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Author’s Assessment of the Project 

The engineering contribution of this project is to collate secondary data on 

CVT‟s to be analysed with the intention of determining if a CVT is a more 

viable and faster transmission when compared to a standard gearbox, for an 

FS car setup.  

This engineering contribution should be considered both relevant and 

important to the Warwick FS team and the academic supervisors. This is 

because the current transmission system the FS team use, by their own 

admission, is inefficient and could be optimised. The importance of this project 

is to highlight a possible new direction for the team to take and encourage 

engineering flare and ambition while pointing out possible pitfalls and 

directions of design not to follow. 

Others can make use of the project if they have an interest in the subject and 

wish to learn more. The theoretical analysis and real work data really show 

the benefits of a CVT and help to inform the reader. 

This project should be considered an achievement because until now it did 

not appear possible to find collated large works on many aspects to do with 

CVTs. Previously information was scattered and bitty, now more information 

can be found in a single place, with new insights into the usage of a CVT with 

direct relation to the Formula Student competition rules and regulations, this 

previously did not exist. 

The project does have weaknesses; mainly that one of the aspects (driving 

experience) was all but neglected due to the inability to perform the required 

tests. Admittedly some of the information is more qualitative than quantitative, 

which we I to perform the project again, I would aim to rectify.     
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Summary 

This project evaluates the use of a CVT in a Formula Student application, as a 

replacement for a traditional stepped gearbox transmission. The traditional 

gearbox has many flaws and inefficiencies that a CVT can improve upon, but 

as yet it is not a widely used transmission solution. This is generally due to a 

stigma on the part of the consumer, but slowly they are becoming more and 

more popular with major car companies creating their own versions to satisfy 

the customer. The project analyses the viability of a CVT to replace a 

traditional gearbox; with viability referring to a cost/benefits ratio when 

compared to the usual transmission. Does a CVT provide enough benefits 

compared to its costs? This is the primary question that needed to be 

answered along with a recommendation or otherwise to the FS team to use a 

CVT in the future.  

In general the answer was yes. The CVT had many benefits over the gearbox 

with very few if any real drawbacks. Benefits included increased acceleration 

performance, good driveability which promoted confidence and consistency; 

the innovative transmission solution could well score more points in the static 

tests of the FS competition. The final recommendation was that the author 

believes that from the evidence at hand, the FS team should consider the use 

of a CVT in a future car as it represents a clear benfit over the current gearbix 

system. 
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1. Introduction 

The current FS car setup uses a motorbike engine with the standard 5 speed 

gearbox associated with that engine. Often only 3 of these 5 ratios are utilised 

during a race; therefore this system is inefficient and is an area which could 

be improved. CVT‟s are currently an underused but ingenious transmission 

system with many benefits over a standard stepped transmission. Therefore, 

this project looks at all the different types of CVT, and by looking at their 

characteristics, suggests the best type to implement in an FS car. This CVT 

will then be analysed against a regular transmission to show the potential 

benefits. Finally, research will be undertaken to find the best system as a 

whole within this bracket of CVT‟s to use on the FS car. Also, looking at 

systems which do not work or are imperfect will provide a way to arrive at the 

best solution. The final objective is to evaluate whether or not there is a CVT 

system that can viably replace a normal gearbox system. This refers to a ratio 

of costs to performance benefits. 
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2. Objectives 

The set of objectives below give a tightly defined plan for the investigative 

work I will be undertaking and clearly each individual objective has more 

detailed investigation within it than can be alluded to here. 

 

 Gather data on the current FS engine and gearbox setup. 

 To evaluate different types of CVT and choose the most suitable for 

further investigation.  

 Investigate the potential theoretical advantages and disadvantages 

(acceleration etc) of this type of CVT over the currently used 5 speed 

gearbox.  

 Assess how driving with a CVT will affect the performance of the driver 

of the car. 

 Look into the tuning of the CVT system to increase performance. 

 Find a suitable CVT system on the market that may be fitted to a future 

car. 

 Considering all factors, make a recommendation to the FS team on 

whether to avoid or consider the implementation of a CVT in a future 

car. 

 

To achieve these objectives I intend to follow a clearly defined sequence of 

research, that is to say, completing each objective above in an ordered and 

timely fashion with weekly updates to and objectives from my supervisor. In 

this way I can ensure I do not fall behind in my research and writing up.  

 



 

7 

 

I will utilise varying media sources to fulfil my objectives. I intend to use 

books, (online) journals and reliable technical websites to gather information. 

In addition, I feel it would be a mistake not to use any valuable information I 

could potentially gain from academic members of staff, the FS team and also 

from companies specialising in transmissions or CVT‟s in particular. As such, I 

endeavour to speak to as many people who may be able to provide me with 

information on all matters of my project. In addition, I hope to be performing 

some tests on drivers of the FS car to evaluate the different experience of 

driving a CVT equipped car. To be precise, how the different noises (more 

constant engine noise) affect the driver, and in turn the effect this will have on 

his/her performance. 

This being the case, my resource usage is likely to extend simply from the use 

of a computer on campus and at home to a small amount of meeting time with 

academic staff, technicians and the FS team (so I can talk with them and 

possibly perform some tests on them) if this is possible. In addition to this 

there are obviously some consumables associated with my research, these 

being mainly printer ink and paper 
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Table 1: Timetable 

 

 By end of 

October 

Be end of 

November 

By end of 

December 

By end of 

January 

February 

onwards  

Complete 

assessment 

of FS car 

setup and 

decide upon 

the best CVT 

type to use 

and further 

investigate. 

Produce 

requirements 

for any 

potential CVT 

system to be 

used. 

Assess the 

theoretical 

advantages 

and 

disadvantages 

of the type of 

CVT chosen 

and compare it 

to current car 

setup, then 

begin 

theorising a 

crude 

experiential 

test to perform 

on drivers.  

Attempt to 

finalise a 

single or set 

of tests to 

perform on 

the driver/s 

and 

investigate a 

suitable CVT 

system to 

use.   Create 

2 page 

evaluation of 

current 

progress (by 

end of term). 

Perform tests 

on FS 

driver/s and 

ensure a 

suitable CVT 

system can 

be found for 

the FS car.  

Time 

allowance for 

completing 

any work 

which 

overruns. 

Potentially 

more time to 

complete 

work which 

has over run. 

Produce 

draft report in 

some detail 

to be 

assessed. 

Focus on 

completing 

final report 

so there is 

time to revise 

for exams. 

 

This is of course an ideal timetable, I expect if research goes well I should be 

able to follow it closely. However, if problems do occur then I have allowed 

time so that I do not miss the final deadline.  

Potential problem areas really centre on theoretical analysis of the CVT 

system and comparing it to the manual transmission. This is due to the lack of 

technical comparison data that already exists, and also the lack of credible 

technical information on CVT‟s. There are many variables in each case, with 

the manual gearbox there are different gear ratios to consider and in the case 

of the CVT there are likely to be spring and roller weights as well as the 
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weight of the car that can affect the performance of the CVT system. To try 

and minimise these problems it is likely that I will need to pick some standard 

conditions, or attempt to simplify the situation. Simplification will of course lose 

some detail, but the main trends of both transmissions should still be 

apparent. 

In addition, there is potential for my analysis of the different driving experience 

to not produce consistent or valuable data. As this is such a new area of 

engineering there is little knowledge, but hopefully with guidance from experts 

in the area my potentially crude tests will provide basic but insightful data.  

 

3. The Problem 

From the outset, it should be clear to see the shortcomings in the idea of a 

gearbox. A gearbox is always a compromise; you are rarely using the 

engines‟ full power to accelerate the vehicle due to the fixed gear ratios. In 

addition, between these ratios you have periods of no power going to the 

wheels at all.  

