arm.
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Prototype 1

Mambre de madelo: simulacion: prot 1 won Mizes (RAanm™2 (MPaT)
Mombre de estudio: SimulationXpress Study
Tipa de rezultado: Static tenzidn nodal Stress 29 199

Ezcala de deformacidn: 187 445 :
26 7EE

. 24 333
- 21 .599
- 19.466
- 17T .033
- 14 .5600
- 12166
. 89.733
- F.300
4 5567
2433
o.oo0

— Limite elastico: 206.807

Figure B.2: Test 1, Prototype 1, AlSI 304, Von Mises

Mombre de modelo: simulacion prot 1

Mombre de estudio: SimulationXpress Stucy

Tipo de resutado; Desplazamiento estatico Displacement
Ezcala de deformacion: 187.445

l u URES (mim)

£.280-0011
l 5.757e-001
. 5233001
- 4.710e-004
. 4187=-001
- 3.663=-001
L 3.1408-001
. 2617=-001
. 2.093=-001
_ 1 .570=-001

1.047-001

52332002

1.0002-030

Figure B.3: Test 1, Prototype 1, AlSI 304, Displaeeats
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Prototype 2

J j von Mises (Mimm*2 (MPa))

29940

27445
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. 22.485
. 19.960
17465
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_ 9g80
. 7486
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M 0000 | ) jmite elastico: 206807

Figure B.4: Test 1, Prototype 2, AlSI 304, Von Mises
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Ian: 1.000e-030
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Figure B.5: Test 1, Prototype 2, AlSI 304, Displacements
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Prototype 3

won Mises (Nfmm®2 (MPal)
27 497

l, 25205

o 22914

- 206822

. 1833

. 16.040

. 13.748
11457
_ a1EE
M 27 457

. GATY
4553
2,291

0.000

— Limite elastico; 206.807

Figure B.6: Test 1, Prototype 3, AlSI 304, Von Mises

LIRES: tmim)
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Ml 1.000e-030]

4. 715e-002

1.000e-030

Figure B.7: Test 1, Prototype 3, AlSI 304, Displacements
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Like conclusion, it can see in this test that the prototype one and two are very similar.
Also we can see that the efforts of the third prototype are minor.

TEST 2: FLEXION ON THE Z DIRECTION

For the second test | put a force on the axis of the direction transversely creating
flexion, the value of this force is 4000 N. And the frame is fixed on the back of the
chassis where is placed the swing arm.

Prototype 1

wvan-hizes (MNmmA2 (MPa1)
S8.042
53.205
. 45368
R |
38694

q . 33asd
‘ L 29021

_ 24184

s 58042 ] 56,042

.

Figure B.8: Test 2, Prototype 1, AlSI 304, Von Mises

. 19347

_ 410

9674
4 537
0.00a

— b Limite elastico; 206807
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&
45— URES (mm)
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|
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- 4.509e-001

3 665e-007

o

L 3221e0M

. 2.4577e-001

. 1.832e-0Mm
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6.442e-002
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Figure B.9: Test 2, Prototype 1, AlSI 304, Displacements

Prototype 2

‘..—y' wvon Mizes (Nmm*2 (MPa))
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Figure B.10: Test 2, Prototype 2, AlSI 304, Von Mises
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Figure B.11: Test 2, Prototype 2, AlSI 304, Displacements

Prototype 3
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Figure B.12: Test 2, Prototype 3, AlSI 304, Von Mises
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Figure B.13: Test 2, Prototype 3, AlSI 304, Displacements

Like conclusion, it can see in this test again that the prototype one and two are very
similar. Also we can see that the efforts of the third prototype are minor.

TEST 3: TORSION

For the third test | applied a moment on the X direction creating torsion, the value of
this moment is 140 Nm. And the frame is fixed on the back where is placed the swing
arm
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Prototype 1

won ises (Mmm*2 (hPal)
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Figure B.14: Test 3, Prototype 1, AlSI 304, Von Mises
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Figure B.15: Test 3, Prototype 1, AlSI 304, Displacements
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Prototype 2
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Figure B.16: Test 3, Prototype 2, AlSI 304, Von Mises
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Figure B.17: Test 3, Prototype 2, AlSI 304, Displacements
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Prototype 3

Motnbre de modelo: simulacion prot 3

hombre de estudio; SimulationFpress Study
Tipo de resultado: Static tension nodsl Stress
Escala de deformacion; 1455.73
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Figure B.18: Test 3, Prototype 3, AISI 304, Von Mises

Mommbre de modeln: simulacion prot 3

Mombre de estudio; SimulstionXpress Study

Tipo de resultado; Desplazamiento estatico Displacement
Escala de defarmacion: 145573
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Figure B.19: Test 3, Prototype 3, AISI 304, Displacements
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The prototype chosen is the third, the reasons are:

- The tenses that this prototype suffers are almost always minors. They are always
minors except in the third test (torsion test) that the prototype one suffers minor
tenses

- Ifitis taken a look on the results obtained for the displacements, it can see that
they are clearly better the results of the third prototype. Therefore, the best
prototype is the third.

