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Abstract

Downhill mountain biking is fast becoming popular sport in both Australia and
Internationally. From the 1970’s when people started competed this sport there has
been many improvements such as brakes and better suspension designs to increase

performance while also decreasing injuries.

As this sport is becoming more and more popular, there are a number of new frames
and designs that are being brought out every year. Each of these of designs has their
own advantages and disadvantages which will be looked at before the design process

begins to design this mountain bike.

The project aims to design a downhill mountain bike that is not only a high-
performance but also to be cost effective. As there are not any documents readily
available that explain the design process, another aim of this project is to create a
document that can be used by future students and amateur bike designers in order to
give them a rough idea of where to start and what to do.

The initial design has been completed although there are a number of modifications
that can be made in order to improve both the performance and cost-effectiveness.
As this is only an initial design due to the fact, there has been limited analysis carried
out due to the time consuming design stage. The material selection process has also
been completed and aluminium alloy of grade 6061-T6 was found to be the best

material for this application.

There are also a number of directions this project could be built on in the future in
order to keep improving this design or use this project as a basis to design a new

downhill mountain bike.
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1 Introduction

This chapter describes the project outline and the research objectives of the project.
The primary purpose of this project is to research current mountain bikes and

methods of design and then design a high-performance and cost-effective mountain.

1.1 Project Topic

Design of a high-performance and cost-effective mountain bike

1.2 Project Background

Within the last two decades, designing mountain bikes have progressed rapidly in
many areas such as better suspension designs, better materials, and also better
handling. Preidt (2011) also states that these advancements in technology have
decreased mountain biking injuries as they allow the rider to have greater control.
However there are problems that arise with these advances such as increased outlays

to purchase these products.

The aim of this project is to design a mountain bike which will perform (durability
and rideabilty) comparatively with existing high-performance mountain bikes. In
addition, the aim of this project is to reduce the cost of manufacture. The product
designed is to be cost effective against high-performance mountain bikes currently

available on the market.

1.3 Research Aims and Objectives
The aim of this project as stated in the introduction is to research current mountain
bike designs and then design a mountain bike to compete with current designs in

both performance and cost.

The objectives of the project are outlined below:
1. Research current downhill mountain bikes that are available on the
market and the environment they are used in.
2. Using an engineering design process, create a list of potential designs

then select the best design using the analytical-hierarchy process.



3. Using the material selection process, decide on which material/s will be
the best for this application.

4. Model the final design and calculate forces that the frame will need to
handle and analyse worst case scenarios using ANSYS.

5. Cost-analysis of the final design for materials and also manufacturing.

As time permits:

6. Build a prototype and do some physical testing.

1.4 Methodology

To be able to carry out this project effectively and efficiently, a methodology is
required for guidance and also to have planned deadlines. The methodology for the
project is detailed here.

e Review current mountain bike designs and environment

In this initial review, the current designs and materials used will be researched and
analysed, while looking to see if there is another material that could be used for this
application. Also the environment that the bikes are used in will be researched to

better understand the type of application that the frames will be faced with.

e Develop Initial Designs of the Frame
A number of initial designs will be created and critiqued using the analytical-

hierarchy process to develop the final design that will be further designed.

e Design of the Final Product
The design of the final product will be carried out using a 3D modelling program
with the worst case scenario tested using ANSY'S and calculations will be carried out

to support the findings.

e Material Selection Process
Once the design of the frame has been finalised, the material selection process will
begin to find the best material to be used for the frame. The material will need to be
able to withstand the environment in which they will be used and also be cost-

effective.



1.5 Dissertation Overview

e Chapter 2 — Literature Review
This section starts by looking at the history and also what type of terrain and
environment that these mountain bikes are used in. This will give a brief
understanding of what type of conditions that will be designed for. From here it
looks at the current designs and the advantages of each compared to one another. It
will then carry on looking at current materials used and why these materials are used.
Existing components that must be able to fit in my frame will be looked at and each
of these components will be briefly explained. This chapter will then finish by

looking at the manufacturing techniques that are used for these products.

e Chapter 3 — Design
This section will first look at all the different designs and then the best design will be
chosen using the analytical hierarchy process. Then the final design will be carried

out and the material selection will finish this chapter.

e Chapter 4- Material Selection
This chapter will look at the material selection criteria used and also go through the
steps involved with this material selection. The first step will be to decide what type
of material is best suited to this application before deciding what grade is the best

option.

e Chapter 5- Results and Discussion
This section will look at the design analysis which will be carried out using Linkage
and Solidworks.

e Chapter 6- Conclusions
This section will look at the conclusions that have been decided upon by carrying out
this project and where best to lead from here. It will also give a quick overview of

what has been looked at in this report.



e Chapter 7 — Future work
This section will look at the future work which can be carried out and also suggest

projects that future students can carry out in order to make a better design.



2 Literature Review

2.1 Introduction

Mountain biking is becoming a mainstream sport as people are realising that it is
good for your health, has great social aspects and also brings back memories from
when you were a child and go as fast as possible on your bicycle down a hill. After
defining what mountain biking and then more specifically downhill mountain biking,

current designs, components and materials will be researched.

2.2 Mountain Biking History

Mountain biking has been around for years, just not in the current form of today.
Throughout the history of the bicycle there have been pioneers that have used or
created a bicycle to achieve something that have not been done before. Breeze
(1996) states the first bicycle to be ridden off road was in 1816, however many
disagree as this bicycle does not have pedals or a chain. Many other advancements
over the next 150 years lead to the current bicycle design, such as pneumatic tires in
1887, first derailleur in 1973.

Breeze (1996), states that the first timed downhill race was conducted at Fairfax,
Marin County on October 21, 1976. From this day the sport of Downhill Mountain
biking as progressed in small numbers to start with during the rest of the 70’s and
then during the 80’s saw an impressive growth in numbers due to many reasons.
The first production mountain bike in 1978, created the ability for many people to
buy a mountain bike and take up the sport. Also quick developments in braking,
gears, suspension and handling are also attributed to the progression of the sport

during the 80’s.

From the Union Cycliste Internationale website, the first mountain biking world
championship was held in 1990 in Durango, Colorado, which is accredited to taking

downbhill closer to a mainstream sport.



2.3 Existing Mountain Bikes

2.3.1 Current Designs

There are currently a number of different designs that are being used for downhill
mountain bikes, ranging from the simple yet effective single pivot up to more
complex systems such as the VPP system. This section will look at the current

designs available and look at where each excels and where they don’t.

Figure 1 Tubing Section Definition

Figure 1 shows a simplified version of a bicycle and shows a number of major
sections of the frame including the headtube, top tube, down tube, seat tube, seat
stays and chain stays. Also the forks are highlighted to show how they integrate
with the frame. These sections will be designed in later chapters apart from the fork

as an existing fork will be used.

Most downhill mountain bikes these days utilize between seven and ten inches of
travel and have very specific set-ups with regards to other types of bikes. There are
also many other factors that must be considered when designing a mountain bike
such as the head and seat angles, wheelbase and bottom bracket height. According
to Brady (2008), as long as the design is within a certain degree or distance, then
there should not be any troubles however if the dimensions are outside these

standard values then the bike will ride as well as it should.



The head angle is the angle between the head tube and the ground. Brady says that
downhill mountain bikes should have a slack angle of between 6669 degrees. The
advantage of this slacker angle is better stability in technical sections and corners.
The seat angle is similar to the head angle but is the angle between the seat tube and
the chain stays and this angle should also be slack for a downhill bike. The slacker
this angle the further the weight is over the back wheel and allows technical sections

to be taken easier.

Wheel base and bottom bracket height according to Brady are also very important in
that they govern how much clearance your bike has. A high bottom bracket will
allow more clearance however this will raise the centre of gravity and vice versa for
a low bottom bracket. The disadvantage of having a high bottom bracket is the
impact on your cornering ability while if it is too low than rocks and other obstacles
can easily damage this part of your bike. Wheel base is the distance between your
front and rear wheel. A downhill mountain bike also requires great strength while
still being light enough for great handling and be able to ride over various terrains.

Scott (2009) says that the single pivot is the simplest possible design for a rear
suspension system which is shown in figure 2. He states that the design is
essentially the rear axle being mounted into a swingarm which actuates a spring
damper via leverage on a single pivot. Bridgers (n.d.) says that main problem with
single pivot designs are the pedalling and braking problems due to the one pivot
point. According to Scott another advantage that this frame has over other types of
suspension technology is the fact that there are no patents for this type of suspension
therefore allowing new designers to design a fairly simple bicycle. An example of a

single pivot bike is pictured below.



Swingarm

Pivot

Figure 2 Single Pivot Design

Another type of suspension technology is four-bar linkage system. Scott (2009)
states that this design was develop to improve the downfalls of single pivot frames
with regards to stiffness however they come with increased weight and extra
maintenance is required due to the complexity. There are four main types of four-
bar linkage including Horst Link, Lawwill, Faux Bar and VPP. According to
Everything Bicycling (n.d.), four-bar linkage systems will have several linkages with
a pivot behind the bottom bracket, one near the rear axle and also one at the top of

the seat stays.

According to Everything Bicycling (n.d.), Horst Link has a pivot point in front of the
rear wheel dropout as this allows the linkage components to affect the rear axle path
and allow for vertical travel. An example of a four bar linkage with Horst link is
shown in figure 3. The axle path for this system is very similar to that of the single
pivot frame. Scott (2009) further says that the advantage of this type of frame over
the single pivot is less pedal bob and also less detrimental braking effects on the
frame. The problem with this type of linkage is that is patented to Specialized. The

picture below shows a four-bar frame with Horst Link.



Effective
Seatstav

\

Horst
Link
Pivot |

Figure 3 Horst Link on a Specialized Bighit

The next type of four-bar linkage is the Lawwill design shown in figure 4 which
according to Scott (2009) is the most advantageous of the four-bar frames in terms of
axle path manipulation and brake isolation. Lakshmi (2008) states that the Lawwill
design adapted the A-arm suspension design from sports car racing and was the first

four bar linkage in mountain biking.

Figure 4 Lawwill Linkage



Everything Bicycling (n.d) says that the Faux Bar shown in figure 5 is named as it
looks similar to a four bar linkage. The Faux bar is actually a single pivot frame
where the wheel path is rotated around a single point located near the bottom
bracket. The main difference between the Horst linkage and the Faux setup is the
location of the rear pivot with Faux bar being located above the dropout instead of in

front.

Rocker S
Plate

Rocker
Pivos

Chainstay —

Figure 5 Faux Bar Suspension

Another form of the four suspension linkage is the VPP which is illustrated in figure
6 or virtual pivot point with according Hollow (2004) to the patents currently owned
by Santa Cruz bicycles with licences to Intense Cycles. VPP has many advantages
over not only a single pivot design but also many of the other four bar suspension
technologies. The VPP has the advantage of better pedal efficiency and also better
suspension control attained through the way that the linkages work. Biker (2010)
states that the VPP suspension has two different linkages rotating in opposite
directions and use pedal-induced chain force to extend the suspension and therefore
making the rear suspension stiffen up allowing greater pedal efficiency. An example
of a VPP style frame can be seen below.

