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ABSTRACT
This project arises to try to cover a need that is imposed by the rules of the competition
Formula SAE Student.
This competition, which takes place between universities of the whole world, every day
is more technical and needs models increasingly complex. Of the same form, the safety
is a topic that this very present in every design and for it the karts have to evolve every
year.
From this point of view, my design will increase the features of a kart, providing him
with major safety in case of accident and adapting it to the rules of the competition
Formula SAE Student
To achieve this we will have to take into account the material properties to avoid the
risk of fractures of parts and therefore accidents.

1 INTRODUCTION
The aim of my project is to design a removable steering wheel for kart racing.

As an introduction it seems correct to state what is the objective of a design and the
skills that have an engineer in a design process.

Design is to formulate a plan to obey a specific need, design is to solve a problem. If the
plan encourages the creation of something that has a physical reality, then the product
should be functional, safe, reliable, competitive, useful ... and in most cases, be subject
to rules or codes to ensure its quality or legality.
The mechanical design is a complete task that requires many skills. It need to follow a
methodology which allows for the complex product in several interrelated simple tasks.
The complexity of the process requires a sequence in which ideas are presented,
performed and reviewed in sequence. Accordingly, there are several issues surrounding
the design process.
In general, the design process, interaction between elements is iterative, It is to say, that
nothing is independent. The variation in one variable affects other variables, the
variation of these others, and so on. On this form will start with a idea and will develop
the project will go in view of the possible restrictions through an iterative model,
changing our design in function of the problems that we found, both legal and physical
restrictions
There are some functions to be performed according to codes or standards for safety,
economy or product liability. In other cases, depending on the product, it enjoys greater
freedom.
Moreover, one of the issues to have most attention is the efforts and endurance, as well
as design factors and safety factors. In this issue becomes a very important material
selection and evaluation of their properties.
Based on these considerations, throughout the design process of this mechanism, it has
followed a process of optimization, following this pattern of work, it develop different
tasks to propose alternative solutions. Through analysis, testing or simulations predicted
the performance of each of the alternatives, so as to retain only those that have proven
successful in this step. This is where the designer must make the decision to choose the

best alternative, it is perhaps the most important step, since it leads directly to the design
implementation.

2 AIMS OF THE PROJECT
The aim of my project is to design a removable steering wheel for kart racing.
One of the main reasons for the realization of this project is trying to adapt the
characteristics of any kart to the requirements to participate in the competition
FORMULA SAE STUDENT.
To take part in this competition, the karts must fulfill a series of requirements as for
design and features. This project is a part of this aim.
What is claimed is to endow the kart of a removable steering wheel, so that, since it
happens with any vehicle of Formula 1, it could install or extract concerning a few
seconds the steering wheel.
Though it is obvious that can appear comparisons between the design of a steering
wheel for a kart and a steering wheel for formula 1, we must bear in mind that a steering
wheel of Formula 1 is very complex and that never our design can to compare with him,
neither in features or budget, because the steering-wheel of a Formula 1 is a complex
machine with a lot of buttons and a very complex informatics system.
This needs firstly knowledge of this competition, which are the rules, the conditions and
the priorities as for the design. After this, it is possible to study the market, the products
that might expire with these requirements or that might serve as base for the design.
Also has been compiled information about the considerations to bearing in mind in the
manufacture of the final model.
Between them, they are of great importance the properties of the materials, the types of
available steels, the procedures of manufacture and the later possible treatments of
applying to the pieces for the improvement of the properties.
All that, confirmed with the studies of different type of loads applied to the mechanism.
The process of design has been realized in several parts: firstly it has be studied the
possibilities that the market offers for useful devices, later a prototype has been
designed to prove the functioning and later it has passed to the design of the final
mechanism, which really will fulfill the requirements, so much geometric as of
resistance.

For the first prototype, the study has centered almost exclusively on the design of the
geometry but for the final design all the mentioned considerations have been born in
mind.
Along these processes, it has used tools of design parametric and of calculations of
efforts for the method of finite elements, as Solid Works 2010 x64 Edition, in addition it
has worked with the software AutoCAD to do different planes of the pieces.

3 REVIEW OF LITERATURE
3.1. Introduction
In this section I will make a brief statement of the theoretical foundations that must be
clear to make a project of this nature.
3.2 Formula SAE Student
The principal idea is apply this design to a kart of competition who could compete in
the competition formula-student, this competition is the most important competition in
the field of the engineering of sports automotive, every year a lot of universities of the
world come to this competition because this is a opportunity for the European´s student
of engineering to put their knowledge into practice.
This competition also serves the motorsport and automotive industries and another
engineering companies to looking for engineering students and for the students is a first
step in the working world because the student acquires responsibilities, experience and
better knowledge.
Nowadays the Formula 1 is a business that moves thousands of million Euros, the so
called "circus" that all the year moves around the five continents, and the Formula
Student is the small brother of this competition, because of it is so important for the
young engineers who see a way of being able to ascend towards the great competition,
the Formula 1
This competition is growing exponentially year after year and the teams that take part
every time do better designs and karts more competitive.
After studying the regulation of Formula Student these are the articles that do express
mention to the steering wheel:

Requirements of Formula Student about the steering-wheel:
*The form of the steering wheel has to be circular (are not allowed the forms in
H or the steering-wheels with circular unfinished hoops).
* Is needed a system of rapid disconnection for the steering wheel (The steering
wheel must go connected to the column of direction by means of a rapid
connection, which allows to liberate it in a few seconds).
* The driver has to be able of leaving the vehicle in less than 5 seconds (This
interval of time is considered from the moment in which he is sitting in the car
and switch off the motor, in this interval he should be able to remove the
steering-wheel).
* As for the turning of the steering wheel, it is necessary to guarantee that the
draft of this one is not superior to 135 º approximately from the central position,
that is to say, 270 º ó 300 º from an end to other one.

