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Abstract 
The objective of this Master's Degree Project was to design a mountain bike 

gearshift mechanism that optimizes derailleur based shifting performance. It was 
apparent that the potential to improve shifting performance would be mediated by 
the identification of an optimal shift pattern. Once an optimal shift pattern was 
determined, design objectives were generated to guide the design process. 

In order to establish mechanical design principles for the prototype shifter, a 
series of test rigs were used to assess the viability of various concepts. Once these 
principles of operation were resolved, the mechanical parts were designed and a 
fully functional prototype was fabricated. 

As improving shifter performance was the primary goal of this project, an 
evaluation of the shifter prototype was considered an essential component of the 
design exercise. From an athletic performance perspective, the principal difference 
between the prototype shifter and conventional shifters becomes apparent when a 
chain ring shift takes place. With conventional shifters, a chain ring shift results in 
a large change in gear ratio. With the prototype shifter, a chain ring shift results in a 
small change in gear ratio. Because large changes in gear ratio result in large changes 
in pedal rates and optimal cycling performance is linked to the ability of a cyclist to 
pedal at or near to a preferred cadence, a competitive advantage should exist in any 
shifting system that eliminates large changes in gear ratio. The videotape record of 
the performance testing undertaken demoi strated the advantage of avoiding large 
changes in gear ratio although this advantage could not be quantified. 

Improved shifting performance is not limited to providing a competitive 
advantage over current shift: ig systems. In fact, the majority of mountain bikers are 
likely to place higher priority on attributes such as ease of use, operational 
simplicity, improved shifting function, and ergonomically sound design. As 
appropriate solutions to these 'user issues' are essential to the success of the design, 
considerable effort was put into identifying user problems and creating the best 
possible design solutions. In order to assess the appropriateness of the resulting 
design, the subjects who participated in the performance testing were asked to 
evaluate the prototype in relation to existing shifters. The evaluation survey used a 
combination of open-ended questions and matched rating scales to capture both 
qualitative and quantitative data. In general, the prototype shifter was well received 
as all test subjects indicated that they thought the shifter was ideal for the 
recreational market. In spite of this endorsement, several of the test subjects 
expressed reservations about the use of the shifter in competition. The conclusion to 
be drawn from this experience is that user evaluations need to be conducted under 
real riding conditions using all classes of cyclists. 

Keywords: 
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Chapter 1 - Introduction 

Mountain Bike History 

Figure 1 - Traditional Single Speed Bike 

Bicycles have been in existence for 

just over a century (20). In that time, they 

have evolved from unrefined two 

wheeled conveyances into specialized and 

sophisticated human powered vehicles. 

This evolution was largely a consequence 

of cyclists seeking improved performance 

on various different types of terrain. One 

of the first major categories to evolve from 

the traditional single speed recreational 

"safety bicycle" as shown in Figure 1, was 

the multi-speed road bike which was 

designed for high speed on smooth road surfaces (20). Although the road bike offers 

improved performance on smooth paved surfaces, it is highly inappropriate for the 

off road environment due to its relative fragility. 

Mountain bikes (Figure 2), which 

are designed for rough terrain, owe their 

heritage to the single speed recreational 

bicycle, the multi-speed road bike and, in 

particular, to a few misguided souls who 

enjoyed piloting heavy single speed 

"klunkers" down the mountain roads and 

pathways of Marin County in the late 

1970's. The survivors of these expeditions 

went on to change certain components of 

their machines in order to improve off-road performance. With the addition of 

improved braking systems to control speed on downhill runs and gear systems to 

facilitate hill climbing, the sport of mountain biking was born. Some of the more 

enterprising mountain bike pioneers, such as Gary Fisher, were quick to realize the 

potential of the mountain bike format and became the first commercial mountain 

Figure 2 - Modern Mountain Bike 
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bike designers and manufacturers. In less than a decade, the mountain bike evolved 

from a modified recreation bicycle to a commercially produced item that accounted 

for 5% of bicycle sales in 1985. By 1990, two thirds of total bicycle sales were 

mountain bikes. Today, the mountain bike format is in such demand that road bikes 

are no longer prominently displayed in many bike shops (20). 

The explosive popularity of the mountain bike format has a lot to do with the 

capabilities and versatility of the machine. With a lower, larger gear range and more 

rugged frame construction than road bikes, the mountain bike can be ridden 

virtually anywhere. Consequently, the mountain bike has proven to be as ideal a 

choice of vehicle for rough urban environments as it is for off road trails. 

Popularity of this magnitude has resulted in the creation of substantial 

market forces that continue to motivate manufacturers to rapidly develop and 

implement new technology. Some of this new technology arises as a result of 

progress in materials and manufacturing processes. 

Many of these advances have released designers from the constraints of the 

traditional steel tube frame designs of the early 1980's. In recent years, bike frames 

have been manufactured from increasingly exotic materials such as aluminum, 

titanium, carbon fibre composites and a number of metallic alloys in an effort to 

improve off road performance and capture market share (14). In addition to the 

design changes that result from advances in material science, the design of frames 

has changed significantly with the development of suspension systems. The overall 

function of the machine has been further improved with the implementation of 

gear system refinements such as indexed shifting. In fact, it was the immediate 

appeal of indexed shifting which led to the development of new and innovative 

shifter designs in the 1990's. 

Mountain Bicycle Transmissions 
The gearing on a mountain 

bike consists of three chain rings 

attached to the pedals via cranks 

and a set of freewheel cogs 

attached to the rear wheel axle 

(Figure 3). In combination, these 

components provide three 

overlapping ranges of gear ratios. 
Figure 3 - Mountain Bike Drivetrain 
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In most riding situations, gear selection is based upon the pedal rate, pedal 

force, gear lever feedback as well as any auditory information that emanates from 

the drive train. At a given load, cadence is directly related to the gear ratio. 

Most competitive cyclists prefer to pedal at rates of 90 to 100 rpm while many 

recreational cyclists tend to prefer slightly slower pedal rates (10). Although 

preferred pedal rates vary among individuals, most cyclists will try to maintain a 

particular pedal rate that they personally find to be most comfortable. It should also 

be noted that comfort in terms of pedal rate is typically confined to a fairly narrow 

range. Therefore, in order to maintain optimal pedaling conditions, cyclists must 

frequently alter their gear ratios according to the speed at which the bike is being 

ridden. 

In general, shifting is a relatively simple process until a chain ring shift is 

required. When this occurs, the rider must shift the front chain ring and then adjust 

the rear derailleur in order to avoid large changes in gear ratio. In the off-road 

environment where sudden and frequent changes in grade are actually sought out, 

the mountain biker may shift gears more than a hundred times an hour. As a result, 

bicycle gearshift mechanisms are critical components of a mountain bicycle from an 

ergonomics perspective as the function of the shifter determines the efficiency and 

to some extent the enjoyment at which the bike can be ridden. If the bike is being 

ridden competitively, being consistently in the right gear can be the difference 

between winning and finishing last with a lot of mud on your face. 

From an ergonomics perspective, one of the more significant 

problems with conventional gear systems is that riders have 

difficulty keeping track of their gear combinations. This is, in large 

part, due to the fact that a separate shifter is used to independently 

control each set of gear sprockets. As there is a substantial degree of 

overlap in the three ranges of gear ratios, shifting efficiently 

through the entire range of gears is a complicated process and can 

only be accomplished properly by using one of a few closely related 

shift patterns. In theory, when shifting from the lowest gear ratio 

through to the highest, one should endeavour to do this with as 

even an increment in gear ratio change as the derailleur gear 

system will allow. In other words, the increment in gear ratio 

should increase at a constant rate. In addition, one should strive to 

shift in such a manner so as to avoid cross chain gearing which Figure 4 

accelerates drive train wear and consumes a small amount of C r o s s c h a i n i ng 
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energy in the process (Figure 4). Although shifting according to these two guidelines 

is the ideal way to use a derailleur drive train, it is nearly impossible for any cyclist 

to accomplish. This is because in order to execute an optimal shift pattern, one must 

understand the relationship between all of the gears in terms of gear ratios, the 

physical geometry of the derailleur based drive train and know exactly which gears 

are currently engaged. Even if the rider were armed with this technical knowledge, 

keeping track of gear selection on a continuous basis during a ride would be an 

extremely onerous task. Due to the aforementioned limitations, both novice and 

expert riders have little choice but to accept the shortcomings of current derailleur 

based drive trains and make corrective adjustments as they go. 

Objective of this Master's Degree Project 

The objective of this Master's Degree Project was to design a mountain bike 

gearshift mechanism that optimizes derailleur based shifting performance. With 

this design, it is anticipated that several undesirable characteristics of current 

mountain bike shifters will be eliminated. If successful, this project has the potential 

of being a benefit to both recreational and competitive cyclists. 
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Chapter 2 - Literature Review 

Overview of Mountain Bicycle Ergonomics 

Mountain bikes are interesting from a human factors perspective because the 

interface between rider and machine is multifaceted. Cyclists interact with their 

bikes with their feet and legs for propulsion, hands and arms for steering, braking 

and shifting gears and their buttocks for support. Other body structures are utilized 

for balance and steering input. In addition to the physical demands of cycling, the 

rider must mentally process environmental and physical information in order to 

navigate efficiently over the landscape. Efficient cycling on a mountain bike requires 

the rider to choose a path carefully and anticipate appropriate gear selection. One of 

the things that can compromise cycling efficiency is poor bike fit. Good fit 

presupposes that the distances between the pedals and the seat, the seat and the 

handlebars are appropriate for the rider. Although the seat and handlebars are 

adjustable for height and position, the choice of a correct frame size will greatly 

enhance bike fit. It is interesting to note that most bikes are designed to fit the body 

proportions of male riders. Females typically experience much greater difficulty in 

obtaining an adequate fit from a mountain bike because they have narrower 

shoulders, shorter arms and torso, smaller hands and feet and longer legs than male 

counterparts of equal height. There are, fortunately, some manufacturers who 

design bikes for female cyclists (20). 

Because mountain bikes are designed for use on rugged terrain, the human-

machine interactions in the off-road environment tend to be at the extreme end of 

the spectrum. In fact, the interface between the rider and the bike would likely be 

considered intolerable if found in the workplace. It is the unpleasant aspects of off-

road riding such as shock and vibration that have provided the incentive for 

improved bike designs. To be specific, vibrations with frequencies between 3 and 12 

hertz have been associated with increased fatigue (15). Consequently, bicycles 

equipped with some form of suspension system that decreases the amplitude of the 

road shock transmitted to the rider have been found to lessen fatigue and improve 

overall comfort. Effective bicycle suspension can be achieved by using a variety of 

mechanisms. 
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Within the last few years, a couple of component 

manufacturers introduced telescoping front forks 

(Figure 5) that work on the same principle as motorcycle 

forks (springs and shock absorbers). Although expensive, 

these components greatly improved the comfort of off 

road riding. The drawback of front suspension is that 

steering precision can be somewhat compromised due to 

fork movement. In addition to front fork suspension 

systems, shock transmitted to the hands via the 

handlebars can be isolated by handle bar grip cushioning, 

gloves that absorb shock and vibration and handle bar 

suspension systems. 

Following up on the popularity of front 

suspension systems, a number of bicycle companies 

have designed bikes with a rear suspension to 

Figure 5 - Front Suspension compliment the front suspension. These full 

suspension bikes offer the greatest amount of shock 

absorption capability that is currently available. Unfortunately, due to the geometry 

of many rear suspension systems, some of the propulsion energy applied to the rear 

wheel tends to be absorbed. This energy loss is more prevalent under conditions of 

high effort pedaling when energy loss can be least afforded (15). 

Although front and rear suspension systems are highly effective in isolating 

shock, modifications to the bicycle seat can also contribute to overall comfort. Saddle 

padding has been substantially improved with the introduction of gel saddles and 

saddle suspension systems. It is also important to recognize that the choice of saddle 

should be substantially different for males and females as a consequence of anatomy, 

Overall, mountain bike designs, from the first garage modifications to present 

day incarnations, are profoundly influenced by ergonomic considerations. In general 

terms, these include concerns for energy expenditure, power generation, safety and 

comfort. 

The Physiological Aspects of Bicycling 

A physiological analysis examines the flow and utilization of energy at both 

the cellular and organ levels. When metabolic processes are used to gauge energy 
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expenditure, the primary consideration is often overall efficiency. To a large extent, 

energy expenditure depends not only upon the activity but also the type of muscle 

fibre that is being utilized to perform that activity. 

Muscle Fibre Types 
Muscle fibre types can be classified into two general categories according to the 

speed at which they reach full tension following stimulation. Muscle fibres that 

reach full tension in the 80 to 100 millisecond range are often designated as "slow 

twitch fibres" whereas those that reach full tension within about 40 milliseconds are 

referred to as "fast twitch fibres" (22). Slow twitch fibres are considerably more 

efficient from an energy utilization standpoint but are not capable of the maximal 

work rate of fast twitch fibres. Therefore slow twitch fibres are more suitable for 

endurance activities while fast twitch fibres are best employed for short periods of 

maximal power output. Although the muscles used in cycling are a mixture of slow 

and fast twitch fibres, it is not surprising that highly trained endurance cyclists tend 

to have a higher proportion of slow twitch fibres than inactive control subjects 

(22,21). 

Types of Power - Aerobic and Anaerobic 
There are two types of power that are relevant to cycling. Aerobic power can 

be thought of as the maximum sustainable amount of power a person can produce 

over an extended period of time. Generally speaking, it is limited by the amount of 

energy resources that can be supplied to the muscles via metabolic processes. Most 

well trained cyclists can maintain a power output of 180 watts for about an hour (15, 

21). 

Aerobic power can be determined by measuring the amount of oxygen that a 

person is consuming while exercising at maximum sustainable effort. The rate of 

oxygen uptake under these conditions is designated by the term "V02 max". At 

levels below maximum oxygen consumption, the amount of oxygen consumed by a 

muscle group relates directly to the amount of adenosine triphosphate (ATP) being 

produced. As a result, oxygen uptake can be used as a gauge of the energy 

requirements of the work being done by that muscle group. Unfortunately, in the 

case of cycling, this value can not be determined directly as a number of other 

muscle groups are functioning during the activity. Consequently, the total oxygen 

consumption for the entire body is used to assess the energy expenditure of cycling 

however this is valid only at lower levels of work intensity (<60% V0 2 max.) and 
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under a steady state of work. These conditions apply because anaerobic processes are 

increasingly activated as the level of work intensity escalates. In order to make 

comparisons between individuals, the V0 2 max. must be normalized to body mass 

(21). 

Anaerobic power represents the maximum amount of power that a person 

can generate for a brief period of time. It has been found that maximal anaerobic 

power measured in the first five seconds of a test is approximately four times as 

much as can be generated at the limit of ones aerobic power capacity (V02 max). 

Most active adult cyclists can produce in excess of 1000 watts for several seconds 

however this cannot be sustained for much more than half a minute. Maximal 

power output, in essence, relies upon the stored energy resources that are 

immediately available to a muscle without being highly dependent upon metabolic 

(aerobic) processes. 