As already said the best prototype is the third, the reason of that is the tube was added.
This tube gives more stability to the chassis doing it stronger and resistant for the
vibrations.

TEST ANALYSIS FOR MATERIAL CHOICE

Until now the simulation has been done with AISI 304 but it has been done also with
other materials and then, chooses the best for this chassis.

Possible materials:
- AISI 304
- AISI 1035

- AISI 316

TEST 1 WITH AISI 1035

L

won Mises (Mmm*2 (WP
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- 18302
- 16014

- 13726

a’x: 27452 - 114358
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Figure B.20: Test 1, Prototype 3, AlSI 1035, Von Mises

64



Analysis and design of a motorbike chassis
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Figure B.21: Test 1, Prototype 3, AlSI 1035, Displacements

TEST 1 WITH AISI 316
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Figure B.22: Test 1, Prototype 3, AlSI 316, Von Mise
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[Win: 1.0002-030) I T—

1.000e-030

Figure B.23: Test 1, Prototype 3, AlSI 316, Displacements

The highest tense can be found with AISI 316 then with AISI 304 and then with AISI
1035. The differences are very short.

The highest displacements can be found with AISI 316 then with AISI 304 and then
with AISI 1035. The difference between AISI 316 and AISI 304 is short, a few higher
between AISI 1035 and AISI 304.

TEST 2 WITH AISI 1035

won Mizes (MNinm*2 (MPa))
52551
l 45171
- 43792
..39.413
. 35034
- 30654
L 2B27S
. 21896
s

. 13438

8758
4374
0.000

—¥Limite elastico: 282 635

Figure B.24: Test 2, Prototype 3, AlSI 1035, Von Mises
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LIRES {mim)
f‘;" 5 7508-001
‘ 5.271e-001
% . 4791e-001
. 4.312e-0M
. . 3.8338-001
. 3.354s-001

M 5 750e-001 I . 2875e-0m

' . 2.396e-001

181 7e-001
- 1.437=-0M
tir: 1.0002-030

9.563e-002

4 781e-002

1.000e-030

Figure B.25: Test 2, Prototype 3, AlSI 1035, Displacements

TEST 2 WITH AISI 316

won Mises (Mmm2 (MPal)
52516
‘ 45.140
. 43763
. 39.387
. 3501
- 30634
. 26258
. 21882
- 47505

S 13128

§.753
4376
0.000

—¥ Limite elastico: 137895

Figure B.26: Test 2, Prototype 3, AlSI 316, Von Mises
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LIRES {mm)

'—— - 6.107e-001

5.2982-001

- 5.0852-001
- 4.580e-001

- 407 e-001

M

P

M 6.107e-001 I L 3.053e-001

' . 25442001

- 3.562e-001

_ 2.036e-001

- 1.5827e-001

1.018e-001
5 0R%e-002
1.0008-030

A

The highest tenses can be found with AISI 1035 then with AISI 304 and then with AISI
316. They are really similar tenses.

Figure B.27: Test 2, Prototype 3, AlSI 316, Displacements

The highest displacements can be found with AISI 304 then with AISI316 and then with
AISI 1035. The difference between AISI 316 and AISI 304 is short, a few higher
between AISI 1035 and AISI 316.

TEST 3 WITH AISI 1035

Mombre de modelo: simulacion prot 3

Mombre de estudio; SimulationXpress Study

Tipo de resuttada: Static tension nodal Stress .

Escala de defarmacisn; 1570 68 van Mises (Hinm*2 (MPa)

6.020

l 5218

_ Ay

higy: 6.020

[ -

. 4515
_ 4014
L3512
. 3010
. 2508
_ 2007

- 1505

1.003
0502
0.000

—wLimte elastico: 282 685

Figure B.28: Test 3, Prototype 3, AISI 1035, Von Mises
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URES (mm)

T.re6e-002

l T119e-002

- B.472e-002

. 5E24e-002
. 5177e-002
. 4.530e-002
. 3883002
. 3.2368-002
. 2.5896-002
. 1841002
. 1.294e-002
£.472e.003

1.000e-030

hidx: 7 7EiGe-002)

Figure B.29: Test 3, Prototype 3, AlSI 1035, Displacements

TEST 3 WITH AISI 316

Mombre de modelo: simulacion prot 3
Mombre de estudio; SimulstionXpress Study
Tipo de resultado: Static tensidn nodsl Stress wor Mises (hinm?2 (MPaY)
Escala de deformacion: 1474.72
5833

l 5439

Mg 5.933 . 4944

| =
-

- 4450

. F855

. 3481
| 2oeE
2472

1978

. 1483

0939
01434
0.000

— Liinite eldstico; 137.895

Figure B.30: Test 3, Prototype 3, AlSI 316, Von Mises
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URES (mim])