10



Figure 6 VPP Design by Santa Cruz

The next section will look at the geometry of a number of popular bikes to gather the
type of geometry that the bicycle designed will need to have. All specifications will
be taken at frame size that suits a person of 5’8” to 5’10 as this is roughly the
world’s average height according to Godbole (2010). Brady (2008) says that the
important geometry for a bicycle is the head angle, seat angle and the bottom bracket
height, so these will be looked along with wheel base, amount of travel and also the

type of travel that is used for each individual frame.

According to Linkage (n.d.) there is another major element to the rear suspension
and that is the progressivity. They state that there are three main types which are
rising (progressive), falling and linear. Rising rate is where lower values of the
leverage ratio mean larger travel and this generally causes the suspension to stiffen
when being compressed. They further state that falling rate is the opposite and is
really plush and is easier to bottom out. Linear is as the name suggests a constant
ratio between the leverage ratio and the amount of travel. They say that this last type
is the most desirable for downhill mountain bikes as they are repeatedly absorbing

rougher terrain.
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Tvpe Head Bottom Seat
. yp Travel | Weight | Wheelbase | angle Bracket Angle
Bike of . .
Travel (in.) (kg) (mm) (Degrees Height (Degr
) (mm) ees)
Santa Cruz 1172.6- 56.5-
v10 VPP 8/ 10 4.5 11777 64-65 361.1-375 575
Intense M9 | VPP 8'5’59’ %1 5 |1180-1210 | 64 361368 | 63
Orange 224 | SN91 | go5 | 47 1201 64 378 72
Pivot
Kona | 4 par | 8 43 1197 64 350 74.7
Operator
Yeti Single
303DH Pivot 8 5.7 1201-1206 | 64-65 367-380 65-66
Giant Glory | 4-bar 8 4.1 1156 65.5 376.2
Norco
Team DH 4-bar 8/9 4.8 1173 64 358 71.2
Trek | gpar | 8 N/A | 1178 64 353
Session 88

Table 1 Overview of Geometry

From table 1, a number of dimensions for geometry can be found to match current
frames. The amount of travel that the frame requires is 8-10inches. The wheelbase
for the frame is to be somewhere between 1170 and 1210mm. For the three critical
dimensions of the head angle, bottom bracket height and seat angle the only one that
varies majorly is the seat angle. It can be seen from the above table that head angle
needs to be in the vicinity of 64 -65 degrees and the bottom bracket height needs to
be at least 355mm while also staying under 375mm. The seat angle however has a
wide range of angles that it could be but like Brady (2008) stated, the slacker the seat
angle the better it is for downhill mountain biking so a range of between 58-70
degrees will be taken. It can also be seen that the average weight of current frames
with shock included is within the five kilograms mark. A nominal shock weight
according to the Fox Shox website is about 500g so the frame will need to be

roughly four — five kilograms.

2.3.2 Current Materials

There are currently four main materials that are used to manufacture mountain bike
frames, being steel, aluminium alloys, composites and titanium. Each has their own
advantages and disadvantages with relation to the other materials. From ABC of
mountain biking, ‘lightweight and durable is now the standard of mountain bikes.

Anything else is mediocre’ is just one example of the future of mountain biking.
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According to Brady (2008) each type of material has a purpose and also a major
advantage over each of the other type of materials. He summarises the materials as
follows; ‘Steel — the old standard, Aluminium — the newish standard, carbon fibre-
the future standard and titanium as the steel of gods’. Man (2004) states the
aluminium is currently the most used material of the four listed. Man however, also

states that there is no “perfect “material to build a downhill mountain bike from.

Steel

Man and Brady both agree that steel is going out of fashion due mainly due to the
fact that it is relatively heavy. Although they both agree on this fact, they both state
that steel has the following advantages over other materials; strong, stiff, durable and
cheaper than the alternatives although it is also prone to rusting and also is a lot
heavier than the other materials. The most common type of steel to be used for the
manufacture of downhill mountain bikes is chrome moly as it is very strong however

as common with steel, is very heavy.

Aluminium Alloys

Aluminium alloys as stated by Brady is the ‘newish standard’ due to many reasons
which will be looked at within this section. Man and Rich (2010) both say that
aluminium is the most common due to the fact that it is lightweight and fairly
affordable. ASM (2007) says that bicycle frames are built from a 6xxx series grade
of aluminium in which Rich further elaborates and says that 6061 is the most
common type of aluminium used. Brady and Man say that the advantages of
aluminium are lightweight, affordable, high resistance to corrosion, great rigidity
easy to draw into any shape and also cheap to manufacture. However both state that
aluminium has the disadvantage over steel due to its lower strength and also the fact
that it is harder to repair than steel. However Man says that the aluminium used
must be butted to provide a good ratio between strength and weight. Butted tubing

will be talked about within the manufacturing process.

Composites
As Brady stated composites are the ‘the future standard’ of mountain biking. Since
coming onto the scene in the late 1990’s, carbon has gained not only popularity but

also a lot of scepticism with people saying carbon cannot be used on a mountain bike

13



as it would easily get damaged and therefore break and could cause serious injury.
However, both Scott (2009) and Brady both say that carbon offers both a light and
durable frame and also has the ability to be moulded into any shape therefore
allowing manufacturers to achieve whatever look that they desire. But as said
earlier, carbon does have disadvantages of being more expensive, although prices are
dropping for this type of frame, they are irreparable if damage from a direct impact

and also they react negatively to solvents and acids.

Titanium

Titanium as stated by Brady is the ‘steel of gods’ due to how expensive the frames
are. He further goes onto say, along with Rich, that titanium is a very strong material
while also being fairly light. The other advantages as stated by Man of this material
are that it is corrosion resistant and also very durable. Brady also states that although
this material has many advantages over the other materials used it will never become
the most popular due to not only how expensive it is but also the fact that it is very
difficult to manufacture consistently to a high standard.

2.3.3 Existing Components
There are many different components that have to be considered when designing a
mountain bike frame that must be able to be attached in the correct and proper way.
The components that must be considered include:

e Forks

e Bottom Bracket

e Derailleur

e Seat post

e Rear shock

e Rearaxle

e Rear brake

There are also many other factors that need to be considered which include:
e Cable routing
e Crank Clearance
e Rear wheel clearance
e ISCG mounting
A brief overview of each component and factor follows:
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e Forks
Forks provide the front suspension for the bicycle and are available in either single
crown or triple crown. Triple crown is generally used for downhill providing average
suspension of eight inches so will be used for this project and the main limiting
factor with regards to the frame design is the steerer tube which is generally 1 1/8
inches thick. Also a suitable head angle which was talked about in chapter 2.2.1 is
required for a good handling frame so this must also be calculated.

e Bottom Bracket
The bottom bracket is the part that holds the cranks to the frame and simply is just a
spindle in a cone. They screw into the frame so this is another factor that has to be
thought about in the design process. There are many sizes for this component which
will be decided upon in further chapters.

e Derailleur
The derailleur is the component that allows the bike to change gears so this is a very
important component. There is a standard hole and thread size for mounting this
component to the frame and also another part called the hanger which will be further
described in later chapters.

e Seat post
The seat post is the tubing that connects the frame to the seat and they are available
in many sizes so the size to be used will be chosen during the design process for the
greatest strength and best aesthetically pleasing design.

e Rear shock
The rear shock is the component that provides the rear suspension and this
component also comes in many different sizes. The most crucial measurements for
this component are the eye to eye length and also the stroke length. The eye to eye
length is the limiting factor in which shock can fit in which frame as this is the
overall length of the shock while the stroke length is the distance in which the shock
moves. The rear suspension is roughly about three times this length due to the
leverage ratio that will be described in a later chapter.

e Rear axle
The rear axle is the component that holds the wheel to the frame and comes in two

common measurements of 135mm and 150mm in length.
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e Rear brake
The rear brake is also one of the other major components that need to be designed
for as this provides the braking ability along with the front brake. The common rotor
size for a downhill mountain bike is eight inches however nearly all bikes are
designed to accommodate a six inch rotor with an adaptor being used to allow an
eight rotor to be used.

e Cable routing
Cable routing is how the cables leading to the derailleur and rear brake are guided
from the handle bars to the respective component. There is both external and internal
routing with external using small tabs on the outside of the frame to direct the cables
while internal routing involves small tubing running through the frame. Brown
(2010) states that internal cable routing has the advantages of protecting the cables
from outside debris and it also creates a cleaner looking frame. However he further
states that these advantages are outweighed due to the added weight; extra cable
friction and also the fact that servicing becomes a lot harder.

e Crank Clearance
Cranks are the parts that connect the bottom bracket and drive-train to the pedals
and clearance is needed as to stop the cranks making contact with the frame.

e Rear wheel clearance
This is needed to allow the rear wheel to spin freely and is needed in both the width
of the tyre and also the diameter of the tyre.

e ISCG mounting
ISCG is the standard way of mounting a chain guide to the frame. The chain guide
stops the chain from slipping off the front chain ring when the bike is being bounced
around in rough sections of the track.

e Bearings and Bushes
There are a lot of different opinions on the use of bearings and bushes for the rear
suspension linkage. Each have with their own advantages and disadvantages and
many people such as Young (2010) states each have their own place. Young further
states that one of the main advantages of bearings is that they are super plush
however they come with a weight disadvantage while bushes are less efficient but

lighter. Unknown (2006) states that there are advantages and disadvantages for each
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system and it does not really matter which one is used as they will both break over

time.

Unknown (2008) also states the one of the downsides of bushes are that they can
easily be contaminated if not sealed properly which causes trouble with future use.
Bearings can stand harsher environments and generally last longer if maintained

correctly while bushes wear faster due to the fact they are made of a softer material.

2.3.4 Design and Manufacture
There are many different ways of manufacturing a bicycle frame and this section will
look at the different processes.

Brief Overview
The following steps are a very brief overview of the manufacture stages involved in
producing a mountain bike. The steps are supplied by Luca (2011).
1. Design and produce AutoCAD drawings for the frame and also the jigs
required.
Tube jig manufacture
Tube processing
Frame welding and alignment

Heat treatment

o g > 0w

Painting

Butted tubing

When a bicycle is made from aluminium, titanium or steel, a very popular way of
reducing weight while also maintaining the strength required is to butt the tube. This
section will look at what butted tubing is and also how it is produced. Reynolds
(2011) states that butted tubing is tube that has a constant outside diameter while the
wall thickness varies. Figure 7 is an example of butted tubing.
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Figure 7 Example of Butted Tubing
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The simplest and therefore heaviest type of tubing used to build frames is straight or
plain gauge which means that the material has the same thickness along the length of
the tube. This is where butted tubing came into existence, to allow the similar
strength while reducing the weight in areas where the strength wasn’t required.
According to Bright (2011) there are many variants of butted tubing that are used
within the mountain bike industry including single, double and triple butted. Single
butted tubing is where the tube is slightly thicker at one end however these are rarely
seen in modern day bicycles. Luca (2011), states that double butted tubing is where
the tube has thicker wall thicknesses at both ends and this is the most common type
of butting used in modern day frames. Triple butting is where there is three different
wall thicknesses used to further decrease weight. Figure 8 below shows each of the
different types of tubing. Furthermore, according to Reynolds (2011), double butted
is generally used for the top tube and down tube while single butted is generally used

for the seat tube where the thicker end is at the lower point near the bottom bracket.