Maximum Power Output 

Power output is usually indicative of performance in most types of 

competitive cycling. This is especially true in short duration races and sprint 

situations. There are several design aspects of bicycles, which can influence power 

generation. The most pertinent of these are the crank arm length, gear ratio, seat 

height and handlebar position. Yoshihuku and Herzog (27) investigated the effects 

of these variables on maximum average power output. They found that when 

different crank arm lengths were used, the rate of crank rotation changed in a 

predictable manner. Although the rate of rotation changed according to crank arm 

length, the actual pedal speed did not vary. This implies that when testing for 

maximum average power output, leg muscle contraction occurs at an optimal speed. 

The term these researchers used to describe the speed of muscular contraction is 

"shortening velocity". If maximal average power output is associated with a 

particular pedal speed, it must also be associated with a particular cadence as pedal 

speed and cadence are directly related when crank arm length is fixed. 

Optimum Cadence or Pedal Rate 

An optimal cadence or pedal rate depends upon what performance criteria are 

important to the cyclist. If efficiency from a metabolic perspective is of utmost 
concern, then lower pedal rates are generally considered to be optimal (6). In order to 

determine an optimal pedal rate for extended periods of cycling, Coast et al. (6) 

measured a number of physiological variables of subjects pedaling at various rates 
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under a constant power output. The pedal rates used in this study ranged from 40 to 

120 rpm in increments of 20 rpm. In this experiment, subjects were required to pedal 

at high loads (85% of their V0 2 max) over a 30-minute time span. Under these test 

conditions, blood lactate levels, heart rate and ratings of perceived exertion were 

found to be minimal at a cadence of 80 rpm. On the basis of these results, the 

authors concluded that a cadence of 80 rpm was superior to the other pedal rates 

tested (6). 

Widrick et al. (26) found that from a metabolic efficiency perspective, a pedal 

rate of about 90 rpm was optimal when both internal and external work was 

considered in the analysis. This is somewhat higher than the values specified in 

earlier pedal rate studies that considered only the work related to propulsion. 

Internal work, on the other hand, is defined as the work to accelerate and decelerate 

the leg while cycling. It has been found to range from 5 to 30% of the external or 

propulsion related work at 50 rpm. In general, internal work increases with cadence 

(26). 

According to Hagberg et al. (10), improved economy at 80 to 90 rpm may be a 

function of better muscle blood flow and less use of trunk muscles to maintain 

balance on the bike. 

The determination of an optimal pedal rate is linked to the amount of power 

being generated. At high levels of power output, high pedal rates are deemed to be 

optimal. The competitive advantage of high pedal rates is that it is somewhat easier 

for the cyclist to accelerate quickly which is important in race situations (6). 

To some extent, the optimum pedal rate for a given cyclist depends upon the 

muscle fibre composition in his/her legs. Cyclists with a high proportion of slow 

twitch fibres tend to benefit more in terms of efficiency at low pedal rates than those 

with a low proportion of slow twitch fibres (21). 

Most competitive cyclists prefer to pedal at rates between 90 and 100 rpm. In 

general, the preferred cadence of competitive cyclists is slightly higher than that of 

recreational riders. Hull et al. (12) demonstrated that muscle stress is at a minimum 

when cyclists are pedaling at their preferred cadence for a given power output. They 

further suggest that the reason cyclists select a cadence that minimizes leg forces is 

that it reduces the sensation of fatigue (12). The conclusion to be drawn from all of 

this research is that cyclists pedal at their preferred cadence to optimize their cycling 

performance. Substantial deviations from the preferred cadence are expected to 

result in a decrease in performance. Coast and his colleagues suggest that a 
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performance decrease of 5 to 10 % may be associated with large deviations from 

one's preferred pedal rate (6). 

Biomechanical Factors 

In cycling, there are a number of biomechanical factors that influence energy 

expenditure and power generation. These include "bicycle geometry (seat height, 

crank arm length), pedal-shoe linkage, body posture and riding technique" (21). A 

substantial amount of research has been undertaken in order to examine these 

various issues however, as they are not directly relevant to this project, a review of 

these factors will not be further pursued. The biomechanical factors that are directly 

relevant to this project include gear ratios, gearshift mechanisms and hand grip 

issues. The following sections deal with these topics in some detail. 

Gears and Power Bands 
One of the distinguishing features of mountain bikes is that they have a large 

number of gears. The number of speeds specified for a bike refers to the total 

number of gear combinations that are possible. For example, if a bike has 3 chain 

rings and eight free wheel cogs, it is a 24 speed. One may wonder why mountain 

bikes have up to 24 speeds when the typical car, which has an effective speed range 

of at least three times as large, requires only 4 or 5 forward gears. The answer to this 

question is that there are substantial differences between automobiles and bicycles in 

terms of power generation. Most car engines operate effectively between 2000 and 

4000 revolutions per minute (rpm). These values define the normal power band at 

which car engines are usually run. At the low end of the power band, the engine 

remains fairly responsive to acceleration demands while at the high end of the 

power band, fuel consumption and internal work increases. As car engines have 

comparatively broad power bands, they require only four or five forward gears to 

cover the speed range of the typical automobile. 

From the pedal rate research referenced above, it is apparent that the effective 

power band for cyclists is substantially narrower than that of automobile engines. 

The consequence of having such a narrow power band is that a far greater number 

of closely related gear ratios are required for cyclists to pedal at or close to their 

preferred cadence throughout the speed range of the bicycle. 
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Gear Ratios 

In the North American bike trade, gear ratios are referred to in terms of 

inches. This gear ratio value is arrived at by counting the number of teeth on the 

chain wheel cog and dividing it by the number of teeth on the freewheel cog and 

then multiplying the resulting number by the diameter of the rear wheel (in 

inches). Because changes in the diameter of the rear wheel will alter the distance the 

bike travels for each revolution of the crank set, the rear wheel dimension must be 

included to allow for comparisons among bikes with different wheel sizes. In the 

following table, the gear ratios are multiplied by a rear wheel diameter of 26 inches 

and the resultant is shown in the column labeled "inches". 

Gear Ratios (Shimano cogs and chain wheels 726 inch rear wheel) 

Rear cog 

(#teeth) 

Small 

28 tooth 

Gear 

Ratio 

Inches 

Medium 

38 tooth 

Gear 

Ratio 

Inches 

Large 

48 tooth 

Gear 

Ratio 

Inches 

30 0.93 24.27 1.27 32.93 1.60 41.60 

26 1.08 28.00 1.46 38.00 1.85 48.00 

23 1.22 31.65 1.65 42.96 2.09 54.26 

20 1.4 36.40 1.90 49.40 2.40 62.40 

17 1.65 42.82 2.24 58.12 2.82 73.41 

15 1.87 48.53 2.53 65.87 3.20 83.20 

13 2.15 56.00 2.92 76.00 3.69 96.00 

11 2.55 66.18 3.45 89.82 4.36 113.45 

Table 1 
There are several gear combinations that should not be used. The 

gear combinations that should be avoided are the smallest chain ring 

with the smaller cogs and especially the largest chain ring with the 

larger rear cogs (Figure 6). These combinations impose greater lateral 

forces on the chain and gear teeth than desirable combinations and 

result in accelerated wear of drive train components as well as other 

undesirable chain behaviours such as chain suck and phantom shifts. 

Chain suck refers to the phenomenon of having the chain "sucked" up 

into the space between the chain rings and the bicycle frame. Typically 

Chain rings 

f Chain 

Rear cogs; 
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the chain becomes jammed into this space and must be freed before any further 

pedaling can take place. This jamming of the chain is most likely to occur when 

maximum power is applied to the pedals. Phantom shifts refer to the gear system 

changing gears without any input from the rider. The various forms of mechanical 

misbehaviour associated with cross chain gearing may result in damage and 

potential injury to the rider if it occurs at a critical time when maximum power is 

needed to safely negotiate the terrain. 

Gear Shift Mechanisms 

Indexed Shifting 
Gear levers or shifters were fairly traditional in design and function for many 

years prior to the introduction of indexed shifting in 1985 by Shimano (3). Indexed 

shifting results in crisp, reliable gear changes because the derailleur, a mechanism 

which moves the bicycle chain from one cog to the next, is allowed to move only 

the exact amount needed to execute the intended gear change. The advantage of 

indexed shifting is that it does not require the cyclist to operate the gear lever in a 

precise manner in order to execute perfect shifts. 

The first indexed shifters made use of a detent mechanism to assist the cyclist 

in locating the gear lever in an ideal position. Following the introduction and 

acceptance of simple indexed shifters, Shimano began developing more complex 

shifter mechanisms. In essence, the development of indexing enabled component 

manufacturers to employ a variety of actuators that facilitate shifting. Consequently, 

several new shifter mechanisms have been developed over the last eight years. 

Shimano Rapid Fire 

Figure 7 - Shimano Rapid-Fire 
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The first, and until 1995 most successful, of the new breed of shifters for 

mountain bikes was introduced by Shimano in 1990 under the name of Rapid Fire 

(Figure 7). Rapid-Fire shifters utilize two levers that are mounted beneath the 

handlebars in close proximity to the handlebar grips. Gear selection with a Rapid-

Fire shifter is accomplished by pressing these levers with the thumb (or the thumb 

and forefinger with Rapid Fire Plus models). The shifter on the left side of the 

handlebars is responsible for front chain ring shifts and the shifter on the right is 

responsible for rear cog shifts. Novice users of this shifting system are compelled to 

figure out this arrangement by trial and error as there are often no indicators of 

what each lever is designed to do. 

Because the shift levers 

always return to a fixed position, the 

rider should have little difficulty in 

locating them (Figure 8). The 

disadvantage of this system is that 

an indication of which cogs are 

currently engaged cannot be derived 

from the position of the lever. 

Several manufacturers of drive 

train components have 

incorporated indicators to show the 

rider which cog is currently engaged 

however this requires the rider to 

view both shifters to determine which gear is engaged. This may be difficult to do on 

rough terrain due to vibration, or if debris obscures the display. As the vast majority 

of riders are quite vague about the specific mechanics of their gear systems, (i.e. gear 

ratios) most simply continue shifting until they happen upon a comfortable gear. 

It should be noted that shifting to a larger cog on the left shifter results in a 

higher gear whereas shifting to a larger cog on the right side results in a lower gear. 

This situation, although characteristic of all derailleur systems, adds complexity to 

the shifting task because the shift lever responsible for shifting to a larger cog is 

located on the bottom of both the left and right shifter. The potential for shifting 

errors increases with more demanding gear selection requirements as in the case of 

races or very technical rides. 

The theory behind Rapid-Fire shifter design was to allow the rider to shift 

gears without removing his/her hands from the handlebars. The benefits of this 
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type of shifter are that the rider can change gears more quickly and maintain better 

steering and braking control of the bike while shifting. An additional benefit of this 

design is that the rider is not forced to rotate his/her wrist in order to reach shift 

levers located above the handlebars. Designs that require wrist rotation so that the 

thumb can actuate the shift lever have been considered a contributing factor to the 

development of de Quervain's disease in mountain bikers who ride over 

challenging terrain. De Quervain's disease is defined as tenosynovitis of the first 

dorsal compartment of the wrist. The first dorsal compartment of the wrist contains 

the tendons that attach to the abductor pollicis longus and extensor pollicis brevis. 

These muscles are responsible for the flexion and adduction of the thumb. Damage 

to these tendons is thought to arise as a consequence of movements of the wrist that 

result in "acute angulation" of these tendons. Repetitive and forceful movement of 

the thumb, exposure to vibration, and direct trauma are other contributing factors to 

the development of de Quervain's disease. The Rapid-Fire shifter should reduce the 

likelihood of off-road cyclists developing de Quervain's disease by improving the 

position of the wrist and thumb during gear changes (24). 

Another cycling related malady of wrist tendons, which is much more widely 

recognized, is Carpal Tunnel Syndrome. The exposure factors for Carpal Tunnel 

Syndrome and de Quervain's disease include: 

> Extended exposure time. 

> Rough terrain where wrists are affected by the shock and vibration of off 

road riding particularly when not attenuated by front suspension systems 

or padding. This problem can be compounded when the cyclist is forced to 

use only one hand position so that the thumb is in position to actuate shift 

levers. 

"y Improper wrist position that results in excessive bending of the wrist. 

> Excessive pressure on the wrists which usually arises from improper bike 

fit (13). 
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Figure 9 - Shimano - Brake Position 

Figure 10 - Shimano - Shift Position 

Off road riding is optimized 

when steering, braking and shifting 

can be done simultaneously. Riders 

with very large hands should not 

experience any difficulty in 

performing these operations at the 

same time with the Rapid-Fire 

shifter system. Cyclists with smaller 

hands will likely experience greater 

difficulty in braking and shifting 

simultaneously as a result of the 

spatial relationships between the 

shift levers and the brake lever. 

Because the shift and brake levers 

are contained within a single 

housing the angle and position of 

the shifter is fixed with respect to 

the brake lever. When small cyclists 

have their hands in an optimum 

position for braking (Figure 9), their 

thumbs can not reach the shift 

levers. If the hand is repositioned to 

actuate the shift levers, then 

increased hand force at the brake 

lever is required (Figure 10). To shift 

and brake effectively, small people 

are forced to slide their hands 

inward to shift and outward to 

brake. 

Small handed cyclists face a 

second problem when using Rapid Fire shifters in that full extension of the left 

thumb is required to actuate shift levers when shifting to a larger cog on the front 

chain ring (Figure 11). The shift lever must move 6 cm. in order to make these gear 

changes. In addition to this large amount of travel, the resistance to lever 

movement increases somewhat near the end of lever travel just prior to chain 

engagement with the desired cog. This increased resistance occurs at a point in the 
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shift stroke when the thumb has the least amount of mechanical leverage. This 

problem is caused by the large amount of derailleur travel and force required for 

front chain ring shifts. Riders with small hands or weak thumbs will have to twist 

their wrist in order to complete these shifts. The force and amount of derailleur 

travel required for rear cog shifts is much smaller than front chain ring shifts. In 

fact, half lever strokes will shift the rear cogs one gear at a time. Consequently, riders 

with small hands should not experience difficulty performing single gearshifts. As 

the right shifter is designed to allow a two-cog gearshift with a single full lever 

stroke, small cyclists may have to twist their wrists in order to shift two gears at a 

time. Shifts to smaller cogs for both the right and left shifters require only a small 

effort as the action is one of releasing a catch. For these shifts, the lever force and the 

length of the lever stroke (2 cm) are substantially smaller. 

Both top and bottom levers for the shifter have plastic thumb pads that differ 

in size according to the amount of thumb pressure needed to actuate the lever. The 

bottom pad, which attaches to levers that shift to larger cogs is 2.5 cm wide by 1.5 cm 

high and has a concave surface to cradle the thumb through the comparatively long 

stroke. The top levers that shift to smaller cogs have flat pads that are 2.0 cm wide by 

.75 cm high. The difference in surfaces and size may help the rider to distinguish 

between these levers on the basis of feel alone. Top and bottom pads are offset by .75 

cm with the top pad being closer to the rider than the bottom. This seems to help in 

reducing the likelihood of actuating both levers at the same time. Clearance between 

the handle bar and the bottom lever pad is 2 centimeters. This should be adequate 

for bare hand operation but may result in problems when the rider is wearing thick 

gloves as in the case of winter riding. Shifting is typically not affected by wet levers. 

