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ABSTRACT

This project was concerned with the design of a new bicycle trainer in line with
certain specifications set out by Team GB Cycling, which are presented first in the
report (Aims & Objectives). The Product Design Specification document was then
built around these specifications.
Next, the research that was carried out on the basic training principles of elite
cyclists and on the commercial systems available, in order to investigate the
characteristics that determine the performance of a bicycle trainer, is presented
(Literature Review). The main sub-systems of the trainer, which required
development, are subsequently identified. These were the resistance unit, support
structure, transmission & adjustment mechanisms for which various design concepts
were developed (Conceptual Design).
Following in the Detail Design, the development of a mathematical description of the
resistance system (combined eddy current brake & radial flow fan impeller) is
demonstrated. The experimental setup configured to enable characterisation of a
commercially available trainer, the Cateye CS-1000, is then presented. Validation of
the mathematical model, using the results of the experimental testing, follows which
shows that at an initial stage, the model developed was a good approximation of the
real system, sufficient for the purposes of this project. It also shows that the
resistance system was capable of offering adequate resistance (>1000W @ 36km/h
cycling speed) for the training purposes of elite cyclists.
How the above theoretical model was then incorporated into a fully parameterized
3D CAD model of the system is described. Finite Element Analysis was
subsequently performed on the support structure to achieve the optimum strength-toweight ratio, whilst maintaining the aesthetics & manufacturability of the unit.
Manufacturing processes & materials for the main components are then described

The Sustainable Product Design techniques that were used throughout the entire
design process are described in the final chapter of the main report. Finally, future
improvement recommendations for the bicycle trainer designed are discussed
(Future Development) and include amongst others, development of the theoretical
model, improved testing, additional FEA and manufacture of a working prototype.
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and the chapter ends with the final design illustrated with photo-realistic images.
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1.0. INTRODUCTION

Cycling in the UK has in recent years experienced a real revival particularly following GB’s
cycling team’s unprecedented success at the 2008 Beijing Olympic and Paralympic
Games, with 34 medals won. The revival in cycling however started quite a few years
earlier; since 2001 British Cycling has greatly improved its standing in world track cycling
with wins in the 2004 Athens Olympics and managing to win the most medals for three out
of six UCI (International Cycling Union) Track Cycling World Championships. Today, GB’s
cycling team is considered the dominant force in cycling. In the run up to London 2012,
British Cycling outlined in 2009 its new “Whole Sport Plan” for the period 2009-2012 which
aims to “inspire participation in cycling as a sport, recreation and sustainable transport
through achieving worldwide success” (British Cycling, 2009). Part of this plan is to
further develop an elite cycling team to succeed in major competitive events such as the
Olympic Games, Tour de France and World Championships.
Elite cyclists and tri-athletes are as a result earning large sums of money through races,
sponsorships and endorsement deals related to these major events. For the athletes to
win such events, training to reach peak performance is crucial. There is therefore a
demand for indoor, stationary ergometers/trainers that simulate actual outdoor riding
conditions so that professional cyclists can train or exercise regardless of the weather
conditions outdoors. Stationary trainers are also important for coaches to be able to
monitor their athletes’ performances, identify areas of weakness and focus training on
these areas in order to achieve maximum performance in the run up to major events such
as the Olympic Games. In addition, stationary trainers allow physicians and physical
therapists to supervise the athletes during injury rehabilitation and provide instructions for
them to follow to minimize the time required to get them back to their peak performance. A
simulate cycling under real conditions to provide athletes, coaches and support team the
best training tool to achieve maximum performance and subsequent success in world
cycling competitions.
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bicycle ergometer should therefore be easy to use and to the greatest extent possible,

1

2.0. AIMS & OBJECTIVES

This project is concerned with the design of a new bicycle trainer in line with certain
fundamental specifications set out by Team GB Cycling. The baseline commercial system
that is currently preferred by Team GB athletes is the Cateye CS-1000 but this system is
no longer being manufactured and Team GB would like to have a replacement, a be-spoke
system designed according to key characteristics of the CS-1000 with some
improvements. The main requirements of the new bicycle trainer that is to be designed
are: a resistance mechanism capable of “replicating” air resistance & different road
inclinations; continuous contact maintained between the rear wheel of bicycle & resistance
mechanism; sufficient strength to withstand a “heavy” rider (~90kg) performing at
maximum sprint effort (2.5kW/6s); lightweight & portable without compromising strength &
rigidity; accommodate different sizes of track & road bikes.
The project required initial research to establish the various important technologies
available in the marketplace. The bulk of the project was involved with the design and
specification for manufacture of the new system. This included a concept generation and
evaluation stage with extensive use of CAD as the concept progressed. Material selection
and manufacturing processes definition as well as detailed/assembly engineering drawings
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were required. Finally, a brief report outlining the work done was required.
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3.0. LITERATURE REVIEW
3.1. Elite Cyclist Training

Professional cycling is one of the most demanding sports as it pushes extremes of
exercise intensity, duration and frequency (Jeukendrup et al. 2000). Athletes perform on
a variety of surfaces (track, road and mountain), terrains (level, uphill and downhill) and
race conditions (sprints, time trials, road races) in events that last from 10 second to 3
weeks covering 200m to 4,000km. In addition, elite road cyclists have around 100 race
days per year (Jeukendrup et al. 2000).
In general, there are two methods by which an athlete may cycle faster and more
efficiently, with the aim of being more successful in competitions: a) Decrease the various
sources of resistance (rolling resistance, air resistance, gradient); can be achieved by
reducing the mass and profile of the bike and rider. b) Increase the power output; can be
achieved by modifying the cyclist’s position, cadence and other essential physical
variables. However, the most substantial changes are attained by improving the athlete’s
physiological attributes through training (Hawley 1997).
The general consensus is that for cycling both the aerobic and anaerobic capacities need
to be maximally developed through training (Jeukendrup et al. 2000, Burke 2003). In
addition, the athlete must focus on increasing his overall strength and power, not only in
the muscles directly involved in cycling, but also the muscles of the core and upper body.
The design of a training system can be focused to provide these desirable physical
responses for improving cycling performance. Furthermore, the advantage of a cycling
whilst the coach can monitor these adaptations and adjust training accordingly.

3.1.1. Strength Training
All cyclists have an interest in maintaining a lean body composition, as the greater the
excess weight they carry, the greater the effort needed to cycle. In addition, a larger build
will create more aerodynamic resistance for the rider, as well as a higher rolling resistance
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trainer becomes evident as it allows the cyclist to train under a controlled environment
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between the bicycle tyres and ground. Therefore, until recently cyclists did not engage
greatly in weight training. However, several authors have discussed the benefits of weight
training for more efficient cycling (as demonstrated by Yamamoto et al 2010 - a recent
literature review on the effects of resistance training on cycling performance among elite
cyclists).

3.1.1.1. Strength Training Principles
When training to improve strength it is important to consider the underlying principles of
strength training to ensure that the desirable responses (development of the muscular
system) are achieved (Fleck & Kraemer, 2004). The basic strength training principles are:
1. Overload – To develop the maximum force a muscle can produce it must be
overloaded; that is stressed beyond its normal limit. By applying additional loads to
the muscle, than that experienced during normal activity, the athlete’s body
undergoes certain functional, biochemical and structural changes – adaptations –
as it attempts to adjust to the new conditions (Konopka 1989).
2. Progressive resistance – Once the muscle is overloaded it will continually adapt
until the changes are acceptable for the applied stress. At this point, the load must
be increased to create additional stress and further adaptations.
3. Muscle Balance - Developing all leg muscles is important, as imbalances between
muscles may lead to inflexibility and increase the risk of injury, particularly during
explosive bouts of cycling. It is important though to not only focus training on the
obvious muscles (quadriceps) involved in cycling but also in those areas that are
not normally stressed i.e. arms, shoulders and upper back (Gregor & Conconi
2000). During cycling the muscles in the trunk and arms counter-balance the
support the trunk and pelvis (Schmidt 1994).
4. Specificity – Strength training should focus on developing the muscle groups used
directly in cycling and should replicate (to the maximum extent possible) the
movement, loads and speeds associated with pedalling.
5. Recovery Time – In order to allow the body to recover from the physical exertion of
training sessions a rest period of 48 hours is recommended; however this period
may vary depending on the level of the athlete and the intensity and volume of
strength training (Fleck & Kraemer, 2004).
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movement of the lower limbs and the hand, arm, shoulder, abdomen and back
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3.1.1.2. Muscle Activity Patterns
In cycling, because of the individual’s body weight is supported by the bicycle seat, the
lower limbs function primarily to power the bike (Amoroso 1994). It is important to
consider the actions of the major muscles in the leg which are responsible for the transfer
of energy from the rider to the bike. When investigating the muscle activity patterns in
cycling however it is essential to first define the “crank cycle”. The crank cycle can be
broken down into three phases (Figure 1):
1. Propulsive/power/downstroke phase
2. Pulling/recovery/upstroke phase
3. Pushing phase, where the foot is pushed forward at top dead centre (TDC)
Pushing Phase

Top Dead Centre

10° 10°

Pulling Phase

Power Phase

10° 10°

Bottom Dead Centre

Gregor & Rugg (1986) identified that six muscles (rectus femoris, vastus medialis, vastus
lateralis, tibialis anterior, biceps femoris and gluteus maximus) were more than 50%
activated during the first half of power phase. A summary of the muscle activity pattern is
shown schematically in Figure 2.
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Figure 1: Range of action of main muscles involved in cycling (Gregor & Rugg, 1986)
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TDC
0°

270°

90°

180°

BDC

Figure 2: Muscle activity Pattern (Adapted from Gregor & Rugg, 1986)

3.1.2. Training the Aerobic Mechanism
Developing both the cardiovascular and the pulmonary systems is essential to meet the
physical demands of cycling. Aerobic power, the body’s ability to deliver oxygen to the
muscles and extract it at tissue level (Faria 1978), has long been considered a key factor
in achieving high performance; VO2 max (measured in L/min or ml/kg/min) is the
maximum capacity of the body to transport and utilize oxygen. The function of the heart
and more specifically heart rate and stroke volume play an important role in this process.
Highly trained endurance athletes such as elite road cyclists have a larger heart, lower
heart rate and greater aerobic power when compared to normal untrained individuals
aims to improve the aforementioned physiologic parameter through aerobic training in
order to increase their ability to perform prolonged work at a given intensity (Faria 1978).
Even track cyclists, whose primary energy system is the anaerobic system, have to build
their aerobic capacity, as a greater endurance will allow them to recover faster from short,
intense sprinting intervals (Faria 1978).
Training on a bicycle trainer allows the principle of overloading (similarly to strength
training) to be applied to the cardiovascular system. Training at a low to moderate intensity
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(Faria 1978). As road cycling is primarily an endurance or aerobic sport, this type of cyclist
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and high volume has a number of benefits (Smith 2007). Strengthening the muscles linked
with respiration and circulation increases the flow of air that enters and exits the lungs and
improves the efficiency of the heart respectively. In addition, metabolic adaptations take
place which facilitate better removal of lactic acid allowing the cyclist to perform exercise at
a higher level of %VO2max for longer (Faria 2005). Changes in lipid metabolism also
occur which will provide more calories from fat to supplement those from glycogen and
glucose metabolism for any level of activity. As a result the cyclist is able to maintain a
high level of performance for longer, hence improving his aerobic endurance (Faria 2005).

3.1.3. Training the Anaerobic Mechanism
Anaerobic power, the maximum amount of energy that can be generated by the anaerobic
energy systems per unit time, is important in cycling. Anaerobic power is less responsive
to training than aerobic power as it largely depends on the percentage of “fast-twitch”
fibres, which are genetically determined, and their recruitment (Gregor & Conconi 2000).
As anaerobic power increases through training (with muscular changes taking place) so
will the athlete’s ability to sustain short bursts of high intensity anaerobic efforts on the
bicycle (Gregor & Conconi 2000). For track racing this is a prerequisite, whereas for
competitive road cyclists, this is required for the crucial phases of a race such as the mass
start, steep climbing and sprint finish, which require maximum effort for several minutes.
Training to improve anaerobic endurance aims to increase the athlete’s capacity to
withstand high lactate concentrations (Gregor & Conconi 2000), or what is commonly
referred to as increase the athlete’s lactate threshold. Anaerobic training decreases the
oxygen cost of ventilation, lowers accumulation of lactate and lowers the reduction in
glycogen at a given power output (Reilly et al. 1990). This is vital as cyclists with a wellthe race that require maximum effort for several minutes.
Interval training has been shown to improve anaerobic threshold (Reilly et al. 1990). High
intensity cycling periods of 8-30sec, with 20-30sec periods of active recovery are advised;
these can be performed on a bicycle trainer allowing the cyclist or coach to monitor the
body’s adaptations. The intensity of the overload can then be increased incrementally by
reducing the duration of the recovery interval. The aim of this type of training is to raise the
level of exercise at which aerobic energy production is supplemented by anaerobic
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developed anaerobic endurance have an advantage over other cyclists during phases of
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mechanisms (Reilly et al. 1990); this will allow the athlete to cycle significantly longer to
exhaustion and hence prevail during the critical phases of a race.