On a regular road car this is not really an issue, as full throttle and outright 

performance are not as important as say, production cost, maintenance and 

durability. So here using a gearbox is the best economical solution for all 

parties concerned. However, on track performance is everything, this is not to 

say that the other factors are unimportant, more that performance is now the 

objective, and so other factors can be compromised around it. Therefore 

having a key element of the car compromised is not ideal. In the case of the 

Warwick Formula Student car, the motorbike engine uses its own integrated 5 

speed gearbox; of which only 3 speeds are used on a regular basis due to the 



 

10 

 

fact the cars do not usually exceed 70mph. So it is clear to see that only using 

three different gear ratios must be a fairly large compromise. This case is 

backed up by the fact that the team has stated this and set a project for 

gearbox optimisation, showing they are not getting the maximum from what is 

already a flawed system. This shows the need to search for a better system, 

one which can address some of the problems of the gearbox.  

 

4. The Solution? 

A  CVT does not have many of the problems mentioned above. They enable 

the engine to sit at the most preferable engine speed, may that be for 

economy, torque or outright power, and then the transmission itself will adjust 

the gear ratio to accelerate the car. This would mean, for our specific use in 

an FS car, the engine could be run at maximum power to gain maximum 

acceleration potential, a potential that is higher than a normal gearbox. There 

is no period of zero power as the ratio change is continuous, a single 

connection between engine and driven wheels. This is as apposed to the 

many different ratios in a gearbox. 

Clearly continuous maximum power acceleration will lead to faster 

acceleration, this is a big advantage. Also, some forms of CVT act as a 

mechanical Traction Control (TC) system (this will be explained in detail later 

on) which could be a highly advantageous attribute. This information clearly 

shows that CVT‟s do have important and valuable benefits over a normal 

gearbox. However, every system has its disadvantages and these must also 

be considered. 
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Unfortunately there is very little experience of CVT‟s in normal cars, let alone 

motorsport applications, therefore they are somewhat of an unknown quantity 

when it comes to setup. As with a conventional gearbox where you need to 

adjust gear ratios for a specific situation, you need to adjust many things on a 

CVT, such as cam weights, cam profiles and spring weights. Also due to the 

way CVT‟s transmit power (belts, friction disks etc) there are limitations to the 

amount of power they can transmit. The driving experience with a CVT is 

another issue that cannot be overlooked as it is markedly different to driving a 

car with a gearbox. This is one of the main reasons CVT‟s are not popular in 

the road car market, people simply do not like or are not comfortable with this 

different driving experience when compared to a „normal‟ car. How the driver 

of the car feels due to the CVT, and then how that feeling influences his/her 

driving can have a big impact on performance. With many disadvantages or 

new experiences related to them, CVT‟s are by no means perfect. Therefore 

the main objective of this report will be to investigate their potential in the 

formula student car application. 
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To surmise, the basic advantages and disadvantages of each system are 

given below. 

 

Table 2: CVT and gearbox advantages/disadvantages. 

 

5. Research and Investigation 

As this is a subject with very little knowledge it would be sensible to learn as 

much as possible from people who have used a CVT in an FS car. Therefore 

an appropriate question would be, has anyone used CVT‟s in FS before? 

There are a few teams known to use a CVT in formula student/formula SAE 

(outside of the UK). Aston University has been using one for around 5 years, 

and though their cars have not performed at the top level in the competition so 

far, due to various reasons, they have shown some of the potential of a CVT 

and more importantly they have done much of the investigative and practical 

work needed to refine their designs. This enables onlookers to see what has 

not worked, and from this others can move in the correct design direction and 

 Advantages Disadvantages 

CVT Seamless maximum 

acceleration. 

Efficient use of power. 

Possible traction control 

abilities. 

Highly adaptable. 

Poor torque handling. 

Somewhat unknown 

technology – harder to 

implement. 

Traditional gearbox High torque handling. 

Well known technology – 

easy to implement. 

Inefficient use of power. 

Not very adaptable – 

limited by number of 

ratios. 
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towards a competitive system. In essence Aston has performed the research 

and development. They have definitely shown a CVT equipped car can 

perform, but their cars have also shown problems. Perhaps the lack of 

performance was down to the driver, maybe they could not drive consistently 

in the long races to perform well due to the different driving style needed, or 

maybe the system was just unreliable, or the set up incorrect. With valuable 

input from Aston University‟s FS team the best CVT system for the application 

will be found. In addition, as mentioned above tuning is highly important to 

unlocking a CVT‟s full potential, so this will be thoroughly investigated. CVT‟s 

are most widely used in scooters, quad bikes and snowmobiles; therefore the 

most widely available knowledge on CVT tuning is for these applications. 

Through studying the main principals, this CVT tuning knowledge should be 

made applicable to the FS car.  

 

6. What different CVT systems are there? 

There are three main types of CVT system commonly used, they are: Variable 

diameter pulley based, Toroidal (half and full) and Hydrostatic. Overleaf is a 

description of each system. 

 

Variable Diameter Pulley 

A CVT based on variable diameter pulleys has two pulleys connected by a 

composite V-belt or flexible steel belt. One pulley is connected to the engine 

crankshaft (this may be via a torque converter or centrifugal clutch), while the 

second pulley is connected to the rear axel or differential. The basic principal 

of how these CVT‟s work is that as engine speed changes the primary and 
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secondary pulleys‟ V-sections expand or contract changing the effective radii 

in which the V-belt rides. In essence this is akin to changing sprocket sizes 

and changes the gear ratio. (In the case of a primary pulley not connected via 

a clutch or torque converter the pulley will initially be wide enough so that the 

belt does not grip the pulley sides, at a certain engine speed the pulley will 

have closed enough so that the belt grips and power is transmitted). 

 

 

 

 

 

 

 

  

Fig. 1: Primary pulley position for low/high gear ratios. 

 

The two diagrams (fig. 1) above show how the primary pulley position 

changes with engine speed. As speed increases the centrifugal forces on the 

roller weights force them up and pushes the primary V-section inwards, 

making the belt ride higher in the pulley. This effectively changes this from a 

small primary gear to a large one (like changing up the front chain ring on a 

bicycle). A neutral gear can be achieved by a number of methods. Firstly the 

primary pulley may be able to open wide enough when spinning below a 

certain speed so that the belt disengages the pulley, therefore producing no 
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drive. Alternatively a clutch, usually a centrifugal clutch, can be used to 

provide the neutral gear. 

 

Fig. 2: Secondary pulley position for low/high gear ratios. 

 

These diagrams (fig. 2) show how the secondary pulley changes. As speed 

increases the primary pulley diameter has become larger and so forces the 

belt further into the secondary pulley. Also, the tension in the belt creates a 

torque on the pulley due to the resistance in the axel from the tires gripping 

the road surface. These factors combine to force the pulley to open up against 

the retaining spring trying to keep the pulley closed. This is a highly adaptable 

and useful system, as it is a form of mechanically autonomous traction control 

(TC). For example, if the wheels begin to spin due to a lack of traction, the 

rear axel will have less resistance, therefore reducing the torque applied to 

the pulley by the belt. If this torque is less than the spring retaining force the 

spring will close the pulley (increasing the effective diameter) and in turn open 

up the primary pulley a certain amount. This will reduce the overall drive ratio 

(so slowing the wheels and stopping the wheel spin) by an amount until the 

force increases again.  
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All of these changes assume the CVT is correctly set up. If, for example, the 

primary roller weights are too light, then they won‟t be able to increase the 

primary pulley radius enough. The same goes for if the weights are too heavy, 

they will change the ratio too quickly and the engine will bog down. There are 

many aspects to setting up a CVT, all of which work in conjunction with each 

other to create a complicated system. However, a correctly set up CVT should 

allow the tires to always be at the edge of grip, meaning the maximum amount 

of grip available can be used.  

Also there are versions of this kind of CVT that use computer controlled, 

hydraulically actuated pulleys. Audi‟s „Multitronic‟1 CVT is an example. This 

can be of some benefit as it can reduce the need for time consuming setup 

work where you must change flyweights and spring stiffness‟s; this is because 

the computer can choose the optimum gear ratio for a specific set of input 

parameters (throttle position, vehicle speed etc) which a purely mechanical 

system cannot do. But these systems are much more expensive and heavier, 

for obvious reasons. The more sophisticated systems are more than likely to 

be used in a road car, so these systems will use a metal belt (again adding to 

weight); this allows the CVT to transmit the higher torque levels associated 

with a large engine. Simple mechanical systems tend to use a composite belt, 

as this is lightweight and more in keeping with their general application, which 

is snowmobiles and quad bikes (less power, less weight).  

