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Abstract: In the present report are examine advantage and disadvantage  to the  stepless  transmission,  well as forces action in Continuous
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1. Introduction

Stepless gearbox, known under the name CVT

(Continuous Variable Transmission) is essentially a 

gearbox, whereby the transmission ratio can be varied 

smoothly according to the change in engine parameters or 

a change in the traffic conditions of the car. Efforts to 

establish a CVT there are long time ago. Already in the 

Middle Ages, such transmission is designed from 

Leonardo Da Vinci. With the advent of the first cars arises 

need of variable transmission. Because the characteristics 

of the engine, and more exactly the curve of the torque, are 

not suitable for direct connection of the car wheels with 

the crankshaft of the engine. This requires the installation 

of clutch and gearbox with strictly fixed gear ratios. The 

installation of a manual gear box leads to dynamic loads of 

the mechanisms of transmission. These loads largely 

depend on the qualification of the driver, besides the driver 

is not always able to assess the appropriate gear to ensure 

operation of the engine in optimal mode. From the 

automotive theory is known, that the ideal number of gears 

of the gearbox is infinity ie the gear ratio should be 

changed smoothly in wide enough range with changing 

traffic conditions or parameters of engine. These 

disadvantages of manual boxes can be avoided by 

embedding in the car of stepless automatic gearboxes. The 

main advantages of these boxes in front the manual 

gearboxes are the following: 

- optimum use of the engine in different modes of load;

- as a consequence of the optimal engine operating

conditions are achieved lower levels of toxicity of the 

exhaust gases; 

- the fuel economy of the car is improved;

- and most important advantage - the constantly

changing gear ratio provides better traction-speed 

properties of the car;  

- greater compactness in comparison with existing

gearboxes. 

Beside the mentioned advantages of the continuously 

variable mechanical transmissions, they have some 

shortcomings, which are as follows: 

- transmit the power flow from the engine to the driving

wheels by means of friction, which leads to their faster 

wear; 

- when starting of the car do not provide slip, which

requires installation of the clutch or torque converter 

between the engine and the gearbox; 

- have a limit in the transmitted maximum torque;

- for their manufacture is needed complex and expensive

technology, which increases the cost of their construction; 

- at V-belt transmission be required large pressing forces

on the conical washers during transmission of greater 

torque, which requires higher pressure in the hydraulic 

control system and adds to the mass and dimensions of the 

transmission; 

- V-belt transmission is not reversible and need from

additional reverse gears. 

Famous are the following constructions stepless 

mechanical transmissions: 

- frictional frontal transmission;

- frictional toroidal transmission;

- multi-plate frictional transmission;

- V-belt frictional transmission.

The largest automotive applications have the V-belt

transmission and the toroidal transmission. 

The V-belt transmission consists of two pairs of conical 

washers - one transmits and the other accepts the torque. 

The pulleys are with oppositely orientated conical 

surfaces, which are connected by a flexible belt. 
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Fig. 1 

The first washer gets power from the engine and via belt 

transmits the movement to the second washer, which 

transferred to the propulsion system of the vehicle's 

wheels. Changing on the gear ratio is by gradually shifting 

the position of the belt on the cone surfaces. This move is 

performed by hydraulic control system. In need of 

transmitting greater torque is increased pressure from the 

hydraulic system on the washers, respectively at a lower 

torque, pressure on the cone washers decreases. 

2. Force and kinematic analysis of the V-belt

transmission 

The gear ratio of the V-belt transmission is determined by 

the expression: 
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D1x, D2x – the current diameters of the conical washers. 
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of a conical washers; 
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of a conical washers; 

y1, y2 – axial displacement of the conical washers. 
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Fig. 2 

The range of change of the gear ratio is determined by the 

expression: 
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The range (W) is limited by the maximum radial 

movement of the belt on the conical surfaces (Δr). 
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The range (W) depends on the width of the belt b0, the 

angle γ and the diameters d1 and d2. From the condition to 

not jam the belt optimum angle γ is 22
0
. For normal V-belt 

transmission the range W=5, and for special constructions 

with broader belt W=10. 

Between y1 and y2 and gear ratio “i” has a strict 

dependence. Lateral displacement of the two washers 

y1 and y2 at a fixed value of „i“ is different. 

   This explains the need to maintain a constant distance 

between the shafts „l“ and the length of the strap ”L”. 

The length of the strap ”L” is determined by the 

expression: 
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l – distance between the input and output shaft. 

Displacements y1 and y2 are determined by the 

expressions: 

1 – Torque converter; 

2 – Reverse mechanism; 

3 - Conical washers; 

4 – Belt; 

5 – Hydraulic control; 

6 – Axle gear.  
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Fig. 3 

The effort in the belt can be saved by the equation: 

2102 SSS  [N] 

S1, S2 – tensile forces in the belt. 

At idle S1= S2 

Peripheral force acting on the cone washers given by the 

expression: 

210 SSP  [N] 

The maximum peripheral force is obtained based on 

Euler's formula in the presence of condition of no slip 

between the belt and the conical washer: 
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where: 
Ifem  – coefficient

е – Euler's number 

α – angle the scope of the belt on the cone washer in [rad] 

f
I
 – aligned coefficient of friction 
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β – coefficient of reserve 

To determine the friction coefficient (f) using the 

calculation model shown in Fig.4. 

Fig. 4 

FN – normal force 

Fтр – friction force 

Fтегл – traction 

Fпр – pressing force 

NТр FfF .

Efficiency of V-belt transmission is expressed by the 

formula: 
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where: 

Ер – a modulus of elasticity of the belt; 

F – area of the cross section of the belt; 

pF

P
К 0

0  – allowable tension;

σ0 – tensile tension, caused by pre-tensioning the belt; 

σц – tensile tension, caused by the action of the centrifugal 

forces on the belt; 

Jp – moment of inertia of the cone washer; 

υ – coefficient of transmission of the axial force. 

In calculating the V-belt transmission for cars are the 

trends  to use wider straps. This achieves transmission of 

higher torque. One of the most important parameters 

describing the strap is allowable stress K0. This tension 

depends on the ratio b0/h. The value of this ratio is most 

often 2.5. This value is recommended in reference works 

for the calculation of V-belt transmission. 

3. Results

Based on displayed above formulas of this report is 

made program running in the middle of Matlab®, via 

which quickly and easily calculate the geometric 

parameters of V-belt transmission. When working with the 

program, shall put the following parameters of the 

transmission: length and width of the belt, and radii of 
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primary and secondary conical washers. The results of 

calculation of the program visualizes graphically and have 

the type, shown in figure 4. From the figure clearly visible 

minimum and maximum working diameters of the V-belt 

transmission and the corners of range of the belt. Has been 

developed and the second program in the middle of 

Matlab®, which graphically shows the dependence the belt 

angle as a function of the minimum and maximum 

working diameter of the conical washer. Calculation 

results of the program are shown graphically in figure 5. 

With programs developed in this report is optimized pretty 

the time for work at the initial analysis of the V-belt 

transmission. With the introduction of several geometric 

parameters of the V-belt transmission we get data in 

graphic form that are needed in further analyze and 

calculate the stepless CVT transmissions. 
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Displacement of the belt in Z- coordinates [mm] 
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