3.2. Bicycle Trainers
Bicycle ergometers have been used in various forms for many years by cycling enthusiasts
and elite athletes. Early versions of stationary cycle ergometers (Kim Sang-Sup 1990)
allowed the user to pedal for exercise on a conventional bicycle placed on a treadmill-like
stand. Over time, computerized cycle ergometers have been developed which allow for
various training options. They allow the user to simulate real cycling conditions e.g. hill
climbing and also to vary resistance to pedalling via a mechanism attached to the bicycle
gears. For elite cyclists, bicycle ergometers allow the coach to evaluate the relative
strength and weaknesses of the cyclist, determine improvements in his performance and
by use of training which simulates competitive conditions help realize his potential (Reilly
et al. 1990). One disadvantage, however, with stationary ergometers is that each user has
to adjust the setting according to their own body geometry and preferences. In addition,
the stationary bicycle comes in one standard setting and thus the user has limited options
to change features such as saddle and handle-bar style (Baatz, 1997).
Individualized bicycle trainers have since been developed which allow the user to attach
his/her personal bicycle to a portable trainer and overcome some of the limitations of the
cycle ergometers mentioned earlier. A typical bicycle trainer has a structure onto which the
user attaches his personal bicycle with the rear tyre coming in contact with a roller or
similar mechanism, which in turn is connected to a resistance device. The resistance is
provided with various technologies: frictional rollers, magnetic systems that use permanent

3.2.1. Resistance Sources
Based on the resistance technology, we can identify 4 main types of bicycle trainers: roller
trainers, wind trainers, eddy-current trainers and fluid trainers. The following is a
description of the main types of bicycle trainers and their positive and negative
characteristics. Based on this analysis, the evaluation process followed after which the
most suitable resistance source was selected and forwarded to the detail design stage.
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magnets or electromagnets, fan devices and liquid in resistance cylinders.
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3.2.1.1. Roller Trainers
In the roller trainers, an example of which is described by Schwegler (1987), the rear
wheel of the bicycle comes in contact with two parallel rollers which rotate when the user
pedals. The rolling friction of the bicycle tyre against these rollers is what simulates the
resistance the user experiences in real conditions when pedalling the bicycle at the same
speed on zero elevation (Werner 2002). Roller trainers are an excellent device for a cyclist
to improve his form and bicycle handling skills (Werner 2002), particularly his ability to
“hold a line” (steer a straight line as best as possible).
However, this type of trainer is unrealistic as it cannot simulate the resistance caused by
the wind or varying terrain (Baatz, 1997). In addition, the user must also endeavour to
maintain balance and keep the bicycle on the rollers or else there is danger of crashing,
which may cause serious injury from the fall itself, or from contact with the rotating rollers
or bicycle tyres (Harnden et al 1996). Dismounting the bicycle without falling is also
difficult; when the rider stops pedalling and because the rollers carry little momentum, all
inertia to balance the bicycle is lost (Werner 2002). Werner (2002) offers a solution to this
problem; increasing the angular momentum of the rollers by incorporating a disk-shaped
weight to the end of them. This gives more time to the user to dismount the bicycle once
he has stopped pedalling, however still requires a lot of practice and does not eliminate the
risk of the user falling over. The roller trainer also tends to be quite large and heavy and
hence not easily portable and requires larger storage space compared to other types of
trainers (Harnden et al 1996); although folding, lighter models are available on the market
(most notably the Elite V-Arion Inertial roller trainer).

The second type of trainer is the wind trainer which incorporates a fan device that is
placed in contact with the rear wheel of the bicycle. As the user pedals, the wheel rotates
which in turn rotates the fan device, which provides a resistance similar to the wind
resistance that the user would experience if cycling on the road at the same speed (Baatz,
1997). The resistance progresses with the cyclist’s speed (Baatz, 1997) i.e. the harder the
cyclist pedals the higher the resistance. Compared to the eddy-current trainers they
contain no electrical devices to produce the resistance and therefore have fewer parts that
can break down or need to be maintained.
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3.2.1.2. Wind Trainers
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Although wind trainers are considered an improvement on the roller-type trainers they also
have their limitations. They are not capable of providing variable resistance and cannot
simulate the varying resistances that a cyclist experiences during actual riding over
changing terrain (Baatz, 1997). They also have limited resistance which is an issue with
elite athletes who require a more demanding workout. Finally, wind trainers tend to be
particularly loud compared to the eddy-current and fluid trainers.

3.2.1.3. Eddy-current Trainers
The third type is the eddy-current trainer which features an eddy current brake that is
coupled to the real wheel of the bicycle. The braking device includes a shaft that is placed
in contact with the wheel, which as it rotates it drives the shaft (Baatz, 1997). In the older
version of this type of trainers, permanent magnets are arranged on both sides of a
conductive disk; as it rotates the magnets induce eddy currents within the rotating disk.
The eddy currents then in turn produce electromagnetic fields that interact with the
magnet’s magnetic fields (Baatz, 1997). It is this interaction that produces a resistance to
the rotation (braking force) of the disk and thus shaft and rear wheel. The braking force is
inversely proportional to pedalling rate at any chosen work rate (Cooper & Storer 2001).
By pedalling faster the load on the rear wheel decreases, whereas by pedalling slower the
load increases. As a result eddy-current trainers have the advantage of being able to
maintain a constant power output even when the cycling speed changes (Cooper &
Storer 2001). Another advantage of this type of bicycle trainer is that small increases in
power output can be made more accurately (Gore 2000) therefore are more suitable for
developing speed and technique or warming up (McColligan & Henderson 2009).
The amount of torque produced by the eddy current brake however is influenced by a
the magnets around rotating disk, size & thickness of the rotating disk, material of the
rotating disk, spacing between the disk & the magnets (Baatz, 1997). This can be used to
incorporate resistance variability to the device being designed.
An improvement to this type of trainers is the use of eddy current brakes that use
electromagnets instead of permanent magnets (Baatz, 1997). By energizing at specified
times and voltages the user can achieve variable torques and hence variable rear wheel
braking forces, simulating actual road conditions. This type of eddy-current trainer can take
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number of factors, including but not limited to: size & shape of the magnets, placement of
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into account wind resistance, head winds, changes in elevation, rider inertia, rolling
resistance, the effects of drafting (Baatz, 1997) and eddy-current braking is considered the
most accurate method of determining external power output (Cooper & Storer 2001).
However, there are limitations even with this type of trainer, particularly when used by elite
athletes. For example, temperature changes in the disks can cause variations in the torque
and resistance, even if the athlete’s output does not change, and it is therefore difficult to
accurately measure the athlete’s performance (Baatz, 1997). In addition, compared to the
roller and wind trainers, the eddy-current trainer’s high number of moving parts makes it
expensive to manufacture and unreliable due to wear and relatively high risk of failure.

3.2.1.4. Hydraulic Fluid Trainers
More recently, a new type of bicycle trainer has emerged in which the rear tyre resistance
can be varied by using a resistance fluid (e.g. oil). By pumping fluid into and out of a
cylinder with an enclosed rotating impeller, the user can control the resistance the impeller
encounters and hence the tyre resistance. Stickler et al. (1998) describe such a device
whose function is based on a fluid resistance unit. Hamilton (2010) also describes a
similar type of trainer to which a bicycle is temporarily attached. However in his design the
front tyre can also be raised and lowered by a mechanism to simulate uphill or downhill
cycling, which in combination to the fluid resistance offers an improved simulation of real
cycling.
Fluid Trainers, similarly to eddy-current trainers, can produce constant power outputs
independent of how fast the cyclist is pedalling. Another advantage of fluid trainers is that
they can offer progressive resistance and as a result gradually challenge the cyclist
power input and hence more suited for power workouts (McColligan & Henderson 2009).
This type of trainer is also extremely silent. Typical fluid trainers use a drive shaft and
rubber seals to spin the impeller in the fluid chamber; therefore one disadvantage with this
type of trainer is that due to the heat produced by repeated friction, the resistance fluid
expands and contracts and may leak from the unit. However, modern fluid trainers (Kurt
Kinetic trainer) have been designed to have no moving or rotating parts penetrating the
sealed fluid chamber and therefore do not leak.
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(Ambrosina et al 2002). Fluid Trainers are more responsive to large changes in rider
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3.2.2. Performance of Trainers
The bicycle trainer market is a rather competitive one and thus the available information
about which resistance technology is superior complex and in many cases self
contradictory (McColligan & Henderson 2009). Before one can go onto to comment on
whether there is a type of cycle trainer that is superior to others, it is essential to first
investigate the variables that affect the resistance (aerodynamic & rolling) the rider
experiences during real-life cycling.

3.2.2.1. Air Resistance
The air resistance whilst cycling is proportional to the cube of speed; as a result, it is the
main retarding force the cyclist has to overcome at high speeds. Particularly at speeds
exceeding 30km/h the aerodynamic resistance represents over 90% of the total resistance
(Kyle, 1991). Differences in the range of rider frontal area alone create vast differences
(~62%) in the air resistance experienced (McColligan & Henderson 2009). This
difference is not including other retarding factors which also increase the aerodynamic
drag (helmet, bicycle handlebars, wheels, frame, clothing and footwear etc) of the rider.

3.2.2.2. Rolling Resistance
Rolling resistance is the resistance to motion of the wheel caused by power absorption in
the contact surface between wheel and the surface on which it rolls (Whitt & Wilson,
•

Rider/bike weight, the most significant factor.

•

Wheel radius, forward speed and surface adhesion.

•

Material - different polymers in tyre composition can improve traction.

•

Dimensions - rolling resistance is related to tyre sidewall flex and contact area.

•

Extent of inflation - Lower pressure in tyres results in more flexing of sidewalls and
higher rolling resistance. Over inflating bicycle tyres may not lower the overall rolling
resistance as the tyre may skip over the road surface and slippage increases.

•

Tread thickness has much to do with rolling resistance; the thicker the thread the
higher the rolling resistance.

•

Smaller wheels, under the same conditions, have higher rolling resistance than
larger wheels.
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1982). Several factors affect the magnitude of rolling resistance (Faria et al. 2005b):

12

Rolling resistance is on average 13.0% of the total forces that act on a rider and at lower
speeds can influence power output more than air resistance. It is important to correctly
replicate this on a cycling trainer; a task however that can prove challenging due to the
numerous factors that affect its magnitude.

3.2.2.3. “Realistic” Resistance Curve
Manufacturers have up to now generally assessed the quality of their trainers by
comparing the resistance curve of a particular model with the power curve (wattage vs.
speed) from real life cycling. But from the aforementioned it is apparent that differences in
rider/bike weight and the rider frontal area alone create vast differences in real-life
resistance which trainers cannot simulate accurately. In addition, there are other factors
such as hills, crosswinds and uneven surfaces that affect the resistance (aerodynamic &
rolling) during cycling. Due to these numerous variables and according to McColligan &
Henderson (2009), there cannot be a trainer that accurately simulates real-life riding.
Unless a cyclist’s unique resistance curve is matched exactly with that of the trainer,
something which is highly unlikely to happen, it is inaccurate to be talking about a
“realistic” resistance curve. Trainers use simpler resistance curves and are as a result
more suited for structured workouts i.e. training. Riders should therefore select a trainer
(effectively resistance technology) which is best suited to their own training objectives
(aerobic training, anaerobic training or technique) and not their riding style (McColligan &
Henderson 2009). For example, eddy-current trainers are more accurate at the lower end
of the resistance curve and response better to small changes in power input, therefore are
more suitable for an athlete that wants to develop his speed and technique or for warming
up prior to a race (McColligan & Henderson 2009).

parameterize and model the resistance unit of a trainer and identify how altering various
geometric features affect the resistance curve produced. Ultimately this information could
be used to design a trainer which allows the user to not only adjust the amount of
resistance provided but also alter the shape of the resistance curve, in order to adapt the
system for his specific training purposes (rather than having to use a different type of
trainer depending on what type of training is required).
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What is of interest, from the point of view of the designer/manufacturer, is being able to
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3.2.3. Transmission Method
In any bicycle trainer a suitable and effective method for transmitting the resistance to the
rear bicycle wheel is required. The Cateye CS-1000 system features a structure onto
which the user attaches his personal bicycle with the rear tyre coming in contact with a
roller drum, which in turn is connected to a resistance device. The roller on the Cateye
system has a relatively small diameter of 30mm. The smaller diameter rollers spin very
fast and cause more tyre wear. They also tend to produce more noise. Therefore, market
research was carried out in order to identify the optimum roller drum diameter for a cycle
trainer. In general, larger diameter rollers help to eliminate slipping or skipping particularly
with high pedalling cadences - hence allow for a good adherence with the bicycle tyre.
Research showed that the optimum was a 3-inch (76.2mm) diameter roller.
Although the majority of commercially available bicycle trainers feature transmission
technology similar to that used in the CS-1000 system, there have been a few novel
systems that have been developed over the years. Following is a description of one of
these systems, the Minoura Rim Drive system, which is a radically different design with
features that solve certain problems with the roller technology.