Other types of Rapid-Fire shifters may vary somewhat from the example discussed 

in terms of dimensions. 

Although several design weaknesses from an ergonomics perspective were 

evident in early models, the market pressure that drives innovation in component 

design has rectified some of these deficits. For example, Rapid-Fire shifter design has 

been improved by changing the action of the levers responsible for shifting to a 

smaller cog from a push of the thumb to a pull of the index finger. Displays that 

indicate which gear is in use have also been added to the shifter housing. 

If the shifter goes out of adjustment due to cable stretch or other factors, all 

shifts will be messy and generally unsatisfactory until the problem is corrected. 

Although adjustment mechanisms have been incorporated into the design, they 

require the user to understand why the shifter is not working properly in order to be 
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used effectively. Fortunately adjustment by trial and error is a rather simple 

procedure. 

Twist Grip Shifter Designs 

Figure 12 - SRAM - GripShift 

The Rapid-Fire system is one of two major types of mountain bike shifter 

mechanisms. The other type is operated by twisting the handgrip or more 

commonly a portion of the handgrip to change gears (Figure 12). Because SRAM 

Corporation originally developed these mechanisms for the mountain bike, they are 

commonly referred to by the trade name of GripShift. In the few years that these 

mechanisms have been available, they have essentially replaced the Shimano line 

on many quality bikes because they offer some advantages over lever shifting. One 

advantage is that large number of gears may be shifted with a single twist of the 

wrist. Because one uses the thumb and forefinger to shift gears, the thumb is 

excused from the strenuous exercise it experiences with the Rapid-Fire shifter. 

Disadvantages of the Grip Shift include the fact that it is more difficult to 

brake while shifting gears. Riders with small hands who are unable to brake and 

shift simultaneously with Rapid Fire type shifters will probably find the Grip Shift 

better suited to their needs. Grip Shift also requires cyclists to cock their wrists in 

order to shift the front chain ring which may result in wrist problems under adverse 

conditions. 

Some users have experienced slippage with the Grip Shift when wet. In 

response to this problem, grips that feature a more aggressive pattern have been 

introduced. Although "aggressive" grip patterns reduce the likelihood of slippage, 

many riders have reported considerable discomfort or blistering of the skin due to 

unshielded contact with these rough surfaces. 

Because the Grip Shift actuators are only 32 mm. long, the entire load for 

shifting is concentrated between the thumb and forefinger (Figure 13). In addition to 
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shifting load, the load for steering control is also 

concentrated in this area of the hand as the 

stationary grip must be released to allow the 

actuator grip to rotate. Riders with very narrow 

hands may be able to recruit their middle fingers 

for shifting although this moves the hand 

somewhat closer to the brake clamp which may 

have the effect of reducing the force that can be 

no _ . _,.,, . , applied to the brake lever. The shifter housing 
Figure 13 - GnpShift Actuator r r ° 

which is located between the brake clamp and the 

actuator grip measures 22 mm. This positioning may result in the hands being 

placed slightly closer to the centre of the handle bar than other shifter designs. As a 

consequence, the effort to steer may be slightly increased due to the reduction of 

leverage. It is not known if this has any effect on cycling performance. 

Hand Grip Issues 
Although references to handle bar grip sizes were not found, there has been 

work done on hand grip sizes and shapes for the design of hand tools. Because this 

type of research addresses similar issues to that encountered in the design of handle 

bar grips, the findings are considered to be relevant. 

In 1971 Ayoub and Lo Presti (1) published a paper about an experiment in 

which they tried to determine if an optimum cylindrical handle size exists. The 

experimental task involved grasping a suspended handle and pulling it toward a 

target, holding it at the target and then returning the handle to the starting position. 

Using measures of muscle electromyography and grip force, these researcher 

concluded that, in their test procedures, the 1.5 inch (3.8 cm.) diameter handle was 

rated as optimum in terms of the ratio between force applied and the measured 

EMG activity. In addition, test subjects were able to perform more task cycles before 

the onset of fatigue with the 1.5 inch (3.8 cm.) diameter handle than any other 

handle diameter. Surprisingly, these researchers also found that hand length had 

little effect upon the results of their tests. 

One would assume, on the basis of this research, that an optimal hand grip 

diameter for mountain bike applications would also be about 1.5 inches or 3.8 cm. 

However measurements of mountain bike handgrips typically range from a 

diameter of 2.9 to 3.5 centimeters depending upon design. As such, grip sizes 
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currently on the market would be considered to be slightly undersized in light of 

this research. 
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Chapter 3 - Design Directions 
Initial Assumption 

Prior to embarking upon the design of a derailleur based mountain bike 

shifter, other possible solutions to improve mountain bike drive trains were 

considered. Research into the design of continuously variable transmissions, shaft 

drives, and hydraulic propulsion systems suggested that these methods of power 

transmission were unsuitable for mountain bike applications due to cost, size 

restrictions, weight restrictions, maintenance issues, and difficulty in providing 

enough gears to cover the speed range of the bicycle. 

As derailleur based drive trains are comparatively free of these constraints, 

the potential for improving the power transmission characteristics of bicycles 

appeared to depend upon improving derailleur based shifting. Although 

refinements in derailleur drive train components such as derailleurs, cog sets, and 

chains have improved shifting performance over several decades, little progress has 

been evident in terms of actually improving the power transmission characteristics 

of bikes. Therefore the potential to improve power transmission characteristics 

appears to be independent of drive train components. Consequently the design of a 

derailleur-based shifter that might improve power transmission characteristics 

became the starting point for this project. 

Setting Objectives 
The first step in the design of a derailleur based mountain bike shifter was to 

determine what was to be accomplished with this design. In order to set design 

objectives for a shifter, one requires a good understanding of bicycle drive train 

operation. 

An examination of a typical mountain bike drive train revealed a redundancy 

of gear ratios that limits the actual number of useful gears on a 21 speed to 11. 

Similarly, the actual number of useful gear ratios on a 24-speed transmission is 12. 

Due to the mechanical and spatial constraints of the derailleur system, the gear 

configuration of 3 chain rings and 8 rear cogs is necessary to obtain 12 distinct gear 

ratios. In the following charts, gear ratios are plotted to illustrate this redundancy. 

Chart 1 shows the gear ratios associated with each chain ring. Chart 2 illustrates the 

overlap of each range when these ranges are aligned by gear ratio. Notice how 

closely the gear ratios are clustered when the ranges are aligned. 
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Gear Ratios 
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On the basis of this analysis, the available literature, and personal inquiry, it 

was apparent that the potential to improve power transmission characteristics 

would be mediated by the identification of an optimal shift pattern. This can be 

determined by analyzing the gear ratios that exist in a typical mountain bike 

drivetrain. Although there are several shift patterns that allow for an even 

increment in rate of gear ratio, some of these patterns result in cross chain 

configurations. Consequently, an optimal shift pattern is one that changes gear ratio 

at as even a rate as possible while minimizing the potential for cross chaining. Table 

2 shows an optimal shift pattern that satisfies both of these conditions for a typical 

mountain bike gear system. The "Cross" value indicates cross chain gearing 

combinations. In general, the further away from the optimal gear combination (as 

indicated by the degree of shading), the worse the cross chain situation becomes. 

Gear Ratios (Shimano cogs and chain wheels 726 inch diameter rear wheel) 

Rear cog 

(#teeth) 

Small 

28 tooth Gear 

Medium 

38 tooth Gear 

Large 

48 tooth Gear 

30 0.93 1st 
1.27 Cross 1.60 Cross 

26 1.08 ^nd 
1.46 Cross 1.85 Cross 

23 1.22 3* . -+ 1.65 5th 
2.09 Cross 

20 1.4 I 4* 1.90 6th 
2.40 Cross 

17 1.65 Cross 2.24 
1 

f 

17th 
- * 2.82 gth 

15 1.87 Cross 2.53 8th 
3.20 10th 

13 2.15 Cross 2.92 Cross 3.69 r 
11th 

11 2.55 Cross 3.45 Cross 4.36 12th 

Table 2 

With the determination of an optimal shift pattern, it was apparent that the 

function of both the rear and front derailleurs had to be integrated. In other words, 

the shifter would have to control both front and rear derailleurs simultaneously. In 

addition to this initial design specification, an examination of existing shifter 

designs was undertaken to identify their positive and negative features and to 

generate a list of design objectives for the proposed shifter. These are summarized as 

follows: 
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Design Objectives 

> Compatible with existing derailleur drivetrains 

> Employ an optimal shift pattern 

> Economically sound design 

> Single and multiple gear changes 

> Operational simplicity - easily adjusted and maintained by the user 

> Durable 

> Positive stops at either end of the gear range 

> Eliminate over-shifting 

> Minimal size and weight 

> Eliminate the need for indicators 

Potential Solutions 
The design objectives served to guide the exploration for appropriate shifter 

mechanisms. In particular, the use of an optimal shift pattern was considered 

essential to any potential improvement in power transmission characteristics as it 

allows cyclists to pedal at or near to their preferred rate while minimizing cross 

chaining. Because the optimal shift pattern specifies the integration of front and rear 

derailleur operation, all potential design solutions had to be capable of integrating 

the two independent operations into a single movement. Consideration was given 

to any mechanism that might be capable of performing this function. The 

mechanisms that appeared to have some potential included devices that alter cable 

position by: 

> Changeable peg configurations 

> Linked ratcheting mechanisms 

> Programmable servo motors 

> Linked cam mechanisms 

The changeable peg configuration proved to be unworkable while the other 
options were considered to be potentially viable. 

On a conceptual basis, it was apparent that a linked ratcheting mechanism 

required a secondary reversing mechanism when chain ring shifts occurred for both 

23 



upshifts and downshifts. This potential solution called for a very complex 

mechanical design that would have to balance part size and weight with strength. 

Although a suitable balance may be achieved by specifying high performance 

engineering materials such as titanium alloys, this would have resulted in costly 

manufacturing processes and assembly procedures. 

A high-tech programmable servo-motor device provided a more attractive 

solution to the problem. This solution was considered to be simpler than either of 

the potential solutions discussed. In essence, a small electronic processor controlled 

by an input switch would be responsible for determining cable positions. The 

processor would in turn control a small servo-motor connected to each derailleur 

cable. The viability of this solution rests in being able to source small, strong, and 

lightweight motors capable of altering cable positions quickly. Viability is also 

contingent upon providing a reliable lightweight electric power source, a 

positioning sensing device, weather resistance and being able to manufacture the 

shifter at a reasonable cost. Sourcing of components and anticipated costs for this 

option proved to be substantial problems. 

The linked cam mechanism involves a set of two cams that are linked and 

rotate on the same axis. Each of these cams acts upon a cam follower that in turn is 

linked to and controls one of the two derailleurs on the bike. This mechanism is by 

far the simplest of those considered and is the solution that best satisfies the criteria 

set out in the design objectives. It is not surprising that these types of mechanisms 

are found in a variety of machines where numerous independent functions must be 

controlled simultaneously. Although the linked cam mechanism proved to be best 

suited to the task, the ideal form of this mechanism had to be determined by 

experimentation. 

In general, the potential shifter design solution could be either an "add on" 

device which integrates shifter functions but is controlled by a conventional shifter 

or it could be a completely original shifter design. Both solutions were evaluated in 

terms of the design and performance parameters listed in the design objectives. 

Because designing a shifter from scratch, offers a number of advantages over "add 

on" devices in terms of simplicity, weight, size, cost, etc., it was chosen as the 

preferred design approach. 
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Chapter 4 - Test Rigs 

Process 

Once the design objectives and a general concept for the mechanical design of 

the proposed shifter were defined, the process of actually designing the shifter was 

initiated. Because the design of any one component affects the design of the 

components that it interacts with, a "systems approach" to the design of the shifter 

was adopted. This approach recognizes the hierarchical relationships that exist 

between the various system components. 

As the design of the cam mechanism determines the design of all other 

system components, it had to be defined before design work on other components 

could begin. The cam mechanism is therefore, by definition, a "parent" or core 

component of the system and from a hierarchical perspective, the cam followers and 

other components are the "dependent" components of the system. Although this 

hierarchy exists in the general terms just described, it does not recognize the inter-

dependencies that exist between many components. As such, viewing this design 

exercise in terms of a simple hierarchy is an over-simplification of the design 

process. An example of the interdependency that exists within the above stated 

hierarchy pertains to the size of the cam follower "head" in relation to the cam 

surface. In effect, the cross-section of the contact portion of the cam follower must be 

a certain minimal size to withstand the loads imposed upon it and yet if its overall 

dimensions are increased, it will compromise the structural integrity of the cam 

itself. This interdependency drives the design of each component to a point where 

an acceptable dimension for both components is achieved. As there were many 

other inter-dependencies that impact upon the overall design, each had to be 

evaluated with respect to all others. This evaluation process in turn established a 

number of other hierarchical relationships that directed the design. In other words, 

the process of developing design solutions was highly iterative in that design 

solutions were evaluated in the context of their immediate hierarchies and then in 

terms of their impact upon other system components. Fortunately many of the 

design problems could be solved sequentially once certain hierarchies were 

established. For example, the design of the outer casings and the rubber grips were 

dependent upon the resolution of all of the mechanical design issues. 
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Test Rigs 

Due to the hierarchical relationships that exist between components, the first 

series of test rigs were constructed to explore and evaluate several cam mechanisms. 

Once a design direction for the cam mechanism was determined, test rigs to explore 

mechanical principles associated with dependent components were constructed. 

These include detent or indexing mechanisms, cam followers, cam follower support 

bracket, adjustment mechanisms and gasket rings. Details of these investigations are 

summarized in the following sections. 

Cam Mechanisms 
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Figure 14 - Radial Cam Test Rig 
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Figure 15 - Linked Radial Cam 

Both radial cam (Figures 14, 15) and 

cylindrical cam configurations were 

explored. Although radial cams appear to be 

somewhat simpler to design, they require a 

certain degree of sophistication in terms of 

the path profile. Specifically a curved path is 

required to allow for an even application of 

force through the entire shift movement. 

Another problem with radial cams arises as 

a consequence of the cam follower 

travelling in an arc as it pivots around a 

fixed point. Adjustments in station position 

and offset distances must be made to 

accommodate this movement. 

Radial cams also have to be of a 

sufficient size to allow for reasonable ramp 

angles as the ramp angle is directly related to 

the circumference of the cam at any 

particular station and the displacement 

value. In the mechanical explorations 

undertaken, the minimal diameter for these 

cams was found to be about 9.6 cm. 

Cylindrical cams, in contrast, do not 

share the problems associated with radial 
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cams. They can be much more compact as well as restricting cam follower 

movement to linear paths. In the case of derailleur applications, this restriction is 

desirable because it reduces the number of lateral forces acting upon shifter 

components. 