Figure 1
Formula Student´s logo

3.2 Products of the market
Rapid Plug
Was thought prudent to make an approach to different types of systems, one way or
another, could be useful in the design of a removable steering mechanism.
The quick connections comprise a multitude of applications, depending on the specific
utility that you'll want to give it.
These are some of its most important applications:
Quick plugs for compressed air fittings for molds, cooling and electrical systems, heat
carrier fluids, hydraulic fittings with ball locking for automobile industry, oil, rail and
food, steel, electronics, laboratories, agriculture, civil engineering, aeronautics, lifting
devices and manipulators and construction, pharmaceutical and cosmetic industries,
thermal oils, resistance to aggressive fluids and corrosion, hydraulic locking bolt for
offshore oil exploration , material lifts, plastic industry, highly stressed circuits and high
pressures, forestry equipment, and finally the range hydraulic agricultural and forestry
machinery brake circuits agricultural or forestry vehicles with trailers.
As we can see this mechanism have a lot of applications, the principal characteristic is
that with a simple movement of your hand you can separate two pieces without
much effort.

Figure 2
Section of a rapid plug
Ref.[2]

Figure 3
Example of rapid plug
Ref.[2]
In these cases the connection operation by inserting the coupler in the plug body.
The principle of operation of these mechanisms is simple. The coupling pushes the ball
to the left, and therefore, out, sliding down the inside of the body until they find
accommodations in the slots of the coupler.
Given the position of the two inner springs, it is understood that they determine the
position of the balls in or out of coupling slots, and continually pushing the collar, right
in the drawing.

3.3 Theories of calculus
3.3.1 Maximum shear stress theory or Tresca criteria
States that the flow of material is produced by the shear, arose from the observation of
the necking that occurs in a specimen when subjected to a tensile test. The theory says:
"The failure occurs when the absolute maximum shear stress in the workpiece is equal
to or greater than the absolute maximum shear stress of a specimen subjected to a test
tensile when occurs the creep”.
For an item under the efforts action, we have the following Mohr circle:

Figure 4
Mohr´s circle
The absolute maximum shear stress is then:
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Equation 3.1

Mohr's circle for the tensile test at the time of flow is:

Figure 5
Mohr's circle for the tensile test at the time of flow

The absolute maximum shear stress is then for the tensile test at the time of creep:
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As says the Tresca´s criteria, equaling the equations 1 and 2, we have:
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 1   3 , the Tresca´s criteria is represented graphicly as:

Figure 6
Tresca´s criteria graphic representation
The failure occurs when the point determined by the efforts 1 and 3 is outside the
shaded area in the Figure.
3.3.2 Theory of the distortion energy or Von Misses
Given by R. Von Misses when he saw that the materials under hydrostatic efforts
supports much more effort than their yield stresses under other loading conditions. The
theory says:
"The failure occurs when the distortion energy per unit volume due to the absolute
maximum stresses at the critical point is equal to or greater than the distortion energy
per unit volume of a specimen in the tensile test at the time of creep ".
Von Misses theory says that the distortion of the element is due to principal efforts by

 2 3 

 h  1

3
 . The energy of distortion is the
subtracting the hydrostatic efforts 
difference between the total strain energy per unit volume and strain energy per unit
volume due to hydrostatic efforts.

Figure 7
Distortion energy
As the material is in the elastic range (because the failure occurs when reaching the
plastic zone), the total strain energy per unit volume for the element is.
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Equation 3.5

The deformation is:
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Replacing the deformations of the equation 11 in the equation 10, the deformation total
energy is:
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The deformation energy due to hydrostatic efforts is:
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The distortion energy is then:
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En el ensayo de tracción cuando se produce la fluencia, σ2= σ3=0, σ1= Sy and then the
energy of distortion in the specimen is:
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Equation 3.12

Equaling the equations 2.9 and 2.10 as says the theory, we have:
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Equation 3.13
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Equation 3.15

The effort of Von Misses is defined as:
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Where 1, 2, 3 are the main stresses of the stress state, with its own sign. These main
stresses are obtained by the Mohr’s circle. In the case of the lengths of the bars used in a
chassis, the shear stresses created from the shear stress Q are much lower than those
produced from the axial force N, the torque T and the bending moment M. Given this,
the worst stress state would be the next.

Figure 8
Stress state of the bars.
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One of the planes of the element under consideration will have the following stress
state:

Figure 9
Stress state, plane 1.
If it is made a 45 degrees turn, in the same plane, the equivalent stress state will be the
next:

Figure 10
Oblique’s view of the stress state.

With this plane and these two pictures it can be found the first Mohr's circle.

Figure 11
First Mohr’s circle

The stress state of the perpendicular planes is the next:

Figure 12
Stress state, plane 2.

Figure 13
Stress state, plane 3.
These stress states have their following corresponding Mohr circles.

Figure 14
Second Mohr’s circle

Figure 15
Third Mohr’s circle

Therefore, it follows that the set of Mohr circles is:

Figure 16
Set of Mohr circles
The possible stress states are those belonging to the shaded area. Therefore, it is
obtained:
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If these expressions are substituted in the Von Mises (
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Then, the failure occurs when

) expression:
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For the two-dimensional case,  2  0 , the Von Misses effort will be:
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Equation 3.23

And it is represented graphically as:

Figure 17
Graphic representation of distortion energy´s theory

The failure occurs when the point determined by the efforts σ1 and σ3 is located outside
of the shaded area.

3.3.3 Torsion Theory
In solid mechanics, torsion is the twisting of an object due to an applied torque. In
circular sections, the resultant shearing stress is perpendicular to the radius.
For solid or hollow shafts of uniform circular cross-section and constant wall
thickness, the torsion relations are:

Equation 3.24
Where:


R is the outer radius of the shaft i.e. m, ft.



τ is the maximum shear stress at the outer surface.



υ is the angle of twist in radians.



T is the torque (N·m or ft·lbf).



ℓ is the length of the object the torque is being applied to or over.