3.2.3.1. Case Study: Minoura’s Rim Drive System
In the Minoura system the resistance unit is driven by two
rubber rollers touching the rim side wall, via a V-belt (Minoura
Rim Drive, 2010). The rollers are pushed strongly toward the
rim by internal springs to avoid slippage, so any width of rim
can be used. The rollers don’t come in contact with the tyre, so
makes the system ideal for elite cyclists for warming up and
cooling down at competitive events, without worrying about

Figure 3: Minoura Rim Drive System

wearing their expensive tyres. The Minoura system is also a good solution for knobby
tyres on mountain bikes or rough thread patterned tyres (Minoura Rim Drive, 2010).
However, the difference in size between the virtual wheel diameter and the tyre drive
may affect the natural pedal feel for the rider. In addition, the system cannot be used if
the bicycle has a specialized rim, with a slanted side wall to accommodate a disk brake.
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any type of tyre can be used without replacing any parts. This
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3.2.4. Support Structure
An important part of a bicycle trainer is its frame, the support structure that holds the bike
and consequently the user in a firm position whilst pedalling. Apart from the structural
strength required from the support structure i.e. does not fail under normal and abusive
use load scenarios, the frame stiffness and stability have a great impact on trainer
performance (McColligan & Henderson 2009). Stiffness corresponds to how stiff the
support structure is in response to the rider pedalling. Stability depends on how low the
trainer can place the bike in relation to the ground and how wide a footprint it presents.
The base/height dimensions can be used as ratios to assess trainer stability (McColligan
& Henderson 2009). The more stable a trainer is, the less it will tend to tip with large
rider inputs/pedalling cadence. For example, when a cyclist pedals in the standing
position, he naturally rocks the bicycle from side to side with each pedal stroke, swaying
the bicycle to the left and right as the right and left leg go downward respectively. A
bicycle trainer therefore must be capable of holding the bicycle in a fixed vertical position
and restrict this rocking motion. Finally, both stiffness and stability become increasingly
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important the bigger and/or more power the rider is.
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4.0. CONCEPTUAL DESIGN
4.1.

System Decomposition

The requirements detailed in the Product Design Specifications (PDS) document defined
the quantitative and qualitative features of the bicycle trainer to be designed. In order to
present an effective solution that was capable of satisfying all of the requirements, the
bicycle trainer system was decomposed into a number of sub-systems. The concepts that
were designed and the techniques used to select the final designs are discussed in this
chapter. Once suitable sub-systems were established, the detail design stage followed to
produce a complete assembly.
The complete system was decomposed into a set of sub-systems as shown in Figure 4
which were designed independently, in a sequential manner. It should be mentioned that
although each sub-system was developed in isolation, consideration was given to the
interaction with the other elements at the analysis and development stages. This process
added focus to the development of each element to ensure that the best solution was
adopted, whilst at the same time not hinder the concept generation (brainstorming) early
on in the design process.
Development of a primary resistance device, for providing the required resistance which
the athlete pedals against, was identified as a key sub-system for development. Having
established a suitable resistance system, a method for transmitting this resistance to the
rear bicycle wheel was identified, evaluated and selected. The next sub-system to be
developed was the frame which provided the necessary stability to enable athletes to
securely mount their bicycle and pedal to high cadences. Adjustment mechanisms to allow
a suitable clamping mechanism for the real wheel was designed and developed, with
quick-release being a fundamental requirement. Having identified the previous subsystems and as with any modern system which features human interaction the entire
system needed to comply with legal requirements. Safety features and other mechanisms
to enhance user protection were considered. Finally, all sub-systems, each providing
optimum performance for their operational function, were integrated together to form the
best overall solution, in accordance with the requirements set out in the PDS document.
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the frame to accommodate various types of bicycles were also investigated. Consequently,
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System Decomposition

Complete
Cycle Trainer

User
Interface

Resistance
System

Adjustment
Mechanisms

Transmission
Mechanism

Safety
Mechanisms

Support
Structure

Identification & evaluation of resistance sources
Selection of resistance source & associated components
Indentification, evaluation & selection of transmission mechanism
Support structure (frame) design & development

User interface design (Time-permitting)
Safety mechanisms

Overall system assembly & operation
Figure 4: Bicycle Trainer System Decomposition
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4.1.1. Evaluation of Resistance Sources
Using information from both commercially available products as well as patented
technologies a number of resistance systems, capable of providing the functionality
defined in the PDS, were identified. The basic characteristics of each system were
analyzed and the results of this analysis were used to assess each system’s
suitability and identify the most promising resistance system to be adopted.
This evaluation was done using the method of controlled convergence (Pugh 1991)
which is a generative selection process. Pugh’s method is not a mathematical matrix
but rather a format for expressing the criteria for evaluating various systems
identified in a user-friendly fashion. Instead of assigning numerical values to the
various systems, each one was considered against a chosen datum (roller trainer)
and compared on various criteria. The selection criteria, listed in the Evaluation
Matrix (Appendix), represented key aspects of the PDS (order of importance) which
influenced the selection of the best system. For each criteria, the system in question
received a (+) if it was considered “better than” the datum, a (-) if it was “worse than”
and a (=) if it was “similar in performance”; they were then summed up. The control
thus stayed with the designer i.e. the matrix did not make the decisions on what
system to take to the next phase. Pugh’s matrix is not composed of absolutes in the
mathematical sense; having converged to the best possible system in a controlled
manner, the designer is still capable of thinking divergently about the problem.
A number of conclusions can be drawn from the evaluation matrix. The permanentmagnet system received the most (+)’s and only received negative ratings in two out
features (velocity independent resistance and maintenance). The wind-trainer, on the
other hand, although received the most (-)’s it did have (+)’s for features the eddyratings for features that the other resistance technologies didn’t, however its high
cost and relatively low durability became an important issue to consider. This
comparison suggested that combining two systems may have been the best option
to achieve the optimum result. The combination of permanent eddy-current brake
and wind-trainer was eventually chosen as it was a well established technology in
the bicycle trainer market and both resistance sources performed well in the
comparison. In addition, the eddy-current brake technology, according to Mc Colligan
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current system received negative rating. The fluid resistance trainer received positive
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& Henderson 2009 is generally more suited to developing speed and technique and

for pre-race warm-up, all essential performance requirements set out in the PDS.

4.1.2. Support Structure Design
As mentioned earlier in the Literature Review section, the stiffness and stability of
the support structure have a great impact on the trainer performance. Developing a
frame that would offer the user the confidence of a rigid and stable design was
therefore one of the main concerns of this design project.
A number of concepts for the support structure/frame were designed (several can be
found in the Appendix). Whilst it was essential to ensure that the frame offered the
necessary stability for the rider it was also important to provide a base at the rear of
the device for attaching the resistance mechanism. To enhance stability it was
decided that the device would require the user to remove the front wheel and
position it on the frame. The design of the support structure was transferred on to
CAD (detailed design) were the final structural and aesthetical decisions were made.

4.1.3. Adjustment Mechanisms Design
The bicycle trainer was intended to be used by a variety of athletes involved in a
variety of cycling sports mainly road, track and mountain cycling. There are a
number of differences in the bicycle designs which would affect bicycle installation
on a trainer, most importantly in the wheelbase length and tyres. Mountain bikes
tend to have a longer wheelbase, which offers greater stability, shock absorption and
comfort, compared to track bicycles which require a lower centre of gravity and more
responsive handling and hence have a more compact frame. Differences in the size
of the wheels were also apparent, with road and mountain bicycles typically having
and smooth, whereas mountain bike tyres are wider and covered with lots of knobby
rubber to increase contact area and friction.
The bicycle trainer, therefore, had to accommodate the various bicycle designs. This
called for a number of mechanisms (some concepts in Appendix) for adjusting the
span between the front and rear wheel clamping mechanisms of the device, for
various wheelbases; the elevation of the front of the bike; the height of the resistance
roller device for various wheel sizes.
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larger wheels than track bicycles. Road and track tyres are also generally very thin
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5.0. DETAIL DESIGN

5.1. Theoretical Models for Resistance Systems
In order to create a trainer that offered the desired resistance to pedalling and the
ability to vary this resistance required at first to the development of some theoretical
models. By applying some known formulas the resistance unit of the trainer, which
utilizes

both

eddy-current

and

fan

impeller

resistance

technologies,

was

parameterized. This allowed a more in depth understanding of the function of the
resistance unit and an investigation into how certain geometrical changes affected its
performance (power or resistance curve); ultimately optimizing the design to achieve
the desired results. As described in the next chapter, this theoretical model also
facilitated the CAD design of the resistance system, by incorporating it into a fully
parameterized 3D CAD model of the system. A test rig was also manufactured and
testing was performed on the Cateye CS-1000 system to obtain experimental data in
order to verify the theoretical models (Experimental Validation).

5.1.1. Eddy Current Brake
d
ω

A

R

M

L

𝒔

Permanent
Magnet
Disc
Figure 5: Eddy-Current Brake Configuration

An Eddy Current Brake consists of a copper disc which rotates in an air gap between
two opposing permanent magnets (Figure 5). The disc rotation induces an electrical
field, given by E=u×B, perpendicularly to both the tangential velocity ω×R
of u=
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(where ω is the angular velocity and R is the distance between the disc and pole
centre) and the magnetic induction under the pole, B (Simeu & Georges 1996).
Power is dissipated in the disc by the Joule Effect, which creates a viscous-like
torque which is applied to the disk opposing the rotation. With certain assumptions,
the physics that describe this power dissipation can be simplified (Gosline 2006).
Neglecting the effect of the air gap and assuming a uniform magnetic flux when the
magnet core is significantly smaller that the radius of the disc, the current density, J,
in the disc is given by the relation:
𝐽=

1
∙𝑢∙𝐵
𝜌

where 𝜌 represents the specific resistance of the disc material (copper). The total
power dissipation, 𝑃𝑑 , is then calculated by integrating 𝜌𝐽2 over the cuboid volume:

LWd, where d, W & L denote the disc thickness, the width and the length of a
rectangular element with the same area as the pole face, respectively:
𝐿 ∙ 𝑊 ∙ 𝑑 ∙ 𝐵2 ∙ 𝑢2
𝑃𝑑 =
𝜌

This equation shows that 𝑃𝑑 varies quadratically with the magnetic field and angular

velocity. However, as the velocity becomes large the eddy currents become large
and the magnetic field created also becomes large, counteracting the magnetic field
generated by the magnets. As a result 𝑃𝑑 no longer varies quadratically with velocity.
Wiederick et al. (1987) suggest that there is a critical velocity,𝑣𝑐 , at which the

magnetic field created by the eddy currents can no longer be neglected, and the
braking becomes non-linear:
𝑣𝑐 =

2
𝜎 ∙ 𝜇0 ∙ 𝑑

where 𝜎, 𝜇0 and d denote conductivity, permeability and the thickness of the disc

respectively. For the copper disk used in this study, approximately 1mm thick, 𝑣𝑐

for the cycle trainer (cycling speed of 64km/h or roller speed of 140𝑟𝑒𝑣/𝑠 ≈ 17𝑚/𝑠)
Finally, the braking power for the eddy-current brake,𝑊𝐸𝐶 , can be calculated:
𝑊𝐸𝐶 = 𝑃𝑑 ⇒ 𝑊𝐸𝐶 =

𝐿 ∙ 𝑊 ∙ 𝑑 ∙ 𝐵2 ∙ ω2 ∙ R2
𝜌

(1)

From equation (1) it is apparent that 𝑊𝐸𝐶 varies quadratically with angular velocity.
This is illustrated in Figure 6.
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would be approximately 26.7m/s, which was above the normal operating conditions
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Figure 6: Rotational Frequency/Speed vs. Power Output of Eddy Current Brake

In order to calculate the magnetic induction (flux density) B at the gap centre of the
eddy-magnet brake configuration (Figure 7) the flux density Bx had to be first
calculated, for a rectangular magnet.
x

M
L

W

Figure 7: Rectangular Magnet Geometry

The following formula was used in order to calculate the flux density Bx, for a
rectangular magnet, at point P at distance x=s/2.
Br
LW
LW
�tan−1
− tan−1
�
π
2x√4x 2 + L2 + W 2
2(M + x)�4(M + x)2 + L2 + W 2

where 𝐵𝑟 is the residual flux density of the ceramic magnet. The Cateye system was

mass produced and thus most likely used a low-quality, inexpensive magnet for its

eddy current brake. For the calculations 𝐵𝑟 was therefore assumed to be between
4000 and 5000 Gauss, expected value for a ceramic magnet.
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M

s

W
L

Figure 8: Two Rectangular Magnets Yoked on a Steel Plate

The flux density at the gap centre between the two rectangular magnets with a
steel back plate (Figure 8) was then calculated utilising the above formula. In this
case, the thickness of the magnet was doubled to simulate the effect of the steel
(provided that the steel was not saturated). If most of the flux passes through the gap
(i.e. not leaking to nearby steel), this is a good approximation. The value of B was
then 𝐵𝑥 = 0.21𝑇𝑒𝑠𝑙𝑎 doubled.