Straight Gauge

Single Butted

Double Butted

Triple Butted

Figure 8 Different Types of Butted Tubing

This next section will look at the different methods of manufacturing butted tubes.
The first way to produce butted tubing according to Reynolds (2011) is to start with
a billet of material before heating it to 1000°C and piercing through the centre to
create a very thick-walled tube. From this step the wall thickness and diameter are
reduced by cold drawing and hot rolling until it is the correct size for the butting
process. From here the material is pushed through a die sinking it onto a mandrel as

can be seen in figure 9. The die determines the outside diameter and profile of the
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tubing while the mandrel sets the inside diameter and wall thickness. The mandrel is
then removed by after reeling the tube which can be seen in figure 10, which
increases the diameter while not affecting the wall thickness. The tubing is then
pushed through a die to achieve the required diameter.

Figure 9 Mandrel Press

TUBE
REELING

Figure 10 Tube Reeling

Hydroforming

This section will look at what hydroforming is and also the process to develop
hydroformed parts and where they are used within mountain bikes. Erath (n.d.)
states that hydroforming is a process that uses the force of water or hydraulic fluids
to shape a single part. Ellsworth (n.d) states that there are two different types of
hydroforming; tube and sheet, however only tube hydroforming will be looked at as
sheet hydroforming is not applicable to this situation.

The simple process of tube hydroforming according to Erath is to firstly place a
section of cold-rolled tubing into the die. The second step is to close the mould and
maintain pressure then the fluid is introduced to the inside of tubing. The pressure
from the fluid then pushes the tube into the shape of the die and therefore creating

the desired shape.
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According to Ellsworth this practice has many advantages over other techniques of
forming the desired shapes for each application. Ellsworth and Erath both agree that
these advantages include drawing the material into the mould, part consolidation,
weight reduction due to tailoring of the walls, improved structural strength and
stiffness, lower tooling costs, fewer secondary operations, tighter dimensional
tolerances and reduced scrap. However they both state that it does have the
disadvantages of slow cycle time, expensive equipment and the requirement of new

welding techniques although the advantages far outweigh the disadvantages.

There are many considerations that have to be regarded when designing a part that is
to be hydroformed. According to Erath these considerations include product,
tool/dies, equipment, work piece/material and also deformation zone.

CNC Machining

CNC machining is very popular in lots of industries including the bicycle industry.
CNC machining as stated by Lynch (2007) stands for Computer Numerical Control
and has been a very popular way of manufacturing since the 1970’s. CNC involves
the use of a computer controlled tool that can create a number of simple features
such as holes up to more complex shapes such as radii. This process is generally
used in the manufacturing of rear linkages for mountain bikes as they can sometimes

be a very complex shape.

Ryan (2009) says that there are many advantages of CNC machining over
conventional methods including the ability to manufacture every component exactly
the same without worry over human error, the ability to simulate the manufacture
therefore saving time and money and also the fact that they can make very complex
shapes. However the main disadvantage as stated by Solid (2011), is the high cost
involved in the investment of a CNC machine and also the high costs to replace
tools. So in general, CNC machining is a very attractive procedure in manufacturing

more complex shapes that may be designed on the bike.

20



3.0 Design and Methodology

3.1 Introduction

This section looks at the design process taken to decide which type of suspension
platform will be used before further going into the design of the final product. First
the different designs are looked at and rated using the analytical hierarchy process to
see which design(s) will be best suited. After the final design platform has been
chosen, the different componentry that must be able to be used will be looked at.
From here, the final design will be explained and the steps used to model the frame
in Solidworks2011 will be discussed. The final design will then presented.

3.2 Design

3.2.1 Initial Design

Before any design work can be carried out, the type of suspension platform that will
be used needs to be decided upon. Once this initial suspension platform has been
chosen, the prototype design process can begin to design a high-performance cost

effective downhill mountain bike frame.

The different types of suspension design that are to be considered include single
pivot, four-bar Horst linkage, Lawwill Linkage, Faux linkage, VPP or a new type of
suspension platform. Each design will be rated in a number of key areas including
cost, performance, strength, safety and ease of maintenance. Each factor will be
rated out of ten using the analytical-hierarchy process with the highest scoring
designs being further investigated to decide which type of suspension will be used

and then the design stage of the selected suspension platform will begin.

The cost will include the costs required to design and build each type of suspension
platform. These costs include materials, manufacture and the rights to use a patented
design if applicable. The cost of materials and manufacturing will be estimated,
being based on current designs from each design platform. The cost of the patents
will be found and added to the cost factor. The cost will also be related to each of the

other designs to help decide which will be the best.
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Performance will also be based on current frames and also whether the frame
designed in this dissertation will be able to achieve the same performance. The
performance will be based on handling and rideability and also a comparison
between each of the different suspension platforms will be looked at to decide which

one is to be used.

The strength is one of the more important characteristics of the frame, as a weak
frame will break and lead to injury of the consumer. This factor is closely related
with the safety of the bike and will be based on the strength of the current designs
using each type of suspension. Research will be carried out to determine which
designs are more prone to cracking and which ones seem to have the least amount of

trouble in this area and also on personal experience in this area of failure.

Safety will include how safe the frame will be in not only everyday riding, but also
how safe it can be when there is a crash and how prone the rider is to receiving an
injury from the frame itself. Also the safety will relate to problems within the
current designs and how they may impact on safety such as brake jack on a single
pivot design which may lead to the rider losing control and causing an accident.
Also this will be related to the strength of the frame and how likely a crack is to form
and cause the rider to crash.

Ease of maintenance is also a fairly important factor, as the frame must be easily
maintained to not only stay performing at its best but also a poorly maintained bike
can lead to serious injury. This criterion will also look the ease of replacing bearings
or bushes and also how difficult it is reach components and the rear shock to adjust
it.
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Ease of
Cost Performance | Strength | Safety _ Total
Maintenance
Single
_ 9 6 7 7 10 39
Pivot
Fourbar |7 8 8 9 8 40
Lawwill |8 7 7 8 8 38
Faux 8 8 8 8 8 40
VPP 6 9 9 9 7 40
New
6 5 6 7 6 30
concept

Table 2 Analytical-Hierarchy Process for Suspension Platform

From the above table, it can be seen that the best designs with regards to the criteria
used are single pivot, four bar, Faux bar and also VPP. The next section will explain
why the scores were given for each suspension platform and then look at further
deciding factors in order to decide which type of suspension platform will be used.

Single Pivot
Single pivot scored well in the cost department due to the fact that less individual

parts are used compared to other designs therefore less manufacturing cost and also
the fact that it only has the one pivot point therefore requiring only one pair of
bearings or bushes. Performance for this bike was rated lowest mainly due to the
fact that without the use of a floating brake they tend to have a lot more brake jack
then other designs. Also this design generally has more pedal bob than that of the

other designs.

The strength was also lower on this design then others due to the fact that this is the
design that seems to crack the most. This criterion is a bit subjective as the
individual rider has a major contribution to the frame breaking. However, it was
found that the two most common places that this frame cracked were the headtube
and also on the rear swing arm about parallel to the seat tube which according to
many is due to the fact of the long swingarm. Safety was also rated a bit lower on
this design due to the fact that this design does suffer from brake jack and also is
more prone to fail then other types of bikes. Brake jack could cause the rider to lose
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some control and lead to them having an accident and this is a similar case if the

frame failed.

However ease of maintenance scored the highest for this design as there are only two
bearings to replace and they are easily accessible without removing any other parts
of the bike. Also the rear shock is easily accessible to be able to adjust it whenever

and there is not any components that are hard to reach due to this design.

Four Bar
The four bar design was one of the highest scoring bikes due to many factors which

will be discussed in this section. This design was rated lower in the cost department
for a number of reasons including more individual parts and also if the Horst link is
used, the usage to the patent must be purchased. The performance of this bike was
also very high due to the fact that it reduces brake jack, has great small bump

sensitivity and also doesn’t suffer too badly from pedal bob.

The strength of this suspension platform was one of the highest due to the fact there
has not been too many cases of this type of frame failing prematurely. Like the
single pivot design the most common place for cracks to appear is around the
headtube. However this type of failing at this region cannot be fully blamed on the
suspension platform but the strength of the material as many of the bikes are very
similar in design in this region with different companies having different ways of
gusseting for strength. However this design has been known to fail within the
suspension of the frame and therefore this reduced the score slightly. The next
criterion that this design was rated for was that of safety and this design rated highly
for this section due to many reasons. As stated earlier this suspension design reduces
both brake jack and pedal bob which allows the user to be more in control of the bike
and therefore increasing safety. Also the rate at which this type of design currently

fails is fairly low so this also increases the score for this criterion.

The next area that the bike was rated for was ease of maintenance and this design
scored fairly high however not as high as the single pivot design. This is due to two
main reasons of bearing location and also some current designs access to the rear

shock is hindered due to the location of some of the pivot points and bars. Access to
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the bearings can be hindered by other parts of the suspension design and also other

components of the bicycle such as the chain guide.

Lawwill
The Lawwill design was one of the lowest scoring suspension platforms due to a

number of reasons including a lower score in performance and strength. The cost for
this type of suspension scored relatively high as the number of parts is slightly lower
than a four bar design however there are more parts than on a single pivot frame.
The performance was rated slightly lower than other frame designs as the way in
which the suspension works is not as efficient as some of the other deigns. This is
due to a number of reasons such as where the linkages are connected and also the

wheel path that the rear wheel follows when the suspension is being used.

The strength for this suspension platform was rated slightly lower than that of the
other variants of the four bar linkage as there is a more reports of this frame cracking
than other suspension platforms. However, like many of the other frames, this
cracking is located at the headtube but there have been cases when the crack has
formed in the rear suspension. Once again this is more down to the material and will
be looked at in a later chapter. The next area that his suspension platform was rated
for was that of safety and this suspension platform rated highly as it doesn’t have too
many hassles with problems such as brake jack and pedal bob. Also there are
normally clean frames without any pultrusion that can cause injury to the rider but
once again this is more directly rated to the company that builds the frame.

The last criterion that this suspension platform was rated for was ease of
maintenance and it scored relatively high as there normally isn’t any hassles in

reaching the bearings and access to the shock is hindered.

Faux
The faux bar scored lower in the cost department compared to single pivot frame due

to the main reasons of comprising of more individual parts. Also as with the other
four bar variants, this bike consists of more bearings then the single pivot design.
The next area in which this bike was assessed was that of performance and it scored
quite a high score due to the fact that it doesn’t suffer from too much brake jack or

pedal bob however it is prone to a little of each.
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The strength of this frame was rated quite high as there have been a few cases of
cracking within the parts assisting with the rear suspension but most failures are
located at the head tube as is the case with other frames. This is again is due to the
material used and whether or not sufficient gusted has been used to achieve the
required strength. The next area this bike was assessed in was that of safety and as
with the other four bar variants, it was awarded a fairly high score due to the fact that
it doesn’t suffer from too much brake jack and pedal bob. Next it was rated on the
ease of maintenance and once again scored lower than the single pivot but not as low
as some other designs. This is because the access to the bearings and rear shock is

hindered more than that of a single pivot but it is still not overly hard to access.

VPP
This design was one of the higher scoring designs for many reasons but the two areas

which really affected it were the cost and also the ease of maintenance which will be
talked about shortly. This suspension platform scored fairly low in the cost
department due to two reasons including the cost to use the patented designs and the
also there are number of extra parts involved with this frame. The extra parts
involved are machined to allow the pivot system which is used therefore increases

the cost to a figure a lot higher than that of the other designs.