Because cylindrical cams (Figure 16) offer these advantages over their radial 

counterparts, a cylindrical cam was 

chosen as the preferred configuration. 

However it should be noted that 

cylindrical cams are also subject to a 

number of physical constraints. In order 

to arrive at an optimal design for the cam 

mechanisms, a number of important but Figure 16 - Cylindrical Cam 

conflicting considerations must be 

balanced. For example, ramp angle must 

be gentle enough to limit lateral forces 

and to be easily operated by the user. At 

the same time ramp angle can not be so 

shallow as to require the user to rotate 

the wrist an excessive amount in order to 

shift. Too shallow a ramp angle will also 

result in a longer cam path that in turn 

results in too little material supporting „. ,_ „ .. , „ _ iU 
r r ° Figure 17 - Cylindrical Cam Path 

the cam surface once a full revolution of 
the cam occurs. An optimal ramp angle as illustrated in Figure 17 balances all of 
these considerations. 

Indexing Mechanisms 
Indexing mechanisms are devices that help the cyclist locate gear lever 

positions that correspond with optimal derailleur positions. The concept of indexed 

shifting first made its appearance more than a decade ago and significantly 

improved shifting performance. In addition, indexing enables component designers 

to employ a variety of actuators and greatly expands the opportunity for innovation 

in shifter design. 

There are a variety of detent mechanisms available to "index" the shifter 

mechanism. These include ratchets, metal springs, and "ball in cylinder" designs. 

The purpose of the detent mechanism is to precisely position the cam follower on 
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Figure 18 - GripShift Detent Mechanism 

the cam so that an optimal shift is executed. Although most of these mechanisms 

are capable of performing the job, some were found to be less suitable to the task 

than others. One of the first to be eliminated was the ratchet mechanism. The 

ratchet mechanism was not considered an appropriate candidate due to its reliance 

upon two actuators for operation and many small internal parts. Shimano Rapid 

Fire shifters use a ratchet mechanism composed of nearly fifty separate parts per 

shifter. 

The use of a bent metal (or plastic) 

spring and notch system is a comparatively 

simple and proven method of indexing. In 

fact, it is the method used by the Grip Shift 

brand of shifters (Figure 18). Although 

simple and effective, this mechanism 

requires a certain amount of space as is 

evident by the bulbous housing on the 

Grip Shift. As a proven device, this 

mechanism was not experimentally 

evaluated. 

A system that does not require the 

same type of lateral space is the ball-in-

cylinder mechanism (Figure 19). 

Essentially this system has a ball captive in 

a cylindrical hole which is being pushed by 

a spring into a round concave surface on a 

corresponding piece. Although this was 

found to be effective, maintenance of this 

system might prove to be a problem owing 

to the fact that multiple small spring 

loaded steel balls would be difficult to 

handle. Experimentation with several 

versions of this system revealed that proper operation depended on maintaining 

very tight tolerances. Owing to these serious practical limitations, this mechanism 

was not further considered as a candidate for the indexing mechanism. 

Following the elimination of the ball in cylinder mechanism, consideration 

was given to incorporating a detent mechanism in the cam control surface itself. It 

was apparent that a detent mechanism on the rear derailleur would result in too 
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Figure 20 - Integral Detent on Cam Surface 

steep a ramp angle as well as requiring 

more space than was available. 

Fortunately the cam controlling the front 

derailleur alters the cam follower position 

only when chain ring shifts occur. For any 

other shift, this cam surface does not 

change its longitudinal position. As a 

result this is an ideal surface on which to 

incorporate a detent mechanism. After 

much thought and experimentation, a 

cam profile that did not interfere with shifter function and yet provided an 

appropriate amount of resistance to movement was arrived at (Figure 20). This 

particular system uses existing cable tension from the front derailleur to operate the 

detent mechanism. As such, no additional parts were added to the shifter in order to 

develop the detent mechanism. Because this design reduces the number of parts 

while eliminating maintenance, it was an obvious choice for the detent mechanism. 

Cam Followers and Guides 
The cam followers for a cylindrical cam design are continuously in tension 

from the derailleurs. When a gear is changed, the cam, which is composed of a 

number of flat spots connected by ramps, moves the follower to a new longitudinal 

position that in turn 

moves the derailleur 

and ultimately the 

chain to the intended 

gear (Figure 21). When 

a follower is on a flat 

spot of the cam, the 

forces acting upon the 

follower have only a 

longitudinal component (tension). When a follower is on the ramp section of the 

cam, the forces acting upon the follower have both a longitudinal and lateral 

component. In order to allow only longitudinal motion the potential for movement 

in any other direction must be restricted. This can only be accomplished with the 

use of guides. As the cam followers and the cam follower guides must work together 

as a unit, the followers necessarily have to be designed concurrently with the guides. 
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There are few available options in the design of guides for cylindrical cam 

mechanisms that are concentric with the handle bar support structure. The first 

possibility is to have an external guide that fits over the handle bar. This choice 

requires an enlargement of the brake clamp so that the follower may connect with 

the derailleur cables. When a normal handle bar diameter is used, the final grip 

diameter will become substantially larger than the size of handle bar grips now on 

the market. Lastly the external guide would need to be anchored securely to the 

handle bar. These conditions of using an external guide are highly undesirable for a 

variety of reasons. First, the modification of other components such as brake clamps 

means a retooling for those component manufacturers as well as the need for 

consumers to replace brake levers if they wish to use the new shifter design. 

External guides also increase the grip diameter to a size that is slightly beyond the 

optimal handgrip size as determined by Ayoub et al. (1). 

Given the problems associated with external guides, a more practical choice 

was to have an integrated guide that is formed from existing structural members. 

Fortunately this can be accomplished by milling slots into the existing handle bar 

without compromising its structural integrity. Experimentation with cam followers 

that protrude through precision milled slots were found to work very well in 

allowing longitudinal motion while restricting lateral motion (Figure 22). 

Figure 22 - Integrated Guides Test Rig 

This integrated system has the advantages of eliminating a separate part for 

the guide and the need to anchor that part. In addition this system minimizes the 

grip diameter dimension as only the cam follower contact surface protrudes from 

the handle bar. As the numerous advantages of this system far outweigh the cost of 

milling slots into the handle bar, this system was considered the best solution to the 

cam follower guide problem. 
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Adjustment Mechanisms 
All indexed shifters require a fine adjustment mechanism to alter the 

"relative length" of the derailleur cable so that the derailleur can be fine-tuned to 

execute optimal shifts. This mechanism should be easy to adjust and accessible to 

the user while on the bike. Because the shifter connects directly to the derailleurs, 

the adjustment mechanism has to be located on the shifter itself. 

Currently there are several 

variations of a simple screw mechanism 

III that are being used to make fine 

adjustments of cable position. The hollow 

screw mechanism that Shimano shifters 

employ has a spring loaded outer casing 

™ which is indexed to slots in the shifter 

Figure 23 - Shimano Adjustment Device housing (Figure 23). Because this 

mechanism is very well designed in terms 

of function, simplicity and durability, it would be very difficult to improve upon. 

Consequently a decision was made to incorporate Shimano type adjuster 

mechanisms into the design of the proposed shifter. 

Gasket Rings 
The cylindrical cam and the rubber grip that encases it are the only rotating 

components of the proposed shifter design. As both ends of the cam assembly are in 

contact with stationary components, a certain amount of wear could be expected as a 

result of friction. This friction is also undesirable because it impedes the free 

rotation of the cam and increases the amount of force required to shift. The inboard 

end of the cam assembly is particularly subject to friction and wear because of the 

loading transmitted from the derailleur springs via cables and cam followers onto-

this structure. In order to reduce friction and wear on load bearing surfaces, gaskets 

that are light, durable and have a low coefficient of friction were deemed to be 

necessary. 
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Chapter 5 - Prototype Design 

The test rigs described in Chapter 4 were employed to establish the optimal 

mechanical design principles for the shifter prototype. Once these principles of 

operation were determined, the next stage in development was to arrive at an 

optimal design for the mechanical parts. Details of this development are 

documented in the following sections. 

Cylindrical Cam with Integrated Indexing Mechanism 
The successful design of a cylindrical cam depends upon finding a balance 

between several design criteria. The most important factors to consider were related 

to the: 

> optimal diameter for cylindrical hand grips 

> amount of wrist rotation required for single and multiple gear changes 

> forces required to change a gear 

> structural integrity of the cam 

> structural integrity of the cam follower 

> durability of the cam mechanism 

> material and manufacturing considerations 

In as much as possible, material choices for the prototype were consistent 

with the materials of choice for large-scale manufacture. The material chosen for the 

cam was 6061-T6 aluminum round bar. This was bored out on a metal lathe to a 

final internal diameter dimension. Similarly, the exterior was turned to its final 

dimension. This "pipe stock" was then mounted in a 4-axis CNC milling machine 

and both cam paths were cut according to a program written for this application. The 

programming of the CNC machine was complicated because offset allowances for 

the cross section of the cutter and its path had to be made. In addition, the paths for 

each cam had to coincide exactly for proper indexing to occur. These paths were 

offset by precisely 180° in order to balance the longitudinal forces acting upon the 

cam as well as to allow for non-interfering cam follower placements. 

The design of the cam paths for the front and rear derailleurs are significantly 

different. The cam path for the rear derailleur is composed of a number of "flat 

stations" that are connected by "ramps". The longitudinal distance between these 
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flat stations is equal to the amount of cable travel necessary to move the rear 

derailleur from one cog to the next (Figure 24). 

Figure 24 - Cam and Support Cylinder 

The cam path for the front derailleur has three stations that are connected by 

two ramps. The longitudinal distance between these stations is equal to the amount 

of cable travel necessary to move the front derailleur from one chain ring to the 

next. These stations also incorporate an indexing profile composed of a series of 

ramps with distinct angles. Various ramp angles are used to equalize the amount of 

force required to move the cam in either direction. In other words, the differences in 

force required shifting up and shifting down are minimized when a variety of ramp 

angles are used. In essence, the indexed position is the place where both cam 

followers find the lowest point on their respective cam paths. At this point of 

equilibrium, the lateral forces acting upon the follower and the cam are zero. When 

the cam followers are not in an indexed position, the various ramps impose lateral 

forces that act upon the cam to return it to an indexed position. 

Cam Support Cylinder 
A thin walled 6061-T6 aluminum cylinder was required to provide 

longitudinal and lateral support for the cylindrical cam. This cylinder fits snugly 

around the perimeter of the cam and was secured by 9 equally spaced small gauge 

countersunk machine screws. While the support cylinder stabilizes the sections of 

the cam, it also provides a structure on which to mount the rubber grip. 

Cam Followers and Guides 
The cam followers and integrated guides were developed in conjunction with 

the cam mechanism for obvious reasons. In order to provide access to the cam, 

precision milled slots in the handlebar were specified. These slots perform the guide 

function for the follower. The location and size of these slots were dependent upon: 
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> the length of cam follower travel 

> the dimensions of the cam, 

> the distance needed to clear the brake clamp 
> the dimensions of the cam follower 

> handle bar strength. 

Figure 25 - Cam Follower and Integrated Guide 

The cam followers had to be 

able to withstand the longitudinal 

and lateral forces transmitted from 

the derailleurs. By using a large 

head and a narrow slot, maximum 

strength with minimal weight and 

size were achieved (Figure 25). The 

designed followers were milled 

out of cold rolled steel bar to very 

tight tolerances. Bearing surfaces 

for both the guide slots and the 

cam followers were hand polished 

to minimize friction and wear. An 

extended lateral bearing surface 

was provided on the cam follower 

head in order to minimize wear 

and maximize stability by 

spreading the load over a large surface area (Figure 26). 

In order to minimize cam wear, two types of bearing mechanisms were 

designed and tested. The first mechanism was a small-gauge brass roller bearing that 

was held in place by the cam follower head. After several hours of testing, it was 

apparent that the roller bearing was sliding as opposed to rolling over the cam 

surface. Because the cam and the roller bearing have very smooth contact surfaces, it 

would appear that the friction between the cam and the bearing was less than the 

friction between the bearing and its housing. Since the internal roller bearing failed 

to work, an oil impregnated bronze bushing that encased the follower head was 

subsequently developed and tested. These bushings were also found to slide along 

the cam surface. As neither of these bearing mechanisms performed as expected, the 

Figure 26 - Cam Follower 
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shifter was run without a bearing mechanism. Fortunately, shifting performance 

remained excellent over an extended testing period with no sign of cam wear. This 

lack of wear can be partially attributed to the application of a high-grade synthetic 

bearing grease to all load-bearing surfaces. Bearings were therefore deemed 

unnecessary in this application. 

In order for the cam follower head to maximize 

the contact area with the cam, the top surface of the head 

had to be precision ground to match the profile of the 

support cylinder (Figure 27). Because the head is larger 

than the guide slot, a keyhole slot shape had to be cut to 

allow the follower head to protrude through the 

handlebar. The advantage of this arrangement is that the 

cam follower head is free to move in only the 

longitudinal direction while being securely held on other 

Figure 27 - Follower Head axes. This design effectively locks the cam onto the 

handlebar. Because of the interference fit of these 

components, consideration had to be given to the assembly process during design. 

An uncomplicated assembly procedure was specified for assembling the shifter 

mechanism. In order to assist with assembly, a simple wooden jig was made to 

position the cam followers in their guide slots. 

At the inboard end of the follower is the section referred to as the cable block 

(Figure 28). This section is where the derailleur cable attaches to the cam follower. 

Because it is offset by a certain distance from the follower 

shaft to allow for a cable adjustment mechanism, it must 

be strong enough to withstand the internal forces 

imposed upon it. 

When under tension, the cable block was found to 

move slightly toward the centre of the handlebar. This 

movement was constrained by the cable which was 

deflected a small amount when the distance between the 

cable block and the offset plate bracket was large. In order 

to maintain the follower in a position parallel to the 

Figure 28 - Cable Block handlebar, a sliding cable block support was designed . 
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Figure 29 - Cable Block Support 

The cable passes through the cable block 

support and then through the cable block on its 

way out of the shifter (Figure 29). A groove was 

milled into the surface of the cable block support 

to receive the edge of the cable block and a flat-

bottomed hole was milled into the opposite 

surface of the cable block support to receive the 

end stop of the cable. When the cable is attached 

to the derailleur, the cable tension aligns and 

positions the cable block support with the cable 

and the cable block so that the cam follower is 

properly positioned in the guide slots. In doing so, the lateral forces transmitted to 

the cable are confined to such a small area that cable deflection is eliminated. 

Moreover, the cable is centred in the adjuster mechanism which eliminates friction 

and wear. In general, the cable block support and the guides work in such a way as to 

ensure that the cam follower is always oriented to the cam surface. 

Offset Plate Bracket 
As the cables exit the shifter, they pass through an offset plate bracket that 

houses the adjuster mechanisms and provides a backstop for the cable housings 

(Figure 30). 