5.1.1.1. Tilting Mechanism
One of the challenges faced when
attempting to parameterise the eddy
current brake was developing a model
that would replicate the effect tilting the
magnet through its range of motion had
on the braking force. As illustrated in
Figure 9 as the bracket is tilted the
effective area of the magnet that remains
the magnitude of the braking force.
Figure 9: Tilting Mechanism on Eddy Current Brake System

First a formula was required for calculating the distance, 𝑅2 , between the copper disk
centre and magnet centre (figure). 0° < 𝛩 < 47° is the angle the user can alter by
tilting the magnet through its entire range of motion. Triangle sides a,c, e and f are
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known and angles Ω and Φ are fixed. Angle Ψ can then be calculated. In addition,
using simple pythagorean equations triangle sides b and d can also be calculated:
𝑏 = √𝑎2 + 𝑐 2

and

𝑑 = �𝑒 2 + 𝑓 2

Finally, 𝑅2 can be calculated using the formula:

𝑅2 = 𝑏2 + 𝑑 2 − 2𝑏𝑑 sin 𝛹

Copper Disc
Centre

Disc & Magnet

Magnet

Centre

R
a

e

b
c

f

d
𝛷

Ψ

Ω Θ
Magnet
Bracket Pivot

Figure 10: Tilting Mechanism Geometry to Help Derive Formula for Disc & Magnet Centre Calculations, R2

The next step involved estimating the area of the magnet (square) that remains
inside the disk as it pivots from left to right. Two cases were identified, one when the
square centre is inside the disk and the second when it is outside. Certain
assumptions/approximations had to be made at this point to simplify the calculations
and the model overall.

•
•

Length 𝑂𝐿 ≈ 𝐴
𝐴𝑛𝑔𝑙𝑒𝑠 𝑌~𝑍

Angle 𝐾𝐿�𝑀 is 90°

where A radius of copper disk.
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First Case – Square centre inside Disk
From triangle LOM (Figure 11):
𝐿𝑀 = 𝑂𝑀 × sin 𝑍 = 𝐴 × sin 𝑍
also:

𝐾𝐿 = 𝑂𝐿 − 𝑅2 = 𝐴 − 𝑅2

Furthermore, using Pythagorean equation:
𝐾𝑀2 = 𝐾𝐿2 + 𝐿𝑀2

we can now calculate the section NM
𝑁𝑀 = �𝐾𝑀2 −

𝑑2

Figure 11: Square Inside Disk

4

where d denotes the side of the triangle. Same to compute N’M’.
Having calculated the two sections NM and N’M’ we can now calculate the area
enclosed between the square and the copper disk:

where:

𝐴𝑟𝑒𝑎 = 𝐴1 + 𝐴2 + 𝐴3

𝐴1 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑅𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 𝑑 × 𝑑 ⁄2

𝐴2 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑇𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑 = 𝑑 ∗ (𝑁𝑀 + 𝑁 ′ 𝑀′ )⁄2
𝐴3 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐶𝑖𝑟𝑐𝑙𝑒 𝑆𝑒𝑔𝑚𝑒𝑛𝑡 =

𝐴2
[(𝑌 + 𝑍) − sin(𝑌 + 𝑍)]
2

Second Case – Square centre outside Disk
Similar working with first case.

From triangle LOM (Figure 12):
𝐿𝑀 = 𝑂𝑀 × sin 𝑌 = 𝐴 × sin 𝑌
𝐾𝐿 = 𝑅2 − 𝑂𝐿 = 𝑅2 − 𝐴

Furthermore, using Pythagorean equation:
𝐾𝑀2 = 𝐾𝐿2 + 𝐿𝑀2

we can now calculate the section NM
𝑁𝑀 = �𝐾𝑀2 −

𝑑2
4

Figure 12: Square Outside DIsk
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where d denotes the side of the triangle.
Having calculated the two sections NM we can now calculate the area enclosed
between the square and the copper disk:

where:

𝐴𝑟𝑒𝑎 = 𝐴1 − 𝐴2 + 𝐴3

𝐴1 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑅𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 𝑑 × 𝑑 ⁄2

𝐴2 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑇𝑟𝑎𝑝𝑒𝑧𝑜𝑖𝑑 = 𝑑 ∗ (𝑁𝑀 + 𝑁 ′ 𝑀′ )⁄2
𝐴3 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐶𝑖𝑟𝑐𝑙𝑒 𝑆𝑒𝑔𝑚𝑒𝑛𝑡 =

𝐴2
[(𝑌 + 𝑍) − sin(𝑌 + 𝑍)]
2

Having calculated the area in each case (effectively the magnitude L of square) and
the distance, 𝑅2 , between the copper disk centre and magnet centre, the braking

power can now be calculated using the theoretical model defined earlier for any
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given tilt angle Θ.
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5.1.2. Fan Impeller
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Figure 13: Velocity Vector Diagram of Backwards-Swept Vane, Radial-Flow Impeller

The backwards-swept vane, radial flow impeller illustrated in Figure 13 is the type of
impeller that is common in the fan resistance system of modern bicycle trainers. The
fluid enters the impeller along or near to the rotating axis (inlet) and is accelerated by
the impeller (pressure increase), flowing radially outwards. A number of design
variables affect the flow rate of the fluid through the fan, which in turn affects the
resistance to motion. For a bicycle trainer, the aim is to design the fan impeller so
that there is sufficient resistance and as a result pedalling is challenging.
First, certain assumptions had to be made, where precise information was
unavailable, to simplify the analysis and to allow development of the theoretical
model. The calculations were based on an energy balance of the atmospheric flow
the device at radius 𝑟1 with velocity 𝑣1 (assumed pre-rotation angle of entry of 0°-

10°), gaining pressure as it flows through the impeller and coming out at radius
𝑟2 (exit angle of 60°) again with ambient pressure but with elevated kinetic energy.
The fluid was assumed incompressible (i.e. the volume of the fluid does not change
when the pressure is increased).
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entering from far away at the ambient pressure, reducing pressure as the flow enters
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The relative flow angle, Ψ, was assumed to be ~20°, derived from the physical blade
angle. In reality the flow will do what it likes and only around the correct design
conditions will the relative flow angle be more or less lined up with the blade angle
(±10° so there is not too much loss).
With regards to the geometry of the fan impeller, the blades were assumed to be
infinitely thin. In addition, the impeller was considered to be closed, and hence we
assumed that there were no losses; in practice there will be some losses at the entry
and the real flow rate will be less; also the impeller is open on the one side and will
entrain some flow around the outside, which will add to the energy consumption.
In order to calculate the power produced by the fan impeller wheel at various speeds
the inlet and outlet velocity triangles needed to be analyzed first to obtain some
formulas to apply.

5.1.2.1. Inlet Velocity Triangle
𝜈𝜃1

𝑤𝜃1

𝜈⃗1

𝑤
��⃗1

𝜈𝑟1 Ω

Ψ

𝑤𝑟1

𝑢
�⃗1

Figure 14: Inlet Velocity Triangle

Ω denotes the pre-rotation angle of entry of the fluid which as previously mentioned
assumed between 0° and 10°.

𝜈⃗1 = 𝑢
�⃗1 + 𝑤
��⃗1
𝜈𝑟1 = 𝑤𝑟1

𝑡𝑎𝑛𝛺 =

𝜈𝜃1
⇒ 𝜈𝜃1 = 𝜈𝑟1 𝑡𝑎𝑛𝛺
𝜈𝑟1

Formula for flow rate:

𝑄 = 𝜈𝑟1 2𝜋𝑟1 𝑏 ⇒ 𝜈𝑟1 =

𝑄
2𝜋𝑟1 𝑏

(2)

(3)
(4)
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From the Inlet Velocity Triangle (Figure 14):
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From equation (3):
(4)

𝜈𝜃1 = 𝜈𝑟1 𝑡𝑎𝑛𝛺 �� 𝜈𝜃1 =

and

𝑢1 𝜈𝜃1 = 𝑢1

𝑄
𝑡𝑎𝑛𝛺
2𝜋𝑟1 𝑏

𝑄
𝑄
𝜔𝑄 tan 𝛺
tan 𝛺 = 𝜔𝑟1
tan 𝛺 ⇒ 𝑢1 𝜈𝜃1 =
2𝜋𝑟1 𝑏
2𝜋𝑟1 𝑏
2𝜋𝑏

5.1.2.2. Outlet Velocity Triangle

𝑢2
𝑤𝑟2

𝜈⃗2

𝑤
��⃗2

Φ

𝑣𝑟2

𝜈⃗𝜃2

𝑤
��⃗𝜃2

Figure 15: Outlet Velocity Triangle

Since flow in is equal to flow out (assumed no losses):
𝜈𝑟2 = 𝑤𝑟2 =

𝑄
2𝜋𝑟2 𝑏

From the Outlet Velocity Triangle (Figure 15) it can be seen that:
𝑤𝑟2 𝑤𝑟2=𝜈𝑟2
𝜈𝑟2
𝑡𝑎𝑛𝛷 =
������ 𝑤𝜃2 =
𝑤𝜃2
𝑡𝑎𝑛𝛷
(6)

𝜈𝜃2 = 𝑢2 − 𝑤𝜃2 �� 𝜈𝜃2 = 𝑢2 −

also:

(7)

𝜈𝑟2
⇒ 𝜈𝜃2 = 𝑢2 − 𝜈𝑟2 cot 𝛷
tan𝛷

(5)
(6)

(7)

𝜈2 2 = 𝜈𝜃2 2 + 𝜈𝑟2 2 �� 𝜈2 2 = (𝑢2 − 𝜈𝑟2 cot 𝛷 )2 + 𝜈𝑟2 2 = 𝑢2 2
⇒ 𝜈2 2 = 𝑢2 2 − 2𝑢2 𝜈𝑟2 cot 𝛷 +
Substituting for (3), (7), (8)

𝜈𝑟2 2
sin2 𝛷

�𝑁𝑜𝑡𝑒: 1 + cot2

=

1

𝑠𝑖𝑛2

�

1
𝑢2 𝜈𝜃2 − 𝑢1 𝜈𝜃1 = 𝜈22 = gHe ⇒ 𝑢2 (𝑢2 − 𝜈𝑟2 𝑐𝑜𝑡 𝛷 ) − 𝑢1 𝜈𝑟1 𝑡𝑎𝑛𝛺
2
1
1 𝜈𝑟2 2
= 𝑢2 2 − 𝑢2 𝜈𝑟2 𝑐𝑜𝑡 𝛷 +
2
2 𝑠𝑖𝑛2 𝛷

But from equations (3) and (5) respectively, assuming no compression/loss:
𝜈𝑟1
𝑄
𝑄
𝑟2
𝑟2
=
×
= ⇒ 𝜈𝑟1 = � � 𝜈𝑟2
𝜈𝑟2 2𝜋𝑟2 𝑏 2𝜋𝑟1 𝑏 𝑟1
𝑟1

(8)

(9)
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− 2𝑢2 𝜈𝑟2 cot 𝛷 + 𝜈𝑟2 2 (1 + cot 2 𝛷 )
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𝑢1 𝜔𝑟1
𝜈1
=
⇒ 𝑢1 = 𝑢2
𝑢2 𝜔𝑟2
𝜈2

Enabling, equation (9) to be re-written as:
�

𝜈𝑟2 2
𝜈𝑟2
� + 2𝑢2 �
� tan𝛺 sin 𝛷 − 𝑢2 2 = 0
sin 𝛷
sin 𝛷

(10)

𝜈

Substitute 𝑥 = 𝑠𝑖𝑛𝑟2𝛷 in equation (10):

𝑥 2 + 2𝑢2 𝑡𝑎𝑛𝛺 𝑠𝑖𝑛 𝛷 𝑥 − 𝑢2 2 = 0

which is a quadratic equation in x, the solution of which leads to:
𝜈𝑟2 = 𝑢2 tan𝛺 sin2 𝛷 �−1 ± �1 +

tan2

1
�
𝛺 sin2 𝛷

(11)

Clearly only the solution with “+” is practical; The solution with “–“ would give a
negative 𝜈𝑟2 which would involve the fluid being drawn back into the blade upon exit,
something that is not possible.