The aforementioned road car orientated CVT‟s can show the potential 

benefits of CVT‟s in general. Tests performed on a Chrysler Voyager with a 

                                                         
1
 Stuart Birch, Audi takes CVT from 15

th
 century to 21

st
 century:  

http://www.sae.org/automag/techbriefs_01-00/03.htm (visited on     ) 

http://www.sae.org/automag/techbriefs_01-00/03.htm
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3.3l engine and a CVT showed up to 17% fuel consumption benefits and a 1 

second improvement in 0-62mph time from 13.2 to 12.2 when compared to 

the same car with a 4-speed automatic transmission2. With the previously 

mentioned Multitronic system Audi also claims benefits with fuel consumption 

and acceleration, it also highlights the poor image CVT‟s have in the public 

domain3.  In addition, independent reviews of Multitronic equipped cars have 

also confirmed these claims, and also show that the system has the capacity 

to simulate a normal automatic gearbox, switching from set ratio to set ratio4. 

This helps to appease customers who do not like the feel of the CVT system, 

while at times still allowing the system to work as a CVT.  

These electronically controlled systems do have many benefits over a normal 

CVT; they can adapt too many different situations and transmit more power. 

However, in the context of the single application of FS, they much too over 

engineered to the purpose. With this in mind, it can be concluded that a 

simpler, mechanical, composite belt system is far more appropriate in terms of 

cost, weight and fitness for purpose. 

 

Toroidal 

The second main type of CVT is the toroidal system. This uses disks and 

rollers, and although it looks very different to the pulley-based systems, works 

                                                         
2
 E. Hendrix, “Qualitative and Quantitative Influence of a Fully Electronically Controlled CVT on Fuel 

Economy and Vehicle Performance,” in John Maten, Bruce Anderson, Continuously Variable 

Transmission (CVT), 2006, pp.48 tables 4 and 5. 

3
 Birch, Audi takes CVT from 15

th
 century to 21

st
 century, paragraphs 2 and 3 

4
 New Audi A6 TDI Multitronic Range Car review: http://www.autoweb.co.uk/new-car-

review/Audi%20A6%20TDI%20Multitronic%20Range (visited on    ) 

http://www.autoweb.co.uk/new-car-review/Audi%20A6%20TDI%20Multitronic%20Range
http://www.autoweb.co.uk/new-car-review/Audi%20A6%20TDI%20Multitronic%20Range
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on the same basic principal. The primary disk is equivalent to the primary 

pulley, the rollers perform the same job as the belt and the secondary disk is 

akin to the secondary pulley. Fig. 3 shows a half-toroidal system (so named 

because the two disks create an inside shape identical to a toroid shape cut in 

half). 

 

 

 

 

 

 

 

 

Fig. 3: Ratio Change Principal5 

 

The above diagram shows how the rollers pitch clockwise and anti-clockwise 

to contact the disks in different positions. The radii ri and ro are effectively the 

same as the primary and secondary pulley radius in the pulley-based 

systems. It can be noted that this system does seem much simpler with fewer 

moving parts. However, things to note are the fact that the output shaft will 

spin in the opposite direction to the input shaft and the fact the system cannot 

to controlled automatically with mechanical components like a pulley CVT. 

Toroidal systems require a secondary system to control the position of the 

rollers.  

                                                         
5
 http://debates.coches.net/showthread.php?t=6284 (visited on 12/3/2009) 

http://debates.coches.net/showthread.php?t=6284
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A full-toroidal system works in much the same way as a half-toroidal system; 

rollers pitch to rotate on different parts of the disks which give you the 

changing drive ratio. Two full-toroidal layouts can be seen below. 

Fig. 4: Configurations of two toroidal CVT systems6.  

 

It can be noted that the first half of the system is virtually the same apart from 

the disks being a full toroid shape rather than half. The front and rear disks 

are on the same driven shaft and drive (via the rollers) the central disk which 

may turn independently. Then the output (flywheel) may be taken from the 

central disk in the form of a layshaft gear arrangement (left) or coaxially by 

extending the central disk into a cylinder that a shaft may be attached to 

(right). The full-toroidal system does have some benefits over the half-toroidal 

system, mainly that it can transmit much greater loads by having a greater 

                                                         
6
 Chris Brockbank BSc (Hons), Torotrak (Development) Ltd, Full Toroidal CVT in a Kinetic Energy 

Recovery System: 

http://www.torotrak.com/OneStopCMS/Core/CrawlerResourceServer.aspx?resource=CA5EF431-

0CC6-4355-A3BB-763ABE101CAE&mode=link&guid=eb1e850e651b4ec0aec9671c538618c6, page 

4 (visited on 12/3/2009) 

http://www.torotrak.com/OneStopCMS/Core/CrawlerResourceServer.aspx?resource=CA5EF431-0CC6-4355-A3BB-763ABE101CAE&mode=link&guid=eb1e850e651b4ec0aec9671c538618c6
http://www.torotrak.com/OneStopCMS/Core/CrawlerResourceServer.aspx?resource=CA5EF431-0CC6-4355-A3BB-763ABE101CAE&mode=link&guid=eb1e850e651b4ec0aec9671c538618c6
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contact area. Neutral gear in a toroidal CVT can be achieved with the use of a 

clutch, as seen in fig. 4, to disconnect the discs from the input.  

 

Both pulley-based systems and toroidal systems have a limit to the amount of 

power they can transfer, due to belt strength and the limit to the friction 

possible between the disks and rollers. As both systems work through friction 

there will be increased slippage as the torque transmitted through the system 

is increased. Traction fluids are used to increase grip between rollers and 

discs, and also between pulley and belt. These traction fluids are a key area 

in the continued improvement of CVT efficiency and torque handling abilities.  

 

Hydrostatic 

The third main type of CVT is the hydrostatic CVT. This system uses hydraulic 

fluid as a power transmission medium. There are also hydraulic pumps, a 

primary drive pump and secondary driven pumps. The primary drive pump is 

connected to the engine and creates a flow of hydraulic fluid around the 

system; the driven pumps then use this flow to turn the fluid movement back 

into an output shaft rotation. These types of CVT are very heavy and therefore 

mainly used in heavy machinery to transfer high amounts of torque. This 

makes them very inapplicable to the mainstream car industry and more suited 

to industrial roles such as agriculture where weight is not a handicap, high 

torque transfer is a necessity and robustness is essential. On this basis such 

a system must be considered highly inappropriate for any FS car.  
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7. Relevant rules and regulations of Formula Student 

There are many rules that govern the engine and transmission of an FS car 

design. The rules relevant to this investigation are as follows: 

 Maximum engine displacement of 610cc and the engine must be 4-

stroke (Rule 8.1.1). 

 The engine can be modified within the restrictions of the rules (rule 

8.1.2). 

 The car must be equipped with an on-board starter, and be able to start 

without any outside assistance at any time during the competition (Rule 

8.3). 

 The throttle must be actuated manually (Rule 8.5.2). 

 Any transmission and drivetrain may be used (Rule 8.12). 

 Scatter shields for belts must be made from at least 3.0 mm (0.120 

inch) Aluminium Alloy 6061-T6, and have a minimum width that is 

equal to the belt width plus 35% on each side of the belt (1.7 times the 

width of the belt) (Rule 8.13.4)7. 

 

From these rules requirements can be set out for the engine/transmission 

system; the engine used must be 610cc or less and be 4-stroke, and have a 

starter motor controllable from the cockpit. In addition, there must be no 

electronics involved with the throttle actuation (this may rule out some 

                                                         
7
 SAE International, 2009 Formula SAE® Rules: 

http://students.sae.org/competitions/formulaseries/rules/2009fsaerules.pdf, pages 34-35 + 37  (visited 

on 23/2/2009) 

http://students.sae.org/competitions/formulaseries/rules/2009fsaerules.pdf
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electronically based CVT systems) and packaging of any CVT must be 

considered due to the requirement for scatter shields. 