Figure 30 - Offset Plate Bracket 
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This bracket is composed of a plate that has two integrated detent surfaces for 

the adjuster mechanisms as well as a cylindrical yoke that locates the plate at a 

precise distance from the brake clamp. The yoke ensures that the plate is exactly 

perpendicular to the longitudinal axis of the 

shifter. It is held in place by the existing derailleur 

cable tension. Because the cam and the yoke exert 

an identical amount of opposing pressure on the 

brake clamp, the net force acting upon the brake 

clamp is zero. 

At the intersection of the detent grooves are 

tapped holes that accept the threaded portion of 

the Shimano adjustment mechanism (Figure 31). 

The detent surfaces were designed to work in 

conjunction wi th the p ro t rus ions on the Figure 31 - Detent Surface 

adjustment mechanism housing. 

Cam Gaskets 
Delrin cam gaskets were designed to 

provide a durable low-friction bearing surface at 

the interface between rotating and stationary 

components. These gaskets were machined on a 

metal lathe to tight tolerances (Figure 32). 

Figure 32 - Cam Gasket 

Exterior Casings 
The design of the external casings was dependent upon the form of the 

internal mechanical components. The design criteria for these casings were to: 

> seal the shifter mechanism from the elements 

> allow easy access for cable changes 

'r be as compact as possible 

> have an aerodynamic shape 

> utilize a snap fit closure 

y be impact resistant 

> have a well developed aesthetic 

37 



One of the goals of this design was to develop a shifter that was as elegant 

visually as it was operationally. Part of this goal was to integrate the form of the 

shifter with the handlebar structure as opposed to merely bolting on a chunk of 

hardware. This is somewhat of a departure from the prevailing design aesthetic seen 

on many modern mountain bikes where visual elegance is notably lacking. 

A variety of casing designs were explored in conjunction with the final 

development of the shifter mechanism. Because all casing designs had to 

accommodate the dimensions of the internal components, they shared the same 

basic form. Specifically the outboard end of the casing assembly had to match the 

adjacent 3.8 cm. diameter round cam cylinder. At the inboard end of the casing 

assembly, the offset plate defined the geometric shape of the exterior casing. Between 

these two shapes, a smooth, elegant transition was required. In effect, the exterior 

casing assembly had to transform from a round cross-section into a rounded 

diamond shape. 

Once the basic shapes of the casings were determined, the final designs were 

developed using SolidWorks 97 Plus. This 3-D Solids Modeler was chosen for two 

reasons. The most important reason was that it has proven to be a product of choice 

for exporting to Rapid Prototyping (RP) operations. This is largely due to the fact that 

SolidWorks is based upon the Pro Engineer engine that is used in many Rapid 

Prototyping processes. As a rapid prototype was the only cost effective way of 

making a fully functional exterior casing, the ability to accurately transmit the 

design information to a Rapid Prototyper was crucial. Because the final design of the 

casings differed in only subtle ways, a 3-D Solids Modeler was required to evaluate 

all of the possible shifter forms that were considered. Once a final design of the 

casings was determined, the electronic files were converted into a preferred file 

format and transferred to a service bureau for processing. 

The choice of a RP process depends largely on the intended use of the 

prototype. If only an appearance model is required, then conventional 

stereolithography processes are adequate. If however, the prototype needs to have 

material and mechanical properties similar to injection molded plastic parts, then 

only a Selective Laser Sintering (SLS) process will do. 

A service bureau was contracted to build the designed cases using a DTM 

Corporation SLS Sinterstation. A new polyamide SLS build material called 

Duraform that is claimed to be superior to fine nylon in mechanical strength and 

surface finish was specified for the casings. The resulting pieces were filled and 
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sanded until an acceptable surface finish was achieved. These pieces were primed 

and painted prior to final assembly (Figure 33). 

Figure 33 - Exterior Casings 

Grip Design 
The design of the grip was an extremely important consideration as it is one 

of the most visible elements of the shifter. It is doubly important because it is the 

point of physical contact with the user. The following considerations were identified 

as important to the design of the grip: 

> economically designed cushioned grip 

> non-slip grip pattern 

> non-aggressive grip pattern 

> product identity issues 

> have a well developed aesthetic 

Because this was a fully functional prototype, the appearance of exterior 

components had to be of commercial quality. Although the actual design of the grip 

pattern was not technically difficult to achieve, the production of the grip proved to 

be an extremely complex process with a multitude of technical problems to 

overcome. In fact, the grip was one of the most challenging elements to produce. 

The design of the grip was developed on a Macintosh Computer using 

Illustrator 6.0 software. Once the design was finalized, it was exported to a vinyl 

cutter for processing. Using a special blade, the vinyl cutter cut the design into 

specially mounted rubber sandblast matting. The intention was to use this matting 
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as a positive for making a grip mold. Unfortunately the vinyl cutter was unable to 

handle the fine detail of the design due to the fact that the rubber matting was 

substantially thicker than vinyl sheet. Given that the design could not be 

mechanically cut, an engraving company was hired to cut the design into the rubber 

matting with a fine laser. Although the laser was capable of cutting through the 

matting, the rubber had a tendency to ignite in the process. Consequently the use of 

rubber matting for making a positive form had to be abandoned and another 

method of making the positive form had to be found. The solution to this problem 

was to use a laser to cut the design into a thin sheet of masked Plexiglas. After laser 

processing, the edges were cleaned 

up and the pieces were mounted to 

a Plexiglas sheet (Figure 34). 

A negative pattern mold 

made of Selastic J RTV rubber was 

pulled from this Plexiglas form 

(Figure 35). Once set, the negative 

pattern mold was carefully sprayed 

with a film of parting agent, and a 

positive Selastic-J RTV rubber mold 

was made (Figure 36). This positive 

was cut in half and mounted to a 

half cylinder that was turned to size 

on a metal lathe. This composite 

form served as the positive for the 

molds that would be used to pour 

the actual grips. After the first grip 

mold was poured, the second half 

cylinder was bolted onto the first 

and covered with the other half of 

the first positive. Once in place, the 

second half of this grip mold was 

poured (Figure 37). The grip molds required internal cores and caps so that the 

cylindrical grips would fit the profile of the cam gaskets and the cam. A second core 

was made so that a matching left handlebar grip could be produced. These cores and 

caps were designed in conjunction with the grip molds (Figure 38). 

Figure 34 - Plexiglas Mold 

Figure 35 - First Negative 
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Figure 36 - Second Positive 

• ' ; ; • 
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Figure 37 - Final Mold 

Figure 38 - Mold with Core and Cap 

Although rubber is an ideal material 

for handlebar grips, the only rubber 

compound available for making the grips 

was an RTV (room temperature 

vulcanization) product. RTV rubbers use a 

chemical catalyst to vulcanize or solidify the 

liquid rubber base. All other rubber molding 

processes require high temperature, high 

pressure steel molds to achieve 

vulcanization of the raw rubber. 

Unfortunately, the use of high-pressure 

steel molds is feasible only with large 

production volumes. 

There are only three types of RTV 

rubber compounds commercially available. 

Each differs in terms of density, strength and 

color. For handgrips, Dow Coming's firm, 

high strength, Selastic J RTV was chosen as 

its material properties were best suited for 

this application. The drawback of using this 

product was that it came in only one color 

and could not be painted due to its silicone 

content. Although the Selastic J RTV base 

rubber is white, the manufacturer adds a dark 

green tint to the curing agent in order to 

allow the user to see if complete mixing in of 

the curing agent has occurred. A uniform 

color indicates that the curing agent has been 

properly mixed in with the base rubber. 

Thorough mixing is essential for proper 

vulcanization of the raw rubber base. 

As the vulcanized product can not be 

painted, the only way to achieve a desired 

color is to mix in a tint after the curing agent 

has been thoroughly mixed in. A non-
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organic tint agent was used to color the RTV rubber. 

When RTV rubbers are mixed, they tend to trap air bubbles which can be seen 

as surface defects or soft spots if not on the surface. The way to avoid these defects is 

to de-air the compound with a high vacuum before any significant amount of 

vulcanization has occurred. This was necessary in the case of the grips due to the 

fine detail of the design, which tends to trap air bubbles. Once the grips were cured, 

they were removed from the cores and trimmed to their final appearance. 

Following this cleanup, the grips were mounted to their intended structures (Figure 

39). 

Figure 39 - Fully assembled prototype 
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Chapter 6 - Prototype Performance 

The motivation to design an innovative type of shifter stemmed from a 

desire to significantly improve the power transmission characteristics of derailleur 

based gear systems. Improved shifter performance can be realized by increasing the 

ease of use, simplifying mechanical operation, and providing a competitive 

advantage over current shifting systems. As improved shifter performance was one 

of the goals of this project, an evaluation of the shifter prototype was considered an 

essential component of the design exercise. The following sections describe the 

performance testing of the prototype shifter from a competitive advantage 

perspective. 

General Test Conditions 
The performance of the prototype shifter was evaluated in relation to a 

Shimano Deore LX Rapid-Fire (Figure 40) as well as a SRAM GripShift SRT500 

(Figure 41). 

Figure 40 - Shimano Deore LX Rapid-Fire, circa 1991 

Figure 41 - SRAM GripShift, circa 1996 
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These shifters represent the medium to high quality models of the two major 

types of shifters currently on the market. All of the shifters tested were mounted on 

the same mountain bike to control for possible performance differences between 

bikes. The bike seat was adjusted to its maximum height for all trials because the 

bike frame was smaller than optimal for all test subjects. As the seat height was 

identical in all trials, it should not influence the results of the testing. The only 

modification to the test mountain bike was the use of a slick rear tire to maintain 

optimal tire contact with the testing apparatus (Figure 42). 

In order to control for as many variables and collect as much data as possible, 

the testing was undertaken in the Human Performance Laboratory at the University 

of Calgary. A CompuTrainer Pro model 8001 with supplementary RaceMate 

Challenge II software was used to design a simulated mountain bike course and 

generate data values during testing. The data 

collected included cadence, instantaneous speed, 

average speed, distance traveled, grade, 

instantaneous watts, peak watts, average watts, 

and time to complete the course. Because some of 

these data items are real time values, a 

videotaped record of the display monitor for each 

trial was made (Figure 43). The advantage of 

testing in a controlled environment was that 

each subject rode the same computer generated 

course on the same bike for each of the three 

trials. 

The only variables that differed between 

subjects were the order of shifter presentation 

and a weight adjustment. This adjustment was 

necessary so that, as in real life, heavy riders 

would have to generate more power to complete 

the course in the same time as light riders do. To 

make the adjustment, the weight of each test 

subject was entered into the software program 

which in turn altered the CompuTrainer 

resistance so that the effort required to ride the 

course would be consistent with the effort to ride 

a real course of the same grades and length. 
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Test Course 
The RaceMate Challenge II software module is programmed with a variety of 

simulated race courses and training routines. Unfortunately all of these programs 

appear to have been developed for road bikes. When a mountain bike was used to 

ride these courses, the lower half of the gear range was very rarely utilized. 

Consequently, none of the preprogrammed courses were considered suitable for 

testing the performance of a mountain bike shifter. Fortunately, the RaceMate 

Challenge II software allows the user to create and store customized courses. Using 

this option, a 2.0-mile course was designed to test shifter performance. The course 

was composed of 20 legs with each leg being 0.1 mile in length. This course 

represents a very strenuous uphill ride with no opportunity for rest or coasting. 

Various grades were used on each hill section so that the full range of gears would 

be used several times. In theory, this course required the test subject to quickly make 

large changes in gear ratio as changes in grade occurred. In contrast to real world 

cycling, test subjects had no indication of what grade changes were about to occur. It 

should be noted that distances for the course were measured in miles because the 

RaceMate Challenge II software does not use metric measures of distance. The actual 

composition of the course is as follows: 

Test Course (2.0 miles -20 Legs) 
Leg Grade (%) Leg Grade (%) 

1 2.5 11 2.5 

2 7.5 12 7.0 

3 0.0 13 1.0 

4 2.0 14 4.5 

5 6.0 15 13.0 

6 10.0 16 0.0 

7 1.0 17 3.5 

8 15.0 18 9.0 

9 0.0 19 1.0 

10 12.0 20 0.0 

Table 3 

The mean grade of this two-mile course is 4.875 % which corresponds to a 

vertical climb of 514.8 feet. 
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Test Protocol 
In order to compensate for any potential learning effects related to the test 

course or procedure, a balanced order of presentation was implemented. A minimal 

number of six subjects were necessary to fulfill the requirements of this test protocol. 

The main criterion for subject selection was their apparent ability to provide a 

consistent athletic performance over three trials. As a result, only active cyclists 

were approached to participate in the study. Four of the test subjects were mountain 

bike racers who compete in either the expert or advanced categories. The other two 

test subjects were active mountain bikers who do not currently compete in official 

race functions. The following tables describe the test protocol developed for this 

study. 

Key 
1 - Shimano Deore LX Rapid Fire 

2 - SRAM GripShift SRT500 

3 - RAM CAM CSI 

Subject Test Order 
A 1 2 3 

B 1 3 2 

C 2 1 3 

D 2 3 1 

E 3 1 2 

F 3 2 1 

Test Schedule 
Time Day 1 Day 2 Day3 

10:00- E (3) E (1) E (2) 

10:30- F (3) C (1) B (2) 

12:00- C (2) B (3) F (1) 

12:30- D (2) D (3) D (1) 

2:00- A (1) A (2) A (3) 

2:30- B (1) F (2) C (3) 

Table 4 
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After completing the required Informed Consent forms (see Appendix A), 

subjects warmed up according to their usual practices. During this warm up period, 

the test equipment and particularly the rear tire were brought up to normal 

operating temperatures. Following warm-up, the CompuTrainer was calibrated 

according to the manufacturer's prescribed procedure before each trial. This rolling 

resistance calibration was necessary to ensure that the testing setup for all trials was 

exactly the same. Following calibration, the test subject was instructed to adjust the 

gears to the lowest possible gear ratio (smallest chain ring and largest freewheel cog). 

Once the gear system was set, the video camera was turned on and the trial was 

started. Test subjects were instructed to ride at maximum effort, shift at will, and 

remain seated at all times. As an incentive to ride at maximum effort, a prize of fifty 

dollars was awarded to the test subject with the best cumulative time. Second place 

was awarded thirty dollars while third place received twenty dollars. All study 

participants enthusiastically endorsed this incentive structure. 

Test Results 
Subject Shifter Time(sec) Avg. Speed Peak Watts Avg. Watts 

A Shimano RF 589.2 12.2 411 314 
GripShift 535.8 13.4 587 355 
Ram Cam CSI 537.6 13.4 488 353 

B Shimano RF 566.3 12.7 596 336 
GripShift 563.3 12.8 565 340 
Ram Cam CSI 570.3 12.6 573 335 

C Shimano RF 548.8 13.1 526 386 
GripShift 605.2 11.9 497 339 
Ram Cam CSI 524.8 13.4 605 408 

D Shimano RF 602.9 11.9 555 307 
GripShift* 592 12.2 572 317 
Ram Cam CSI 586.3 12.3 499 317 

E Shimano RF 697 10.3 N / A 253 
GripShift 624.5 11.5 513 294 
Ram Cam CSI 739.6 9.7 418 226 

F Shimano RF* 647 11.1 496 283 
GripShift 638.8 11.2 441 284 
Ram Cam CSI 645 11.1 528 28'1 

^Denotes Chain Loss Correction Factor applied to affected values (see Appendix B). 