G is the shear modulus or more commonly the modulus of rigidity and is usually
given in gigapascals (GPa), lbf/in2 (psi), or lbf/ft2.



J is the torsion constant for the section. It is identical to the polar moment of
inertia for a round shaft or concentric tube only. For other shapes J must be
determined by other means. For solid shafts the membrane analogy is useful, and for
thin walled tubes of arbitrary shape the shear flow approximation is fairly good, if
the section is not re-entrant. For thick walled tubes of arbitrary shape there is no
simple solution, and finite element analysis (FEA) may be the best method.



The product GJ is called the torsional rigidity.

Polar moment of inertia
The polar moment of inertia for a solid shaft is:
Equation 3.25
Where r is the radius of the object.
The polar moment of inertia for a pipe is:
Equation 3.26
Where the o and i subscripts stand for the outer and inner radius of the pipe.
For a thin cylinder
Equation 3.27

Where R is the average of the outer and inner radius and t is the wall thickness.

4 DESIGN PROCESS
4.1. Introduction
Throughout the design process must be established prior criteria indicating the
objectives we want to achieve, the requirements that I put of beginning are these.
Requirements of the mechanism:
* Functionality: The product will have to expire with his need proposed for the kart
and with the expectations of the future pilot , for the competition.
That is to say, that not only will fulfill the basic aim to allow the extraction of the
steering wheel of the vehicle, because the obtained product will be better than more
rapid realizes the extraction of the steering wheel.
The time is vital, and his functionality increases in the measure in which it facilitates
this operation.
* Safety: It is necessary to be able to guarantee that the product is not dangerous for the
user. This is one of the most difficult steps, since in order that it is possible, it will have
study meticulously the mechanism, the efforts that he supports according to the type of
material and foresee the possible consequences of a use in extreme conditions, since for
example, in rough areas or in case of having to avoid an obstacle.
In occasions, it is necessary to realize endurance tests to verify experimentally his
safety. The fundamental paper will be had by the materials used in each of the pieces of
this mechanism, which do not have why the same material needs all, as well as the own
physical design of the pieces. Accordingly, it must guarantee the security of the
mechanism to the application of a considerably high torque.
* Reliability: This word, which as his name indicates, has to see with the confidence or
the certainty that can be had of that a mechanism develops his function correctly.
One option might be realized studies of fatigue of every piece of the mechanism, to
measure the number of life cycles that would be capable of supporting, though it is
considered that with good coefficients of safety, it is not necessary to realize these tests,
in my case I did only the mathematics calcs.

*Competitiveness: Generally, this requirement performs great importance, since there
exist numerous products that realize the same functions and finally they are other
factors those that incline the scale towards the choice of a concrete product.
In this case, one is not competing with the market, but this concept is much more
complex, since in the competitiveness not only they enter in game the safety and the
functionality. For this motive, though this one is the only model, it is not necessary to to
lose of sight the competitiveness.
* Usefulness: The designed product must be " amicable for the user ". The mechanism
will have to not fulfill only his function of extraction of the steering wheel but in
addition, his operation will have to be comfortable and simple.
Requirements of the piece:
* Resistance to the break: The safety is the most important Criteria because NEVER
we can have any failure that for example would mean the break of some piece, and any
small mistake can mean a fatal mistake for the driver. For it will be very important a
good choice of the material.
* Hardiness and sensibility: The pieces must expire with his mission to transmit the
movement of the steering wheel with smoothness having and the necessary tenacity.
* Dimensions and minimal weight: These parameters have a lot of importance inside
the requirements of Formula Student.
These requirements are the demanded ones for the pieces, independently of the relation
between them and his unions. But the fact that some are connected it is not possible to
allow others bearing in mind at the moment of making them. In the process of design of
pieces that are in contact some with others, the finished superficial one and the
tolerances are fundamental. Therefore, the specifications to expiring for the pieces, with
regard to his connection some with others are:
Friction and wear of the pieces: to design the geometry of the unions so that it does
not spoil the material. A good design in the geometry can allow the employment of not
such a demanding material. This would suppose design geometries that prevent the wear
for rubbing, or that this wear does not involve directly a failure in the functioning.

4.2. Design of the first prototype
After studying the functioning of rapid plugs, I decided that the best option for the
design of my project would be do a device that functioning like a rapid plug, this is:

- The balls would be the responsible of fixing the two parts of the mechanism
(the part that would join with the steering-wheel and the part that would join
with the steering-bar.
- The torque transmission would be done by means of a fluted axis.
- An outer ring will be responsible for releasing the balls held in
place the two parts of the mechanism.

After setting these parameters I designed two alternatives to study advantages and
disadvantages of each, the alternatives are these:

2D DESIGN


First Alternative

Figure 18
First Alternative
This was the first alternative that I designed, as we can see the fluted axis is in the axis
of the steering wheel and the rest of the mechanism is connected in the end of the
steering-bar.

The main problem of this design is that the axis is too long and also cross all the
mechanism, this could pose future problems because the weight of the steeringwheel would be very big, moreover, the fact that the steering-wheel crossing the whole
mechanism is not very comfortable because if we are sitting in the kart and we remove
the steering-wheel our hands would hit in our body, and as we know from the rules of
Formula SAE Student, we must be able to remove the steering-wheel in less than 5
seconds.

For all these reasons I decided to develop a second alternative.


Second Alternative

Figure 19
First Alternative
In this case:

- The system could be attached to the steering wheel while the spline directly form part
of the steering column.

- It is necessary to widen the shaft as far as possible to facilitate the transmission of
torque.

- It will be necessary to place a bolt part on the outside to set up and maintain the outer
ring, which depends on the position of other parts.