However the performance of this bike was rated very high as many people have
stated that this is best suspension platform that they have used due to the fact that
there is minimal brake jack and pedal bob. These are eliminated due the way in
which the rear suspension works with the virtual pivot point. Due to these reasons
this was the highest score bike with regards to performance. As with performance,
this bike also scored the highest in the strength department as there have been
minimal failures located around the rear suspension and most have been located
around the headtube. The main reasons that this design has failed is that the rear
swingarm does not have sufficient gusseted in certain areas so this is an easily solved

problem.

This suspension platform also scored the highest in safety due to the fact that this
design has minimized brake jack and pedal bob and also there are rarely any parts on

the frame that can cause serious injury to the user. If this frame is used with the

26



correct rear shock then this is one the best performing and safest platform designs on
the market. However there is a drawback with the performance and safety, which is
the ease of maintenance which scored lower than other deigns due to how the rear
suspension is assembled. There are a number of other components such as the
cranks and chain guide which interfere with the access to the bearings. Also due to

the way this frame built, it is hard to reach the rear shock properly to adjust it.

New Concept
This was the lowest scoring frame as there would be a lot of design work that would

have to be completed to guarantee that the frame worked well with regards to
performance. This frame scored the lowest in the cost department due to the
unknown cost of materials and also the design and testing of the product. A totally
new design needs some in field testing to make sure it works correctly and then
needs to be redesigned if it doesn’t perform correctly. With the time and monetary
constraints pertaining to this project, this is not a viable option to choose.

The performance of this bike was also rated fairly low as stated before, there is lot of
research and development goes into new designs and this is not financially viable nor
will time allow for this option. Strength and safety were also rated low due to fact
that these are not known with a new design until it is complete and as stated earlier,
time will not allow this option. Ease of maintenance was rated low due to the same

reasons.

Selected Design

As stated the highest scoring designs are the single pivot, four bar, Faux bar and the
VPP so it is now a choice of which of these suspension platforms will be used for the
final design. As one of the requirements is a cost-effective mountain bike, it was
decided that using a VPP system would be too expensive as patents need to be
bought and therefore would send costs too high. Single pivot was decided to be too
simple and also this suspension platform was decided not to have met the high-
performance criterion that is part of this project. After further research, it was
decided to use the Faux bar platform as the most common design used is the four bar
linkage and this frame is being designed to also be different from current designs. A

simple four bar design was modelled however it was decided that as stated, it was
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too similar to other designs. Due to these reasons, the faux bar was the suspension
platform that was decided to be used for its uniqueness and also the advantages of
being fairly lightweight and reduced pedal kickback. While pedal bob and brake jack

are the disadvantages, these are going to be reduced as much as possible.

3.2.2 Component Selection
Now that the type of suspension platform to be used has been decided upon, the final
design work will be carried out and this section will look at each of the components

chosen and why these were chosen and also look at the final design.

The first step in the design is to look at existing components which must be able to
be attached to the frame without any modifications to these current products. These
products were looked at in chapter 2.3.3 and briefly explained but this section will
look at selection of each of components and why they have been selected. Two main
components which allow the mountain bike to have the amount of suspension it does
are the forks and the rear shock so these will be looked at first as these are some of

the more major components.

Forks

The forks are a major component for the design of a mountain bike to work properly
and assist with handling and also rideability. There are currently two brands of forks
which lead the way in this technology and both are very similar in geometry and how
they mount to the frame. These two forks are Fox 40’s and Rock Shox Boxxers and

these are required to be able to select the correct geometry on the frame.

The only difference that either fork can have is the steerer tube length and width.
There is also the option of threaded and threadless however this is not important for
the design of the frame. Figure 11 shows a threadless and threaded steerer tube. The
length does not really matter for the purpose of this design as a new set of forks will
come with a longer than needed headtube and this can be cut down to the correct
size. The width however will affect the design and this must be looked at. There are
a number of different size steerer tubes for high end mountain bikes which include 1-

1/8, 1.5” and also a newer size which combines the two for the strength of the 1.5”
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and the lightness of the 1-1/8” steerer tube called the E2 tapered. The size will be
picked in chapter 3.2.3.

Figure 11 Steerer Tube

Rear shock

The rear shock however is more important than the forks as there are many sizes
which will affect the geometry and amount of suspension that the frame has. As can
be seen in chapter 2.3.3 there are many different size shocks which are currently
available with majority of sizes being in the 8.757-9.25” eye to eye and 2.75” — 3”

stroke length region.

There are a number of frame characteristics that must be chosen now in order for the
design to proceed. First the amount of suspension required is to be chosen in order to
decide which size shock will be suited best. Tisue (n.d.) states that the optimal
amount of rear suspension for a downhill mountain bike is around 7 to 10 inches.
For previous experience, it is found that bike with smaller amounts of travel are best
suited to less technical tracks and slightly easier to handle while a bike with larger
amounts of travel generally is better over rougher terrain. However many longer
travel bikes show the same rideability as smaller travel bikes. For this project | have
decided to have a frame with about 8.5 -9 inches of travel as that is what | have

found is best suited to the trails that are located in Australia.
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Bottom Bracket

This component has an ISO standard so the only problem that is faced in deciding
the shell width. According to Brown (2010), the standard ISO sizing for this
component is 34.6-34.9mm outside diameter, 33.6-33.9mm inside diameter with a
nominal thread of 1.37” x 24 TPI. There are a number of widths available with
include 68mm, 73mm and 83mm with majority of downhill bikes having the 83mm
so this will be the size that is used due to the fact that there are a number of

components to fit this size.

Seat Post

Seat post is another component that has an unofficial standard for high-quality bikes.
Brown (2009) states the standard size for seat posts is 24.2mm. Since this is being
designed to be a high-quality bike, this will be the size seat tube that is used and the

design will incorporate this size seat post.

Rear brake

The rear brake is another component which has standard sizes of 6, 7 and 8” in
diameter. Majority of bikes are designed to be able to fit a 6” rotor with the brae
bolted straight to the frame. However through the use of adaptors any frame should
be able to use a 7 or 8” inch so once again there is standard size which most
mountain bikes follow. As this is the case the rear brake mount will be designed to

allow the use of a 6” rotor without any adaptors.

Rear Axle

The rear axle like many other components of the downhill mountain bike has two
standard sizes which allow the rear wheel to be built around. The two standard sizes
of rear axle are 135mm x 12mm and 150mm x 12mm. There is no evidence to
support that one size is better so this component will not be selected yet. The frame
will need to be able to fit the 12mm axle so this will be designed for with the width

be selected later in the design process.

Derailleur

The derailleur is another component which is one size fits all. This part has thread
which is universal and the size is 10mm x 1mm. The derailleur bolts onto the frame
using this thread and can either be directly mounted to the frame or through the use
of a hanger. Using a hanger is the more feasible option due to many reasons. The
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first is that it is made from a weaker aluminium alloy and is designed to break
instead of the derailleur as it is a lot cheaper to replace. The average cost of a
derailleur from Chain Reaction Cycles is $80-$180 while a hanger is generally
around the $20-$30.

From the above reasons, it has been decided to use a hanger which will create a little
bit more work to design this part to integrate with the frame. Hopefully, this option
will work at cheaper in the long run for the end user as they will only need to buy a

cheap hanger instead of an expensive derailleur.

3.2.3 Final Design
Now that the components that will be used have been selected, the actual design

process can begin. Each part will be looked at in the order in which it was designed
or decided upon in to provide a future guideline for the design of a downhill

mountain bike.

Bottom Bracket Shell

There is one part on the frame that can be modelled straight away without too much
design work as it has an ISO standard size. This is the bottom bracket shell, which as
stated in chapter 3.2.2 will have a size of 83mm width with a 33.9mm and 34.9mm

inside and outside diameter respectively.

Head Tube

The second component that does not require a great deal of design work is the head
tube as there are standard sizes for this component. The three sizes as stated in
chapter 3.2.2 are 1-1/8”, 1.5” and E2 tapered. Each of the different sizes have their
own disadvantages with the 1-1/8” being lighter but weaker, 15.5” is stronger but
heavier and the E2 tapered having the added strength of the 1.5” without the same
amount of weight added. The 1.5” and E2 tapered both have the advantage that they
can be used with a 1.5” steerer tube with the use of spacers to make the required

diameter.

However many steerer tubes are 1-1/8” in diameter so the 1.5” will be disregarded

as there is the added weight of the head tube and also the spacers that are used to
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reduce the head tube diameter to 1-1/8”. The E2 tapered looks to be the best option
due to the fact that it had the added strength and also not as heavy as the 1.5” option.
The added strength and stiffness of this option will outweigh the extra weight which
will be added from the extra material and the spacers that will be required on the

bottom of the head tube.

Figure 12 Section view of Head tube
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Down tube
The down tube is shown in figure 1 and is a very important part in the mountain bike

frame. It is the main section that carries the load between the front of the bike to the
rear and vice versa. The selection of this component is very crucial as a component
which doesn’t provide enough strength will break and if it is too thick it will add too
much weight to the bike which will reduce the handling and rideability. This part of
the frame must also be able to withstand impact from rocks, sticks and whatever else

may flick up from the tyres.

There are a number of key factors that concern the design of this section of the frame
including thickness, length and also the diameter. The length of this section is
proportional to the wheelbase and head angle as there must be a certain amount of
clearance for the rear wheel and the head angle also affects the wheelbase. As can be
seen from table 1, head angle needs to be between 64 and 67° while the wheelbase
must be somewhere between 1150 and 1210mm. Head angle must be within this
range as a steeper or slacker head angle will result in a decrease in handling and a
longer wheelbase will make the bike too hard to control in tighter corners and any
shorter will cause the bike to lose stability in faster sections.

For this design, the rear wheel clearance is to be between 18-20mm to avoid the rear
wheel seizing due to mud and other debris when used in a wet environment. With
this measurement and measuring an existing tyre for the outside diameter which is
675mm it can be seen the minimum distance between the frame and centre of wheel

is:

1
rear triangle around centre of rear wheel = 5% 675 + 18

= 355.5mm

With the above measurement, and the requirement for the frame to have the
mentioned head angel and wheelbase,

The diameter and thickness are closely related as a larger diameter tube generally

needs a thinner wall to have the same strength. This section will need to be able to fit
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snuggly around the bottom bracket and head tube before being joined and therefore
the diameter of this section cannot be too large or too small. As the diameter of the
head tube and bottom bracket shell are 45mm and 34.9mm respectively, the length of
the down tube can be found to be 649mm. This tube will also need to be machined in
to order to connect with the bottom bracket and headtube which will need to circular
shapes at the dimensions stated above.

There must also be a mount for the rear shock to connect to in order for the rear
suspension to work effectively. As the rear shock size has been decided to be a 9.25”
eye to eye x 2.75” stroke, the mounts will need to be a distance of around 200mm for
the bottom bracket in order to achieve the correct leverage ratio. This dimension will
need to be finalised at a later stage once the rest of the frame has been designed and
slight modifications can be made in order to meet the requirements.