Table 5 
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Chart 3 indicates the performance of each test subject. 
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Chart 3 
It can be seen by the amount of data point dispersion that a consistent athletic 

performance was given by Subjects B, D, and F. Subject A had two consistent 

performances while subjects C and E had varying levels of performance. For subjects C 

and E, performance improved with each trial. Subject A reported that his initial 

performance was not consistent with his subsequent trials as he was pacing himself. 

Not surprisingly, this chart indicates that average power (watts) and the time 

required to complete the course appear to be related. Because subjects B, D, E, and F all 

rode the test course at the 200 pound weight level, the amount of work done by these 

subjects was identical. However, the data points for subjects A and C do not fall on the 

same line as the 200 pound weight group because they rode the course at the 195 and 

229 pound weight levels respectively. 

Analysis 
Because there were load differences for subjects A and C due to weight 

differences, standardization of their test scores was required prior to any analysis being 

undertaken. By mathematically describing the relationship between power output and 

time for the subjects who rode at the 200 pound weight level, one can normalize the 
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data to control for variations in power output. Once this is done, a time adjustment can 

be applied to subjects A and C's scores to bring them in line with the other scores. 

Although one would expect power and time to be linearly related, the 

distribution of scores in Chart 3 suggests that this does not quite hold true in this test 

environment. Instead a slight curvature in the distribution of scores is evident. This 

curvature is the result of a wind resistance correction factor programmed into the 

RaceMate II software. The effect of increasing wind resistance as velocity increases was 

programmed into the software so that, as in real life, more power is required to 

overcome increased wind load at higher speeds. The CompuTrainer uses the following 

formula to define the wind load curve: 

R=cv2 (Resistance = aerodynamic drag constant x velocity2) 

The aerodynamic drag constant the CompuTrainer uses (0.0089) is the same as a 

rider cycling in the drop position on a road bike (30). 

When the values of average watts vs. time for the four subjects who rode the test 

at the 200 pound level are plotted and a polynomial trend line is inserted, a 

formula for the relationship between these two variables can be derived (Chart 4). 
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Using the formula displayed in Chart 4, a time adjustment was made for 

Subjects A and C based on their average power output. The average watts value for 

each trial was used to generate a trend line time value. In order to maintain differences 

between shifters for each individual, the time value adjustment had to be the same for 

each of the subject's trials. Consequently, the time adjustment values chosen for 

Subjects A and C were equal to the average difference between raw time values and 

trend line values for each subject respectively. Subject A's times were increased 9.5 

seconds and Subject C's times were decreased 35.9 seconds. In essence, this alters the 

three time values for each subject in such a way as to center the group over the trend 

line. By doing this, potential differences between shifters for each subject were 

maintained. 
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Chart 5 

Once the data values for subjects A and C were adjusted, it became apparent 

that differences in shifter performance would not be discernable from an analysis of 

average power and time values because all performance improvements result in an 

increase in the average power output value and a corresponding decrease in the time 

value. As there was no way of distinguishing between the effect of a test subject's 
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increased power output from improved shifter performance using these summary 

measures of performance, another method of assessment was required. 

From an athletic performance perspective, the principal difference between the 

prototype shifter and conventional shifters becomes apparent when a chain ring shift 

takes place. With conventional shifters, a chain ring shift results in a large change in 

gear ratio. As a rule of thumb, a chain ring shift is equivalent to shifting the rear 

derailleur by two cogs. With the prototype shifter, a chain ring shift results in a small 

gear ratio change that is equivalent to shifting the rear derailleur by a single cog. 

With any change in gear ratio, cadence will either increase or decrease 

depending upon whether a lower or higher gear ratio is chosen. There are two possible 

effects that result when a large change in gear ratio occurs. When shifting to a lower 

gear, cadence will increase substantially and external power output will decrease 

suddenly and then build as the speed of the bike drops to a point where cadence 

returns to near the preferred pedal rate. In essence, overall performance suffers 

momentarily until bike speed decreases to a point where the cyclist is able to apply an 

optimal amount of force at the pedals. When shifting to a higher gear, cadence will 

decrease markedly and increased effort is required to return to a preferred cadence. 

This increased effort may result in an increased sensation of fatigue in the legs. Because 

it is known that optimal cycling performance is linked to the ability of a cyclist to pedal 

at or near to a preferred cadence, a competitive advantage should exist in any shifting 

system that eliminates large changes in gear ratio. 

Videotape Data 
Although the summary measures proved to be useless in the assessment of 

shifter performance, real time data captured during testing was found to be useful in 

documenting the performance of all shifters. Of particular interest were the changes in 

cadence and power output following a gear ratio change. When the rear derailleur was 

shifted to the next higher gear, the cadence was observed to drop about 10 rpm while 

the power output increased slightly and then returned to the previous output as 

cadence returned to the pre-shift or baseline value. When the rear derailleur was shifted 

to the next lower gear, the cadence was observed to rise about 10 rpm while power 

output decreased suddenly but returned to the previous output as cadence returned to 

the baseline value. Much larger changes in power output were observed when shifting 

to a lower gear than when shifting to a higher gear. This situation was observed for 

both the prototype and conventional shifters. 
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When front chain ring shifts occurred, the changes in cadence and power output 

for the prototype shifter were indistinguishable from a rear derailleur shift because the 

change in gear ratio was the same. However, when front chain ring shifts with 

conventional shifters took place, the changes in cadence were observed to be about 20 

rpm. As expected, the changes in power output were also much greater and the time 

required to return to the baseline pedal rate was observed to increase. Although these 

periods of transition lasted only a few seconds, performance was compromised until an 

optimal pedal rate was re-established. This finding is consistent with the research 

conducted by Coast and his colleagues (6). 

Discussion 
The videotape record demonstrates the performance advantage of avoiding 

large changes in gear ratio. Although this advantage was evident by observing the 

changes in power output and cadence that are associated with changes in gear ratio, 

the extent of this advantage could not be determined through observation because the 

power and cadence values changed continuously during the test. In order to properly 

quantify this performance advantage, a test apparatus which is capable of continuously 

recording power output, cadence, and pedal force data while marking changes in gear 

ratio is required. Fortunately, test equipment with these capabilities is available in most 

human performance laboratories. 

The overall performance advantage of using a shifter which eliminates large 

changes in gear ratio, depends on how many conventional chain ring shifts are 

eliminated during a ride and the amount of performance decrease associated with each 

shift. Until an accurate estimate of the performance advantage associated with 

eliminating conventional chain ring shifts is determined, the overall performance 

advantage will not be known. However, an idea of the performance advantage can be 

demonstrated if a few assumptions are made. For example, if 100 conventional chain 

ring shifts are eliminated during a ride and each represents an average performance 

loss of 2 seconds, then a performance improvement in the order of 200 seconds for the 

same amount of power output would be expected. 

52 



Chapter 7 - Test Subjects' Impressions 

Improved shifting performance on derailleur based gear systems is not 

limited to providing a competitive advantage over current shifting systems. In fact, 

the vast majority of mountain bikers are likely to place higher priority on attributes 

such as ease of use, operational simplicity, improved shifting function, and 

ergonomically sound design. As appropriate solutions to these 'user issues' are 

essential to the success of the design, considerable effort was put into identifying 

user problems and creating the best possible design solutions. In order to assess the 

appropriateness of the resulting design, test subjects were asked to evaluate the 

prototype in relation to existing shifters. This user feedback is valuable to the 

designer as information relating to design decisions can be appraised. User feedback 

is particularly important because it allows the designer to assess the value of the 

design and make any necessary modifications prior to large-scale manufacture. 

Following the completion of the performance testing trials, subjects 

completed a post test evaluation of the prototype in comparison to both the 

GripShift and Rapid-Fire shifters (see Appendix C). The actual survey instrument 

used a combination of open-ended questions and matched rating scales to capture 

both qualitative and quantitative data. Qualitative data has been summarized, while 

the quantitative data has been tabulated. The completed surveys are included in 

Appendix C. 

Post Test User Evaluation 

Half of the test subjects expressed a personal bias for or against certain types of 

shifters based on past experience. As such, the ratings and opinions of these subjects 

may be somewhat prejudiced by their previous encounters with these shifters. 

When dealing with experienced riders, this situation is unavoidable. Consequently, 

the opinions and ratings of these subjects should be evaluated with reference to 

their expressed bias. It should also be noted that the evaluation of the prototype is 

based on the subject's experience in the lab environment. Known subject biases are 
listed as follows: 

> Subject C stated that he "hates GripShift" and prefers simple thumb lever 

shifters. 
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> Subject E stated that he exclusively likes Shimano Rapid-Fire shifters. 

> Subject F stated that he prefers simple thumb lever shifters. 

The results of the survey are summarized in the following sections. 

Impressions Regarding the Ram Cam Shifter 
All subjects considered the prototype shifter to be "highly appropriate" for the 

recreational market. Several commented positively about the ease of use and the 

smoothness of operation. Two subjects expressed reservations about the applicability 

of the shifter in the competitive race environment. One of these concerns was 

related to the shifter's reliance on a single mechanism for all shifting and the other 

was related to the perceived shifting speed of the prototype. 

Performance Ratings 
All shifters were rated in terms of: 

a) the smoothness of the shifter, 

b) the accuracy of the shifting mechanism, 

c) the physical effort required to shift, 

d) the ease of use. 

In the following tables, raw data and average values are presented. For each 

question, small values indicate better ratings than large values. 

Subject Question Shifter 
Shimano GripShift Ram Cam 

A smoothness 6 3 3 
B 9 5 6 
C 1 7 1 
D 2 2 2 
E 5 5 5 
F 2 7 4 

mean 4.2 4.8 3.5 

A accuracy 5 4 4 
B 9 6 7 
C 1 3 2 
D 2 2 2 
E 2 4 6 
F 4 2 3 

mean 3.8 3.5 4 

Table 6 
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Subject Question Shifter 
Shimano GripShift Ram Cam 

A effort 4 6 2 
B 4 8 6 
C 1 10 3 
D 6 3 3 
E 2 2 4 
F 4.5 5 1 

mean 3.6 5.7 3.2 

A ease of use 7 2 2 
B 3 8 5 
C 2 8 1 
D 2 3 2 
E 2 2 8 
F 1 3 0 

mean 2.8 4.3 3 

Table 7 

Comparative Advantages of the Ram Cam Shifter 
The perceived advantages of the prototype shifter over the Shimano Rapid-

Fire are that: 

> "it keeps a constant RPM" 

> "it has single handed shifting" - other hand free for braking etc. 

> "it has no confusion" 

> "the shifter finds the appropriate gear ratio" 

> "it is easier to learn" 

> "it has reduced parts" 

> "it reduces effort on joints" 

The perceived advantages of the prototype shifter over the SRAM GripShift 

are that: 

> "the whole hand is involved in shifting" 

> "it has single handed shifting" - other hand free for braking etc. 

> "it has no confusion" 

> "there is more surface area contact" 

> "it is easier to shift - less slippery" 
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Comparative Disadvantages of the Ram Cam Shifter 
The perceived disadvantages of the prototype shifter compared to the 

Shimano Rapid-Fire are that: 

> "it takes longer to shift to far away gears as compared to chain ring shifts" 

> "the Shimano can drop down to chain rings faster" 

> "all shifting is done on one hand" 

> "less effort required to shift Shimano" 

The perceived disadvantages of the prototype shifter compared to the SRAM 

GripShift are that: 

> "if shifter sustained heavy damage, it might become inoperable and 

eliminate all shifting" 

> "it takes longer to shift to far away gears as compared to chain ring shifts" 

> "there are no visual cues - i.e. indicators" 

Ram Cam Shifter Likes 
The features that subjects liked about the Ram Cam shifter are: 

> "the optimal shift pattern" 

> "the ease of use" 

> "the smooth action" 

> "that there is no cross chaining" 

> "the constant RPM" 

> "that the whole hand is used for shifting" 

> "the single handed operation" 

Ram Cam Shifter Dislikes 
The things that subjects disliked about the Ram Cam shifter are the: 

> "slow shifting" 

> "possibility of miss-shifting" 

> "oversized grip" 
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Suggestions for Improvements 
Suggestions for improvements included: 

> " a smaller grip" 

Independent Purchase of a Ram Cam Shifter 
When asked if the subject would buy a Ram Cam shifter if it were available 

on the market, half of the subjects said yes. This question was designed to gauge if 

the Ram Cam was considered good enough to warrant the additional expense of 

replacing current technology. Of those who said no, one said it was because he 

simply does not buy new bike products. The other two said the reason they would 

not buy a Ram Cam shifter was that they felt it was not suitable for competitive 

performances. 

Purchase of a Ram Cam Shifter on Next Bike 
When asked if the subject would want a Ram Cam shifter on their next bike, 

one of the subjects said yes and one said he "would like to try it in a more realistic 

situation". One said he does not buy new bike products but would recommend the 

Ram Cam to others. The other three stated they would not want it on their next bike 

because they felt this shifter was not appropriate for their competition needs. This 

question was designed to gauge if the Ram Cam was preferred over existing 

technology. 

Fair Retail Price of the Ram Cam Shifter 
When asked to indicate a fair retail price for a production version of the Ram 

Cam shifter, the prices ranged from 90 to 120 dollars with a mean of 105 dollars. 

Price Willing to Pay for the Ram Cam Shifter 
When asked what the subject would be willing to pay for a production version of 

this shifter, the study participants indicated a range of 50 to 120 dollars with a mean 

of $76.50. One of these subjects indicated the price he was willing to pay was low 

because he was "used to getting discounts on bike parts". 
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Discussion 
In general, the Ram Cam was well received by the test subjects, half of which 

indicated that they had personal biases regarding certain types of shifters. All 

subjects thought the shifter was ideal for the recreational market but four expressed 

reservations about using the shifter in the competitive environment. The major 

concern subjects had with using the prototype in competition was that they felt it 

took longer than current shifters to effect large gear ratio changes. This perception 

likely arises because the observed practice of these subjects was to use only chain 

ring shifts to make large changes in gear ratios. In actuality, shifting the Ram Cam 

prototype two gears at a time effects the same change in gear ratio as a chain ring 

shift but without the potential for cross chaining. Moreover, when the Ram Cam is 

shifted by a single gear at the appropriate times, the need for large gear ratio changes 

is eliminated due to the more even changes in gear ratio. As such, the rider is better 

able to maintain an optimal cadence even when large changes in grade are 

encountered. This feature of the shifter is apparent in real riding situations but may 

not have been apparent in the "artificial" testing environment. This is because each 

trial was generally completed in less than ten minutes and the test subjects were not 

told about the features of the shifter which improve shifting performance or how to 

use the shifter effectively. 