- The whole mechanism will be attached to the steering wheel, so to reduce their size
and weight is very important.
In this way I have solved the problems of the first alternative while I have improved the
performance of this mechanism.
After choosing this mechanism and verify that it really serves to my purpose, I draw in
3D with solid works to get an idea of its true magnitude, the result was this:

3D DESIGN

Figure 20
3D Design

After choose the alternative two to do my project, I did this design in 3D with the
software SOLID WORKS x64

The components are:
-The steering column itself, or a piece that is permanently fixed to it (right, yellow) (this
is the "surrogate" of the quick connect coupling).
It has been practiced hemispherical holes where the balls will stay for the lock position.

- The balls of steel that will be the intermediary ones in the transmission of the couple
of the steering wheel to the column.
In a beginning the first design had three balls of steel, of 6 mm of diameter (measure
standard).

- The piece (in gray), it is the key to the composition of the mechanism. On this piece
they rest the other parts, are housed caps, springs, balls and the column itself.
This piece, cylindrical, with variations due to its continuously variable section on the
outside, it should have a thickness great, because it will find the holes, through which
they move the ball, which, turn must stand by one or both sides of this piece.

- The outer ring (in purple), allows the sliding of the ball. This is the most complex
piece of design, because it all depend on the restriction of movement of the mechanism.

- The inner piece (green) has a very specific role in the mechanism: avoid the balls to
leave the inside of the grey piece when the column is not inserted.
For this to happen, it will use a dock that will be within the pieza1 and constantly push
the cap to the position where the cap is below the ball. Initially, this sleeve was
designed entirely cylindrical, to slide down the inside of the pieza1.

- A cylindrical piece insert on the inside (red), whose mission is to keep the spring
inside the grey piece, for this to happen, it will use to spring that will be within the grey
piece and constantly push the cap to the position Where the cap is below the ball.

Figure 21
First Alternative
- A outer ring that is insert on the outside (green), which, maintains the outer ring
(purple) mounted on the grey piece.

Figure 22
First Alternative
To improve the first design I did several changes, in this form I tried to eliminate the
parts that might be dispensable, because one of the aims is that this mechanism is as
light as possible.
Besides this form one manages to economize on the mechanism because we save
material and money.

4.3. Design of the second prototye
These are the changes that I realized to try to economize on this piece and improve the
design:

Evolution of the slots

Figure 23
Slots

As it can see I changed the circumferential groove for three accommodations for the
balls, these accommodations will be made with drill and have an accurate metric for the
ball cannot move.

Elimination of the green exterior ring
I also removed the outer green ring that was responsible for preventing the progression
of the piece purple, because in my second design the balls prevent this progression.

Change in the form of the ring
As we can see I have extended the part of the piece that this in continuous contact to
avoid that can get stuck:

Figure 24
External Ring
Merger between grey piece and interior red piece

Of this form the result it this:

Figure 25
Evolution of grey piece

And the second design after the modifications is:

Figure 26
Second Design in 3D

4.4. Design of the final prototype
With this design I get to eliminate the parts that were not necessary so that our
mechanism will be more economically.
The aim from now is this one tries to do more functionally.
Now, I´m going to explain the last changes that I did to come to the final design:


Steering bar

His simple geometry has been complicated lightly to make the union viable between
this piece and the column of direction of the vehicle.
In the figure it is possible to estimate the reduction of the diameter in the part that will
be fixed to reach the same dimensions of the column of direction.
Also it is possible to observe that between two of 4 conical housings.
Finally I decided do the hole of the balls with conical form because of this form is more
economic, it is easier to mechanize the holes with conical form than semi-spherical
form.

Figure 27
Evolution of steering-bar


Grey Piece

There will diminish the dimensions of the broad part to reduce weight and cost of
material since they do not suffer efforts of consideration. In the image 4 holes appear
where iran the bolts, has been left a diameter of 6mm for the bolts.

Figure 28
Evolution of piece grey
Also, as we can see I have done a small reduction of section in order that the interior
piece will have his movements restricted.
The result is this:

Figure 29
Detail of Piece grey


Balls of steel

The balls you will be the responsible of fixing both parts of the mechanism, for it they
are very important, the diameter chosen is 6mm, the same that the holes because both

have to have the same measure to prevent that they could to move and do not exist
roominesses between them.

Figure 30
Ball of steel


Green inner ring

It is cylindrical but it has a small projection ultimately for, combined with the geometry
of the grey piece, prevent that it leaves of this one.
For another face, the interior cylinder has conical form, in order that it fits perfectly
with the front part of the column and there is not roominesses.

Figure 31
Evolution of inner ring


External Ring

His interior face has suffered small variations with regard to the slopes of the different
sections, nevertheless his exterior face is very different from the one that had the
prototype, since this one possesses a broad wing to be able to be driven by more facility.

The aim of this design is try to make easier the operation of remove the steering-wheel
when the driver is taking it.

Figure 32
Evolution of external ring
Finally have been perforated holes in this piece to lighten the weight of the same one.

Figure 33
Last modification of external ring

After the last modification this is the final design:

Figure 34
Evolution of piece grey

Come to this point we can consider the part relative to the design as ended, however, I
open the possibility of which beech that to do different changes in the geometry due to
the forces that the mechanism will have to support.

4.5 Functioning of this design
In this short sequence I will proceed to explain how works my design:
POSITION 1

Figure 35
1st Position
Both parts of the system are not connected. The column is out. The inner ring is placed
under the ball, thanks to the push of the wharf, in order that this one does not go out for
the interior face of her piece 1. The ball, in turn, prevents that the ring advances (the
ring touches to the ball with the conical face), because this one also is being pushed by
another wharf towards the right.

POSITION 2

Figure 36
2nd Position

The column is introduced in the piece grey, so that it displaces the inner ring to inside,
compressing the wharf. The ring continues having the movement restricted by the ball,
which slides on the surface of the inner ring and later, of the column.
POSITION 3

Figure 37
3rd Position

The ball remains nailed in the column because the ring pushes it constant and prevents
him from going out of this position. For this motive, the mechanism remains fixed
(without roominess), providing that the ring does not move of this position.
In the next figure we can see this with more detail.