Looking at the static event8 regulations and dynamic event9 regulations also 

brings up some interesting points. Sections of scoring worth large amounts of 

points include the costing and manufacturing event, the design event, the 

acceleration event, autocross, fuel economy and endurance. These are 

significant because they are all areas where a CVT may have an influence on 

the score, positive or negative. Therefore when making judgement on a 

particular transmission system, these are the criteria by which to do so. 

 

8. Aston University Visit 

With Aston University being the only known team to have been running a CVT 

for multiple years it was decided it would be advantageous to look at the work 

they had done. To do this a visit was arranged with the team manager via 

email. The main objectives of the visit were to see previous cars and evaluate 

the good and bad points of their design, discuss the teams‟ view of the 

optimum system and their future design direction and finally to discuss the 

driving experience of each of the cars in contrast to a conventional gearbox 

car. Information gathered for the final point was made more reliable because 

the current team manager has been with the team for 5 years and so has 

driven all of the cars during that time. 

The first car viewed was the car used for the 2005 competition, a design 

which has originally been used in 2003 and refined for 3 years. This car used 

                                                         
8
 SAE International, 2009 Formula SAE® Rules, pp 60-82 

9
 SAE International, 2009 Formula SAE® Rules, pp 83-105 
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a Honda CBR600 engine with a Comet Duster CVT (pulley and composite 

belt based design) initially intended for snowmobile use. 

 

Pic. 1: Back end of the 2005 car 

 

The positives from this car were its overall speed; the 600cc motorbike engine 

is extremely powerful, however this power was also the reason for the cars 

problems. The CVT experienced extensive belt slippage, a consequence of 

the high power (these types of CVT‟s have a limit to power transmission) and 

also of poor primary pulley tuning. The engine produces its power at high 

rpm‟s, much too high for the rubber belted CVT, so vast reduction gears had 

to be installed to obtain feasible speeds for the CVT to run efficiently. These 

gears caused many problems, the first being that they were very heavy, at 

around 40kg; this is around 20% of the cars total weight, a very large 

proportion. Secondly this weight had to be carried fairly high as the gears had 

to up as the only other option was to go further back, this would have created 

a very long and thus poor handling car. 
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Pic. 2: 2005 car detailed back end showing large reduction gear 

 

The two red circles show the rough positions of the final two reduction gears 

coming off the secondary CVT pulley (the lower one can be seen); this is the 

third problem, as you can see there is a considerable difference in size 

between the two gears, with the top gear being very small. This size 

difference caused the chain to jump teeth on the smaller gear whilst the car 

was in operation due to the small number of teeth interlocking with the chain. 

As a result the car would lose performance and in addition it would damage to 

gears creating the necessity to constantly replace them, poor reliability and 

high cost. The final issue was that the motorbike engine still had its integrated 

gearbox, so the team were effectively running two gearboxes, which is 

inefficient for power transmission and vehicle weight. In conclusion, the main 

cause of the cars speed and problems was the engine, not the CVT which 

appeared to work well. 
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The next car was the 2006 model.  To try and alleviate some of the previous 

problems the design moved to using a turbocharged 600cc Smart car engine 

as it produces its power at much lower rpm‟s, meaning much less reduction 

was required, and the engine did not has an integrated gearbox. The same 

CVT system was employed as the previous car.  This car had many problems, 

again mainly stemming from the engine. The engine was vastly underpowered 

in comparison to the motorbike engine, and also heavier, meaning the initial 

intention of saving weight actually ended up with this car weighing more than 

its predecessor, whilst having less power. In addition, using the turbo charger 

within the FS rules with a restrictor plate and air intake limitations proved 

extremely difficult, adding to the engines power issues. Although the 

intentions of this design were well thought out, they were poorly executed due 

to a bad selection of components; this has therefore been useful in showing a 

path not to follow. 

The final car viewed was the 2008 car. This car uses a Rotax 500cc engine 

coupled with a matching CVT, gearing box and differential. This entire engine 

and transmission solution was taken from a Cam-Am Renegade 500 quad 

bike. The installed system is shown overleaf. 
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Pic. 3: Back end of 2008 car 

 

This picture shows that the entire rear end of the car is substantially lower 

than the 2005 car which would give this car a much lower centre of gravity. 

The key advantage with this system is that all parts of the drivetrain have 

been designed to work with each other; no part is being adapted to work in 

this system. In addition the transmission has been designed to move a quad 

bike weighing in the region of 275kg, so it should already be fairly well tuned 

for the application of an FS car due to the quad being a similar weight to the 

FS car. The engine in use is again down on power. However, consider that it 

is only 500cc, so there is scope here to bore out the engine to 610cc and 

therefore bring the power up to a slightly more competitive level. The small 

reduction box used by this system includes low, medium and high ratios (for 

tackling different terrain on the quad bike), as well as a reverse. On the 

racetrack only the high setting is needed, so this is a small area where 

improvement could be made, that is, to either remove the other gears or 

produce a bespoke reduction box with only the one gear. Overall this system 
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has many benefits whilst getting rid of many of the downfalls of previous 

systems. This would appear to be the direction to head in, in terms of the 

system to use in an FS car.    

Finally I asked about the driving experience when using a CVT. The Team 

Manager Phillip Scott said “the CVT makes the car incredibly easy to drive, 

literally anyone can get in and drive it without having to worry about stalling it 

or trying to keep it in the power range - the CVT does all of that for you.” 

According to Phillip, one of the original ideas behind building an FS car using 

a CVT was because the team members in general have very limited 

experience of driving race cars (karting etc). Therefore they wanted to build 

an easy to drive car that would help them to make up for this lack of 

experience. It would appear, on the experience of the Aston team at least, 

that driving a race car with a CVT is in-fact much easier and confidence 

inspiring. After studying the dynamics of driving with a CVT this becomes 

more obvious. For instance the driver has more time to think about corners 

and braking because he/she is not concentrating on downshifting and both 

hands can stay on the wheel. Also, downshifts can sometimes cause locking 

of the rear wheels if hose downshifts are done too quickly, this will not happen 

with a CVT equipped car, this improves stability and therefore will give the 

driver more confidence. The driver can also be more consistent as there is no 

chance of missing a gear change. All of these things show how a CVT car 

may be easier to drive than a car with a stepped gearbox. 
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Aston Visit Conclusions 

So in conclusion from the visit, multiple ways to not implement a CVT have 

been found, namely using inappropriate parts that do not match up well (high 

revving engine and CVT requiring low revs). It would also appear that the best 

solution has also been found, this is by buying an off-the-shelf complete 

system with matching parts. It can therefore be concluded that a good overall 

package is what is required to succeed in terms of speed and reliability, not 

very good individual parts such as, the highly powerful CBR600 engine which 

was fast but in turn made the car unreliable. Finally on the subject of the 

driving experience, it can only be assumed that an FS car with a CVT 

equipped is actually much easier to drive than a car with a gearbox.  

 

9. Which system is the most viable? 

Looking at all three of CVT systems and considering the formula student rules 

it may be concluded that a simple mechanical pulley based CVT with a 

composite belt is probably the best type of CVT to use due to its simplicity. 

Table 2 outlines the main attributes of each system. 

 Advantages Disadvantages Design purpose 

Mechanical 

Composite Belt 

CVT 

Lightweight, 

Adjustable, 

Simple 

Low torque capacity, 

Not as feature 

rich/adaptable as 

electronically 

controlled systems 

Small lightweight 

vehicles such as 

scooters and 

ATVs.  