This part will be made from butted tubing with an outside diameter of 45mm while
the wall thickness will be 3mm at both ends and will reduce to a thickness of 2mm in
the middle of the tube. Figure 13 shows the down tube while the detailed drawing is
attached in appendix B. As can be seen from figure 13, the ends have been rounded
off to allow a better contact area for the weld. This part will also have a bush welded
into the located near the bottom bracket which will house the bearings and shaft for
this pivot. This bush has been shown in the exploded view in appendix B.

Figure 13 Down tube
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Seat tube
The seat tube is used for a number of different reasons but the main two are to
connect the down tube/bottom bracket to the top tube and also to allow the seat post

to be inserted in order to be able to have a seat.

Due to the location of the shock, the seat tube will not be able to be of the
conventional shape as shown in figure 1. As the shock is going where the seat tube
would normally connect with the bottom bracket, an alternative seta tube
configuration must be found. Figure 12 shows a design that has the rear shock in a
similar location and how this problem can be solved. This is known as a split seat
tube due to as can be seen in the figure below the tube is welded to a machined

section which splits around the rear shock.

Figure 14 Split Seat Tube
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The seat tube will be manufactured as two separate parts and then welded together in
a similar way to the above figure. The top part of the seat tube will be hydroformed
so to the unique shape that it has while the bottom part that separates out around the
rear shock will be CNC machined.

The total length of this part needs to be roughly 465mm in order to achieve the
required size for the frame. Due to the location of the shock, the bottom machined
part will need to have a clearance of at least 220mm in order to avoid the rear shock
being interfered by this part. The width between the two outer plates needs to be at
least 50mm in order to allow the rear shock to fit while it also cannot be wider than
60mm as it will than protrude past the width of the bottom bracket. So from here it
can be seen once the thicker machined part has been factor in the length of the
hydroformed pipe needs to be 163mm.

Figure 15 shows the seat tube while the detailed drawing of this part is attached in
appendix B.
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Figure 15 Seat tube

Top tube

The top tube provides extra stiffness for the frame and therefore is another very
important part to the frame and also connects the top part of the seat tube to the
headtube. Now that the rest of the parts that this section of the frame joins to have
been designed this part is simple to design. There are only decisions that really need
to be made such the diameter of the tube used, wall thickness and the manufacturing

process. Once again this tube will be hydroformed due to the curve in this part. This
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curve is just for cosmetic looks and does not serve a purpose other than that. Also the
tubing will be the same concept as the butted tube with thicker ends and a thinner

wall towards the middle where there isn’t as much stress on the part.

The length of this part needs to be roughly 480mm as can be seen in figure 16. Once
again this part will have the machined ends in order to allow a better weld bead to be
formed therefore increasing the strength of the frame. The outside diameter for this
tube was decided to be 30mm as it doesn’t need to be as strong and therefore to keep
the weight to a minimum, this diameter was chosen. Also the wall thickness was

decided to be 3mm at the ends and 2mm in the middle section of this part to keep

consistent with the rest of the frame.

(o= TV 475 .540mm

Figure 16 Top Tube Length

Figure 17 shows the top tube while the detailed drawing is attached in appendix B.
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Figure 17 Top Tube

Chain stay

The chain stay for the type of design chosen will carry the majority of the load when
the rear suspension is compressed. This is because this is the main bar that the
suspension pivots on while the seat stay just alters the wheel path as the bike uses its
suspension. This can be seen in figure 22 where it can easily been seen that the

chain stay is the main link between the rear wheel and the front triangle.

Once again the requirements of this part will be briefly looked at in order to decide
how this part should be designed. This part needs to allow plenty of rear wheel
clearance to allow the wheel to turn in muddy conditions and also if the wheel is
slightly buckled and doesn’t run true. This part is also required to be strong enough
to withstand forces in the normal travel direction and also any sideways forces that
may occur from landing sideways on a jump or a similar occurrence. Like all the
other components. It must also b lightweight in order to allow rideability without
jeopardising on the strength. The last major requirement for this part is the crank
clearance as was talked about in chapter 2.3.3. This is a must in order to allow the
user to be able to pedal the bike and therefore use it correctly.
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The first step is to determine how long this part must be in order to achieve the
rideability required. The length from the main pivot point to the required centre of
the wheel is 435mm. The next step from here is to determine where the rear wheel
will be passing this part in order to allow as much clearance as possible. Common
tyre sizes for this type of mountain biking are between 2.3 and 2.5 inches so this
gives an indication of how wide this section needs to be. The pedal clearance must
also be kept in mind here so the width does not become too large and interfere with
pedalling. Another factor that must be kept in mind is the fact that the rear axle must
also be able to fit in the design so the rear of this part cannot be too wide. The rear
axle size that has been decided upon is the 135mm x 12mm option. Also if the
whole part is kept at a wider width, this would cause more stress on this section of
the bike which would not be suitable therefore the best way to avoid this is to have a

part that is bent to meet the requirements.

The point at which the rear wheel needs clearance is shown in figure 18. This figure
shows the already designed part in order to show what type of clearance is expected.
As can be seen from this figure, the chain stay bends around the rear tyre allowing
plenty of clearance which is a must for when this bike is ridden in muddy

environments.
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Figure 18 Wheel Clearance

Figure 19 shows the full part while the detailed drawing is attached in appendix B.

Figure 19 Chain Stay
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Seat Stay
The seat stay as stated in the previous section is used to stiffen the rear triangle while

also manipulating the travel into a friendly axle path in association with the linkage
plate will be designed next. This part is also used in order to limit and modulate the
amount of suspension that the frame has in order to achieve the required amount. If
this part was not present, then the frame would have too much suspension and there
would be too much force on the shock. This part also determines whether the rear

suspension is either rising, falling or linear suspension which was discussed in 2.3.1.

The axle path is very important for the rideability and handling of the bike. The
most common axle path that is currently implemented by companies is the one
shown in figure 20. There are other wheel paths used such as ones that only shorten
or lengthen the wheel base however these are not as common as according to Young
(2011) do not give the same rideability and handling.

Figure 20 Current Axle Path

The axle path that has been decided for this frame is similar to the one shown in
figure 20 and also it has been decided to design for a linear suspension rate as this
gives the best handling. This part will also need to give enough rear wheel clearance

in order not to hinder the rear wheel from spinning.
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The design for this part is relatively straight forward as it needs to mount towards the
rear axle and also to the linkage plate which is designed in the next section. The
length of this part was decided to be roughly 350mm however this may need to be
slightly changed once other components have been designed and the suspension
needs some slight tweaking. This part will also be required to have a few slight

bends in order to allow the required

Once the linkage plate had been designed there was a slight modification to make to
the length of this part which there gave the required amount of suspension and wheel
path. The final part is shown in figure 21 and the detailed drawing is attached in

appendix B.

Figure 21 Seat stay
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Linkage Plate
The linkage plays a major role in the design of this frame as this is the moving part

that is attached to the rear shock and can be the deciding factor in whether the

suspension will be effective or not.

As this linkage will be a more complex shape it will machined rather than other
options to be able to achieve the required geometry. It will be started from a billet of
material which will be specified in chapter 4.3 once the material selection has been
completed and the initial dimensions of this billet will be specified within the next

two paragraphs.

Now that all the other major structural parts have been designed and the geometry
required has been decided this part will need to be designed in order to make the rest
of bike conform to the required geometry. The required geometry with the shock
fully extended and before the linkage plate is designed is shown in figure 22. The
vertical distance which is shown by the green is at this height to achieve a bottom
bracket height of 370mm which is slightly towards the higher end of the current
designs but this was chosen as according to Moulten (2007), it will allow more

ground clearance in rougher terrain and should be safer for the user in these parts of
the track.

R 52.580mm

Em 442.071mm

Figure 22 Required Geometry with no load on rear shock

From figure 22, it can be seen that the length of the linkage between mounts points
must be 155.05mm in order to keep the required geometry. Also the widest
dimension which can be seen in figure 24 that will need to be reached by this part is

75mm so the initial billet size should be at least 200 x 100mm in order to allow for
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wasted material. From figure 23, it can be seen that this part will need to take a
complex shape to be able to fit around the seat tube without and interference and also
to be able to be mounted in the correct positions. The next step in creating this part
Is to machine it in order for it to fit around existing parts of the frame. The first step
is to cut the middle of the billet down to the dimensions shown in the detailed
drawing in appendix B before cutting the ends in order to reduce unnecessary
weight. From here the holes for where the pivots are going to be located need to be
drilled to a size of 12mm in order to allow the shaft that the linkages will pivot on to

be inserted and allow this to rotate freely.

Figure 23 Linkage Length

45



Figure 24 Width of Linkage Plate

The last step for the design of this part is to machine off excess material in order to
reduce the weight while not sacrificing any strength. Figure 25 shows where the

material has been taken off and the detailed drawing is attached in appendix B.
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Figure 25 Linkage Plate

Hanger

As it was decided to use a hanger in chapter 3.2.2, this part will need to be designed
as there is not a standard shape or size for this part. Looking at current designs it can
be seen that the common way of mounting the hanger to the frame is by bolting.
This allows an old, broken hanger to be easily removed and replaced with a new by

undoing two bolts.

This part needs to be lightweight and also made of a slightly weaker material in
order to increase the chance that this part will break rather than the derailleur. It must
also fit into the design of the frame without causing any interference between other
parts of the frame. Due to this reason, the hanger will mount on the outside of the
chain stay to make sure that it is out of the way and will not interfere with other parts

of the frame.

The hanger used will use the same concept as the current hangers and will be bolted
to the frame via the use of two bolts however the size and the shape will be designed
for. The size of the bolts used will be the same as the size that is currently used
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which is a 6mm bolt and there will be two of these required. Also, such as the
method implement on many current designs, the nut for the rear wheel axle will also
assist in holding the hanger in position and reduce the stress seen by this part. As
well as these holes which attach the hanger to the frame, there will also be a threaded

hole in which the derailleur will mount which is the standard size of 10 x 1mm.

The next step in designing this part is to decide what shape it will be in around to
achieve the goals of mounting the derailleur in a suitable location and also mounting
to the existing frame. As with many current designs, it was decided that the best way
to mount the hanger to the frame would be to have an indentation at the rear of the
right chain stay in which the derailleur could snuggly fit to also assist in stopping
rotation which could cause the gears to run less efficiently. The shape of the
indentation was decided to be not overly important as long as it achieved the
mentioned goal and therefore the shape used was decided to be just being a simple
arc as this would be easy to machine out and also would assist in stopping the any
rotation of the hanger. The hanger is for this frame is shown in figure 26

Figure 26 Hanger
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Bearing/Bushing Selection

The bearing/bushing selection is very important in this application as an
unsatisfactory pivot system will decrease the performance of the frame and may
cause damage and or injury to the user. This section will look at the process that was
used to select the bearings and/or bushes.

The first step is to decide whether bearings or bushes will be used in each of the
pivot points. As stated in chapter 2.3.3, both options have their own advantages and
disadvantages and these will be looked to decide which will be the better option.
From the mentioned chapter it can be seen that bearings generally last longer
however they come with a slight weight disadvantage while the bushings are lighter
however they do not last as long and also do not allow the pivot to rotate as freely as
the bearing option.

Table 3 uses the analytical-hierarchy process to assist with the decision of which
type should be used. The two different options are rated for performance,
maintainability, life and weight. The performance criterion will take into
consideration the performance of each option in terms of current usage on current
frames while the maintainability will look at how easily the different options can be
maintained. The life will look at how long each option lasts with correct
maintenance using current applications as the deciding factor while the weight will

look at the weight of each option.