The survey was administered to the test subjects so that direct comparisons 

between the shifters could be made. However because the test environment is not 

similar to real riding situations, the results of the survey can only be considered 

relevant to the test environment. 
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Chapter 8 - Conclusions 

The general objective of this Master's Degree Project was to design a 

mountain bike gearshift mechanism that optimizes derailleur based shifting 

performance. This project was selected because it was apparent from personal 

experience that current shifter technology may be significantly improved upon from 

the user's perspective. The first step in the development of a better mountain bike 

shifter was to determine exactly what was to be accomplished with this design. From 

the available literature and personal inquiry, it was apparent that the potential to 

improve shifting performance would be mediated by the identification of an 

optimal shift pattern. An optimal shift pattern was determined by analyzing the gear 

ratios and the physical geometry of a typical mountain bike drivetrain. 

Following a critical examination of present shifter designs, a number of 

design objectives were generated to guide the design process. These objectives are 

listed as follows: 

> Compatible with existing derailleur drivetrains 

> Employ an optimal shift pattern 

> Ergonomically sound design 

> Single and multiple gear changes 

> Operational simplicity - easily adjusted and maintained by the user 

> Durable 

> Positive stops at either end of the gear range 

> Eliminate over-shifting 

> Minimal size and weight 

>- Eliminate the need for indicators 

Once the general concept and design objectives for the proposed shifter were 

defined, the process of actually designing the shifter was initiated. Because the 

design of any one component affects the design of the components that it interacts 

with, a "systems approach" to the design of the shifter was adopted. This approach 

recognized the hierarchical relationships that exist between the various system 

components. 
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In order to establish the optimal mechanical design principles for the 

prototype shifter, a series of test rigs were used to assess the viability of various 

concepts. Once these principles of operation were determined, the next stage in 

development was to arrive at an optimal design for the mechanical parts. Following 

the design of these parts, a fully functional prototype was fabricated. 

As improving shifter performance was the primary goal of this project, an 

evaluation of the shifter prototype was considered an essential component of the 

design exercise. From an athletic performance perspective, the principal difference 

between the prototype shifter and conventional shifters becomes apparent when a 

chain ring shift takes place. With conventional shifters, a chain ring shift results in 

a large change in gear ratio. With the prototype shifter, a chain ring shift results in a 

small change in gear ratio. Because large changes in gear ratio result in large changes 

in pedal rates and optimal cycling performance is linked to the ability of a cyclist to 

pedal at or near to a preferred cadence, a competitive advantage should exist in any 

shifting system that eliminates large changes in gear ratio. 

The videotape record of the performance testing undertaken demonstrated 

the advantage of avoiding large changes in gear ratio. Although this advantage is 

evident by observing the changes in power output and cadence that are associated 

with changes in gear ratio, the extent of this advantage could not be determined 

through observation because the power and cadence values changed continuously 

during the test. In order to properly quantify this performance advantage, a test 

apparatus which is capable of continuously recording power output, cadence, and 

pedal force data while marking changes in gear ratio is required. 

Improved shifting performance on derailleur based gear systems is not 

limited to providing a competitive advantage over current shifting systems. In fact, 

the vast majority of mountain bikers are likely to place higher priority on attributes 

such as ease of use, operational simplicity, improved shifting function, and 

ergonomically sound design. In order to assess the appropriateness of the resulting 

design, the subjects who participated in the performance testing were asked to 

evaluate the prototype in relation to existing shifters. The evaluation survey used a 

combination of open-ended questions and matched rating scales to capture both 

qualitative and quantitative data. 

In general, the prototype shifter was well received as all test subjects indicated 

that they thought the shifter was ideal for the recreational market. In spite of this 

endorsement, several of the test subjects expressed reservations about the use of the 

shifter in competition. The major concern subjects had with using the prototype in 
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competition was that they felt it took longer than current shifters to effect large gear 

ratio changes. In actuality, shifting the Ram Cam prototype two gears at a time 

effects the same change in gear ratio as a chain ring shift but without the potential 

for cross chaining. Moreover, when the Ram Cam is shifted by a single gear at the 

appropriate times, the need for large gear ratio changes is eliminated due to the 

more even changes in gear ratio. As such, the rider is better able to maintain an 

optimal cadence even when large changes in grade are encountered. This feature of 

the shifter is apparent in real riding situations but evidently was not apparent in the 

"artificial" testing environment. This is because each trial was generally completed 

in less than ten minutes and the test subjects were not told about the features of the 

shifter which improve shifting performance or how to use the shifter effectively. 

The survey was administered to the test subjects so that direct comparisons 

between the shifters could be made. However because the test environment was not 

similar to real riding situations, the results of the survey should only be considered 

relevant to the test environment. In addition, most of these test subjects were 

experienced riders who compete in the expert or advanced categories. As such their 

opinions should not be considered to be representative of the recreational cyclist. 

The conclusion to be drawn from this experience is that user evaluations need to be 

conducted under real riding conditions using all classes of cyclists. In spite of the 

shortcomings of the test procedure and the user survey, the testing undertaken was 

useful in providing direction for future tests as well as validating the viability of the 

design. 
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Appendix A 
Informed Consent Form 

Project Name: Evaluation of Mountain Bike Shifter Designs 

Investigator: Ross Mitchell 

This consent form, a copy of which has been given to you, is only part of the 

process of informed consent. It should give you the basic idea of what the research is 

about and what your participation will involve. If you would like more detail about 

something mentioned here, or information not included here, please ask. Please 

take the time to read this form carefully and to understand any accompanying 

information. 

Following is information that describes the purpose of the Evaluation: 

1) This research is being undertaken to evaluate the performance of a proposed 

design for a Mountain Bike shifter in relation to two existing types of shifter designs. 

This research is an approved part of the Master's Degree Project proposal submitted 

to the Faculty of Environmental Design. The benefits of the research, if successful, 

are that mountain bike shifting performance will be improved for both competitive 

and recreational cyclists. 

2) You are being asked to participate because you have been identified as someone 

who is capable of giving a consistent athletic performance over three trials. You are 

asked to participate only if, in your judgment, a maximum effort cycling task for a 

period of 20 to 30 minutes poses no risk to your health or conditioning. 

3) In each trial, you will be asked to ride a stationary mountain bike over a 

simulated mountain bike course that is controlled by a computer. Data such as 

speed, cadence, time to complete the course etc. will be collected and used to 

evaluate the performance of the shifters. 

4) Trials may be recorded via videotape to capture the nature of the testing 

procedure and other data items such as cadence etc. These tapes may be used for 
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presentation purposes however this will occur only with the consent of the 

individual(s) involved. 

5) A short interview will follow the testing sessions to obtain user opinions 

with respect to the proposed shifter design. 

6) You will not be identified and the data collected will only be used to evaluate 

the performance of the shifter design. 

7) As a participant in this study, you agree not to disclose the nature of the 

design prototype or principles of operation to parties that are not associated with the 

testing of the device. 

Your signature on this form indicates that you have understood to your 

satisfaction the information regarding participation in the research project and agree 

to participate as a subject. In no way does this waive your legal rights nor release the 

investigators, sponsors or involved institutions from their legal and professional 

responsibilities. You are free to withdraw from the study at any time. Your 

continued participation should be as informed as your initial consent, so you should 

feel free to ask for clarification or new information throughout your participation. If 

you have further questions concerning matters related to this research, please 

contact Ross Mitchell at 274 0739. If you have any questions concerning your 

participation in this project, you may also contact the Local Areas Research Ethics 

Committee of Environmental Design and ask for Dr. Richard Revel at 220-3622. 

Participant Date 

Investigator Date 

A copy of this consent form has been given to you to keep for your records and 

reference. 
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Appendix B 
Test Data 
Subject 

A - S B 
B - C W 
C - D E 
D - E M 
E - S M 
F - T C 

Seat Height Total Weight 

23.9 195 
23.9 200 
23.9 229 
23.9 200 
23.9 200 
23.9 200 

Day 1 - April 29 1998 

E - S M Time 12:19.6 Peak watts 418 
Avg. speed 9.7 Avg. watts 226 

Comments: Ram Cam - SOME MIS-SHIFTS DUE TO GRIPSHIFT CONFUSION i.e. 
Shifted wrong direction when going to high gear. Also did not make large chain 
ring due to high load on several occasions. 

F - T C Time 10:45 Peak watts 528 
Avg. speed 11.1 Avg. watts 281 

Comments: Ram Cam 

C -DE Time 10:05.2 Peak watts 497 
Avg. speed 11.9 Avg. watts 339 

Comments: GripShift 

D - EM Time 9:52 Peak watts 572 
Avg. speed 12.2 CorAvg. watts=3 

310x607sec/594sec=317 watts 
Comments: GripShift - Lost chain on large chain ring due to overshift. -13 seconds 
to fix and then 4 seconds to pedal up. 15 seconds correction factor - half of pedal up 
time. 

B - C W Time 9:26.3 Peak watts 596 
Avg. speed 12.7 Avg. watts 336 

Comments: Rapid-Fire 

A - SB Time 9:49.2 Peak watts 411 
Avg. speed 12.2 Avg. watts 314 

Comments: Rapid-Fire (April 30 
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Day 2 - May 11998 

E - SM Time 11:37 Peak watts 
Avg. speed 10.3 Avg. watts 253 

Comments: Rapid-Fire -

C - DE Time 9:08.8 
Avg. speed 13.1 

Comments: Rapid-Fire -

Peak watts 526 
Avg. watts 386 

B - C W Time 9:30.1 
Avg. speed 12.6 

Comments: Ram Cam -

Peak watts 573 
Avg. watts 335 

D - E M Time 9:46.3 
Avg. speed 

Comments: Ram Cam -

Peak watts 499 
Avg. watts 317 

A - SB Time 8:55.8 
Avg. speed 13.4 

Comments: GripShift -

Peak watts 587 
Avg. watts 355 

F - TC Time 10:38.8 
Avg. speed 11.2 

Comments: GripShift -

Peak watts 441 
Avg. watts 284 
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Day 3 - May 4 1998 

E - SM Time 10:24.5 Peak watts 513 
Avg. speed 11.5 Avg. watts 294 

Comments: GripShift -

B - C W Time 9:23.3 
Avg. speed 12.8 

Comments: GripShift -

Peak watts 565 
Avg. watts 340 

F - TC Time 10:47 Peak watts 496 
Avg. speed 11.1 Avg. watts 280wx655sec/647sec =283 

Comments: RapidFire -Lost chain correction factors applied- 6sec + 2 sec pedal up = 
8sec correction factor, 10:55-8=10:47sec. 

D - E M Time 10:02.9 
Avg. speed 11.9 

Comments: RapidFire -

A - SB Time 8:57.6 
Avg. speed 13.4 

Comments: Ram Cam -

Peak watts 555 
Avg. watts 307 

Peak watts 488 
Avg. watts 353 

C - D E Time 8:44.8 
Avg. speed 13.7 

Peak watts 605 
Avg. watts 408 

Comments: Ram Cam 
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Appendix C 
Post Test User Evaluation 

1. What are your impressions regarding the new shifter design? 

2. Rate the shifting performance of the various shifters in terms of: 

(Circle your response as shown: e.g. fine 1 2 3 4 5 6 7 8 9 10 coarse) 

a) the smoothness of the shifter. 

Shimano Rapid Fire 

Grip Shift 

Experimental Shifter 

smooth 1 2 3 4 5 6 7 8 9 10 roueh 

smooth 1 2 3 4 5 6 7 8 9 10 rough 

smooth 1 2 3 A. 5 6 7 8 9 10 rough 

b) the accuracy of the shifting mechanism 

Shimano Rapid Fire 

Grip Shift 

Experimental Shifter 

accurate 1 2 3 4 5 6 7 8 9 10 inaccurate 

accurate 1 2 3 4 5 6 7 8 9 10 inaccurate 

accurate 1 2 3 4 5 6 7 8 9 10 inaccurate 

c) the physical effort required to shift 

Shimano Rapid Fire 

Grip Shift 

Experimental Shifter 

minimal 1 2 3 4 5 6 7 8 9 10 maximal 

minimal 1 2 3 4 5 6 7 8 9 10 maximal 

minimal 1 2 3 4 5 6 7 8 9 10 maximal 

d) the ease of use 

Shimano Rapid Fire 

Grip Shift 

Experimental Shifter 

easv 1 2 3 4 5 6 7 8 9 10 hard 

easv 1 2 3 4 5 6 7 8 9 10 hard 

easv 1 A. _3_ 4 .5. _6_ 7 8 _9_ 10 hard 
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3. List the advantages of this new design in comparison to: 

a) Shimano Rapid Fire 

b) SRAM GripShift. 

4. List the disadvantages of this new design in comparison to: 

a) Shimano Rapid Fire 

b) SRAM GripShift. 

5. What do you like about this new shifter? 

6. What do you dislike about this new shifter? 

7. Suggestions for improvements 

8. If this shifter was on the market would you buy it? yes no If no, why not? 

9. Would you want it on your next bike? yes n o If no, why not? 

10. Indicate what you consider would be a fair retail price for a production version of 

this shifter. 

$60 $70 $80 $90 $100 $110 $120 Other $ 

11. What would you be willing to pay for a production version of this shifter? 

$ 

Thank you for your participation in the study. 
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3. List the advantages of this new design in comparison to: 
a) Shimano Rapid Fire p 

b) SRAM Gripshift. , . . 
, VIA. r A ^ , k //«r- 7o <? r ,/5 %ft 



4. List the disadvantages of this new design in comparison to: 
a) Shimano Rapid Fire , p , ^ . ,- rl ,., 

For hotk Aa/°'d l/f<- <^^<A 6 - A > / O S ( , 7 / 

if * LI I 
do^K your cXd,\ri\<?^ A^Ar-

b) SRAM Gripshif t. 5 

5. What do you like about this new shifter? 

J /;& *. 

6. What do you dislike about this new shifter? / • L- f / , , , j . , 

\ r ,U L . r» s/v c *^\y 4W oUe^ ^« ^v° 
7 , / / <J / T / / a-'so ' 7 c//c/t>^ 

7. Suggestions for improvements 

8. If this shifter was on the market would you buy it? yes (no) If no, why not? 

C^«,X /-.'AJ ^.-Z// /•*/?''</ / > * ^ ^ ^ , / 0 "$£/# 

9. Would you want it on your next bike? yes no If no, why not? 
JT~ \ASOU/& Ka.s«- /o / / t > if out , Vv a m o r t r<Zo.(i'Sf,\ "5 I /</a/'b.v t° 4-e. S#/"<. 

,'f \AJorfi*4 Uy^/J USjfl /Vv* ^ ^ y / ^ 5 / - / / / » ^ „ - ^ A C C C / S y - . , ^ , / / 0 , y 5 / A „ 

10. Indicate what you consider would be a fair retail price for a production version of 
this shifter. 

$60 $70 $80 | 9 0 ) $100 $110 $120 Other $ 

\-)0 11. What would you be willing to pay for a production version of this shifter? $_ 

Thank you for your participation in the study. / e s s iec^^ I ^ us e £ §trtSvxy 
^fe.«-/S Orv. /0<^r1% / V „ / K OI°C . 