We can now calculate the Flow Rate Q from eq. (5)
𝑄 = 2𝜋𝑟2 𝑏 𝜈𝑟2

𝑃∞

slip surface

Air Stream

𝜔

𝑃∞

𝑣=0

Fan Impeller
Spindle

𝑝 < 𝑃∞

Fan

𝑃∞

Figure 16: Diagrammatic Representation of Air Flow Behaviour

𝑣2

Blade
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𝑃∞

(12)
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From Figure 16, a diagram representing the air flow behaviour, positive pressure at
blades will provide suction for external flow adding dissipation. Specific Power g𝐻𝐸 is

used to accelerate the fluid upon entry; on exit this power is converted to kinetic
energy, and hence according to the conservation of energy
1
1
𝑃∞ + 𝜌𝑔𝐻𝐸 = 𝑃∞ + 𝜌𝑣22 ⇒ 𝑔𝐻𝐸 = 𝑣22
2
2

where 𝑃∞ is the ambient pressure.

(13)

But from velocity triangles:
2
2
𝑣𝜃2
𝑣22
+ 𝑣𝑟2
=�
�
2
2

thus, from equations (8), (12) and (13)
𝑔𝐻𝐸 = 𝜔2 𝑟2 2 −

𝜔𝑄
(cot 𝛷 + tan 𝛺)
2𝜋𝑏

(14)

Finally, using equations (12) & (14), power 𝑊𝐹𝐼 for the fan impeller can be calculated.

𝑊𝐹𝐼 = 𝑚̇𝑔𝐻𝐸 = 𝜌𝑄𝑔𝐻𝐸

(13)

5.1.3. Total Power of Resistance System
From equations (1) & (13) for the eddy-current brake and fan impeller power
respectively, the total power, 𝑊𝑇 , of the resistance unit can be calculated:
𝑊𝑇 = 𝑊𝐸𝐶 + 𝑊𝐹𝐼 + 𝑊𝐿𝑜𝑠𝑠𝑒𝑠

where 𝑊𝐿𝑜𝑠𝑠𝑒𝑠 , are the losses in the fan impeller and eddy current brake systems, the

roller shaft, the bearings etc. These losses however aren’t included in the
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5.2. Experimental Validation
5.2.1. Data Collection Strategy
A Torqsense™ Rayleigh wave rotary torque transducer was used in the experiment
to measure the torque produced by the resistance unit (Figure 17). The CS-1000
trainer roller shaft was coupled with the torque transducer and rotated at the desired
rpm using a motor, which was controlled by a Mitsubishi™ S500 controller. A
Hameg™ RS-232 digital programmable multimeter was used to measure the voltage
output from the torque transducer (observed values were entered into an excel
spreadsheet on a laptop). A Dynapar™ HT50 takometer was used to manually
measure the rpm and verify compliance with the frequency readings of the controller.
Trial runs were made which provided information on the consistency of the
experimental material and indicated any errors that may have occurred. They were
also a good opportunity to familiarize with the equipment and practice the overall
experimental technique. In the light of any significant findings the pre-experimental
steps were revisited to fine-tweak the experiment.
Nuisance factors, those that may have influenced the performance of the system as
well as the observations made, were the air density around the fan impeller device,
the losses in the rotating roller, copper disk, fan impeller, motor etc., bending that
may have been present in the shaft and the system vibrations. Various steps were
taken to minimize the possible effects of the above. Rubber pads were placed under
the test rig to absorb the vibrations and couplings were installed between the motor,
torque transducer and roller shaft to eliminate excessive bending

Torque
Fan Impeller

Motor
Multimeter

Eddy-Current
Steel Rig

Brake

Figure 17: Experiment Rig Setup: Torque Transducer coupled to Resistance System (Right) and Motor (Left)
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Three tests were carried out: fan impeller only, eddy-current brake only and both
engaged. The factors that were controlled (independent variables) during testing
were the rotating speed of the roller and the position of the eddy-current magnet.
The range for the rotating speed of the roller was set from 0 to 80Hz (which relates
to ~37km/h cycling speed) with 5Hz (~2km/h cycling speed) increments. The voltage
output from the torque transducer was the recorded value (response or dependent
variable) for each speed increment. For the tests where the eddy-current brake was
engaged recordings were also taken for the 7 tilt positions of the magnet. The tests
were repeated and the average of the measurements was the observed response.

5.2.2. Data Presentation
From the raw data obtained power was plotted against cycling speed. These are
Figure 18 for the eddy-current brake, Figure 19 for the fan impeller and figure for the

Figure 18: Eddy-Current Brake in Isolation – Power vs. Cycling Speed
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combination of the two.
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Figure 19: Fan Impeller in Isolation – Power vs. Cycling Speed

The crossed points on the graphs indicate the experimental observations.
Experimental values for two speeds (23 & 25km/h) could not be taken because
within this range was a system resonance, causing the transducer to over-read. A
cubic regression line was fitted to the points of the fan impeller and a quadratic
regression line for the eddy-current brake, to allow for better comparison with the
theoretical lines. The theoretical curves for the brake & fan in isolation as well as in
combination are also illustrated in the above figures; with the shaded areas
indicating the variation of power when altering the main assumptions for each case,
which are residual flux density of the magnet (4000-5000Gauss) for the eddy-current
brake and pre-angle (0°-10°) for the fan impeller.
With the eddy-current brake used in isolation, both experimental and theoretical data
indicate that the affect of cycling speed on power requirements was quadratic
(Figure 18). However, it appeared that the theoretical model predicted lower values
fact that the experimental data includes the unknown losses). When a weaker
magnet (𝐵𝑟 = 4000𝐺𝑎𝑢𝑠𝑠) was assumed, the theoretical line resembled better the

experimental one, still however underestimating the magnitude of power (lower,
dashed edge of the envelope in Figure 18). When a stronger magnet (𝐵𝑟 =

5000𝐺𝑎𝑢𝑠𝑠) was assumed, the theoretical line is closer in magnitude to the
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than the experimental data, particularly at the lower speeds (should not neglect the
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experimental one, however, after a certain speed (~25km/h) it becomes much
steeper, over-estimating power (upper, dashed edge of the envelope in Figure 18).
When the fan impeller was used in isolation, the comparison between the shaded
area and the experimental curve in Figure 19 indicated that the theoretical model
slightly under-estimated the power values at lower speeds and over-estimated them
at higher speeds. When a pre-rotation angle of entry closer to 10° was assumed, the
theoretical curve appeared to better fit the experimental one (lower, dashed edge of
the envelope in Figure 19). Nevertheless, in both experimental and theoretical cases
the effect of cycling speed on power requirements is cubic.

Figure 20: Combination of Fan & Eddy-Current Brake – Power vs. Cycling Speed

Having analysed the two previous scenarios, where each resistance technology was
working in isolation, it was apparent that when the two sources were combined the
eddy-current brake would be the major contributor to the system’s resistance. The
graph for the combination of the two technologies (Figure 20) therefore had a shape
comparable with that of the eddy-current brake in isolation. Again the theoretical

5.2.3. Discussion
Based on the results of this investigation, the resistance unit of modern trainers, with
a combination of two technologies, the eddy-current brake and fan impeller, is able
to provide a wide range of resistance to the cyclist. The range spans from virtually no
resistance, at slow fan speeds and the eddy-current brake not engaged, up to
approximately 1080W when the eddy-current brake is fully engaged with a cycling
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model underestimated power, particularly at the lower speeds.
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speed of 36km/h. The mean absolute power output generated during the Giro
d'Italia, Tour de France and Vuelta a Espana stage races has been estimated to be
approximately 400W during a 60-minute period; Armstrong's power output on Alp
d'Huez in 2004 was calculated at 495W (Faria et al 2005). The bicycle trainer
achieves much higher power outputs than these values and is therefore suitable for
training for road racing. In addition, Gardner et al (2005) reported that elite sprint
cyclists produced peak power values of 1939 ± 241W during match sprint
competitions (cycling speeds approaching 64km/h). Although at the speeds tested
during this study the power did not reach this maximum values aforementioned, it is
strongly believed that at speeds closer to the maximum achievable during sprint
competitions, the trainer would offer a power output even higher than the peak
values reported by Gardner et al (2005); making the trainer suitable for even the
most demanding elite sprint cyclists in the world.
It was important, apart from the magnitude of the power output offered by the trainer,
to analyze and compare the calculations made with the experimental data recorded,
in order to assess the accuracy of the theoretical models.The cubic growth of power
vs. speed when the fan is used in isolation was anticipated, however, one of the
interesting findings of this investigation was the lack of resistance offered by the fan
unit at the lowest speeds in particular, as well as at the highest speeds tested. In
comparison with the eddy-current brake engaged, the same power output was
observed at speeds over three times lower. At speeds exceeding 36km/h, the
highest speed tested, it is believed that the resistance of the fan would increase
considerably; this was predicted by the theoretical model which showed a power
value of over 950Watts at a cycling speed of 64km/h. However, due to the speed
restriction of the experiment it was not possible to verify this prediction.
The reason(s) why the theoretical model for the fan impeller and eddy-current brake
accounted for by a number of variables. First, the theoretical model does not take
into account any losses that occur in reality (bearings etc). In addition, the fan
impeller was assumed closed on both sides, so the losses on entry were
disregarded. In addition the flow around the outside would also add to the energy
consumption. Another factor not considered in the model was friction of the rotating
shaft which most likely increased the observed values of torque and hence resulted
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does not precisely fit the experimental findings are not apparent and may be

36

in experimental values slightly higher than without any friction. Other assumptions
made, such as the infinitely thin blades and incompressible air for the fan impeller
and low residual flux density magnet for the eddy-current brake, may have also
affected the accuracy of the theoretical power curve.
There is no doubt that refinement of the theoretical models for both the fan impeller
and eddy-current brake could be undertaken. Further testing would be beneficial to
accurately determine certain assumptions made in this study, such as the pre-angle
of rotation and the magnet strength. In addition, more experimental data is required
at higher speeds (approaching 64km/h) to investigate the accuracy of the theoretical
models beyond what was tested in this study. Further investigation is also required to
determine what effect the number of blades and blade thickness may have on the
theoretical model of the fan. For the eddy-current brake further analysis is required to
develop a model that replicates the effect of tilting the magnet through its various
levels, and comparing it with the experimental measurements taken. Developing a
more complex theoretical model that accounts for the various sources of losses for
both models is finally another important future opportunity.

5.2.4. Conclusion
To conclude, this study demonstrated that the combination of fan and eddy-current
brake resistance technologies offers adequate resistance for road racing at any level
of competition, even for world class cyclists. The system can, therefore, be a
valuable tool for training as well as laboratory based investigations into cycling.
The data showed that at lower speeds the unknown losses in the experimental data
meant that the theoretical values were underestimating. At higher rpm’s the
assumptions made (e.g. no loss on fluid) meant that the model overestimated with
regards to experimental data. Finally, the unknown losses were not as dependent
upon speed as are the eddy-current and fan torques.
of the real system, which is sufficient for the purposes of this study. The model
developed can be used in the design of future trainers, by incorporating it into a fully
parameterized 3D CAD model of the system. However, there is the opportunity to
further refine and develop the theoretical model to better replicate the system. Also
more extensive testing may be undertaken to obtain a complete understanding of the
system and its capabilities/ limitations.
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At an initial stage the theoretical model developed was a good/reliable approximation
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5.3. Computer Aided Design
The detail design stage involved designing the full trainer on NX CAD software. The
design of the resistance unit in particular was driven by the theoretical models
developed. Using the configurable “spreadsheet” function within NX, the geometry of
the fan impeller and eddy-current brake, was controlled from within a spreadsheet.
For example, by changing the value of “blade_height” within the spreadsheet and
hitting update, NX automatically changed the blade height in the 3D model (Figure
21). The control of the design parameters could also be passed on to an external
spreadsheet (Figure 22). This design technique was important because it meant that
the CAD fully reflected the changes made to the theoretical model and hence was an
accurate 3D depiction of what the design/engineering research had shown to be

Figure 21: NX Spreadsheet Feature Allows the 3D Design Geometry to be Driven by a Spreadsheet Within the Program
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optimum for the particular application (to achieve the desired resistance curve).