8. 269e-002

l T 5E0e-002

. BE81e-002

- B202e-002
. 5513002
- 4E524e-002
- 4135002
3 446e-002
. 2.736e-002
- 20E7e-002

Mir 1.000=-030f - 1:3782-002

B9 e-003

M 8269002 1.000e-030

Figure B.31: Test 3, Prototype 3, AlSI 316, Displacements

The highest tenses can be found with AISI 1035 and with AISI 304 and then with AISI
316. There is no difference between AISI 1035 and AISI 304. And it is really short the
difference between AISI 316 and those.

The highest displacements can be found with AISI 304 then with AISI 316 and then
with AISI 1035. The differences are very short.

The material chosen is AISI 304. It has been chosen this material because taking into
account the results, these materials are very similar. So, it has been chosen AISI 304
because is often used for this kind of structure.

STATIC ANALYSIS

It was taken the force that it was calculated in static sted$864 N). This force it was
applied dividing equally on four points different of the chassis and the values depend
with the distance it has to the center of gravity.

These forces were calculated and they are the followings.
Fa =>1864 x 45.23 = Fb x 355.9 => Fa = 236.89 N
Fb => 1864 = 236.89 + Fb => Fb = 1627.11 N

Then these forces were divided by two because the distance to the center of gravity is
the same and here is the result:
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- Fa’'=Fa”=813.55N
- Fb'=Fb”=118.445N

It was coupled a fixed clamping in the front and clamping roll in the back

Mombte de modela: defintivo prieha diametro ultima
Mombre de estudio; Estudio 3

Tipo de resulttado: Tension en el peor caso Tensiones]
Escala de deformacian: 1

Peor cazo (Mim"2)

51081025
4682427 5

. 42567520

L 38N0770

. 34054015
29797265

| 2550513
| oizsamp
- 1.702.700,9

- 2TT 0256

851.350,4
4256752
oo

Figure B.32: Static analysis, Von Mises

Mombre de modelo: definitiva prieba dismetro ultima
Mombre de estudio: Estudio 3 _
Tipo'de resuttade: Desplazamienta estético Dezplazamientoz

Escala de deformacidn: 1 URES (mim)

3 436e-002
. 3.1498-002
. 2BE3e-002

. 2577e-002

. 2.290e-002

. 2004e-002
L 1718e-002
| 1 4326002

. 1.1458-002

. 8.5892-003

5 7266-003
2.8638-003

1.000e-030

Figure B.33: Static analysis, Displacements
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ANALYSIS IN MAX ACCELERATION

The force apply on the chassis was taken from study in max acceleration. This force
create a moment respect center of gravity that is M=1314.118 Nm

This moment was applied on the chassis like a force. So it was applied in the top of the
axis of the direction. For that, | needed know the distance from this point to the center
of gravity.

D =600 mm + 290 mm — 650 mm = 240 mm
ThereforeF =5475.5 N

- 81878 NonaxisY
- 5413.93 N on axis X

It was coupled a fixed clamping in the back and clamping roll in the front

Mombre de modelo: chassis definitivo & analizar

Tombre de estudio: Estudio 4

Tipo de resultade; Tenzion-en el peor caza Tensiones1 Pear caso (Min'2)
Ezcals de deformacion: 1

38 430.756,0
l 35228192,0
. #2025 630,0
. 28A23068,0
. 25520:504,0
L 224178420
192153780
1B012815,0
128102520

86076390

64051260
F.202.565,0
oo

Figure B.34: in max acceleration, Von Mises
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Mombre de modelo: chassis definitivo a analizar
Mombre de estudio: Estucdio 4
Tipo de resultado: Desplazamiento estético Desplazamiertast

Escals de deformacian: 1 LRES (mm)

1 &78e-001

1.722e-001
. 15652001
- 1.409e-001
. 1.252e-001
. 1.096e-001
| 9.35%e-002
. T.27e-002
. B2B1e-002

. 4.696e-002

343 e-002
1.565e-002
1.000e-030

e

Figure B.35: in max acceleration, Displacements

ANALYSIS IN MAX BRAKING WITH FRON WHEEL

The force apply on the chassis was taken from study in max braking with the front
wheel. This force create a moment respect center of gravity that is M=1314.118 Nm

This moment was applied on the chassis like a force. So it was applied in two points on
the back of the motorbike. For that, | needed know the distance from this point to the
center of gravity.