Figure 38
Detail of 3rd position
POSITION 4

Figure 39
4th Position

Finally if we want to remove the steering wheel we have to pull back the exterior ring,
the ball will be free and the inner piece follow the column.

5 RESULTS AND DISCUSSION
5.1. Introduction
After having come to the design wished by means of an iterative process, in which the
different parts have been improved up to obtaining the wished aim, the following step
will be to evaluate the different characteristics of this design to assure its correct
functioning.
Of this form we will have to evaluate the following paragraphs:


Materials



Tolerances



Forces Applied in the Mechanism

The aim of this paragraph is to assure that our mechanism fulfills the necessary
conditions of safety and that in extremes conditions the mechanism bear the applied
forces and none of the pieces will suffer any type of break that could end in an accident.

5.2. Materials
5.2.1 Steel
The steel is the first material about which the designers think at the moment of making
many types of pieces of mechanisms, of structures and of all kinds of products. This
owes to itself to which the characteristics of the steel it do the material most adapted for
great part of the applications.
At the moment of choosing a material it is necessary to bear in mind the cost, the
mechanical behavior and the possibilities of malleable that is.
The principal advantages of the steel are:
- His price is relatively cheap.
- It is a ductile material and generally has a good mechanical behavior.
- His module of elasticity is superior to that of many other materials, as for example the
titanium and the aluminum, by what there is needed a size of minor section to obtain the
same inflexibility.
5.2.1 Types of Steel
The Stainless Steels are also classified by their crystalline structure:
Austenitic (300 series): these are a 70% of total stainless steel production. They contain
a maximum of 0.15% carbon, a minimum of 16% chromium and sufficient nickel
and/or manganese to retain an austenitic structure at all temperatures from the cryogenic
region to the melting point of the alloy.
Ferritic: stainless steels generally have better engineering properties than austenitic
grades, but have reduced corrosion resistance, due to the lower chromium and nickel
content. They are also usually less expensive.
Martensitic: stainless steels are not as corrosion-resistant as the other two classes but
are extremely strong and tough, as well as highly machinable, and can be hardened by
heat treatment.

5.2.2 Chosen steel
The type of steel most suitable for this type of project is Austenitic stainless steel,
within this family of steel, I have chosen the type AISI 304.
AISI.304: Austenitic stainless steel, anti-magnetic, non-hardenable, with excellent
ductility and impact resistance. It has good resistance to corrosion at temperatures up to
920 ° C in continuous service and 870 ° C intermittent service. Its low carbon content
makes it very suitable to undergo processes of welding. APPLICATIONS: evaporators,
liquid oxygen tanks, kitchen and laboratory, parts for valves, etc.
The reason for choose this kind of steel are these:
Excellent machining properties: Is good for working and to work with any machine
tool without extra heat input, otherwise it would be necessary to provide heat which will
be more expensive and difficult to machine.
Excellent ductility and impact resistance: These characteristics assures a good resistance
to the break, so that its creep limit will be very high, slightly very advisable for our
project because the pieces will support a major effort.
Good resistance to the corrosion: This is important since our mechanism will be
exposed to the environmental conditions that are given in the careers in which the kart
will compete, therefore it is advisable that it has a high resistance to the corrosion.

5.3. Tolerances
The last step before beginning with the study of the applied loads will be to establish the
tolerances needed for his correct functioning.
Before this I will do a small introduction on the different concepts to bearing in mind at
the moment of choosing the tolerances:
The system of normalized ISO tolerances establishes a series of positions of the
tolerance with regard to the line zero fixed by means of empirical formulae dependent
on the measure nominal.
To be able to satisfy the current needs of adjustments, it has been foreseen for every
group dimensional the whole range of diversions, which define the position of the
tolerances with regard to the line zero

5.3.1 Positions for the AXES

In case of axes, the zones of tolerance placed below the line Zero are indicated by the
letters to, b, c, CD, d, and, ef, f, fg, g, h.
The distance of these zones of tolerance until the line zero it is diminishing from the
position to up to h.
For your part, the zones of tolerance placed above of the line zero are indicated with the
letters k, m, n, p, r, s, t, or, v, X, and, z, za, zb, zc.
The distance from these zones of tolerance to line zero is increasing from
the position k up to the zc.

Figure 40
Positions for the Axes

5.3.2 Positions for the HOLES

In case of the holes, the zones of tolerance placed for on the line zero indicate
themselves with the letters to, B, C, CD, D, And, EF, F, FG, G, H.
The distance of these zones of tolerance to the line zero it is diminishing from the
position to up to the H.
For your part, the zones of tolerance placed below the line zero are indicated by the
letters K, M, N, P, R, S, T, Or, V, X, And, Z, ZA, ZB, ZC.
The distance of these zones of tolerance to the line zero is increasing from the position J
up to the ZC.

Figure 41
Positions for the Holes

5.3.3 Fundamental Tolerances

Fundamental tolerance (IT). In the system of tolerances and adjustments, one anyone of
tolerances of this system.
Degree of tolerance: In the system of tolerances and adjustments, set of considered
tolerances since it corresponds to the same degree of precision for all the nominal
measures.

There have foreseen 20 degrees of tolerance, designated by the initials IT 01, IT 0, IT
1... IT 18, representative of the extent of the tolerance, from the thinnest even the most
coarse, whose values numerical they are calculated for every group of nominal
measures, constituting the tolerances fundamental of the system.

As it is observed in the table of fundamental tolerances, for a certain nominal measure,
the magnitude of the fundamental tolerance increases on the degree of tolerance having
done it also, is to say, it diminishes the precision; in turn, for a certain degree of
tolerance, the magnitude of fundamental tolerance increases on the nominal measure
having done it also.
The extent of the tolerance applicable to a dimension, which for reasons of manufacture
has to be major possible, it will depend on the use or service that is going to give the
piece to making, to whose effect they establish 20 degrees of tolerance.