Electronic Metal 

Belt CVT 

Can transmit 

more torque, 

has features 

beyond a CVT 

Heavy, very 

complex, Requires 

well made software 

to function properly 

Larger road cars 

with more 

powerful engines 
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Half-Toroidal 

CVT 

Mechanically 

simple, Small 

Output spins 

opposite to input 

(could be 

advantageous), Low 

torque capacity, 

Requires electronic 

control and clutch for 

neutral 

 

Lower power 

applications 

Full-Toroidal 

CVT 

Higher torque 

capacity, Can 

have extra 

features via 

electronic 

control system 

Heavier than half-

toroidal systems, 

Require electronic 

control and clutch for 

neutral 

Some road car 

application, New 

Williams F1 

energy recovery 

system 

Hydrostatic 

CVT 

Very high torque 

capacity, 

Multiple outputs, 

Durable 

Very heavy, Quite 

inefficient 

Industrial 

machinery, 

Tractors 

 

Table 3: Comparing different CVT systems 

 

It may not be able to transmit much torque, but this is not an issue as the 

power outputs in FS are low enough for this system to work well within limits. 

Any other system, pulley or toroidal, would require electronics and some sort 

of actuation whether by electrics or by hydraulics; these systems would be 

more costly (especially in this difficult economic climate), weigh more and 

possibly prohibited by the rules. Obviously hydrostatic systems cannot be 

considered due to their characteristics and on balance electronic CVT‟s have 

more cons than pros. Therefore, the best solution would be to use a light, 
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simple composite belt system that still has the potential to outperform a 

regular stepped transmission. 

 

10. Specifics of a mechanical Pulley-based CVT system 

The previous description above of a mechanical pulley based CVT system is 

accurate in so much as the physical movements of the pulley, but perhaps 

does not go into much detail of the actual mechanics behind how the pulley 

motions take place in all CVT‟s. Below is a more detailed look into the pulley-

based CVT. 

Firstly consider the primary pulley movement. It was initially described as 

roller weights riding outwards on a cam profile due to centrifugal force which 

then pushes a pulley half in closer to the other pulley half. Such a primary 

pulley is pictured below. 

 

 

Pic. 4: Showing a roller weight primary pulley disassembled10 

                                                         
10

 George Szappanos, CVT Clutch Tuning Basics – Part 3:Making the Adjustments: http://atv.off-

road.com/atv/article/articleDetail.jsp?id=190897 (visited on 20/4.2009) 

http://atv.off-road.com/atv/article/articleDetail.jsp?id=190897
http://atv.off-road.com/atv/article/articleDetail.jsp?id=190897
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Although this system is used for some primary pulleys, it is also common for 

flyweights to be connected to the moveable pulley half with distinct cam 

profiles which are forced outwards by centrifugal force. The flyweights then 

push on a roller connected to a stationary part of the pulley, the force they 

transmit is equal to the force with which the pulley half closes. Fig. 5 is a 

diagram showing the movement of a flyweight against a roller. 

 

 

Fig. 5: Left to right shows positions of primary pulley weights with increasing 

engine speed11. 

Clearly seen in fig. 5 is how the system works, as engine speed increases the 

centrifugal force on the flyweight‟s forces them up and thus out. They push 

against the roller which closes the pulley. The moveable pulley half is sprung 

to return the pulley to a fully open state once engine speeds decrease and 

hold it open while stationary. Sometimes the primary pulley is designed such 

that the pulley opens wide enough to disengage the belt, this system is used 

when the primary pulley is connected directly to the crankshaft of the engine, 

not via a torque converter or a centrifugal clutch.  

                                                         
11

 Randy Nouis, Heel Clicker Dual Quadrant Clutch Weights:  http://www.sledgear.com/HKtech.htm   

(visited on 24/2/2009) 

http://www.sledgear.com/HKtech.htm
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Fig. 6: Primary pulley showing low and high gears12. 

 

Fig. 6 details a cutaway of a primary pulley shown in both a low and a high 

gear. Note the positions of the flyweights with respect to the low/high gear 

position and how they push on the rollers. Also note the previously mentioned 

pressure spring. The weight and centre of gravity (CoG) of the flyweights, the 

profile of their cam edge and the stiffness of the pressure spring are the 

elements of the primary pulley that must be adjusted when tuning for optimum 

performance. The same is true for a roller weight pulley, though cam profiles 

are not usually changed as this is built into the moveable pulley-half so a new 

profile would require a new pulley-half. All of these tuning changes must work 

in conjunction with the secondary pulley tuning for optimum performance. 

The secondary pulley‟s operation is also more complex than previously 

stated, although again the main principal is still the same. The spring still 

provides a squeezing force to the belt via the moveable pulley half. However 

                                                         
12

 Gates Corporation,  How does the clutch system work?: 

http://www.gates.com/brochure.cfm?brochure=1033&location_id=542 figure 2 (visited on  ) 

http://www.gates.com/brochure.cfm?brochure=1033&location_id=542
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this force is varied via a torque sensitive cam arrangement which enables the 

pulley to react to different power requirement situations and apply the correct 

amount or squeeze to the belt at the correct time.  

 

Fig. 7: Secondary pulley showing low and high gears13. 

 

The main points to note in fig. 7 are the torque sensitive cams, the slider 

button and the torque spring. The spring acts in torsion with the cam profile. 

The slider button is connected to the spring and twists round on the cam. The 

angle of the cam that the slider moves on determines the amount of 

squeezing force applied to the belt as it is either easier or harder for the spring 

to twist depending on the cam angle. 

 

11. Driving Experience problem 

Having a theoretical advantage over your competitors is a valuable 

commodity; however driving faster can be a challenge, especially with a car 

                                                         
13

 Gates Corporation, How does the clutch system work?, figure 3. 
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that is unfamiliar. Plainly, driving with a CVT equipped car must be a markedly 

different experience to driving a „normal‟ car. There is a seamless acceleration 

that most people find disconcerting as previously mentioned. It is a well know 

market problem with CVT cars, people simply do not like the way they feel, for 

the simple fact that they are different. This has led to some manufacturers 

creating artificial “steps” into the CVT system to make customers feel more at 

home14, but this then loses lots of the advantage of running with the CVT. 

Another driving experience problem is the engine note, it doesn‟t change all 

that much with the actual speed of the car, so again lots of drivers don‟t like 

this, and actually associate it with a lack of power on the cars front, which is 

not the case. So how will a CVT equipped FS car affect the driver? How will it 

make the driver feel? How will this then in turn affect the driver and cars‟ 

performance? 

A test of some sort is required. A test where maybe the cars‟ performance 

stays the same but the driver hears a different engine note, then specific data 

is gathered; for example, did the drivers‟ speed change as a result? Did the 

driver think the car was any faster or slower? Comparing what actually 

happened with the drivers‟ perception can tell us a lot about how the CVT 

system is affecting their driving performance. 

 

Driving Experience Conclusions 

Regrettably no physical tests took place to test the driver response to a CVT 

equipped car. The type of test required would have been a Noise, Vibration 

and Harshness (NVH) test. Such tests take place to monitor driver response 

                                                         
14

 New Audi A6 TDI Multitronic Range Car review, paragraph 6. 
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to different noises, vibrations and overall car characteristics; these are exactly 

the same parameters which would change with a CVT equipped car. This is 

done by driving an actual car around a test course and recording noises and 

vibrations. This information is then processed and used to simulate that car in 

a stationary car test rig. The data gathered can then be adapted to create 

many different driving situations within the test rig that a driver will experience. 

Facilities to perform NVH tests do exist, however, to perform any test a CVT 

equivalent of a car would have to be driven and data would need to be 

recorded. The data for the equivalent car would also be needed to perform a 

comparison. This is where the problem arose. Although there would have 

been no problems using the facilities to perform the NVH test, the data 

needed to simulate the particular CVT situation did not exist, and there was 

neither the time nor the ability to gather it. This has meant that there was no 

possibility to collect any quantitative data on the subject.  

However, as previously mentioned, comments about driving an FS car with a 

CVT have been collected from Aston University‟s FS team, who are one of the 

few teams to ever experience a CVT car.  

 

12. Final CVT engine-transmission solution 

So far it has been established that the best type of CVT to use is a 

mechanical composite belt system and that the entire system should be a 

complete system, not parts collected and adapted to work with each other.  