Performance | Maintainability Life Weight Overall
Bearing 9 8 9 7 33
Bush 7 6 6 8 27

Table 3 Bearing vs. Bushing Selection

From the above table, it can be seen that bearings are a better option for this
application as they have better performance, maintainability and lifetime. However
bearings do have extra weight although this will only be minimal and should be

hardly noticeable as most the bearings will be located directly under the rider.
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The next step is to look at what type and size of bearings will be used. The two main
types of bearings that are currently used in mountain bikes are deep groove and
needle. Also the sizing of bearing has to be chosen in order for the bearing locations
to be designed on the frame. A number of bearing types will be looked at in order to
choose the best available option for this application. The first decision to be made is
what type of bearing is best suited to this application. As the majority of the loading
will be radial, the type of bearing must be able to withstand this type of loading,
however the bearing may see lateral loading when the rear of the bike lands

perpendicular with the line of travel.

From the above criteria, the best suitable bearing type would be a ball bearing.
There are a number of sizes available and the sizing will be done by looking at
current designs and the size that is used as this must be a suitable bearing size to use.
The most common size of bearing used for downhill mountain bikes is a
24x12x6mm. Figure 27 shows a picture of a ball bearing where the decided
dimensions are represented by D, d and B respectively.

Figure 27 Ball Bearing

Next the parts of the frame that the bearings will fit into need to be designed. The
bearing is normally press fit into the frame to assist stiffness in the rear end so this
will be the same for this frame. Due to lack of information on current designs and
the sizing used, an M6 tolerance was chosen as the best option as it was the option
that guaranteed that the fit would be a press fit while not making it an overly tight fit.
From Wisetool (n.d.), the geometric tolerance for the outside diameter of 24mm is -
0.004/-0.017mm. This tolerance as stated should allow the bearing to be press fitted

into the frame without requiring too much force.
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Cable Routing
The two options for the cable routing including internal and external routing each

with different advantages and disadvantages as discussed in chapter 2.3.3. As stated
in the mentioned chapter, the disadvantages of internal routing far outweigh the
advantages given by this type of cable routing. Due to this, it has been decided to
use external routing which will add less weight to the system and also allow the
cables to be easily maintained. There are two cables that will need to be routed from

the handle bars to the rear of the frame for brakes and gears.

As with many other parts of the frame, the cable routing mounts are fairly constant
between different frames as they need to hold cables which are all the same diameter
and also need to have a hold these cables in place. Figure 28 shows a cable that is
mounted via external cable routing and also a cheap but very common method of
holding it in place. The mounting tab used will be very similar to the one shown as

this is the common shape that is used.

Figure 28 Cable Routing Tab
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The next step for this part of the frame is to decide how many mounting tabs are
needed in order to hold the cables in the correct position while also allowing enough
slack around the pivot points for when the suspension is used. Due to the gap at the
bottom of the seat tube, in which the cables can run, there should not be any troubles
with cable stretch as the distance to the rear brake and derailleur will always be the

same from the bottom pivot.

Now that it has been established that the cable will not stretch when the suspension
is used, the number of mounting tabs has to be chosen. Mounting these too close to
the pivot points would cause the cables to bend too sharply and cause damage while
mounting too far away would allow too much movement and which the cables may
get caught on the rider or another part of the bike causing damage. There should
also be a mount as close as possible to either end of the cable to help reduce the
amount of slack cable at each end. In order to minimise the amount of loose cable at
the rear of the bike, there will be two cable mounting tabs, for each cable, which will
be located fairly close together to void stretcher the cable too much near the pivot
and the end component. It was decided to use three mounting tabs for each cable on
the down tube of the bike as any more would add unnecessary weight while any less

would not provide enough support for the cables.

Brake Mount

The brake mount is another part that must be designed for the bike to be usable and
effective as without a rear brake the bike cannot be used properly. This part is fairly
straight forward to design as stated in chapter 2.3.3; it is required to suit a six inch
brake rotor with the use of a small adaptor and larger rotors with larger adaptor.
These adaptors are slightly different for different brands of brakes however they all
mount the same way so therefore this mount must be designed to incorporate this

adaptor.

Figure 29 shows a brake mount on a 2006 Santa Cruz V10 and it can be seen the
mount is simply two tabs that the adaptor can mount to. The design shown below
uses a separate part for the wheel and brake to mount to however the brake mounts
on this design will be welded onto the seat stay to maintain stiffness and effective

braking.
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Figure 29 Brake Mount

The dimensions of the brake mount as stated need to suit the adaptor which is used
to connect the brake to this part of the frame. The dimensions obtained from
measuring an eight inch brake adaptor were used to find out what size the brake
mounts had to be. A number of different adaptors are shown in figure 30 and it can

be seen that the mounting locations are all roughly in the same area.
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ic Type 1 Type 6
Type 2 g
Type 7
Type 3
i Type 4 | Type 8 .

All adaptors e TYPEY
supplied with : 4
2x 8.8 steel
mounting bolts

Figure 30 Example of Different Brake Adaptors

It was found that for the brake calliper to be in the correct position, the horizontal
distance between the holes had to be 50mm while the vertical distance between them
had to be 6mm. This allowed the brake adaptor and therefore the brake calliper to
mount in the correct position. The holes that will be used in order to mount the
adaptor need to have a size of 8.8mm in order to be compatible with current

components. Figure 31 shows the brake mount that has been designed.
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Figure 31 Brake Mount

ISCG Mount

The ISCG mount is another part of the frame which does not need to be designed as
it is a standard size however the frame must be designed for this part to be
incorporated. The ISCG mounts as stated in chapter 2.3.3 allow the chain guide to
be mounted directly to the frame. This is an advantage over the other option of
getting an adapter which gets locked into place between the bottom bracket and the
bottom bracket shell as this option allows the ISCG mounting plate to easily spin. If
this plate moves, it could affect the chain guide and the chain and cause troubles with
pedalling and gear changes. However with the mount directly welded to the frame,
this movement is avoided and the troubles listed above are minimised resulting in a

better performance mountain bike.
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Final Design Images and Information

Figure 32 shows the complete the bike when the shock has not been compressed at
all, figure 33 shows the frame when the shock is fully compressed and figure 34
shows the linkage arrangement. There are also detailed drawings attached in
appendix B. This design should give the required result of a linear suspension
system with the desired axle path. These will be looked at in chapter 5.2 to make

sure this initial design is on the right track.

Figure 32 Frame without any compression of the shock
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Figure 33 Frame with full compression
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Figure 34 Linkage system
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4.0 Material Selection

4.1 Introduction

This section will look at the material selection process used. It will first decide what
type of material to use from the materials listed in chapter 2.3.2 before selecting
what grade or composition of the selected material will be used. The material
selection process will look at what type of material are used in current designs to
give an indication of what type and grades of materials are used. Then through the
use of material selection charts, an initial material will be selected. All material
charts used are shown in appendix C for reference. Further research and analysis
will be carried out in order to prove that current material grades should be used or

whether there is a better option.

4.2 Initial Material Selection

The initial material selection will look at what type of materials are currently used
and use the material selection process in order to determine which type of material
would be best for this application. Once the type of material has been chosen,
different grades of this material will be looked at to determine which grade is the
best.

The materials that are currently used as listed in chapter 2.3.2 include aluminium
alloy, steel, composites and titanium. Majority of downhill mountain bikes currently
use aluminium alloys, however many designs are converting to carbon fibre while
there are not many made from steel and titanium for a number of reasons. The
reasons that majority of frames are made from aluminium alloys and composites are
due to their high strength to weight ratio and weight. The first step in the material
selection process is to decide what type of material will be best to use for this
application and this will once again be completed by using the analytical-hierarchy

process.

Each of the four current materials will be looked at and rated for strength, weight,
cost, durability and also reparability. This decision will involve using material

selection charts to give a graphical view on which materials are better in certain
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areas. As the material selection graphs show a range of results for each material,

roughly the centre of each are will be taken for the ease of selecting a material.

Strength will be weighted with a stronger material receiving a higher score and this
score will be in comparison to the other materials that are also being considered.
Strength is a very important factor in the material selection process as a weak
material will fail which could cause an injury to the user. The second factor that will
be considered is weight and this once again is an important factor as the weight of
the frame affects the handling and rideability of the bicycle. If the frame is too
heavy the rider will not be able to handle the bicycle efficiently and this has the
potential to cause serious injury to the rider and/or spectators. Also if the frame is
too light, then this could be a good indication that the frame will not be strong

enough and could therefore break as there is not enough material providing strength.

The third criterion that has been selected is cost as the frame cannot cost too much in
order to meet the requirement of a cost-effective mountain bike. This section will
just look at the cost of the materials used and not at the manufacturing so the cost of
the material used cannot be high in case manufacturing costs are high to keep the
overall cost of the product to a minimum. Each material will also be rated for the
durability, which will look at current frames using the different types of materials
and also the material selection charts. Durability is very important as the frame will
need to withstand repetitive forces and also be used in a number of harsh
environments. Durability will also look at how each material reacts with cleaning

products and also the environment that this product will be used in.

The last criterion to be used in this initial material selection will be the reparability.
The ability to repair the frame if it ever breaks is very important as the initial cost to
buy a downhill mountain bike is very high compared to the cost of getting it
repaired. A number of the current materials cannot be repaired properly or have high
costs associated with the repair so these will be taken into account when each

material is rated for this criterion.
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Strength | Weight | Cost | Durability | Reparability | Overall
Steel 9 5 9 8 9 40
Aluminium
8 8 8 9 8 41
Alloy
Composite 8 9 6 8 5 36
Titanium 9 7 3 9 6 34

Table 4 Initial Material Selection

As can be seen from the table 4, the best material to be used is an aluminium alloy.
The next section will talk about each of the scores that were awarded to the

materials.

Steel

Steel was rated very high for strength as it is stronger compared to the other
materials on the density-strength graph. For weight the same density-strength graph
was used however each material was compared to the density instead of the strength.
As can be seen for this graph, the weight of steel is greater than the other options so
therefore the score for this criterion was a lot lower than the other material options.
As can be seen from the cost-resistivity graph, the cost of steel is the lowest
compared to the other materials therefore it was awarded the highest score. The next
criterion was durability and steel scored relatively high however it can prematurely
rust if there is any paint chipped from the surface leaving the bare material exposed
to the environment. The last factor that each material was rated for reparability and
data found in literature review was used to determine these scores. As steel is the

easiest material to repair it was awarded the highest score.

Aluminium Alloy

Aluminium alloy was not rated as high for strength as form the density-strength
graph, the strength is not as high for this type of material compared to others. This
material was the second lightest option so therefore was awarded a higher score than
that of steel and titanium. Aluminium alloys had the second lowest cost so it was
therefore awarded a score slightly less than steel. Aluminium was rated highest for
durability as it is a very durable material and also has very good corrosion resistance

to the environment that these bikes are used in. Aluminium alloys were found to be
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the second easiest material to repair however special equipment is required for this

material to be repaired so this reflected in the score.