As guide establishes the following classification:

* The degrees of tolerance IT01 to IT4 for axes and the degrees of tolerance IT01 to IT5
for holes, they are destined for pieces of the precision mechanics (calibres, mechanisms
of watchmaker's, etc.).
* The degrees of tolerance IT5 to IT12 for axes and the degrees of tolerance IT6 to IT12
for holes, they are destined for pieces of the general mechanics that have to fit.
* The top degrees of tolerance to IT12, both for axes and for holes, are destined for
pieces or isolated elements and that they do not need, therefore, of an accuracy
dimensional so precise.

After studying the rules that govern the different tolerances, I proceeded to the choice
from those that I consider better for my mechanism:

Figure 42
Chosen Tolerances
The choice is:
- Adjustment for contact f7 F8 between piece grey and column (slip fit).
- Adjustment for contact f7 F8 between ring and piece grey to highlight the area inside
the ring (slip fit).
- Adjustment for contact e9 E10 between piece grey and ring in the area where the ring
supports the pieza1 (loose fitting). Just interested to be looser than the other contact that
has the ring by pieza1.

In both cases I have chosen a higher number of IT (7-8-9-10) because with these
number the process of mechanized of the pieces will be very simple, in other hand I
could choose a lower number of IT (for example: 1-5).

In this case the pieces would be more difficult to mechanize and would be necessary to
use the grinding machine after having done them with the lathe or milling machine. Of
this form they would increase the costs of production and therefore for this type of
mechanism we are not interested in it.

5.3. Forces applied in the mechanism
The efforts to which the mechanism is submitted in major measure are the bending and
the torsion. The bending is not so important as the torsion, since the forces applied in
the steering wheel produce a torque in the column of direction and in the mechanism.
Anyhow, it is not necessary to lose of sight the torque applied in the mechanism due to
the diameter of the steering wheel.
The efforts of design must be those of the worst conditions, that is to say, it is necessary
to design the mechanism with a great margin of safety, for what it is necessary to
establish a maximum effort from whose calculations the design is based.
To begin with the study of the forces we must establish two parameters, firstly the
couple maximum that will have to support the mechanism and the second one will be
the pieces of the mechanism that will support the above mentioned effort
Parts of the mechanism that will suffer the efforts
5.3.1 Parts that suffer the efforts
In this case, so much the torsion and bending stresses will be suffer in the pieces of red
color (the part that is connect with the steering-wheel of the kart and the part that is
connect with the steering-bar).
In this case, so much the torsion and bending stresses will be suffer in the pieces of red
color. The rest of the pieces do not suffer the efforts, the both ring do not suffer efforts
and the balls
Though they transmit efforts they are not an important part for the study due to his
geometry since they will not suffer deformations and much less a possible break

Figure 43
Detail of Parts that suffer the efforts
5.3.2 Maximum efforts supported by the mechanism
To establish a tension value on which to calculate and to design the pieces has chosen to
calculate the maximum value that there were supporting the pieces that are submitted to
effort.
Of this form, and bearing in mind that the force of torsion is major than bending, by
means of the torsional theory will calculate which is the piece that minor effort
supports.
Of this form to realize the calculations we will take this value so that we assure a high
margin of safety ourselves.
Torsion Theory
In solid mechanics, torsion is the twisting of an object due to an applied torque. In
circular sections, the resultant shearing stress is perpendicular to the radius.
For solid or hollow shafts of uniform circular cross-section and constant wall thickness,
the torsion relations are:

T=

Equation 5.1

Where:
Equation 5.2
Equation 5.3
Tresca Criteria:
Equation 5.4



Steering-bar of the kart

As this project is being calculated for a generic kart, to develop the calculations I will
take the data medium of restrictions imposed by the rules of the competition
FORMULA SAE STUDENT. In this case I have taken any values of the Glyndwr
University´s kart.
The characteristics of the column of direction are the following ones:
- Material: stainless steel
- Creep Limit: δy = 1.75 x

N/m2 (Formula SAE regulations says that the bar of

direction must have a resistance between 150-220 MPa).
- Dimensions:
Outside diameter: Dext = 26 mm
Thickness: e = 2.15 mm
With this information we apply the torsional theory:

=

mm

Applying the Tresca Criteria, we have:
=
And finally:

T=

=

*

153.38(Nxm)

On this form, we take the value of 153 Nm as the maximum value that can support the
steering bar of the kart.


Piece Grey

Initially, it is possible to calculate the resistance of her pieza1 as for the dimensions of
the cylinder and his thickness, applying the torsional theory, in the same way that was
done by the steering bar.
The characteristics of the piece grey are:
- Material: stainless steel type AISI 304
- Creep Limit: δy = 2.07107 x

N/m2

- Dimensions:
Outside diameter: D ext = 37 mm
Thickness: e = 3 mm
According to this, and applying the theory of twist like it did previously:

=

Applying the Tresca Criteria, we have:

=
And finally:

T=

=



Column

= 657.82(Nxm)

For the column using the same steps:

=

Applying the Tresca Criteria, we have:
=
And finally:

T=

=

= 628.82(N x m)

As we can see the pieces designed for my mechanism will bear a value of load applied
top force to 600N. For this reason to do the calculations we have to bear in mind the
resistance of the steering-bar (in this case this would be the resistance of a standard
steering bar according with the measures specified in the regulations of FORMULA
SAE STUDENT).
From now we will calculate how affect the forces applied on the mechanism in the
pieces that suffer the efforts, to do these calculations we will take the maximum value
that supports the steering bar, since if this one breaks our mechanism it will be totally
useless.

Bending Theory
Though it seems to be less important, the flexion must be born in mind, since the weight
of the arms involuntarily applies force on the steering wheel and they can transform in a
couple flector considerably.
The safety regulation advises to do the calculations with the equivalent of the force
applied by the arms equally to 6 kilos.
The resultant moment is equal to the product of the applied force and the distance on the
point that is applied:
Equation 5.5

Where:
6 = Kg applied per arm.
9.81 = Force of gravity
2 = number of arms
0.16 = radius of steering-wheel
Whit this, we can verify that the bending efforts is smaller than Torsion efforts, for this
reason we will verify the resistance of the pieces with the maximum value of torsion
that can support the steering-bar.

