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Abstract— The power losses during gear changes are a 

serious issue to be addressed in practical vehicles. Though 

only a small amount of power is lost for a given instance, it 

becomes a major factor when we move in depth into the 

efficiency part. An attempt has been made for the study of 

implementing CVTs for manual transmission and has been 

put forward. It has been proved lately, that the usage of a CVT 

or a continuously variable transmission reduces the losses to 

a considerable level by providing an infinite number of gear 

ratios unlike the stepped gears [8]. By merging the 

conventional manual gearshifting with the CVT principle, 

multiple gear ratios can be achieved and this optimizes the 

efficiency of power transmission. The study has been done 

based on the prevailing conventional gearboxes, their 

limitations and cons, and comparison of CVTs with them. 
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I. INTRODUCTION 

The CVT or the continuously variable transmission was 

found in the late 1400s by Leonardo Da Vinci which 

consisted of a design of a stepless transmission capable of 

providing a continuous transmission. Initially its usage was 

restricted due to its in capabilities during certain 

circumstances. But the numerous advantages offered by a 

modern CVT have made it quite popular for a couple of 

decades. The CVT puts away the conventional meshing gears 

and the planetary gear arrangements by providing infinite 

desired gear ratios and allows the engine to work in the 

optimum range for almost all the time [2]. 

As we are in the verge of drying up of fuels, it is high 

time we deal with practical solutions to optimize the 

efficiency of IC engines. One of the solutions to this fuel 

crisis is the usage of a CVT, an idea which evolved drastically 

in recent years. 

II. CONTINUOUSLY VARIABLE TRANSMISSION (CVT) 

The basic design of CVT consists of variable diameter pulleys 

or cone pulleys connected to the input and output shafts 

respectively, connected by a belt of rubber or steel bands. The 

centrifugal action on the cone pulleys causes the variations in 

the ratios of the diameters. Figure 1 shows the working 

principle of a simple CVT. There are several types of CVTs. 

few of them are namely the belt type, the traction type and the 

epicyclic type. The most commonly used CVTs are the belt 

and traction types. Belts are used in the belt type and toroidal 

rollers are used in the traction type. A continuously variable 

transmission shifts gears by varying the diameter of the 

pulleys continuously with a number of gear ratios within the 

working range of values. A flexible belt of flat and v-belt 

cross sections runs on pulleys, which are used to couple the 

shafts. The pulleys are designed with 200 V-shaped grooves 

on which the belt is assembled. This provides the belt to run 

on the inner side of the walls on the pulleys. In some cases a 

metal belt consisting of steel bands strips are used to drive the 

pulleys [1]. 

 
Fig. 1: A simple design of CVT in CREO 

The basic principle of this system is that the 

diameters of the pulleys can be varied. The driving pulley is 

fixed rigidly and the other is movable. The driven pulley 

moves based on the outcome of centrifugal force produced in 

power transmission. The driving pulley drives the belt which 

in turn drives the driven pulley. Once the vehicle reaches a 

certain speed, the diameter of the driven pulley decreases due 

to centrifugal force, therefore giving way for the 

corresponding gear ratio which is required to achieve the 

highest efficiency the engine can achieve for that speed, at 

that rpm range. This is done by two methods. One, by adding 

weights across the pulley to increase the force created. 

Second, by using a high pressured fluid inside the pulley 

housing in order to provide the thrust outwards to cause the 

variation required axially along with an hydraulic actuator 

assembly [2]. 

This ability of the CVT enables to inculcate the best 

in class fuel economy with a higher power output. The 

advantage in the CVTs is that they can work independently 

without the considerations of perfect gearshifts and jerks in 

power transmission as it runs on an infinite band of ratios 

completely adjustable for the road conditions, along with 

where it can allow the vehicle to accelerate at its highest 

output with the required peak power, neglecting the speed of 

the vehicle.  

A. Materials used for Belts 

The most common materials used in CVT are rubber and 

steel. Researches on using composites like the carbon-fiber 

reinforced thermoplastic resins and fibers for belt materials 

have been under process [7]. The material of the belt is 

selected based on the application of the drive. Smaller power 

drives are mounted with rubber belts whereas the larger 

applications use the steel belts.  

The rubber belts are of flat belt and V-belt types 

which are used to use to transmit the power. Comparatively, 

the power transmission efficiency is low compared to the 

metal belts due to its low coefficient of friction, see figure 2. 

The steel belts consist of steel bands layered upon 

one another as in figure 3, which pass through the high 

strength metal strips that are adjacent to one another. 

Normally a belt consisting of 400-500 steel strips on 9-12 

bands is used [5]. It can transmit up to 150kW of power with 

optimum torque. Usage of steel belts reduces slip, increases 

the efficiency of torque transmission, has a relatively higher 

coefficient of friction and the noise produced is 

comparatively less than the rubber belt. It also has the ability 

to withstand high loads and pressures. 
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Fig. 2: Rubber V-belt used for a CVT 

 
Fig. 3: Metal belt made of steel 

The design of belt is one of the crucial part in the 

design of a CVT. All the important parameters had to be 

considered while designing this part. Its load withstanding 

ability and the material properties like coefficient of friction, 

wear rate, young’s modulus are some of the important 

parameters that must be checked. Most importantly it must 

have less thermal conductivity as it must dissipate the heat 

produced in friction between the belt and the pulleys. A 

design of the metal strip in a metal belt has been done. 