Composite

Composites were roughly the same as aluminium alloys so therefore awarded the
same score for strength. From the graph, it can be seen that composites are the
lightest option and therefore the score for this criterion is reflected by getting
awarded the best. Composites were quite a bit more expensive than aluminium alloys
and steel so it was scored accordingly. Composites were also rated highly for
durability but since they react negatively with some cleaning solvents which could
jeopardise the structural integrity of the frame, this material did get a reduced score.
Composites were found to be either irreparable or very expensive for minor damages

to the frame so this is reflected in the relatively low score.

Titanium

From the density-strength graph, titanium is roughly the same strength as steel so
was awarded the same score. Titanium was the second heaviest option of the four
materials being investigated so was therefore rated accordingly. Titanium was the
most expensive option so therefore rated poorly for this criterion. Titanium as noted
in chapter 2.3.2 is a very durable material and also resistant to corrosion so was
therefore rated very high for durability. Titanium was found to be very hard to weld
to a high standard consistently due to the material properties therefore the reduced

score compared to steel and aluminium alloys.

Final Material

From the above process it can be seen the best material to further investigate using
would be aluminium due to strength, weight, relative cost-effectiveness, durability
and also reparability. This type of material will further be investigated in chapter 4.3

to decide what grade of this material best suits this application.

4.3 Final Material Selection

This section will look at the current grades of the material that are currently used of
the material selected in the previous section which is aluminium alloy. This section
will look show how the grade of material used has been selected and also state why

this grade has been chosen. There are many types of aluminium alloys available and
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each will be briefly researched to determine what types are suitable for this type of

application and which ones are not. All data for this initial research is taken from
Key to Metals (2011) and table 5 is supplied by azom (2011)

Major Alloying Element Wrought

Mone (99%+ Aluminium) 130 1200
Copper XX 2X20

Manganese 3 X
Silicon X0 42X 30
Magnesium DX SHXK0
Magnesium + Silicon B0 BXH0
Zinc FRNX FEXHO

Lithium A,
Unused QX0

Table 5 Designations for alloyed wrought and casted aluminium alloys

Each of the different grades has different properties and is used for different
applications. A quick overview of the properties and the applications will be looked
at in order to decide which grade or grades are best suitable to a downhill mountain
bike.

Grade series 1xxx has the properties of excellent corrosion resistance, high thermal
and electrical conductivities, good workability but has very low mechanical
properties. Due to the low mechanical properties seen by this grade of aluminium, it

can be seen that this is not a suitable option for this application.

Grade 2xxx has very high mechanical properties and machinability however also has
very limited weldability and limited corrosion resistance so this grade will be
unsuitable for the main frame however it could be used for the linkage plate. This

grade of aluminium is generally used in aircraft construction.
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Grade 3xxx is generally non-heat treatable so cannot deal with the heat from welded

so this is once again an unsuitable grade to use.

Grade 4xxx is mainly used as welding wire or brazing alloys due to the reduced
melting temperature and is generally used in architectural applications. This will

also be an unsuitable grade to use for a downhill mountain bike.

Grade 5xxx has magnesium as the major alloying element and provides a moderate
to high strength material. There are many alloys in this series that have possess high

weldability and good corrosion resistance

Grade 6xxx is the best grade in terms of heat treatability however this grade does
lack the strength of both 2xxx and 7xxx series. Other advantages of this grade
include great formability, weldability, machinability and corrosion resistance while
offering medium strength. Heat treatments that are available for this grade include
T4 temper (solution heat treated but not precipitation heat treated) and extra strength
added to T6 properties after precipitation hardening. 6061-T6 is the most commonly
used material in the manufacture of mountain bikes and the properties of this
material can be seen in appendix D.

Grade 7xxx is generally heat-treatable alloys with moderate to high strength due to
the alloying elements of zinc and magnesium. Higher strength alloys of this grade
usually suffer from reduced resistance to stress corrosion cracking and are often
utilized in an over-aged temper to provide better strength, fracture toughness and
corrosion resistance. This grade of alloy is usually used in airframe structures,
mobile equipment and other high stressed parts. 7005 is the common grade of this
type of alloy to be used within the mountain biking industry. The properties for this

material are shown in appendix C.
Grade 8xxx defines any alloys that do not fit into another grade and generally iron

and nickel are used in order to increase strength while maintaining electrical

conductivity. This grade is generally fairly expensive and can have very high
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strength and stiffness and is used in the aerospace field. This grade will not be used

due to the high cost of manufacture.

Grade 9xxx is currently not used. This has been allocated for future compositions.

As can be seen from the above overview, there are only a number of grade of
aluminium alloys that are suitable to this application which are 6xxx and 7xxx for
the main frame plus 2xxx which is an option for the linkage. The other grades all
have a characteristic that does not suit this application such as low strength or poor

weldability.

Farkus (2008) states that 6061 is the cheapest aluminium alloy which is heat-
treatable and easily extruded. This grade also has good mechanical properties and
also corrosion resistance is relatively high. He also states that the other commonly
used grade of 7005 is a very high strength material and is used for highly stressed
parts. This grade is also very stiff which according to Shaddy (2011) is actually a
negative for mountain biking as this causes a rougher ride. He states that 6061 bends
more easily therefore creating a more comfortable ride and also that the 7005 grade
is more brittle therefore leading to premature cracking. Farkus also states that the
grade 2024 has very good machinability but very good strength but does come with

the disadvantage of added expenses.

From the above section and comparing 6061 and 7005 data provided in appendix D,
it can be seen the best material for this application will be 6061 as it provides high
strength and corrosion resistance while also being relatively cheap. It also has great
weldability and machinability which is required for his application. This was chosen
over 7005 primarily due to the added stiffness of the 7005 creating a rougher ride
and as this is to be a high performance bike this was decided to impair the ride
quality. A 2xxx grade alloy was also not chosen due to the fact that it cannot be

welded.
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suffix

heat treatment, temper and post process

xxxx-T3 Solution heat treated, then cold worked.
Solution heat treated, stress-relieved stretched,
®zxxx-T351
then cold worked.
Solution heat treated, then cold worked
ZxxE-T36
(controlled).
xxxz-T4 solution heat treated, then naturally aged.
Solution heat treated, then stress relieved
zxEx-T451
stretched.
zxxxE-T5 Artificially aged only.
] Solution heat treated,. then stress relieved
stretched, no straightnening
sz -T510 Solution heat treated, then stress relieved
stretched, no straightnening
wxxz-TE11 Solution heat treated, then stress relieved
stretched, straightnened after stretching
Zxxx-Th Bolution heat treated, then artificially aged.
Solution heat treated (boiling water guench),
ZEEE-Th1 o
then artificially aged.
Solution heat treated, stress-relieved stretched,
zxxx-T651 then artificially aged (precipitation heat
treatment) .
Solution heat treated, stress relieved by
ZExx-ThaZ . TLT
compression. then artificially aged.
XERE-T7 Solution heat treated, then stabilized.
solution heat treated, cold worked, then
xxxxE-T8 ST
artificially aged.
Solution heat treated, cold worked (controlled),
®ZxEE-TH1 o
then artificially aged.
wxzxz-TAS1 Bolution heat treated,. cold worked, stress-
relieved stretched, then artificially aged.
colution heat treated, artificially aged, then
ZrEx-T9
cold worked.
zxEx-T10 Artificially aged, then cold worked.

Table 6 Heat Treatment Suffix Codes

The next step is to determine what type of heat treatment is to be used. As stated
previously the most common type of heat treatment for the grade chosen are T4 and
T6 which as can be seen from table 6 are solution heat treated then naturally aged
and solution heat treated then artificially aged respectively. As stated from Key to
Metals, T6 gives added strength over the T4 option so therefore the T6 method of
hardening will be used. Therefore the material that is to be used for the frame is

aluminium alloy of grade 6061-T6.
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5.0 Results and Discussion

5.1 Introduction

This section will look at the results obtained and analyse them to make sure that the
frame is within acceptable standards. These results will then be discussed about and
if they are found to be not suitable, then a suggestion will be made as to how to

correct these errors.

5.2 Design Analysis

As the design in only an initial design and the focus on the project was creating a
report on the design process for future use, there has not been much analysis work
completed. More analysis work could be carried out once modifications have been

made to the frame and it is past the initial design stage.

The frame was modelled in Linkage Personal Edition and tested for a variety of
different aspects to check it was all suitable. Linkage was used in order to find the
wheel path and make sure it was as designed and also many other important factor

such as chain growth and forces on the rear shock.

Figure # shows the axle path that this design will have with the red line. This is the
axle path that was desired so this shows that the linkages are working in the correct
manner. This wheel path does not shorten the wheel base too much which is an

advantage as the bike stays relatively stable when the suspension is used.
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Figure 35 Wheel Path

Figure # shows the data obtained from Linkage when the shock is fully compressed.
It gives some fairly important data such as chain growth, force to the rear wheel,
wheelbase, bottom bracket height and also current head angle. However it must be
noted that this data is obtained when only the rear suspension is fully compressed
and the front suspension has not been compressed at all. The chain growth which can
be seen to be 15.2mm is within an acceptable range with majority of frames having
between 10mm and 35mm where this data was also obtained from the Linkage
program. Also the force to the rear wheel which is 442.4 N is a lot lower than other
designs available on this program which means that the suspension is compressed
too easily however this may be due to drawing errors involved with linkage as it
does not properly incorporate the linkage plate on the design. This is another area in

which this frame could do with some modifications.
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BB-RwW diztance 447 3 mm

Chainstay Length 427,38 mm
YWheelbaze 1058.7 mm
BB height 207.4 mm
Current head angle TERCH
Chain Growth +15.2 mim
Current pedal kickback, -1.91°
Current pedal kickback [-»Frame] -13.68°
YWheel rat, [BE dist.change] -0. 76"
Force to wheel 4424 M

Figure 36 Fully Compressed Data

The initial design has proved to be successful as the frame meets all the requirements
that were set out at the start. This design has 8.5” of travel which is within the range
of 8.5 - 9” that was specified in chapter 3.2.2. The axle path as seen in figure # also
fits the criterion of matching the one shown in figure #. Another criterion that was
met was the one to have a linear shock ratio which was stated to be the best for
downhill mountain biking in chapter 2.3.1. The weight which has been given by
Solidworks is 3.756kg which is lighter than the current designs. FEA analysis would
have to be carried out to make sure that this frame was indeed strong to withstand the
forces that it would encounter. The geometry of the bike is also with the standards
of the other current designs with head angle being 67° which is on the steeper side
however the current designs head angles are taken with 30° sag on the rear shock so
once this frame was compressed by this amount, it would be in the correct head
angle range. The other major geometry area that this bike meets is the wheel base

which is 1193mm which is right in the middle of the range that was decided upon.
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6.0 Conclusion

The literature review showed that there are a number of different deigns that are
currently used for downhill mountain biking and how improvements to technology
has allowed this sport to progress. As more people start participating in this sport,
there are more bicycle companies forming and therefore new or modified designs

appearing each year.

From here the current designs were rated using the analytical-hierarchy process and
the best four designs we further research to determine which type should be used. It
was decided that the best design to use would be a faux bar as it was less common
then the four bar design and was better in key areas of the other designs currently

used. The different componentry was then selected before the design work began.

The design went through systematically from common, standard size parts before
going into the more complex parts. The front triangle was designed and then the rear
moving triangle was designed to meet the requirements that were set out for this
bike. The different parts and complete frame were presented before the design was

discussed in the results and discussion chapter.