5.3.3 Calculations to resistance and measurements
After establishing the maximum load on which we will calculate the resistance of the
piece, we will make an analysis for finite elements with Solid Works x64 Edition for a
better calculation and prevent the tension concentrations from giving place to
unacceptable situations.
With the obtained information, the need will be valued or not of realizing changes in
the model, by means of an iterative process up to reaching a satisfactory solution.
Resistance to torsion
We will divide the results in 2 parts, resistance to the twist and resistance to the
bending. Though since we have said it will not be necessary to calculate the resistance
to the flexion, it has seemed to be opportune to represent the results that it grants to
verify that there are no unnecessary concentrations of forces.


Piece Grey

To calculate the efforts we have fixed the housings of the bolts that go to the steering
wheel and have applied the forces in the housings of the cylinder since the balls are the
responsibles of transmitting both the movement and the efforts.

Figure 44
Efforts in piece grey

Then, if we applied the maximum torque, the equivalent force is:

TORSION TORQUE:

Equation 5.6

Where: D = 37mm
Number of holes =3

We have multiplied per 3 the diameter of the hole because there is three holes in the
piece.

Figure 45
Results in piece grey

As we can see the maximum effort that has to support the piece when it has applied a
couple of 153N it will be superior to the creep limit. Therefore this design does not
serve us.
Now we have different alternatives to solve this problem:
-Raise the limit using a material with a limit of fluencia major.
-Extend the diameter of the pieces in order that the forces are minor.
-Reduce the tensions, distributing the forces in more points.
The first option was the first one in discarding, though there exist materials that support
major tensions as for example the steel SAE/AISI 1020 that has a creep limit of 3.8 x
N/m2, however this solution will be the most expensive of all.
The most advisable solution to the first sight was to change the number of housings and
instead of 3 to put 4. With this we examined again the results:
D = 37mm
Number of holes = 4

With this force the result was:

Figure 46
Second results in piece grey
As we can see the maximum effort that has to support the piece when it has applied a
couple of 153N it will be superior to the creep limit. In this case the creep limit is so
close to the maximum efforts.
As we can see the maximum efforts is concentrated in certain zones, nevertheless
though the practice totality of the this piece below the creep limit this design continues
being insufficient.

Figure 47
Details of results in piece grey
The final option adopted was rise the diameter of the piece two millimeters:
D = 39mm
Number of holes =4

With this new geometry of the piece, the maximum effort is less than the creep limit,
now the result is good and there is not risk of the piece can break.

Figure 48
Third results in piece grey



Column

To calculate the efforts in the column we will follow the same procedure, it will not be
necessary to calculate the resistance with 3 holes, since if the gray piece has 4 holes for
the balls the column will have to have 4 housings necessarily.
With the first design after change the number of housing:
D = 34mm
Number of holes = 4

Figure 49
Results in column

Figure 50
Detail of results in column
Since it was of waiting for, the result it is not good, and therefore like we did before we
will have to extend the diameter 2 mm.
D = 36mm
Number of holes = 4

Figure 51
Second results in column

As it happened with the piece previously calculated on having increased the diameter
we have verified that the result is satisfactory and therefore the design is suitable.

Resistance to bending
Since I have said before the bending it is not so important as the torsion but it seems to
be suitable to reflect the efforts that suffer the pieces for this reason.


Piece Grey

Figure 52
Results in Piece grey


Column

Figure 53
Results in Column

As it is possible to estimate, in none of two cases the maximum force is close to the
creep limit for what was not meaning a problem for the resistance of the pieces and
therefore for the safety of the mechanism.

5.3.3 Calculations to the bolts
Once calculated the different pieces and after verifying that they are suitable for our
design we have to calculate the union of our mechanism with the steering wheel for it to
be able to integrate in the kart.
Departing from the maximum force, we will calculate the necessary diameter that the
bolts must have depending on the moment that they will have to support.
Firstly we calculate the maximum force that the bolts have to support, we supposed that
we will put four bolts.
Equation 5.7
Where: nº= number of bolts.
F = Force apply in each bolt.
d = Distance between bolt and point of application.

=

= 1738.63 N

This is the force maximum that each bolt will have to support in the extreme conditions.
To do the bolt we will choose a steel of higher resistence:
8

δy =3.2 x 10 N/m

2

In cutting tension, the area that it is necessary to to consider is the area of the cutting
effect the transverse section:
Equation 5.6
Where D is the diameter necessary of the bolt:
-6

=

2

= 5.3827 x 10 m
=

= 4.23mm

The screws must be of a minimal diameter of 4.23 mm, to support the efforts. However
it have been chosen of 6 mm of diameter because there is enough space to locate them
and for major safety.

Figure 54
Detail of bolt

Figure 55
Detail of mechanism with bolt

The four screws must be of nut-brown head not to stand out of the surface of the
plate and not to bother the driver..

6 CONCLUSSIONS
After finishing my project I believe that I can affirm that there have been fulfilled
successfully the aims needed initially of this project.
After studying the different possibilities that the market was offering myself, I have
created my own design by means of an iterative process, departing from an initial model
it has been getting improved little by little while there are solved the failures that were
appearing, so that beside doing the best mechanism one has tried to cheapen his cost.
In the project nothing relative has been specified to the lubrication of the balls or of the
housings where they fit.
This is due to the fact that for this design it is not necessary to have this in account,
since the balls fit perfectly in the housings, so that they transmit the movement and due
to his perfect geometry it is not a necessary lubrication.
Since I have said before I believe that I can affirm that with this project I have improved
the characteristics of any kart in the one that applies my design to himself, for these
reasons:
- This design eliminates restrictions to take part in the competition FORMULA
SAE STUDENT. This is very important because this competition is very
important in the world of engineering, and with this the student of the university
that take part will have a great opportunity to develop their knowledge.
- About the security: In case of accident the steering wheel can be remove to
extract the driver.
- If we are able to remove the steering wheel this allows us to design a smaller
and lighter cabin for the driver.