There is no perfect, complete CVT engine-transmission system for FS; no 

such thing is manufactured due to the specific requirements of FS regulations. 

Systems for scooters do go up to 500cc, so could possibly be bored to 610cc, 
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but they are designed for a two wheeled vehicle so may not perform as 

needed and lots of tuning would be required. Snowmobile systems for obvious 

reasons are not designed to be used in a car, so are also likely to require lots 

of extra tuning to be competitive. ATV systems on the other hand will be 

better off the shelf options due to being designed for a 4 wheeled vehicle of a 

comparable weight to an FS car; these factors make an ATV system fit for 

purpose and less likely to need extensive tuning.  

The BRP-Rotax ATV Engine Type 49015 from the Renegade 500 EFI16 Quad 

bike used by the Aston FS team would appear to be the best solution. 

Although it is not perfect because there are extra gears adding weight that are 

not required (reverse, low range) and the engine is not of the maximum 

capacity. These issues can be solved however; boring the engine out to 

610cc will give more power and is feasible. The redundant gears in the 

dropper box can be removed, or there is the possibility of manufacturing a 

custom single speed gear reduction, reducing weight. These solvable issues 

do not however affect the core benefits of the system, with the matching 

engine and CVT that were designed to accelerate a four wheeled vehicle of 

roughly 275kg mass17. These parameters match those of an FS car fairly 

closely and so make this the best CVT system to implement in a FS car. 

Therefore the Rotax system, or equivalent from another manufacturer, must 

be considered the best CVT engine-transmission system to use  

                                                         
15

 BRP-Rotax, Engine Model: http://www.rotax.com/en/Engine/2004/ATV/Engine.Models.htm (visited 

on  ) 

16
 Can-Am, Renegade 500 EFI: http://www.can-am.brp.com/en-GB/models/renegade-500/base-

package/key-features.htm (visited on  ) 

17
 Can-Am, Renegade 500 EFI: http://www.can-am.brp.com/en-GB/models/renegade-500/base-

package/key-features.htm (visited on  ) 

http://www.rotax.com/en/Engine/2004/ATV/Engine.Models.htm
http://www.can-am.brp.com/en-GB/models/renegade-500/base-package/key-features.htm
http://www.can-am.brp.com/en-GB/models/renegade-500/base-package/key-features.htm
http://www.can-am.brp.com/en-GB/models/renegade-500/base-package/key-features.htm
http://www.can-am.brp.com/en-GB/models/renegade-500/base-package/key-features.htm
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13. Tuning 

One of the main issues regarding the chosen CVT type is excessive belt 

wear; this also leads to poor efficiency, resulting in a negative effect on 

acceleration. Belt wear occurs when there is slippage, a result of insufficient 

axial (squeezing) force on the belt from the primary pulley. Wear also occurs 

when the axial force is too high, meaning the belt gets stretched. So to obtain 

efficient CVT operation the axial force must be balanced so that there is just 

enough force to grip the belt so it does not slip, but not so much that the belt 

is overly gripped and then becomes stretched; either condition will cause the 

system to be inefficient and have high wear rates. There are two forces acting 

upon the belt while it is running through the primary pulley, the axial force, and 

an uplift force. The proportion of these two forces acting on the belt is a result 

of the sheave angle, x, in degrees. 

 

Fig. 8: Roller weight primary pulley in high gear showing sheave angle. 

  

Some primary pulleys will have a shallower sheave angle to allow a greater 

axial force if they are in a high powered application. 
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The most important parts of primary pulley tuning are the flyweights and the 

spring weight used. There is a trend that the highest axial force is required low 

down in the rev range, due to the high amount of torque being transmitted. 

Then as the vehicle accelerates the axial force does not need to be as high as 

torque reduces. Also the power, and therefore torque, required to start the 

vehicle moving is greater than the power required once the vehicle is already 

in motion.  The interaction of the flyweight cam on the moveable pulley-half, 

with the roller allows this axial force to be decreased as rpm‟s increase. This 

is due to the angle between the two, as the flyweight moves outwards the 

angle that it contacts the roller moves further from the horizontal, therefore a 

smaller proportion of the centrifugal force is transmitted horizontally to the 

roller, so the force with which the flyweight pushes the pulley-half out is 

reduced. 

The same principals apply to roller-weight pulleys, changing the weight of the 

roller and the pressure spring weight are the key to CVT tuning. Although 

some secondary pulley tuning may be required, which involves torque spring 

weight and cam profiles it is still the primary pulley tuning which matters the 

most to the overall CVT performance.   

 

14. Performance and cost analysis of CVT vs. Stepped Gearbox 

 The best possible CVT system has been found, now this section will evaluate 

if this CVT system is of any benefit over a traditional gearbox in terms of 

vehicle performance, cost, design and manufacture.  

 

Theoretical Performance 
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Firstly the theoretical acceleration for each system must be calculated from 0-

100 km/h (27.78m/s). For the gearbox the time spent in each gear must be 

calculated, and the summed. For this it is assumed that torque is constant and 

thus so is acceleration, to simplify matters. 

 

Force = Power/Velocity and also,  

Acceleration = Force/Mass 

 

Combining these two equations to eliminate force then gives, 

 

Acceleration = Power / ( Velocity * Mass ) 

 

The velocity value is the value at which the next gear is engaged. These 

values, along with the vehicle weight can be found in table 5 of the 

appendices. The power output was assumed to be 30kW, roughly 40 BHP. 
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The time spent in that gear is the final velocity minus the initial velocity divided 

by the acceleration, 
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Continuing this pattern of equations gives us answers of, 
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Summing these amounts gives a 0-100km/h time for a manual FS car of 

4.832 seconds without taking gear changes into consideration. This is slower 

than the actual results table provided to my by Dan Howe, this however will be 

down to me choosing a power output that is lower than the power output at 

the time those numbers were collected. 

Now a theoretical value for a CVT car must be produced. This is slightly more 

complex. The main assumption for this case is that we are using an IVT not a 

CVT. These are very similar but while a CVT takes time to shift into the 

correct gear at start up, an IVT changes ratios continuously from start up. 

 

According to Newton‟s second law, 

Force = Mass* Acceleration 

 

In addition, power equations state, 

Force = Power / Velocity 

 

Equating these two gives us, 

Mass* Acceleration = Power / Velocity 

 

Rearranging gives   1
/


P

dtVmdv
    and then integrating with respect to time 

gives,   dt
P

Vmdv
1  
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This then gives, t
V

P

m


















2

2

 

Inputting the known values results in a 0-100km/h time of, 

s473.3
2

78.27

30000

270 2

















 

Although neither of these calculations are terribly accurate, they do not 

account for any friction, it does show the potential of a CVT. As neither sets of 

equations took friction into account they can be compared, and the CVT 

model takes only 71.8% of the time to get to 100km/h, when compared to the 

manual gearbox, and this is without adding in gear shift time. 

 

Real World Performance 

As well as theoretically, it is essential to prove the advantages of a CVT 

system with real world data. Race technology data logging gives us 

information about a race car going around a track, such as engine rpm‟s and 

vehicle speed (provided by John Poxon of the IDL) . The correct pieces of 

information from these results will be obtained, and then reviewed, stating 

what it shows; then this information must be manipulated to try and represent 

the results were the car using a CVT. These pieces of information must then 

be compared. Other factors must also be taken into account, such as the 

weight and overall power output of each system. 

Regrettably the data logging information from race technology proved to be 

inconsistent and not enough was know about the origins of the data, the type 

of car was also not know. For these reasons the data could not be used in 

analysis. Instead the acceleration data for the old W6 FS car provided by Dan 

Howe was used. Graph 1 in the appendices shows the speed trace of the car 
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during that acceleration test, and graph 2 shows the engine rpm trace. Note 

the plateaus on the speed trace and the rise and fall of the rpm‟s as the car 

accelerates through each gear. The plateaus on the speed trace are when 

there is no drive going to the wheels due to no gear being engaged. It takes 

around 0.2 of a second for each change in this case. Added together that is 

0.8 of a second in only a short 5.5 second acceleration time. Therefore this 

time could have been lowered to 4.8 seconds. With continuous engagement it 

is now easy to appreciate why a CVT can accelerate so much faster, without 

taking into account that the CVT always transmits maximum power.  