 
Fig. 4: Design of a metal strip in CAD 

III. STUDY OF CHARACTERISTICS 

 
Fig. 4: Engine Speed to Vehicle Speed 

The outputs of a manual transmission system and a CVT 

system are studied and characteristic graphs are drawn. The 

relation between the engine speed and the vehicle speed is 

depicted in figure 4. It can be stated that the manual 

transmission takes more time than the CVTs, since it attains 

the required speed at a higher rpm range whereas a CVT can 

attain this speed quicker. 
Thus in a CVT, the vehicle can reach a desired top 

speed faster, more efficiently and with a better output of 

power. This happens because of the continuum of power 

transmission in the input and output shafts without any 

deviation in-between them.  

In figure 5, the force acting on the vehicle and its 

influence on the speed of the vehicle is drawn and its relation 

is studied. It can be seen that the CVT system can withstand 

high loads and can eventually deliver the output power 

smoothly whereas a manual transmission takes jerks and 

pauses before it can deliver the same output in similar 

conditions. Therefore the output of the manual transmission 

varies much with the application of external forces. 

 
Fig. 5: Force to Vehicle Speed 

IV. IMPLEMENTATION OF CVT FOR MANUAL TRANSMISSION 

 
Fig. 6: Layout of the proposed CVT system 

The basic concept of this study is to merge the conventional 

gearshifting with the CVT system in order to bring differently 

viewed pros in a single frame. The principle behind this is 

that the gearshifter varies the diameters of the pulley with 

respect to the gear engaged, not by the action of a centrifugal 

force as in conventional CVTs. Thus, the required gear ratio 

can be achieved. It can also be stated as a manually operated 

CVT in place of a system that is neither manual transmission 

nor a CVT. By bringing both the methods into a co-operated 

action, better results can be achieved. 
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A. Working Principle 

The variable pulleys are mounted on housings or bearings 

which are activated by the gear shifter. When the driver hits 

the gear shifter, the diameters of the pulleys vary accordingly, 

as predetermined by the manufacturer. This changes the 

position of the pulleys axially that produces the change in 

diameter. This change in diameter alters the gear ratio 

required for the corresponding gear. As the pulleys move 

along the axis of the shaft, the gear is changed with 

continuous acceleration in the absence of any power losses 

and interruptions that are present in the prevailing manual 

transmission. This can produce a smooth shifting of gears that 

cannot be obtained in manual transmission. The rise and fall 

in the engine speed, which happens in manual transmission, 

can be neglected greatly as a CVT enables the engine to run 

at a pre-determined rpm from an idle condition instantly 

without any losses.  

V. CONCLUSION 

The continuously variable transmission system was studied 

based on various aspects. An idea to merge the conventional 

gear shifting and the CVT was proposed and discussed. 

Although the system favours a lot, the slip in the pulleys take 

a dig on the efficiency. Also the torque output is on the lower 

side to the conventional geared shafts.  

With futuristic research oriented studies on the slip 

of the belts and the torque output optimization, some 

parameters can be excluded and the efficiency of 

transmission can be increased much more.  

REFERENCES 

[1] Bonsen, B., Klaassen, T.W.G.L., Van De Meerakker, 

K.G.O., Steinbuch, M., Veenhuizen, P.A., “Analysis of 

Slip in a Continously Variable Transmission”. 2003 

ASME International Mechanical Engineering Congress, 

Proceeding of IMECE’03, IMECE2003-41360 

[2] Vishnu Seelan., 2015. “Analysis, Design and 

Application of Continuously Variable Transmission 

(CVT)”. International Journal of Engineering Research 

and Applications, ISSN : 2248-9622, Vol. 5, Issue 3, ( 

Part -1), pp.99-105 

[3] Anand Partheeban, M., “Design and Fabrication of 

Continuous Variable Transmission in Four Wheelers”. 

International Journal of Advanced Engineering 

Technology, E-ISSN 0976-3945 

[4] Pushkar Suryavanshi, B., Desai, A.D., “Designing 

continuously Variable Transmission for All-Terrain-

Vehicle – A Review”. International Journal for Scientific 

Research & Development, Vol. 4, Issue 05, 2016, ISSN 

(online): 2321-0613 

[5] Maleki Pour, E., Golabi, S., “Design of Continuously 

Variable Transmission (CVT) with Metal Pushing Belt 

and Variable Pulleys”. International Journal of 

Automotive Engineering. 

[6] Hiroyuki Nishizawa., Hiroyuki Yamaguchi., Hideyuki 

Suzuki., “Frictional Characteristics Analysis for 

Clamping Force Setup in Metal V-belt Type CVTs”. 

Special Issue Basic Analysis Towards Further 

Developments of CVTs, R&D Review of Toyota CRDL 

Vol.40 No.3, pp.14-20 

[7] Minagawa, T., Tanaka, T., Yoshihiko, A., Inoue, A., 

Ichiki, T., 2014. “The Study of A CVT Belt using The 

Composite Material of Carbon Fibre- reinforced 

Thermoplastic Resin” 

[8] Dr. Kirpal Singh., 2013. “Automobile Engineering”. 

Vol-1, pp. 121-130 