£- cio 

1. What are your impressions regarding the new shifter design? 

dtsz- -fz> fhjL r&ffasice 6h &ne &w f^tcku.uiLi^ 6 ^ o*w, <>i£ of 
2. Rate the shifting performance of the various shifters in terms of: -fajL- <b'/jce 
(Circle your response as shown: eg. fine 1 2 3(4) 5 6 7 8 9 10 coarse) 

a) the smoothness of the shifter. 

Shimano Rapid Fire smooth 1 2 3 4 5 6 7 8 ( ^ 1 0 rough 

Grip Shift smooth 1 2 3 4 ( 5 ) 6 7 8 9 10 rough 

Experimental Shifter smooth 1 2 3 4 5 / g ) 7 8 9 10 rough 

b) the accuracy of the shifting mechanism 

Shimano Rapid Fire accurate 1 2 3 4 5 6 7 8 (9/ 10 inaccurate 

Grip Shift accurate 1 2 3 4 5 0 7 8 9 10 inaccurate 

Experimental Shifter accurate 1 2 3 4 5 6 / 7 ) 8 9 10 inaccurate 

c) the physical effort required to shift 

Shimano Rapid Fire minimal 1 2 3 (A•.) 5 6 7 8 9 10 maximal 
VJ>' 

easv 1 2 (§) 4 5 6 7 8 9 10 hard 

easv 1 2 3 4 5 6 7 (if) 9 10 hard 

easv 1 2 3 4 (?) 6 7 8 9 10 hard 

Grip Shift minimal 1 2 3 4 5 6 7 ( 8 / 9 10 maximal 
Experimental Shifter minimal 1 2 3 4 5 (6) 7 8 9 10 maximal 

d) the ease of use 

Shimano Rapid Fire 

Grip Shift 

Experimental Shifter 

3. List the advantages of this new design in comparison to: 
a) Shimano Rapid Fire . 

b) SRAM Gripshift. ^ 



4. List the disadvantages of this new design in comparison to: , 
a) Shimano Rapid Fire n j f ^ . Q€fJ < W ? £ M * 

b)SRAMGripshift. „ ^ n < - . , , , , r, .r jj. ^ 

5. What do you like about this new shifter? / / / -A 

- / W * W / ^ * ftyfc; <&***, t/uy *»>* »M ke^ r«-7u^ 

6. What do you dislike about this new shifter? 

7. Suggestions for improvements / _T J 

^ „- W<*" .f ik* after, /' **!« +* *~~ ft*** ^ *~,, 

- ; *,<J[d toj^b^twr, fu.f p,j softer h* ^ / ^ *{eCA *" 
t«ci*"j ̂ roup(^k-tU ^^kJ-yvxjfiAayhp^ >t rr whs 4,ltJ. 

8. If this snifter was on the market would you buy it?(yes) no If no, why not? 
- utif'k one ConJi/i^'- '"-^ Kof osfka -fUt~6'k* r^r r^.ciy _ 

• r • l " if " ^ ^ 

9. Would you want it on your next bike? yes (noy If no, why not? 

^ l \ t t ( bike" o f'^eiy -fz> t>t * fa&'y h'tUx . f hike' o f'keih -fv bt 

10. Indicate what you consider would be a fair retail price for a production version of 
this shifter. , ^ = \ 

$60 $70 $80 $90 nm} $110 $120 Other $ 

11. What would you be willing to pay for a production version of this shifter? $ (cO 

Thank you for your participation in the study. 



1. What are your impressions regarding the new shifter design? 

ct&cXs- o^ iM &L&.S&ACX& o m y < 

2. Rate the shifting performance of the various shifters in terms of: 
(Circle your response as shown: eg. fine 1 2 3(^4) 5 6 7 8 9 10 coarse) 

a) the smoothness of the shifter. 

Shimano Rapid Fire smooth^) 2 3 4 5 6 7 8 9 10 rough 

Grip Shift smooth 1 2 3 4 5 6^7)8 9 10 rough 

Experimental Shifter smootr(T)2 3 4 5 6 7 8 9 10 rough 

b) the accuracy of the shifting mechanism 

Shimano Rapid Fire accurate!) 2 3 4 5 6 7 8 9 1 0 inaccurate 

Grip Shift accurate 1 2 &X 5 6 7 8 9 10 inaccurate 

Experimental Shifter accurate 1 ( 2 / 3 4 5 6 7 8 9 10 inaccurate 

c) the physical effort required to shift 

Shimano Rapid Fire mimmalj. Q. 3 4 5 6 7 8 9 10 maximal 

Grip Shift minimal 1 2 3 4 5 6 7 8 9 ^ m a x i m a l 

Experimental Shifter minimal 1 2 . ^ 4 5 6 7 8 9 10 maximal 

d) the ease of use 

Shimano Rapid Fire easy l ' j / 3 4 5 6 7 8 9 10 hard 

Grip Shift easy 1 2 3 4 5 6 7(7)9 10 hard 

Experimental Shifter easy /p2 3 4 5 6 7 8 9 10 hard 

3. List the advantages of this new design in comparison to: 
a) Shimano Rapid Fire 

b) SRAM Gripshift. J 

\\ 



4. List the disadvantages of this new design in comparison to: 
a) Shimano Rapid Fire 

— \ ^ d y IA G&KTX. \A&<k \OMO~~ i-o ^ " j ( / ^ 

b) SRAM Gripshift. | 

JUL W ^ - * £4 

5. What do you like about this new shifter? 

f 
6. What do you dislike about this new shifter? 

ft - CA/̂ i'fc&cl 

7. Suggestions for improvements 

8. If this shifter was on the market would you buy it?yes ) no If no, why not? 

9. Would you want it on your next bike?yes j no If no, why not? 

10. Indicate what you consider would be a fair retail price for a production version of 
this shifter. / ^ — N 

$60 $70 $80 $90 $100 $110 ($120/ Other $ 

[2, pKa 11. What would you be willing to pay for a production version of this shifter? $ \L o^as aj£> 

Thank you for your participation in the study. ^ 7 f » 

file:///omo~~


D~ e Y*\ 

1. What are your impressions regarding the new shifter design? 

2. Rate the shifting performance of the various shifters in terms of: 
(Circle your response as shown: eg. fine 1 2 3(jT) 5 6 7 8 9 10 coarse) 

a) the smoothness of the shifter. 

Shimano Rapid Fire smooth 1 ffdjfr 4 5 6 7 8 9 10 rough 

Grip Shift smooth 1 CD 3 4 5 6 7 8 9 10 rough 

Experimental Shifter smooth 1 ff)3 4 5 6 7 8 9 10 rough 

b) the accuracy of the shifting mechanism 

Shimano Rapid Fire accurate 1 /27 3 4 5 6 7 8 9 1 0 inaccurate 

Grip Shift accurate 1 ( ^ 3 4 5 6 7 8 9 10 inaccurate 

Experimental Shifter accurate \(% 3 4 5 6 7 8 9 1 0 inaccurate 

c) the physical effort required to shift \ 

Shimano Rapid Fire 

Grip Shift 

Experimental Shifter 

d) the ease of use 

Shimano Rapid Fire easy 1 d ) 3 4 5 6 7 8 9 10 hard 

Grip Shift easy 1 2 ^ P 4 5 6 7 8 9 10 hard 

Experimental Shifter easy 1 £>?> 4 5 6 7 8 9 10 hard 

3. List the advantages of this new design in comparison to: 
a) Shimano Rapid Fire 

b) SRAM Gripshift. 

minimal 1 2 3 4 5( o l '7 8 9 10 maximal 
minimal 1 2(1)4 5 6 7 8 9 10 maximal 

minimal 1 2C^4 5 6 7 § 9 10 maximal 



4. List the disadvantages of this new design in comparison to: 
a) Shimano Rapid Fire 

b) SRAM Gripshift. 

-cft^oT t>«,fT AS oaccct T O * TA«e ft^ c ^ n i 

5. What do you like about this new shifter? 

- S M O O T H PrOT)0 ^ 

6. What do you dislike about this new shifter? 

- I T - D o e i " ^ O T A P P ^ . Z C ^ ^ o ^ o^HPrT i S ^ T O l S e ^ s y T o ^eCfe f j / ^ e r < 

^ ^ < 2 . t » ^ C , ; ^ » T i C D N T . H Q ^ ^ f c ^ L o o t c - « ? o ^ l t t o O 

7. Suggestions for improvements 

8. If this shifter was on the market would you buy if?; yes; no If no, why not? 

9. Would you want it on your next bike? yes <̂fjg> If no, why not? 
- I ?Zef&? A-T?.I<_/7Y r o SH/^r f=-^o^r +f2e^/z ^e£A.ue2 u ^ t ? ^ ^ T w 

10. Indicate what you consider would be a fair retail price for a production version of 
this shifter. 

$60 $70 $80 G S P $100 $110 $120 Other $ 

11. What would you be willing to pay for a production version of this shifter? $J^EL 

Thank you for your participation in the study. 



1. What are your impressions regarding the new shifter design? 

Good t o r T O 

2. Rate the shifting performance of the various shifters in terms of: 
(Circle your response as shown: eg. fine 1 2 3^4) 5 6 7 8 9 10 coarse) 

a) the smoothness of the shifter. 

Shimano Rapid Fire smooth 1 2 3 4 ^ 5 ) 6 7 8 9 10 rough 

Grip Shift smooth 1 2 3 4 ^ 5 ) 6 7 8 9 10 rough 

Experimental Shifter smooth 1 2 3 4 ( j ) 6 7 8 9 10 rough 

b) the accuracy of the shifting mechanism 

Shimano Rapid Fire accurate 1 ( 2 ) 3 4 5 6 7 8 9 1 0 inaccurate 

Grip Shift accurate 1 2 3 (A) 5 6 7 8 9 10 inaccurate 

Experimental Shifter accurate 1 2 3 4 5 \6) 7 8 9 10 inaccurate 

c) the physical effort required to shift 

Shimano Rapid Fire minimal 1 (^ )3 4 5 6 7 8 9 10 maximal 

Grip Shift minimal iQ) 3 4 5 6 7 8 9 10 maximal 

Experimental Shifter minimal 1 2 3 (4)5 6 7 8 9 10 maximal 

d) the ease of use 

Shimano Rapid Fire easy 1 (2^3 4 5 6 7 8 9 10 hard 

Grip Shift easy l Q j 4 5 6 7 8 9 10 hard 

Experimental Shifter easy 1 2 3 4 5 6 7 (IT) 9 10 hard 

3. List the advantages of this new design in comparison to: 
a) Shimano Rapid Fire 

p r - C O C i i/<. c*. r\ \j • 

b) SRAM Gripshift. 



4. List the disadvantages of this new design in comparison to: 
a) Shimano Rapid Fire 

b) SRAM Gripshift. 

AS <x Ipout 

5. What do you like about this new shifter? 

( j |0<5o \~0 ^ CAS\l C K"u45f *-<H . C)w.<. k«-»\_4 \ccy u,' 

6. What do you dislike about this new shifter? 

\ O t> >c\ a-fo**. "*-<\ 

7. Suggestions for improvements 

8. If this shifter was on the market would you buy it? yes f̂5~\ If no, why not? 

T>i *-"T O r "V\ a. «\t .( .5 . 

9. Would you want it on your next bike? yes / n o \ If no, why not? 

10. Indicate what you consider would be a fair retail price for a production version of 
this shifter. ^""V 

$60 $70 $80 $90 $100 $110/x$120\ Other $ 

11. What would you be willing to pay for a production version of this shifter? $ (p 

Thank you for your participation in the study. 



r-TC 

1. What are your impressions regarding the new shifter design? 

"Ik $Mft»Ww\ "f tit. sWv$v* urn *A l& f w W L fW/ \MU rt^ 
A, U[ . u U ^ r ^ ÎMPTVVCT Yicctux^ i^VrfiVe— l^k T*Y V^WAJI 

2. Rate the shifting performance of the various shifters in terms of: nro^A/^^ AtM, 
(Circle your response as shown: eg. fine 1 2 3(j£) 5 6 7 8 9 10 coarse) 

a) the smoothness of the shifter. 

fl^t/iA. 

Shimano Rapid Fire smooth 1 ( 2 ) 3 4 5 6 7 8 9 10 rough 

Grip Shift smooth 1 2 3 4 5 6 @ 8 9 10 rough 

Experimental Shifter smooth 1 2 3 ^ 0 5 6 7 8 9 10 rough 

b) the accuracy of the shifting mechanism 

Shimano Rapid Fire accurate 1 2 3 ( 3 ) 5 6 7 8 9 10 inaccurate 

Grip Shift accurate l f j ) 3 4 5 6 7 8 9 10 inaccurate 

Experimental Shifter accurate 1 2 @ 4 5 6 7 8 9 1 0 inaccurate 

c) the physical effort required to shift \»*-*</ -

Shimano Rapid Fire minimal 1 (T)3 4 5 6 (T) 8 9 10 maximal 

Grip Shift minimal 1 2 3 4 ( 1 ) 6 7 8 9 10 maximal 

Experimental Shifter minimal (T) 2 3 4 5 6 7 8 9 10 maximal 

d) the ease of use > — \ _ _ t A t ^ ^ IWWD -. ry©^,^ \z> tv*«W^ <&*-
^ QP^\ <± 

Shimano Rapid Fire -S e a s y 0 2 3 4 5 6 7 8 9 10 hard 

Grip Shift easy 1 2 ^ 4 5 6 7 8 9 10 hard 

Experimental Shifter ^eiivl 1 2 3 4 5 6 7 8 9 10 hard 

3. List the advantages of this new design in comparison to: 
a) Shimano Rapid Fire \r . * * i_ /^<iAAA^iu ~Vlw noL>, \tc<A^A AvSMS-

. - t k *iU* U > J uJTrV? &i ^ K - tfr^Wff U^\rCS V**i£\f*H£ 

<*VU 



Cl[?$H\Fl- "WWJ« "<s J ? ®€tf&-'-

A y 
4. Hist the disadvantages of this new design in comparison to 

a) Shimano Rapid Fire 

1W k U i i ^ h W 4 ^^^^Wv^, Vwiv/'»^ k**f" *$*+ ^ ^ ^ + / 

b ) S E A ^ ^ P ^ ' VwVi ^>tvni U*r& 4/AAj \ f lwf A r S - J * 

ledt 1V*1 IM4- be^v^e 5 
5. What do you like about this new 

6. What do you dislike about this new shifter?! '{^•L^p^ k^Mlf^ <MA 

nc^^c r * ^ ' ^ .f̂ l w ,..3 ^W 
7. Suggestions for improvements ^ ^TUA^e^-

* 

8. If this shifter was on the market would you buy it? yes ift'o) If no, why not? ' 

9. Would you want it on your next bike? yes (nS If no, why not? f 

10. Indicate what'you consider would bela fair retail price for a production version of *^\ xc&^^x. 
this shifter. 

.you 

$60 $70 $80 $90 $100 $110 $120 Other %HO 

11. What would you be willing to pay for a production version OT this sh 

Thank you for your participation in the study. 
) 

1EP=^ 

\fi* 
. ( I 

H W WLAM 

shifter? $-30 -7^-

VAINMA. ^IMU^ VUVJ 4 k j i a l ^ t 
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