 

Weight 

Weight is a very important issue for the FS team. With FS cars weighing little 

more than 200kg what would appear to be small weight changes count for a 

large percentage of the overall weight of the car. Therefore, every gram 

counts.  

Dan Howe from the Warwick FS team quoted the weight of the engine and 

gearbox to be 25kg. Phillip Scott, Aston FS Team Manager quoted the weight 

of the CVT system as 67kg. This is a massive increase in weight of 42kg, 

possibly around 20% of the weight of the entire car. However once the extra 

weight of the low range and reverse gears are factored in to the equation it 

becomes clear that the CVT system is not as heavy as it seems. Recall that 

the extra gears on the 2005 car (pic. 2) weighed 40kg. Assuming that the 

weight that can be saved in the reduction box is roughly around 30-40kg, as 

Phillip reported that there was „a lot of extra weight because of the high, low 

and reverse gears’. This could mean that once a custom reduction gear and 
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casing is installed the CVT system is unlikely to be much heavier than the 

current Warwick setup. In addition the quoted weight for the Warwick setup 

included no reduction gearing, so the two systems could be yet closer in 

weight. However, on current information it must be assumed that the CVT 

system does have a weight disadvantage. 

 

Power 

Horsepower is the final performance factor to consider. Dan Howe again 

provided information about the Warwick setup, with the engine producing 

between 30 and 40 hp at present, but predicted to be consistently in the range 

of around 45bhp in time for the competition. The Rotax engine as stock is 

500cc and produces 39 hp. However with the engine bored out to 610cc, 

significant improvements over that figure could be obtained. So yet again the 

two systems seem to stack up remarkably closely with each other. 

 

Performance conclusions 

Overall however, in terms of acceleration performance, even with the 

probable extra weight the CVT system will outperform the gearbox system 

provided that the pulleys are correctly setup for the conditions. This should 

give the car an edge in the acceleration and autocross tests as these two 

disciplines require super fast acceleration. The extra weight of the CVT 

system may slightly negate this acceleration advantage in the autocross test 

however, by compromising the cars handling slightly. 

The CVT will have a good advantage in the fuel economy test, as although 

the engine will be constantly running at higher rpm‟s, it will be doing so under 
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less load, so will use less fuel while still being faster. Fuel economy benefits 

are also clearly shown previously in this report. 

The final note on car performance relates to the endurance event. This event 

is all about consistent driving, and good reliability. With the CVT being easier 

to drive than a manual gearbox car, the driver should be able to concentrate 

better as there are fewer things to do in the cockpit. This should result in more 

consistent driving and a better time over the endurance race. 

 

Cost 

The price of each system is very significant. Firstly the FS team have a 

budget which they must keep too. If the CVT system price is too high then it 

would not be viable du to money needing to be spent on other crucial parts of 

the car. 

The current KTM 525 EXC engine and gearbox used by the team was taken 

from the corresponding motorbike. This motorbike was purchased for £3500 

and then the bike frame and all other left over parts not required were sold to 

recoup some money. Unfortunately the team could not tell me how much the 

frame etc was sold for. The Renegade 500 EFI costs £7299.99 brand new18. 

This is a very large price increase even considering the sale of the 

Renegade‟s chassis etc. A similar quad bike, the Polaris Sportsman 500 EFI 

E has a retail price of £8199.0019. The Sportsman 700 version of this range 

                                                         
18

 http://www.adrenalinatv.co.uk/product/?pid=7490 (visited on 17/4/2009) 

19
 World of Mowers: http://www.worldofmowers.ltd.uk/P/Polaris-Sportsman-500-Efi-E-Touring-Quad-

Road-Legal(1409).aspx (visited on 17/4/2009) 

http://www.adrenalinatv.co.uk/product/?pid=7490
http://www.worldofmowers.ltd.uk/P/Polaris-Sportsman-500-Efi-E-Touring-Quad-Road-Legal(1409).aspx
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can be found second hand for £4523.7520. From these numbers it could be 

assumed that a second hand Renegade could be purchased for a price 

similar to the price of the KTM motorbike. With the assumption that the spare 

parts from these two systems could be sold for roughly the same amount of 

money, using the CVT system should cost the team roughly the same amount 

as or perhaps slightly more than the gearbox system. 

In the costing section of the static FS event tests points are awarded 

according to the overall cost of the car. With the possibility that a CVT system 

would cost no more than a traditional gearbox system, the extra performance 

of the CVT system would not bring about a handicap in this part of the event. 

 

Design and Manufacture 

With the underlying idea that all FS cars are supposed to be designed to be 

put into production of around 1000 units per year21, a standardised off the 

shelf engine-transmission system is going to improve ease of design and 

manufacture. The engine and transmission will become one drop in part. This 

will also relate to cost as if 1000 units could be ordered directly from Rotax, 

this would lower the cost of the system. This is a situation fairly specific to 

Rotax when compared to KTM, as they list the Type 490 system by itself on 

their website, where as KTM do not do the same with the engine-gearbox 

system from their motorbike. So, this would not only help the raw cost score in 

                                                         
20

 Derbyshire Quads: http://www.derbyshirequads.co.uk/Second-hand-Quad-Bikes-For-Sale-Ex-Demo-

Quad-Bike_B22EIQ~page~1~sort~Default-ASC.aspx (visited on 17/4/2009) 

21
 SAE International, 2009 Formula SAE® Rules, pp. 65, 3.6.1 A 

http://www.derbyshirequads.co.uk/Second-hand-Quad-Bikes-For-Sale-Ex-Demo-Quad-Bike_B22EIQ~page~1~sort~Default-ASC.aspx
http://www.derbyshirequads.co.uk/Second-hand-Quad-Bikes-For-Sale-Ex-Demo-Quad-Bike_B22EIQ~page~1~sort~Default-ASC.aspx
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the costing static test, it would also help the manufacturing costing section, 

where points are awarded for feasibility of manufacture. 

The design part of the static test is scored on the teams engineering effort, 

and the best use of engineering to meet design goals22. With a major design 

goal being that the car should be able to be produced on a fairly large scale, 

the modular engineering concept of having standard off the shelf systems that 

slot together must show designing to the goals. This will after all make 

manufacture easier on a large scale. In addition, using a CVT in FS is 

somewhat of a rarity, it is innovative and shows flare, a desire to think outside 

the box and push the boundaries. Aston FS Team Manager Phillip Scott 

remarked that the FS judges greatly approved of the use of a CVT in their car. 

It could be assumed then that Aston was awarded extra points for the use of a 

CVT system. 

 

In addition, a business presentation is also given as part of the static tests. 

This presentation is a business proposal with respect to manufacturing and 

selling the teams‟ car design23. The aforementioned potential benefits in cost 

reduction and manufacturing ease make good business sense and should 

enable the team to propose a more sound case for their car. Therefore there 

is yet another section where a CVT equipped car with an off the shelf engine-

transmission solution can potentially outscore an equivalent stepped gearbox 

equipped car. 

  

 

                                                         
22

 SAE International, 2009 Formula SAE® Rules, pp. 75, 5.1.1 and 5.1.2 
23

 SAE International, 2009 Formula SAE® Rules, pp. 73, 4.1.1 
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15. Conclusions 

To draw to a close on the research and analysis, it can be concluded that the 

most applicable CVTs to FS are used in ATVs. They are the closest any CVT 

system gets to being designed for FS, four wheeled vehicle, 200-300kg mass 

and possibly rear wheel drive. Better still are complete engine-transmission 

packages such as the previously mentioned Rotax system. With CVTs being 

highly sensitive to tuning it makes much better engineering sense to match 

together components that were designed to work with each other, hence an 

„off-the-shelf‟ system being the most desirable. 