38

Figure 22: Controlling NX from an external Excel Spreadsheet – A semi-automatic process

5.4. Finite Element Analysis
Finite Element Analysis (FEA) was carried out on the trainer frame/support structure
to ensure that it would withstand normal use loads. The main scenario that was
considered was a 90kg load (rider 80kg + bicycle 10kg) applied at the rear support
structure. In reality this load would be distributed between the two wheels, depending
on the bicycle’s geometry and configuration. However, in order to consider the case
where the user stands up to pedal uphill (or worse case scenario) 100% of the load
was used for the calculations. A safety factor of 3 was used to allow for unexpected
loads, misuse, wear etc. A relatively large safety factor was used for the purposes of
the FEA as the product would be manufactured in small numbers for use by elite
cyclists (frequent use with high loads experienced). If the trainer was to be mass
manufactured, then in order to save on material, keep manufacturing costs down and
avoid over-engineering the product a smaller safety factor may have been
considered. For simplicity the clamping mechanism was excluded from the analysis
Furthermore, only static loading was considered at this early stage.
It should be noted that a full/comprehensive structural analysis of the frame would
have required a significant number of hours spent on FEA software and would most
likely become a project in itself. FEA was not a core part of this project so the
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and the load was only applied on the clamp holder of the rear support structure.
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preliminary analysis was carried out to ensure that the design would not fail under
normal use. Before actual manufacture and marketing of this product, a full FEA
would need to be carried out, as well as manual strength & stress calculations to
verify the accuracy of the results obtained.
Based on the feedback received from the FEA various design alterations and
materials were evaluated in order to find the design with the optimum weight-tostrength ratio. The detailed results of the FEA can be found at the end of this section.

Figure 23: Rear Support Structure Stress Analysis – 3mm Wall thickness, made out of steel

The first scenario involved loading the structure, made out of steel and with a wall
thickness of 3mm. The structure performed well, with 0.3mm maximum deformation
and stresses of just under 59.4MPa (𝑁⁄𝑚2 ). This value is lower than half the yield

strength of steel. The highest (Von Mises) stresses (compressive) were located at
the base where the vertical mounting beams are “welded” to the bottom structure, as
indicated in Figure 23. A finer mesh during FEA at that area may have been more
appropriate to obtain a better representation of the high concentrated stresses. A
lighter than the first, performed reasonably well with only 0.1mm more deformation
and 19% higher maximum stress (located at the same areas). Furthermore, FEA
was carried out on a model with straight vertical beams and performed better than
the aforementioned scenarios (max deformation of 0.3mm and max Von Mises
stress of 42.3MPa). However for aesthetical reasons wasn’t adopted.
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thinner (2mm wall thickness) model was imported for analysis and although 30%
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The same loading scenario was also carried out using two types of aluminium (Al
2014 and Al 5086) as the material for the structure. A finer mesh was used and
hence smoother results were obtained, particularly in the areas of interest (Figure
24). Al 2014 has yield strength of nearly twice that of Al 5086 and ultimate tensile
strength of 1.5 times higher. In respect to maximum deformation, aluminium 2014
only performed marginally better (0.93mm) than aluminium 5086 (0.95mm).
However, in relation to the maximum stress values recorded (and relative to the
materials’ yield strength) Al 2014 was superior (12% of yield strength compared to
25% for Al 5086).

Figure 24: Rear Support Structure Stress Analysis – 3mm Wall thickness, made out of Aluminium

Although aluminium may seemingly look better at this point compared to steel, one
has to consider other factors apart from maximum stresses and maximum
deformation. Aluminium’s low density would make the trainer’s structure prone to
vibrations (Kalpakjian & Schmid 2005); this may on the one hand affect the
experience during use. From a structural point of view the dynamic behaviour of the
structure has to be considered if these vibrations were significant. In addition, the
& Schmid 2005). Aluminium’s lower Young modulus (73GPa) compared to steel
(207GPa) is responsible for the lower fatigue strength of the aluminium under cyclic
loading. This, in combination with the low density, means that fatigue design should
certainly be considered, as mentioned above, if carrying out a complete FEA on the
structure. However, aluminium’s performance under cyclic loading compared to that
of steel cannot be reflected in the static loading analysis performed.
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Young modulus of any material is important for its structural behaviour (Kalpakjian
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Figure 25: Rear Support Structure Stress Analysis – 2mm Wall thickness, Stiffening Rib, made out of steel

After various materials were tested, an attempt was made to further improve the
structural strength of the frame by making certain geometry changes/additions. The
first alterations involved adding a stiffening rib to support the inner part of the vertical
beams from bending inwards (Figure 25). Due to the curved shape of the support
structure, adding a small stiffening rib (height 50mm) in fact caused an increase in
the value of the maximum stress (75.9MPa). Therefore, a number of rib sizes were
tried in order to find the one which offered the optimum result. One benefit the
(optimum) stiffening rib offered was the fact that it dissipated the stresses over a
larger area, so they were no longer concentrated at the area where the vertical beam
joins the horizontal one. However, because of the 17% increase in weight and
complexity of manufacturing involved in adding the stiffening ribs, it was decided to
not incorporate them in the final design.
The final design scenario that was considered was increasing the thickness of the
26). This chamfer design improved the strength significantly, with maximum
deformation of 0.39mm, close to that of the 3mm scenario, and maximum stress of
41.8MPa, the best out of all scenarios. However, once again this design alteration
would significantly increase the complexity and hence the cost of the manufacturing
process.
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vertical beam where it comes in contact with the vertical beam as shown in (Figure
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Figure 26: Rear Support Structure Stress Analysis – 2mm Wall thickness, Thicker Lower Section, made out of Steel

FEA Results

Sim1

Sim2

Sim3

Sim4

Sim5

Sim6

Sim7

Von Mises Stress
(MPa)

59.360

49.520

50.960

71.030

45.970

41.790

42.230

Comments

Deformation
(mm)

0.330

•
•
•
•

Material: Steel
Force applied to cylinder
3mm wall thickness
Fully fixed constraint

0.937

•
•
•
•

Material: Aluminium 2014
Force applied to cylinder
3mm wall thickness
Fully fixed constraint

0.956

•
•
•
•

Material: Aluminium 5086
Force applied to cylinder
3mm wall thickness
Fully fixed constraint

0.476

•
•
•
•

Material: Steel
Force applied to cylinder
2mm wall thickness
Fully fixed constraint

0.472

•
•
•
•
•

Material: Steel
Stiffening ribs added
Force applied to cylinder
2mm wall thickness
Fully fixed constraint

0.390

•
•
•
•
•

Material: Steel
Thicker lower support
Force applied to cylinder
2mm wall thickness
Fully fixed constraint

0.320

•
•
•
•
•

Material: Steel
Straight Beams
Force applied to cylinder
2mm wall thickness
Fully fixed constraint

Table 1: FEA Analysis Detailed Results – Von Mises Stresses, Deformation and Design Notes
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Number
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5.5. Manufacturing Processes & Materials
5.5.1. Support Structure
There are two main methods of forming rectangular
hollow beams (STI North America 2010) which form
the support structure of the cycle trainer. In the first
method a flat steel strip is moved through progressive
sets of rolls in order to produce a round tube (Figure 27,
1-7). The strip edges are then heated by high-frequency
induction or contact welding and forged together by
weld

rolls.

This

process

creates

a

continuous

longitudinal weld (8). The weld seam is allowed to cool
and then processed through a set of shaping rolls which
cold-form the tube into a rectangular section (9).

Figure 27: Cold Working Method

In the second method (STI North America 2010), a flat strip of metal (Figure 28, 1)
is driven through forming dies which initially form (bending) the top two corners of the
rectangular tube. Subsequently the bottom two corners of the rectangular beam are
formed (2 & 3). No cold working of the sides of the beam take place, and the seam is
welded giving the welded tube its final shape and size (4). The welded tube is then

Figure 28: Bending and Welding Method of Manufacture

The advantage of the first method is that it produces a beam with much better
surface finish and dimensional tolerance (Kalpakjian & Schmid 2005). Although
these may not be vital for the particular application there is another benefit of cold
rolling; the resultant beam has much better mechanical properties (increase in the
overall strength and hardness of the steel) because strain hardening occurs
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allowed to cool.
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(Kalpakjian & Schmid 2005). In the second method, which involves bending a
metal strip, there are concerns of material fracture, wrinkling and tearing (burrs). In
addition, because the tight bend radius is a highly stressed area, residual stresses
may also occur which have to be removed. These problems can be controlled using
larger bend radiuses or a relief notch cut at the edges on the bend line to limit the
stresses (Kalpakjian & Schmid 2005).
To achieve the slight radius on the rectangular beam, as
illustrated in Figure 29, a specialised hot-bending process
would be used at a modest surcharge to the standard
manufacturing costs (for a straight beam). The bending
process enables the beam to be curved with minimal
change in section shape (Kalpakjian & Schmid 2005).
As shown earlier from the FEA the material for the entire
support structure/frame would be steel, for its low cost,
relative ease of fabrication coupled with suitable
mechanical properties.
Figure 29: Radius on Rear Frame

5.5.2. Push-fit Insert Feet
The push-fit insert feet for the ends of the structure’s beams (Figure 30) can be
bought off-the-shelf and so no in-house manufacturing will be required. They would
most likely be injection moulded from low-density polyethylene as it is easily
moulded, offers excellent flexibility (required for push-fit insert), good wear resistance
(to protect floor/user from sharp ends) as well as recyclable (Kalpakjian & Schmid

Figure 30: Plastic, Injection Moulded Push-Fit Insert Feet for the Ends of the Support Structure
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2005).
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5.5.3. Fan Impeller
In order to accurately replicate the theoretical model developed, the fan impeller
requires precise geometrical dimensions. At first the bicycle trainer will be
manufactured in small numbers, thus the fan impeller could be manufactured using
the in-house rapid prototyping (Stereolithography) machine. This may be a relatively
costly option however producing a mould for the fan impeller for such a small run
would be uneconomical. If a larger number of trainers were to be produced and the
cost of the mould was justified, then other manufacturing processes and materials
(PP, PVC, PS) would need to be investigated. Metal was an unlikely material choice
for the fan impeller (despite its superior wear and strength properties) as it
significantly increases the weight of the part; 0.14kg for ABS compared to 1.06kg
and 0.38 for steel and aluminium respectively.
The stereolithography machine would produce an acrylonitrile-butadiene-styrene
(ABS) replica of the CAD model. ABS is a rigid polymer with good impact and
abrasion resistance, good strength and toughness, therefore suitable for the fan
impeller; ABS is also recyclable (Kalpakjian & Schmid 2005).

5.5.4. Roller
Two materials are most common for the resistance unit’s roller, a comparison of
which is shown in Table 2 below.
PVC

Does not wear tyres but can leave an

Does not wear tyres and pvc material

aluminium residue on tyres.

leaves no trace on tyres.
Quieter than aluminium since pvc will

Noise

Quiet

UV/Heat
resistance

Not sensitive to normal

Sunlight and excessive heat may

environmental conditions.

warp drum.

Wear

Excellent

Wears faster than aluminium

naturally absorb audible sounds.

Table 2: Comparison of the Two Most Common Materials Used for the Roller Drum on a Trainer Resistance System

No prototype was manufactured, due to the limited time available, so testing the
performance of the two different materials was not possible. However, aluminium
was the choice due to the superior wear performance.
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Tyres

Aluminium
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5.5.5. Main Unit
The main unit would be produced from aluminium using a die-casting process.
Aluminium castings techniques produce finished products with intricate shapes with
minimum finishing required (Kalpakjian & Schmid 2005). Aluminium is a good
choice of material as it has very good formability (low melting point) and would
produce a lightweight part (approximately 30% lighter compared to steel). In addition,
it is strong with a tensile strength of up to 700MPa depending on the alloy (and
manufacturing process), almost as strong as structural steel (Kalpakjian & Schmid
2005). Post-casting processing (e.g. drilling holes) would also be simple as
aluminium is very easy to machine (low ductility) (Kalpakjian & Schmid 2005).
Finally, aluminium is 100% recyclable and only 5% of the energy required to produce
the primary metal is needed in its recycling. This would significantly increase the
recycling attractiveness of the unit once the trainer reached its end-of-life.

5.5.6. Guards
The guards surrounding the fan impeller & eddy-brake systems would also be casted
from aluminium. This would significantly reduce the weight of the unit whilst ensuring
that the user is sufficiently protected from any high speed rotating parts.

5.5.7. Copper Disk
Copper is one of the most used, most common metals. A decade ago copper was
not as expensive (Figure 32) and as a result it was used in nearly everything; this in
turn, increased worldwide demand which drove the price of copper soaring (Smale
2010). Therefore, in order reduce material costs the disk required for the operation of
the eddy-current brake does not have to be made entirely out of copper, but only the
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area (ring) which the magnet will enclose, throughout its entire range (Figure 31).