Overall this project set out the majority of the work that was in the project
specification however there was not enough time to complete any FEA analysis due
to lack of the design process data. Now that this report has been formulated and can
be used as a guideline, the design process should be quicker and therefore there

should more time to complete FEA analysis.
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7.0 Recommendations

This section will look at the future work that needs to be carried out on this design in
order to get it buildable state. There are also other projects suggested that do not

need to be carried out but could be improvements that make this a better bike.

7.1 Future Work

There is a large amount of future work that could be carried out on this design.
Without much information on the design process of a mountain bike, there was
countless hours spent deciding the best way to design this bike was. There is plenty
of work to be carried out before this frame could be taken to prototype stage and
physically tested, however the base of the design work has been covered allowing a

starting point for anyone looking at continuing this project.

The five projects that could stem from this thesis are:

Complete more testing on this frame such as FEA and make improvements where
needed. This thesis would provide a starting point for any future improvements
and/or designs that involve mountain bikes which will be of great assistance as there
is something to refer to about the design process. The design process implemented in
this thesis would not be the optimal design so there could also be a project that
optimises the design process and improves the frame. Also there is the option of
allowing the user to change the rear shock mounting locations to allow changes in
geometry to suit different tracks. A good example of this is the Santa Cruz V10
which can be changed between 8.8 and 10” with slight changes in the wheel base and

also the head angle.

A second project that stems from this thesis is to look at making the frame from a
composite material. Again due to time constraints this was not a viable option even
though it proved to be a very feasible option. With the time limit provided, there was
not enough time to design and also analyse the frame if it was made from a

composite material.
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Another option that could be looked at is to integrate an internal gearbox, which was
not looked into for this project due to the time restraints and the complexity of such a
system. The internal gearbox removes the rear derailleur which is the component that
breaks most often and replaces it with a heavier system which allows the gears to be
changed within. Although it is a heavier option, the weight is directly below the rider
so it is assist with a better centre of gravity and the advantages of such a system are
plentiful.  Advantages of the system include ability to change gears without
pedalling, less chance of it breaking due to rocks and other objects hitting it.
However it does have other disadvantages other the added weight which includes a

more complex system so it is harder to maintain.

Look more at the production side of the project and research how to manufacture this
product cheaper and/or a mass a scale. Once again, due to time constraints the
production of this frame was not really looked at so this is another area in which the
future work could be carried out. This would be fairly comprehensive area of study

due to the number of methods available for each type of material.

Lastly, a prototype could be built and physical testing carried out to make sure that
the calculations and computer outputs match the real world results. This was also
result in allowing the rideability to be tested which cannot really be examined on the
computer. The rideability is a very important factor but as said, this would require
physical testing to see if there was too much pedal bob, brake jack and also just to

see how the bike feels and rides.
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Appendix A: Project Specification
University of Southern Queensland

FACULTY OF ENGINEERING AND SURVEYING

ENG 4111/4112 Research Project

Project Specification

FOR: JIEL CASE

TOPIC: Design of a high-performance cost-effective mountain bike
SUPERVISORS: Mr Steven Goh

ENROLMENT: ENG 4111 -S1, D, 2011,

ENG 4112 -S1, D, 2011

PROJECT AIM: Within the last two decades, designing mountain bikes have
progressed rapidly in many areas such as better suspension
designs, better materials, and also better handling. However
there are problems that arise with these advances such as
increased outlays to purchase these products.

The aim of this project is to design a mountain bike which will
perform (durability and rideabilty) comparatively with
existing high-performance mountain bikes. In addition, the
aim of this project is to reduce the cost of manufacture. The
product designed is to be cost effective against high-
performance mountain bikes currently available on the market.

SPONSERSHIP: NIL

PROGRAMME: Issue A, 15" March 2011

1. Research current downhill mountain bikes that are available on the market
and the environment they are used in.

2. Using an engineering design process, create a list of potential designs then
select the best design using the analytical-hierarchy process.

3. Using the material selection process, decide on which material/s will be the
best for this application.

4. Model the final design and calculate forces that the frame will need to handle
and analyse worst case scenarios using ANSYS.

5. Cost-analysis of the final design for materials and also manufacturing.

As time permits:
6. Build a prototype and do some physical testing.

AGREED:
(Student)
(Supervisors)

76



ings

: Detailed Draw

Appendix B

Thal A1 36
- mé SURLI] M2l
™ . o FI 37428 m .@ v A FRaa e mar| s
[
I - T
ran i an -
PRI RE | (0 LAl
s 11514
&.H .._..a_ .:L .El .n_au_.__ o ] EIE humﬂ..uut_éuﬁﬁ
LD TMELm [ETEERE]
T FrEaUq wgeq [
T aqnpwae p H
T ey g
T ELLTTE ¥
L #Im da 3
T [ [
! Euyeng 5 qn3ese ]
L Lo Lang 36ayu) dg 2
b [EET P 3
[ 052 2 1R ok
L - S=n LmEuEyn L
2 052 3 A E1R3E e E
! gz L4TH'S NI gk
! 052 2 HOIE Wapeq T
L fopr L9ng EEELy 8
] 052 2 Butimag ok
T gz d= i1
T gz d= g
T Kopy baid Fned 3pqen £k
B Lopg Loog ELUE LS 03
3 05z 3N June W #auq 12
F[STIETIT AT T{ETIETIT A

7



[IEE]] mw\mv—”g._ﬂﬁ D...o”_. [ E:

L

78

e oima|  FITIVID w @ ia i k= S ET=T N S T
: [Rl=_]

e .n_.-__ P

Sewd 0 MR aWHNT

A | rSRET Y OV S
Fiue] |
4 o] am|uood o] 1o o] A e | OWTHIIT .__-u_hw_u__._ﬂ___“_:.:__..n_.ﬂ__“
i) ILFETLT] HOLd42530 ENELT] [(EM]
L Lofter 1 a0 6 muy 43 |
ED
L]
a il ﬁ Sl
H I HT e ar
Te ~TIT- T }
u d330 WWe pEe h
)
"Ll
0g

T T TR O




[IEE]] | 401 1555
o S(IIIUMOP
ur R R w @. 3wa | Fl= R ] 1hor L
o um_x.ﬂ .n-E_ uﬂ...n-ﬁﬁ
v HEw AW s
boeegid 51 A OAY OYHTE
Loey 1M, \
- inIgANY
.a,_ ..Ea_ as.__.uu..* 2nm E e ._..__:_.Eﬂs."..ue..ﬁ.uaiaﬁ OUIHIITAE 1908 VLOHLDUE MINIS  NLIOHI 00T S nn
Al TElom NOLdId2=30 N Ldwd nayu
I g wwop I
0s
b m iv H /v
a5

]

SET

049

L e Tnj )

L e )l

79



4_”...: mgﬂ”—. ”—...mmm 1 111 08
£ mza|  HTM |5 @ - 35ityn 3 mor| e
soamal mitm .aE_ et

fhoareldomd

AN IV

.EP& L1

T LIS TH S

] s ] ] N Ut AT
o Tm=ELm HOUd1E230 N Lamd
1 *1EIE

[iE]

L0

£al

R S LR

RIS §EE

80



[[HE]

&F

1 41 [T

3qny doj

o

naw | = @

11wa

A

ERm LRl ] ER Tty LR

Hamug

LT 1) u-a
ramn a..-_._ I W

HITH AW HIED

A% Y DVIE

I I

0 e

T AR
LT Wt T LD )

ALDHI 10T ID 4970

o]
AD

i EE Ry ]

NOLLdId2E=30

nay

I

09t

gy ing

L i)

81



W ABJSUTE(D Mol 2=
o o 5
e Lkt [T w @ 11va a1 FL=reey EI=" LT

- |_ sacaud somn .av-__ uu._a.hﬁ

::::::::::

ass
AR SRR LAY OV HTE

“.- CEC T

: = - = [T YL ]
.n,._ ..:.a_ .ﬁ___.aux_ oLt T 1o T 0 gl ALDHI 1010 1T
ALD T3 Lo NOLdI42534d . nau

1 Kanr La0a SmEuiays mau 1

I Kaany 1309 g

«SH[ dN

I o 57 HAaoad
d

I

b J0s HAOT

Ei
7=\
{

L
0FE
i[5

St

TETSTTETT &

—REEUTET AT

82



[IEE]] hﬂ‘m”—.m ”—..mmm E@g [E Nk

e oama| 1T m. @ %

LT e Chkal
sarn .EE_ S0 W

[
ARG S Y OV HIT
X . R = uv_s_mui_q___._ﬁ. InITAE
4] w] om] o] o o acd o1y 1 o] o] £ R TRV 1U0uI 0
AT TmEAL N HOLldid2=4a . [LEAT]

3 053 3

AQERzE ML 1

O

kel |ad MO
\&

=g

PRI N

AN b L ) 6

83



Appendix C: Material Selection Charts
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Appendix D: Material data

PO Box 217

Leander, TX 78646-0217
USA

800-621-9598
www.glemco.com
sales@glemco.com

6061-T6 Aluminum
Material Notes

Component Wt. % || Component | Wt. % Component | Wt. %
Al 95.8 -98.6 || Mg 0.8-12 Si 0.4-08
Cr 0.04-0.35 || Mn Max 0.15 Ti Max 0.15
Cu 0.15-0.4 || Other, each | Max 0.05 Zn Max 0.25
Fe Max 0.7 || Other, total | Max 0.15
Physical Properties Metric English Comments
Density 2.7 glce 0.0975 Ib/in® AA; Typical
Mechanical Properties
Hardness, Rockwell B 60 60 Converted from Brinell Hardness Value
Hardness, Vickers 107 107 Converted from Brinell Hardness Value
Ultimate Tensile 310 MPa 45000 psi g :
Strength AA; Typical
Tensile Yield Strength 276 MPa 40000 psi AA; Typical
Elongation at Break 12i% 12% AA; Typical; 1/16 in. (1.6 mm) Thickness
Modulus of Elasticity 68.9 GPa 10000 ksi | Aa: Typical; Average of tension and compression. Compression

modulus is about 2% greater than tensile modulus.
Poisson's Ratio 0.33 0.33 Estimated from trends in similar Al alloys.
Fatigue Strength 96.5 MPa 14000 psi | AA: 500,000,000 cycles completely reversed stress; RR Moore

machine/specimen

Fracture Toughness 29 MPa-m%2 26.4 ksi-in%z KIC: TL orientation.
Shear Strength 207 MPa 30000 psi AA; Typical

Electrical Properties

Electrical Resistivity

3.99e-006 ohm-

3.99e-006 ohm-cm

AA; Typical at 68°F

cm

Thermal Properties
CTE, linear 68°F 23.6 ym/m-°C 13.1 pin/in-°F AA,; Typical; Average over 68-212°F range.
CTE, linear 250°C 25.2 ym/m-"C 14 pin/in-°F Estimated from trends in similar Al alloys. 20-300°C.
Thermal Conductivity 167 W/im-K 1160 BTU-in/hr—f}‘F- AA; Typical at 77°F
Melting Point 582 - 652 °C 1080 - 1205 °F AA; Typical range based on typical composition for wrought
products 1/4 inch thickness or greater; Eutectic melting can be
completely eliminated by homogenization.
Solidus 582 °C 1080 °F AA; Typical
Liquidus 652 °C 1205 °F AA; Typical
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