The reader can also conclude that, in the correct conditions (with the CVT 

properly tuned) a CVT equipped car can definitely outpace a stepped gearbox 

car, all other factors being equal. The theoretical and real world data proves 

that. The benefits do not just stop their however, a CVT car can be far easier 

to drive, opening up the drivers seat to people who would otherwise be 

excluded. An easy to drive car can allow a team to worry more about the car 

as apposed to the driving, a fine card to hold in the competitive world of 

motorsport.  

There can also be some benefit in the static events given the criteria for 

scoring points; benefits can include an easier manufacture of the car. This is 

down to the fact the engine-transmission is one „drop-in‟ unit. There would be 

no retrofitting of components; no doubt this could lead to a better layout and 

more accessible components, all god attributes for the costing and design 

sections. 

Overall, on balance the CVT have shown itself to be a far better transmission 

than a traditional gearbox, on almost all levels and could well be the perfect 



 

48 

 

transmission for an application such as Formula Student. The original project 

specification has been met with the exception of quantitative results for the 

driving experience, on balance the author would suggest that this is not a 

great loss to the project as a whole due to the information received from the 

Aston University Team. 

  

16. Recommendations 

The recommendation that can be drawn from this project is that a CVT can 

and does have a positive effect on the performance of the car as long as it is 

setup correctly. There appear to be very few negative points to consider, 

therefore the author would strongly recommend that the Warwick Formula 

Student Team consider the use of a CVT in the future as a beneficial 

alternative to the traditional stepped gearbox transmission.  

With regard to further study, the author would recommend the completion of a 

full back to back NVH test of a traditional car and a CVT equipped car to gain 

some quantitative results in the area of experiential engineering for CVTs. 

 

17. Costing 

Below is Table 4 outlining the cost of the project: 

Activity Unit Cost Number of. Total 

Meetings with 

Steve Maggs 

£50 per hour 8 £400 

Meetings with 

John Poxon 

£50 per hour 2 £100 

My time £15 per hour 150 £2250 
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Aston Uni Visit £10 1 £10 

Other costs 

(Aston Uni time 

and 

consumables) 

£50 - £50 

TOTAL   £2810 
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20. Appendices 

Time Distance Velocity Acceleration Torque RPM Gear 
Gearbox 
ratio 

0.0 0.00 0.00 8.27 0.00 6000 1 2.923076923 

0.1 0.13 1.27 8.27 6.47 6000 1 2.923076923 

0.2 0.38 2.55 8.27 12.93 6000 1 2.923076923 

0.3 0.76 3.82 8.27 19.40 6000 1 2.923076923 

0.4 1.27 5.09 8.27 25.87 6000 1 2.923076923 

0.5 1.91 6.37 8.27 32.33 6000 1 2.923076923 

0.6 2.67 7.64 8.27 38.80 6000 1 2.923076923 

0.7 3.52 8.47 7.81 36.64 6649 1 2.923076923 

0.8 4.45 9.25 7.85 36.80 7263 1 2.923076923 

0.9 5.45 10.03 8.87 41.60 7879 1 2.923076923 

1.0 6.54 10.92 10.21 47.90 8575 1 2.923076923 

1.1 7.74 11.94 10.15 47.62 9377 1 2.923076923 

1.2 9.03 12.96 9.29 43.60 10174 1 2.923076923 

1.3 10.42 13.89 9.40 44.08 10904 1 2.923076923 

1.4 11.90 14.83 9.47 44.40 11642 1 2.923076923 

1.5 13.48 15.77 0.00 0.00 8739 2 2.0625 

1.6 15.06 15.77 0.00 0.00 8739 2 2.0625 

1.7 16.63 15.77 7.24 48.10 8739 2 2.0625 

1.8 18.28 16.50 7.24 48.14 9140 2 2.0625 

1.9 20.01 17.22 7.08 47.10 9541 2 2.0625 

2.0 21.80 17.93 6.69 44.46 9933 2 2.0625 

2.1 23.66 18.60 6.50 43.20 10304 2 2.0625 

http://www.can-am.brp.com/en-GB/models/renegade-500/base-package/key-features.htm
http://www.can-am.brp.com/en-GB/models/renegade-500/base-package/key-features.htm
http://www.adrenalinatv.co.uk/product/?pid=7490
http://www.worldofmowers.ltd.uk/P/Polaris-Sportsman-500-Efi-E-Touring-Quad-Road-Legal(1409).aspx
http://www.worldofmowers.ltd.uk/P/Polaris-Sportsman-500-Efi-E-Touring-Quad-Road-Legal(1409).aspx
http://www.derbyshirequads.co.uk/Second-hand-Quad-Bikes-For-Sale-Ex-Demo-Quad-Bike_B22EIQ~page~1~sort~Default-ASC.aspx
http://www.derbyshirequads.co.uk/Second-hand-Quad-Bikes-For-Sale-Ex-Demo-Quad-Bike_B22EIQ~page~1~sort~Default-ASC.aspx
http://www.derbyshirequads.co.uk/Second-hand-Quad-Bikes-For-Sale-Ex-Demo-Quad-Bike_B22EIQ~page~1~sort~Default-ASC.aspx
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2.2 25.58 19.25 6.49 43.12 10664 2 2.0625 

2.3 27.57 19.90 6.68 44.40 11023 2 2.0625 

2.4 29.63 20.56 0.00 0.00 9013 3 1.631578947 

2.5 31.69 20.56 0.00 0.00 9013 3 1.631578947 

2.6 33.74 20.56 5.76 48.40 9013 3 1.631578947 

2.7 35.86 21.14 5.70 47.88 9265 3 1.631578947 

2.8 38.03 21.71 5.60 47.10 9515 3 1.631578947 

2.9 40.25 22.27 5.45 45.78 9761 3 1.631578947 

3.0 42.54 22.81 5.29 44.46 9999 3 1.631578947 

3.1 44.87 23.34 5.16 43.40 10231 3 1.631578947 

3.2 47.26 23.86 5.12 43.00 10458 3 1.631578947 

3.3 49.69 24.37 5.13 43.12 10682 3 1.631578947 

3.4 52.18 24.89 5.25 44.08 10907 3 1.631578947 

3.5 54.72 25.41 5.28 44.40 11137 3 1.631578947 

3.6 57.32 25.94 0.00 0.00 9622 4 1.380952381 

3.7 59.91 25.94 0.00 0.00 9622 4 1.380952381 

3.8 62.50 25.94 4.68 46.44 9622 4 1.380952381 

3.9 65.15 26.41 4.61 45.78 9795 4 1.380952381 

4.0 67.83 26.87 4.48 44.46 9966 4 1.380952381 

4.1 70.56 27.31 4.39 43.60 10133 4 1.380952381 

4.2 73.34 27.75 4.37 43.40 10295 4 1.380952381 

4.3 76.16 28.19 4.33 43.00 10458 4 1.380952381 

4.4 79.02 28.62 4.34 43.12 10618 4 1.380952381 

4.5 81.93 29.06 4.38 43.44 10779 4 1.380952381 

4.6 84.88 29.50 4.44 44.08 10942 4 1.380952381 

4.7 87.87 29.94 4.47 44.40 11106 4 1.380952381 

4.8 90.91 30.39 0.00 0.00 9937 5 1.217391304 

4.9 93.95 30.39 0.00 0.00 9937 5 1.217391304 

5.0 96.99 30.39 3.95 44.46 9937 5 1.217391304 

5.1 100.06 30.78 3.89 43.80 10066 5 1.217391304 

5.2 103.18 31.17 3.87 43.60 10193 5 1.217391304 

5.3 106.34 31.56 3.84 43.20 10320 5 1.217391304 

5.4 109.53 31.94 3.82 43.00 10445 5 1.217391304 

5.5 112.76 32.32 3.80 42.80 10570 5 1.217391304 

 

Table 5: Datalog results for Warwick W6 FS acceleration test (drop gear 1.82, 

final drive 4, weight 270kg and wheel diameter 0.53m) 
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Graph 1: Showing the speed trace of the W6 FS car from the above table 
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Graph 2: Showing Engine RPM against time during the acceleration test 