Copper
Figure 31: Copper Disk from Eddy-Brake

Figure 32: Fluctuations of Pricing of Copper over the past 10 years
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5.6. FINAL DESIGN

Figure 33: Various Views of the Completed Bicycle Trainer System Designed and Rendered on NX
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Figure 35: Front Wheel Support Structure

Figure 36: Rear Wheel Clamping Mechanism
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Figure 34: Close-up on the Resistance Unit – Eddy-Current Brake & Fan Impeller Resistance Sources
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Figure 37: Close-up on Eddy-Current Brake Resistance System

Figure 39: Packaging and Storage/Transport of Entire Trainer – Multiple Views
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Figure 38: Close-up on Fan Impeller Resistance System
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6.0. SUSTAINABLE PRODUCT DESIGN

Product designers are responsible for designing profitable products that meet the
needs of users and producers of products. The product design and development
stages influence more than 80% of the economic costs associated with the product,
as well as 80% of the environmental and social impacts of a product, throughout its
entire life cycle, from raw material extraction all the way through to product disposal.
As a result it is particularly hard as well as costly to make major alterations to the
product further on in the development process. The key issue therefore, from an
environmental point of view, was to consider the product’s environmental
performance early on in the design and development stages and adopt strategies to
minimize its environmental impact. For the trainer the following “design rules” were
used as a guideline from the early stages of concept generation and development.

Figure 40: Easy Access to Internal Parts of Resistance Unit for Maintenance or Refurbishment

Extending the life of the product benefits both the user, who doesn’t have to
purchase a new trainer for an extended period of time, and the environment, as less
products/materials end up being disposed and less raw materials being consumed.
What is required to achieve this, apart from a good quality design, is the ability to
easily replace worn components in upgrades or repairs. In the design of this trainer
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6.1. Extending the Life of the Product
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care was put into allowing easy removal of the guard in order to access the fan
impeller and eddy-current brake configuration and remove any parts that need
replacement (Figure 40). In addition, the modular design, with the fan impeller brake
on the one side and eddy-current brake on the other, allows for separate removal
and repair/upgrade of each sub-system.

6.2. Design for Assembly (DfA) & Disassembly (DfD)
Enhancing the ease of disassembly and as a result reducing disassembly time and
costs is the main objective of Design for Disassembly (DfD). This was achieved by
adopting assembly methods and configurations that aid recovery, access and costeffective separation. Disassembly of a product such as the cycle trainer, is
necessary in order to access components that require maintenance (e.g. eddycurrent brake & fan impeller), to recover components for refurbishment and reuse
(e.g. resistance unit) and recover materials for recycling (e.g. copper disk).
Material selection was another important factor to consider. By carefully selecting
appropriate materials and aiding easy and quick identification the recovery and
recycling is made easier. The selection of the materials however, didn’t compromise
the structural strength and quality of the product, as shown earlier in the FEA
chapter. Regarding the materials used for the other parts of the trainer, please refer
to the engineering drawings. Furthermore, to comply with standards visual marks or
codes would be embossed on the surfaces of each component as a way of material
identification for recycling purposes.

the number of parts results in savings in manufacturing costs as well as decreasing
the time required for assembly and disassembly. During disassembly the aim is to
remove the most valuable parts first and to discontinue dismantling once the return
on the operation becomes uneconomical. In this particular design the most valuable
components (i.e. copper disk) can be easily removed by unscrewing a few fasteners.
The number of different bolt and screw sizes was also limited to 5 for the entire
assembly, all of standard sizes. This leads to easier and faster disassembly with
fewer tools required. Finally, to minimize the re-orientation required during
disassembly the majority of fasteners are removable from the one side of the trainer.
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The number of parts has also got a significant impact on disassembly time. Reducing

52

6.3. Selecting Fastening Methods for Recycling
Disassembly methods were another important consideration. There are two main
methods of disassembly: a) reverse assembly, where reversible joining processes
(e.g. bolts) are undone and b) brute force, where physical forces are applied and the
fixings are destroyed. The first method favours maintenance/replacement and was
the one that was used for the design of the trainer. For instance, the feet covering
the ends of the frame were designed as push-fit tube inserts, allowing easy
installation and removal (Figure 42). In addition, the main grill is attached on the side
of the guard with a lip and groove design, eliminating the need for any screws or
adhesive (Figure 41). For the angle adjustment of the main frame a ball lock pin was
used, as shown in Figure 43. Threaded bolts were used for fastening the other
components, particularly were safety was an issue. The use of adhesive was
avoided as it is extremely hard to separate and causes material contamination,
making recycling challenging, if not impossible. In addition the number of different
fastening methods was minimized and uniform types of screw heads were used for

Figure 42: Push-Fit Tube Feet Inserts

Figure 41: Lip and Groove Design for Easy Installation/Removal

Figure 43: Ball Lock Bin for Angle Adjustment of Main Frame
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the entire product.
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6.4. Design to Use Environmentally Friendly Methods
of Manufacture
The complexity of the design was also considered, as an over complex one would
not only require more intricate manufacturing processes (that have higher power
requirements) but would most likely also hinder the disposal of its components.
Furthermore, once the product reaches its end-of-life, dismantling and the ability to
identify the various components are important tasks. Labelling is thus essential to
quickly distinguish between plastics and metals and select the appropriate recycling
method.

6.5. Select & Use Materials which are Easily Recycled
Selecting and using materials that are easily and most importantly economically
recycled is another important consideration. Therefore, the trainer has been
designed to be made out of materials such as steel, aluminium, copper and
polyethylene, ABS which are all recyclable materials. Minimising the variety of
materials used for the manufacture of the product also helps from an environmental
point of view, as less separation is required and recycling becomes economically
more attractive. Furthermore, there is no permanent (e.g. adhesive) bonding of
materials and all components can be separated into different materials groups during
disassembly.

Energy consumption is another issue that, although low during the usage stage (user
interface), should be considered throughout the entire product life-cycle. The aim is
to increase the energy efficiency of the various manufacturing processes, reduce the
consumption of energy during in-life use and recover as much energy as possible
once it reaches its end-of-life. All these aspects combined should aim to maximise
energy efficiency and help reduce the carbon footprint of the manufacturing
company, as power stations contribute one-third of the global greenhouse gas
emissions (Staley et al. 2009).
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6.6. Energy Consumption

54

7.0. FUTURE DEVELOPMENT

Designing and developing a product as complex as a bicycle trainer requires months
(even years) of work and typically involves a dedicated team of designers/engineers.
However, for this project a limited period of time was available and only one person
was directly involved in the process. Therefore, not every aspect of the trainer was
developed to the same degree. Nevertheless, if the trainer designed as part of this
project was to be commercially sold, a number of improvements could be made first.
Mathematical/theoretical models were developed for the resistance technologies but
as aforementioned earlier in this report could be developed further. This would
involve amongst others, further development of the model for the tilting mechanism,
better characterisation of the fan impeller and more extensive testing (i.e. higher
speeds). Once the resistance systems are fully characterised some innovative
design work may also take place e.g. design a fan impeller with a variable inlet vane
which allows the user to change the resistance curve depending on his/her
requirements. Detailed future requirements for the theoretical models have already
been presented in the experimental testing discussion section.
Testing of the transmission method could also be undertaken to determine the
optimum roller drum alternative. This would include investigation into which
combination of diameter and material offers the least tyre wear and at the same time
the most realistic “road” feel. The feel-factor phase would undeniably involve trial
tests were elite athletes would be invited to try out the various configurations and
express their opinions. Improving the rear wheel clamping mechanism is another
bicycle trainers today adopt a similar clamping mechanism, which applies a clamping
force to the rear wheel quick release skewer. Although this mechanism functions
well, it tends to damage the skewers which at an elite level are generally reasonably
expensive. Therefore, there is the opportunity to develop an innovative clamping
mechanism which causes minimal damage to the bicycle whilst maintaining the
necessary stability for the bicycle.
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opportunity to further develop the product. The majority of commercially available
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A user interface could also be designed and developed. This interface would be
connected to the resistance unit and display various information to the user such as
pedalling speed, power output, time, distance covered etc which is relevant to
training. A system that allows the user to vary the resistance of the unit whilst
exercising would also need to be developed.
More comprehensive finite element analysis for the support structure is also another
area of improvement. In this study only a simplified model of the clamping
mechanism was used for the analysis; the improved FEA therefore, would have to
include the entire structure and more detailed analysis would be undertaken in terms
of meshing, part interaction and load/constraints used. Additional loading and abuse
scenarios could also be tested, particularly for the front support structure and the
main unit. Finally, new materials could be investigated during the FEA to achieve the
same strength-to-weight ratio, whilst cutting costs.
Following the FE analysis and the experimental testing, and once the final
configuration/components have been specified a detailed definition of the
manufacturing processes and materials to be used would be required. For
manufacturing purposes, detailed engineering drawings for all the components and
assembly drawing would need to be produced. The engineering drawings should be
fully defined in respect to dimensions, tolerances & fits, joining methods and finishing
required. An estimate for the production cost (raw materials, manufacturing, postprocessing/finishing, packaging) of the product would also need to be determined.
Furthermore, fully functional prototypes of the improved sub-systems will have to be
manufactured to test them prior to launching the product. This process may involve
full scale working prototype of the resistance mechanism to verify the theoretical
model and to make any fine adjustments; a prototype of the entire trainer may also
be manufactured first and trialled by elite athletes to allow for final tweaking of the
system prior to launch.
All the above design improvements would ensure that the product fully fulfils the
requirements set out in the initial PDS and reassure future elite athletes that they are
offered a carefully engineered, quality product to train with.
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destructive testing of the support structure to examine possible failure scenarios; a
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8.0. PROJECT MANAGEMENT

The project under the supervision of personal tutor, Dr Ben Halkon ran smoothly
through the entire year. Regular meetings were held since the allocation of the
project, initially once every fortnight during taught semester and from the on every
week (apart from a couple of weeks during Easter & Summer break due to certain
obligations), to discuss the progress of the project, solve any problems and set out
work to be carried out. These meetings were invaluable in ensuring that the project
was on the right track. At the beginning of the project, a Gantt chart was created to
plan the project in terms of the dates everything should be done by, allowing certain
flexibility between tasks. This was a great idea, as it has meant keeping on top of the
work and comfortably meeting deadlines. Details of the Gantt chart can be found in
the Appendix.
After completing the initial literature review and submitting the interim report, the
concept generation stage followed and carried on until mid June. At the same time,
the concepts for the various elements defined in the system decomposition chapter
were evaluated and the most promising were selected. The detail/embodiment
design stage commenced concurrently at the beginning of June, with considerable
CAD work required in order to fully define the various components of the bicycle
trainer. By the end of July, the CAD was completed and engineering drawings were
produced; an assembly drawing and a detail drawing of the fan impeller. During July,
the experimental testing phase was also carried to verify the theoretical model that
was developed earlier on. Unfortunately, due to the time restriction no prototype of
the final trainer design was manufactured. Finally, the majority of August was spent
preparations.
Early into this project, an opportunity to investigate an alternative, laboratory-based
ergometer system, required by team GB cycling on a live Elite Sport Performance
Research in Training (ESPRIT 2009) project, presented itself. Initially the intention
was to capture the requirements of the ergometer in this project and consequently an
amount of effort was invested in specific areas of interest that are normally outside of
the scope of this project. Upon further consideration it turned out that the lab-based
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on writing this report and towards the end of the month presentation and exhibition
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project was to far removed from what was reasonably possible during the course of
this project with too many variables outside of the control of the project team.
Nevertheless this gave a good insight into the particular aspects of cycling and a feel
of the sport in general; it was by no means a waste of effort or time.
One of the most challenging parts of the project was developing the
theoretical/mathematical model of the resistance system due to limited prior
knowledge on fan impeller and eddy-current brake technologies. However, with the
guidance of Mr Henk Versteeg expert in Fluid Mechanics, Ben Halkon and a lot of
hard work, a good model was developed. The experimental testing which was
carried out to verify the accuracy of the theoretical model was another demanding
part of the project. Manufacture and setup of the test rig required help from both tutor
and technicians, as well as a significant number of hours spent on fine-tuning the
set-up. A slight delay to the whole process was caused when during a trial run the
torque transducer malfunctioned and had to be sent back to the manufacturer for recalibration. A quick turn-back time however meant that testing was only delayed by a
few days.
Despite the countless hours of hard work put into the CAD design of the trainer, the
development of the theoretical models, the experimental testing and into the project
in total, and regardless of the unexpected events, frustration and set-backs that
occurred throughout, this project was an incredible opportunity to not only apply what
was learned in the taught semesters but also gain experience on working on a reallife like project; having to consider all aspects of product design & development from
concept generation through to computer aided design and manufacture. It
furthermore, developed personal skills on computer aided design, constructing
instilled the self-confidence to be able to go out to industry and tackle essentially any
given problem or design task.
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correct engineering drawings and performing finite element analysis. It has finally
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9.0. CONCLUSION