-

In the same form, if we can make a smaller cabin for the pilot, we can innovate
with new forms of aerodynamics.

7 RECOMMENDATIONS
First I would like to emphasize that this project is a generic project, since this one
applied on the measures standard inside the restrictions imposed by the regulations of
the competition FORMULA SAE STUDENT.
Nevertheless this project can be applied to any type of kart, since the measures will not
change to a great extent. The calculations on resistance are not worrying because though
change the diameters they are calculated in extreme situations and with a great margin
of safety. Of the same form the chosen tolerances will be applied though change the
diameters of the pieces.
As future line of study or to improve the presentations of the kart, it might study the
possibility of introducing electrical connectors that could be connected initially the
steering wheel, this would not suppose a great change because in the same column of
direction they might get across her, since this column has left space itself for possible
improvements as this one because the transmission of the couple is by means of the
fluted axis and do not influence the interior structure of the piece.
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DESIGN OF A REMOVABLE
STEERING-WHEEL FOR A
COMPETITION KART

Student: Jon Ortiz
Nº Student: 10002076
Supervisor: Salim Miah

AIM OF THIS PROJECT
- DESING A REMOVABLE STEERINGWHEEL FOR A COMPETITION KART.
- ADAPT IT TO THE REGULATION
PRESCRIBED IN THE FORMULA
STUDENT COMPETITION.
-IMPROVE THE CHARACTERISTICS
OF THE KART.
- IMPROVE THE SAFETY OF THE
KART.

FORMULA SAE STUDENT
-Formula Student is a competition between universities from around
the world.
-This is a oportunity for the engineering students to put their
knowledge into practice.
-This competition serves to the motorsport and automotive industries
and another engineering companies to looking for engineering
students.
-Many engineers who now are employed at the Formula 1 have been
employed before at the Formula SAE Student

DEVELOPMENT OF THE PROJECT
-STUDY THE FORMULA SAE REGULATIONS
- STUDY THE PRODUCTS OF THE MARKET
- PROPOSED THE DIFFERENT ALTERNATIVES OF DESIGN
-DRAWING THE FIRST DESIGN AND STUDY THE POSSIBLE CHANGES
FOR IMPROVE ITS FEATURES
-CHOICE OF THE MATERIAL
-STUDY THE APPLIED FORCES AND ITS RESISTANCE
-MODIFICATIONS AND FINAL DESIGN

RAPID PLUGS
VALVE: Connector of the
steering wheel
COUPLER: End of the
direction bar.
WHARF: Absorb part of
efforts.

BALL: Is the responsible to
hold the coupler of steeringwheel to the direction bar.

ALTERNATIVES

FIRST DESIGN

SECOND DESIGN

FINAL DESIGN

FUNCTIONING
1st POSITION
2nd POSITION
3rd POSITION
4th POSITION

MATERIAL
-THE CHOSEN MATERIAL IS STEEL

• PRICE IS CHEAP RESPECT OTHER MATERIALS
• IT IS A DUCTILE MATERIAL
• THE MODULUS OF ELASTICITY IS HIGHER THAN
MANY OTHER MATERIALS

-THE KIND OF STEEL IS AISI 304
δy = 207 N/mm2 (Mpa)

E = 190,000 N/mm2 (MPa);

ν = 0.29

ρ = 8000 Kg/m3;

α = 17.2 x 10-6 /°C

STRESS ANALYSIS
TORSION THEORY

TRESCA CRITERION

T= 153.27 Nm (Steering bar)
T= 601.3 Nm (Column)
T= 703.64 Nm (Piece 1)

STRESS ANALYSIS
PIECE 1
TORSION TORQUE

T = F * D/2
D = 37mm

D = 35mm
Fmáx=153.27 / (0.0175 x 3)
= 2914.28 N

Fmáx=153.27 / (0.0175 x 4)
= 2184.71 N

Fmáx=153.27 / (0.0185 x 4)
= 2067.03 N

STRESS ANALYSIS
COLUMN
TORSION TORQUE

Fmax=153 / (0.0148 x 4) = 2584.21 N
D = 32 mm

T = F * D/2

Fmax=153/(0.0168 x 4) = 2276.78 N
D = 34 mm

STRESS ANALYSIS
FLECTION THEORY
M=FxL
M = (5*9.81)x 2 x 0.15 = 15 N·m

STRESS ANALYSIS
UNION STEERING WHEEL - MECHANISM
153 = 4 x F1 bolt x 0.021 ⇒ F1 bolt = 1821.42 N
σsteel = 3 x 108 N/m2
Abolt = 4π D2
F = σ x Abolt ⇒ 1821.42 = 3 x 108 x 4 π D2
⇒ D = 3.23 mm

CONCLUSIONS
-DEPARTING FROM A RAPID PLUG I HAVE MANAGED TO DESIGN A
MECHANISM THAT ONE ADAPTS TO MY REQUIREMENTS BY
MEANS OF ITERATIVE PROCESS
-THIS DESIGN ELIMINATES RESTRICTIONS TO TAKE PART IN THE
FORMULA SAE STUDENT.
-IN CASE OF ACCIDENT THE STEERING WHEEL CAN BE REMOVE
TO EXTRACT THE DRIVER.
-IF WE ARE ABLE TO REMOVE THE STEERING WHEEL ALLOWS US
TO DESIGN A SMALLER AND LIGHTER CABIN FOR THE DRIVER.
-IF WE CAN MAKE A SMALLER CABIN FOR THE PILOT, WE CAN
INNOVATE WITH NEW FORMS OF AERODYNAMICS

THANK YOU
Any question?