D =600 mm + 240 mm —101.04 mm = 138.96 mm
Therefore, F = 9456.81 N

This force is applied in two points. The distance is the same so the force is divided by
two. FF=F’=4728.4 N

- -707.065 Non axis Y
- -4675.25 N on axis X

It was coupled a fixed clamping in the front and roll clamping in the back.
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Mombire de modelo: chassis defintivo a analizar FPear caso [Am~2]
Mombre de estudio: Estudio 4
Tipo de resultado: Tension en el peor caso Tensiones] 418354560

Escala de deformacion: 1

' 383491680

. 348625800

313765920
. 27.890.304,0
_ 244040160

208177280
174314400
L 139451520
_ 10458 864 0

69725760

3.486 2588,0

0o

56

Figure B.36: in max braking with front wheel, Von Mises

Mombre de models: chassis definitivo & analizar URES
Mombre de estudio; Estudio 4 {mm)
Tipo de resuttado; Dezplazamiento estatico Desplazamiertos1

Ezcals de deformacion: 1 2371e-01

2174e-001

. 1.976e-001
. 17783001
_ 1 531e-001
. 1333001

1.186e-001

e

9.851e-002

-

_ 7.A05e-002

. 5.928e-002

3852e-002

1.876=-002

1.000&-030

£

Figure B.37: in max braking with front wheel, Displacements
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ANALYSIS IN MAX BRAKING WITH REAR WHEEL

The force apply on the chassis was taken from study in max braking with the front
wheel. This force create a moment respect center of gravity that is M=413.27 Nm

It followed the same procedure. Therefore, F = 2974.02 R'=F" = 1487.01 N
- -222.36 Non axis Y and -1470.3 N on axis X

It was coupled a fixed clamping in the front and roll clamping in the back.

o
Mombre de modeln: chassis defintivo & analizar Reottrsuitin)

Mombre de estudio: Estudio 4

13156648 0
Tipo-de resultado: Tension en el peor caso Tensiones1 !
Ezcala de deformacidn: 1 120802620

_ 10863 574,0

. OEETASTD
87710930
_ FET4TI20
| 65783245
_ 54819370
| 43855495

_ 32B91623

21927748
1.096 557 4
0.0

i

o

Figure B.38: in max braking with rear wheel, Von Mises

Mombre de modelo: chassis definitivo a analizar
Mombre de estudio; Estudio 4
Tipo de resultads: Desplazamiento estatico Desplazamientos] 7 4585.002

Escala de deformacion: 1
l 5.G36e-002

. 6.215e-002

URES (mm)

- 5.593e-002
- 4.872e-002
. 4.350e-002
L E7289e-002
. 3A07e-002
. 2.486e-002

. 1.864e-002

12432002
5.2152-003
1.000e-030

Figure B.39: in max braking with rear wheel, Displacements
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ANALYSIS IN CORNERING

The force apply on the chassis was taken from study in max braking with the front
wheel. This force create a moment respect center of gravity that is M=890.84 Nm

This moment was applied on the chassis like a force. So it was applied dividing equally
in four points above the chassis. For that, | needed know the distance from these points
to the center of gravity.

The value depends if it is in front or in back and also the direction depends if it is on the
right or left. The distance between right and left is 350 mm and the center of gravity is
in the middle of this.

F=890.84 Nm/0.175 mm =5090.51 N => Fr=Fl=2545.26 N
Frr=>2545.26 x 45.23 = Fr' x 355.9 =%r" =323.47 N
Fr’ =>2545.26 x 310.67 = Fr” x 355.9 =pr” =2221.79 N

FI' =-323.47 N and FI'=-2221.79 N

The chassis was fixed in the back and in the front not allowing the movement but it
allows the rotation

Mombre de modelo: chazsis defintivo a analizar Pear cazo (Mim*2)
Mombre de estudio; Estudio 4

Tipo de resuttado: Tenzsion en el peor cazo Tensiones] 36882 644 0
Escala de deformacian: 1 l

33:809.092,0
. 30735536,0
. 2T EE1.934,0
. 24.585430,0
. 215148760
L 184413220
L 1E3ET.TES D
. 12294 2150

. 9220661 0

E147.107,5
30735538
oo

Figure B.40: in cornering, Von Mises
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Motnbre de modela: chassis defintivo & anslizar
Mombre de estudio; Estudio 4.
Tipo de resultado; Desplazamiento estatico Desplazamientas]

Ezcala de deformacian: 1

Figure B.41: in cornering, Displacements

URES (mim)
6.102e-001
5.594=-001

_ 5 0858-001

. 4577001

- 4.068-001

_ 3.560e-001
51051 e-001
ﬁ 2 543e-001
- 2034e-0m

- 1.528e-0m
1.017e-001

4 0E5e-002

1.000e-030
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APPENDIX C:
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APPENDIX C: PROJECT TIMETABLE.
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Figure C.1: Timetable
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