This project was concerned with the design of a new bicycle trainer in line with
certain fundamental requirements set out by Team GB Cycling, which were part of
the design requirements set out in the comprehensive PDS. The aim of this project
was not to deliver a finished product (not expected in the limited time frame
available) but rather the design of a quality trainer which if manufactured would be
capable of fulfilling the training requirements of some of the world’s top cyclists.
It is believed that the project has delivered a robust design, with careful
consideration given for all its components, from the support structure and the
adjustment mechanisms through to the resistance unit. The detail design on CAD
was driven by the requirements of the PDS (including those of GB Cycling) defined
at the start of the project, with particular focus put on:
•

Performance (the combination of eddy-current brake and fan impeller
technologies implemented offers sufficient range of resistances for the training
purposes of elite road racing cyclists)

•

Quality of Build (rear wheel maintains contact with resistance mechanism)

•

Structural Strength/Stability (lightweight/portable whilst withstanding “heavy”
rider performing at maximum effort);

•

Versatility (accommodate different sizes of track & road bikes)

The theoretical model developed for the resistance system is thought to be an
important part of this project. The theoretical model could be incorporated into a fully
parameterized 3D CAD model of a bicycle trainer, which would improve the
confidence of product suitability for purpose and minimise prototype requirements,
reduce development costs and time to market. The model, furthermore, sets a firm
starting point for the design of future trainers that match the requirements of the
ultimate customer, the elite cyclist. The information obtained from the development
of the theoretical model and the testing carried out, could ultimately be used to
amount of resistance but also alter the resistance/power curve, adapting the system
to their own personal training objectives.
Finally, future improvements opportunities have been set out in case the system is to
be brought to market. These include amongst others, development of the theoretical
model, improved testing, additional FEA and manufacture of a working prototype.
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produce the next generation of trainers which allow the user to not only adjust the
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APPENDIX

Product Design Specification (PDS) V6
Following are the design requirements for the cycle trainer. The structure of the PDS
was based on Pugh’s Method (Pugh 1991) and has 24 elements. These elements
were grouped into six categories: Mechanical, Operational, Installation, Project,
Aesthetics, End-Of-Life, and Technical; for ease of searching and locating. A PDS is
generally a dynamic document and hence it evolved throughout the design process.

A. Mechanical
1. Materials
1.1. The materials used must be of suitable cost such that it meets the requirements
specified in section 19 – Cost.
1.2. The materials must comply with all performance requirements (section 7 –
Performance).
1.3. The materials must be capable of operating in the specified environment
(section 8 – Environment).
1.4. The materials must meet all relevant standards specified in section 21 –
Standards & Specifications).

2. Manufacturing Processes
2.1. The types of processes that will be used are such that small batch production
can be carried out.
2.2. Manufacturing processes will furthermore be determined according to materials
used, available facilities and target cost.

3.1. No maximum weight restriction. However weight should not become a safety
concern particularly in the unlikely case of the trainer collapsing.
3.2. The trainer should have an appropriate weight which will allow it to be rigid but
simultaneously reasonably portable.
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3. Weight

64

4. Size
4.1. Size should be such as to provide good stability but also allow the entire
product to be carried in existing commercially available trainer travel bags.
4.2. Accommodate different sizes of both track and road bikes

5. Testing
5.1. Prototype will be manufactured for the overall system and tested under normal
user conditions. Testing trials should be undertaken with the participation of the
GB cycling team or other elite cyclists.
5.2. Non destructive testing i.e. wear tests, load bearing tests etc.
5.3. CAD model to simulate test conditions. Constraints to include temperature
extremes, pressure variations, humidity, high shock loading etc.
5.4. Failure Mode and Effects Analysis (FMEA) should be carried out for the entire
system.
5.5. Isolated testing should be conducted on the mechanical, electrical and software
systems together with the total system analysis.

6. Quantities
6.1. A small batch of units will be produced depending on UK Sport’s requirements.

B. Operational
7. Performance
7.1. The device must be rigid and strong enough to withstand a “heavy-weight”
cyclist (approximately 90Kg) performing at maximum sprint efforts.
7.2. The trainer should be able to apply a maximum resistance of 2500 Watts.
7.3. The trainer should be able to apply a resistance equivalent to the aerodynamic
load experienced during real-life cycling (i.e. proportional to pedalling rate).
7.4. The resistance should be accurately controlled.
resistance mechanism, i.e. no slippage between the tyre and roller.
7.6. Capable of accurately (± 5%) recording power (current, average & max), heart
rate (current & average), cadence (current & average), speed (current, average
& max), energy expenditure (kjoules), ride distance (miles or km) & ride time.
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7.5. Maintain continuous contact between the with the rear wheel of the bike and
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8. Environment
8.1. The cycle trainer will be used indoors in areas such as a gym or an
experimental laboratory.
8.2. However, the user may want to use the trainer under specific (even extreme)
environmental conditions as part of his/her training regime. The trainer should
therefore function properly in a wide range of humidity, temperature and
pressure conditions. The trainer should provide consistent resistance at
multiple temperatures.
8.3. Due to the high pedalling rates generated by elite athletes high vibrations levels
will be developed during use. The device should be able to withstand these
high levels of vibration.
8.4. The environmental impact of the product must be considered throughout the
entire life cycle and not only during disposal (please refer to section “Disposal”).

9. Ergonomics
9.1. Controls for the resistive mechanisms must be accessible to the cyclist without
changing riding position.
9.2. Entrance and exit to the system must be as simple as possible with limited
intrusion of immoveable obstacles.
9.3. Workout parameters should be adjustable on-the-fly.
9.4. Any displays must provide information which is clearly legible for the user
throughout the use and should be positioned for maximum comfort.
9.5. Noise should be kept to a minimum, acceptable maximum value 65Db.

10. Safety
10.1. Any moving parts or mechanisms should be covered to avoid user or observant
injury and entanglement of loose clothing etc.

11.1. Maintenance will be required on a regularly basis - 4 months - to ensure trainer
is

functioning

properly.

This

will

require

an

external

qualified

engineer/technician to be called in.
11.2. User maintenance:
• Periodic inspections of the main unit to ensure all connections are right.
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11. Maintenance
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• Due to user perspiration and accumulation of dirt and dust the product
will require daily cleaning of its surfaces with warm water and standard
domestic cleaning agents.
11.3. Maintenance free batteries for the main display unit.
11.4. System software should be periodically updated by maintenance team.

12. Life in Service
12.1. Frequency/duration of use will determine life in use.
12.2. At the worst case the trainer is expected to be used 14 hours a day, 7 days a
week for the entire life in service.
12.3. Should last at least until the end of the Olympic Games London 2012, so
minimum life in service 2 years (approx. 10,000 operational hours), during
which a 100% safety record must be maintained.

13. Quality & Reliability
13.1. Customer essential needs & expectations should be met. The trainer should
require little maintenance and operate consistently throughout its working life.
Its performance shouldn’t deteriorate noticeably between maintenance periods.
13.2. The product must adhere to any conforming standards (refer to section
Standards & Specifications).
13.3. Use and abuse must be anticipated.

C. Installation
14. Installation
14.1. Component parts, wherever possible should be of standardized dimensions
and specifications.
14.2. The coach should be able to set up the trainer without the need for any
specialized tools or special technical knowledge.
quickly and easily without the use of any tools.
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14.3. The user should be able to adjust the trainer to his/her individual requirements
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15. Documentation
15.1. Assembly instructions must be included. This manual should include, amongst
others, instructions on how to assemble/disassemble the bicycle on the trainer.
15.2. Service/maintenance manual and service records diary should be given.
15.3. Trouble shooting documentation should also be provided.
15.4. Braille/ larger prints should be made available on request.

D. Project
16. Timescale
16.1. The product should be ready for the beginning of September.
16.2. However the fastest the product is designed, tested and manufactured the
better. Ideally before the start of the 2012 London Olympics.

17. Customer
17.1. The direct customer is UK Sport.
17.2. The trainer will be used by the British Cycling team (athletes, coaches).
17.3. The trainer may also be used in experimental studies (scientists).
17.4. The product features must be tailored to suit the customer requirements.

18. Competition
18.1. Market investigation has identified a number of commercially available cycles
used by elite cyclists:
• Racermate Computrainer Pro 3d £1266.00
• CycleOps© PowerBeam Pro - £999.99
• Kurt Kinetic Rock & Roll - £509.95
• Kurt Kinetic Pro Fluid Dual - £399.99
• CycleOps SuperMagneto Pro - £264.99
• Blackburn Tech Fluid - £229.88
18.2. To achieve competitor advantage the improved system must provide:
• Substantial improvements from the Cateye CS-1000 cycling trainer.
o Improved, more realistic loading mechanism.
o Enhanced instrumentation in order to allow more accurate adjustment of
the trainers resistance.
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• CycleOps Wind - £119.99
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• A unique experience which simulates the conditions of real-life cycling.
• Essential and desirable features appropriate for elite cyclists.

19. Costs
19.1. No exact target cost has been set by UK Sport for the improved design.
19.2. However, the cost of producing the trainer should be considered (i.e.
minimized) throughout the design process as there is scope for producing a
commercial system based on the redesign.

E. Aesthetics
20. Aesthetics
20.1. The main control unit display should be straightforward and simple to interpret.
20.2. Clear and consistent colour coding of moving parts and adjustment features.
20.3. External finishes must be durable, hygienic and safe under continual exposure
to specific environmental conditions.
20.4. Any relevant safety or operational information should be clearly presented. This
date should not be able to be removed by the user.
20.5. The system should have the characteristics of a clean, simple and welcoming
device through careful selection and use of shape, colour and texture.

F. Legal
21. Standards & Specifications
21.1. BS EN 957-5:2009 - Stationary training equipment. Stationary exercise bicycles
and upper body crank training equipment, additional specific safety
requirements and test methods.
21.2. ISO20957-10: 2007 - Stationary training equipment. Part 10: Exercise bicycles
with a fixed wheel, additional specific safety requirements and test methods.
21.3. BS EN 957-10:2005 - Stationary training equipment. Exercise bicycles with a
21.4. ISO20957-5: 2005 - Stationary training equipment. Part 5: Pedal crank training
equipment, additional specific safety requirements and test methods
21.5. BS EN 957-5: 1997 - Stationary training equipment. Pedal crank training
equipment. Additional specific safety requirements and test methods.
21.6. Meets the EC mechanical and electrical Safety Standards.
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fixed wheel, additional safety requirements and test methods.
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22. Patents
22.1. There are currently devices on the market offering the same functions as the
product being designed. However, all the functions are not combined (at a
comparable degree) within the one product as we are trying to achieve.
22.2. The product must make sure that it doesn’t breach any of the existing patents
for products currently in use, in production, and other products that may not
have been manufactured, but which are still patented designs.

23. Legal/Statutory
23.1. All documentation should be approved through the correct governing bodies.

G. End-Of-Life
24. Disposal
24.1. According to the Waste from electrical and electronic equipment (WEEE)
legislation, the equipment distributors and retailers are responsible to set up a
system that the customers can use to dispose of WEEE free of charge. This
can be achieved by setting up a take-back scheme.
24.2. Design-for-recycling should be encouraged to allow for an easy, cost-effective
disassembly, with a viable retrieval of high value components. This will include,
but not limited to, considerations about joining methods, ease and speed of
disassembly, divergence of material types, minimizing use of toxic materials.
24.3. The use of recycled/refurbished components and recycled raw materials in the
manufacture of the product should be encouraged throughout entire design
process.
24.4. Product should be designed with upgradeability in mind. This would allow a
specific component to be replaced with a new or remanufactured one, without
the need for the entire product to be disposed.
24.5. Global waste management laws must be considered for the manufacturing raw

25. Product Life Span
25.1. The product life span before the unit is outdated is expected to be around 4
years.
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Engineering Drawings
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Gantt Chart
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Evaluation matrix
Resistance Source

Friction Rollers

Wind Resistance

DATUM

Real Cycling Simulation
+
Broad Resistance Capability
=
Velocity Independent Resistance
Safe
+
Ease of Use
+
Light Weight
+
Durability
+
Maintenance
+
Minimum Space Requirements
+
Variable Loading
=
Power Measurement Accuracy
=
Low Noise Production
Low Cost
=
∑+
7
∑2
∑=
4
KEY
+ = Better Than, Cheaper Than etc.
− = Worse Than, More Expensive Than etc.
S = Similar In Performance To.

Eddy Current Resistance
Permanent Magnet
Electromagnet
+
+
+
+
+
+
+
+
=
+
+
=
+
+
+
+
+
+
+
+
+
10
9
2
3
1
1

Hydraulic Fluid
Resistance
+
=
+
+
+
+
+
+
=
+
8
3
2
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Selection Criteria
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Concepts

Support Structure
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Concepts
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Adjustment
Concepts
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Mechanism
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Mechanism
Concept
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Clamping
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