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COOLING OF V-BELTS USED IN CAST PULLEYS: INVESTIGATION OF THE EFFECTS 

OF MATERIALS AND GEOMETRIC SHAPES ON COOLING RATES AND BELT LIFESPANS 

 

ABSTRACT 

This study investigates the effects of materials and geometries 

used in cast V-belt pulley mechanisms on their operational efficiency. 

The material and production process of the cast V-pulley closely 

determine the working life of the belts. Minimizing operating costs can 

be achieved by producing high-quality pulleys and increasing the expected 

service life of the belts. Conversely, belts may wear out and reach the 

end of their lifespan or break prematurely. Negative pulley issues and 

belt breakage can result in high costs. V-pulleys are largely produced 

using casting methods. These methods generally utilize different casting 

techniques such as sand casting, metal casting, and die casting. Many 

metals and alloys (Al, Fe, Mg, and their alloys) can be cast as materials 

for pulley production. The chemical structure, content, and geometric 

structure of the cast pulley material are the most important factors 

affecting its service life and efficiency. 

Keywords: Belts And Pulley Systems, V-pulley, Pulley Geometry,  

          Pulley Materials, Pulley Efficiency 

 

1. INTRODUCTION 
Belts and pulleys, which play an important role in many different 

industrial sectors, enable both speed reduction and more efficient and 

safer power transmission. Belt and pulley systems operate more safely 

and efficiently than gear, chain, and sprocket systems used for speed 

reduction [1, 2, 3, 4 and 5]. Belt and pulley systems are machine parts 

that transmit power via a belt and are an indispensable part of 

mechanical systems. Belt pulleys transmit power through a belt. These 

pulleys are generally designed in a circular or toothed shape. They are 

mounted on the belt and, by receiving the belt's movement, transmit 

power to the relevant mechanism. There are many industries and 

applications where belt pulley systems are used [6 and 7]. Furthermore, 

much research has been conducted on the efficiency of belt pulley 

systems. In conveyor systems, belts driven by pulleys are used to 

transport materials. In pump systems, belts transmit the rotational 

movement of the motor to the pump, enabling the movement of fluids [8]. 

In drilling, milling, and machining equipment, pulleys transmit the 

motor's movement to the cutting tools, allowing the machining of 

workpieces [9, 10, 11 and 12]. In automobiles, belt-pulley systems are 

used to transfer the engine's movement to different components. 

Agricultural machinery requires belt-pulley systems to transfer engine 

power to other equipment [13]. Furthermore, belt-pulley systems are 

widely used for power transmission in machines designed for various 

industrial applications [14]. Belt pulley systems offer cost-effective 

and efficient power transmission. They also have many advantages, such 

as low maintenance requirements, quiet operation, and easy installation. 

However, to maximize the performance and lifespan of these systems, belt 
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tension and friction should be regularly checked and adjusted as needed. 

Belt pulley systems are standardized and categorized into different types 

according to their application and function [15].  

 

2. RESEARCH SIGNIFICANCE 
The aim of this study to investigate the effects of materials and 

geometries used in cast V-belt pulley mechanisms on their operational 

efficiency. The material and production process of the cast V-pulley 

closely determine the working life of the belts.  

Highlights: 

 Minimizing operating costs can be achieved by producing high-

quality pulleys and increasing the expected service life of the 

belts. 

 Conversely, belts may wear out and reach the end of their lifespan 

or break prematurely. 

 Many metals and alloys (Al, Fe, Mg, and their alloys) can be cast 

as materials for pulley production.  

 

3. THE MAIN TYPES OF BELT PULLEYS USED TODAY ARE AS FOLLOWS: 

 Classic V-type belt pulley systems 

 Timing belt pulley systems 

 Polyv pulley belt systems 

 Flat belt pulley systems 

 Rope pulley systems 

 Variable belt pulley systems 

 

3.1. Classic V-Type Belt Pulley Systems 

The primary parts of a belt pulley system are the V-belt and V-

belt pulleys, also called grooved pulleys. They offer crucial contact 

or friction surfaces that allow torque to be transferred from the drive 

pulley to the driven pulley. The side surfaces of the trapezoidal cross-

section of the belt provide the required surface/contact pressure on the 

side walls of the V-belt pulley grooves, thanks to the pre-tensioning 

force applied to and adjusted on the belt. They are favored when there 

is very little belt slippage on the pulley during power transmission. 

 
Figure 1. Classic V-Type Belt Pulley Systems [16] 

  

3.2. Timing Belt Pulley Systems 

Timing belts, manufactured with two different tooth profiles – 

round and trapezoidal – are used where synchronization and positioning 

between power-transmitting shafts are important. Round profile pulleys 

are used where torque is required, while trapezoidal profile pulleys are 

used where more precise linear positioning is necessary. The choice of 

profile shape and size depends on the power and speed curve of the 

system, as with classic V-belts. Generally, servo or stepper motors are 

used as the drive element in such systems. 
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Figure 2. Timing Belt Pulley Systems [17] 

 

3.3. Polyv Belt Pulley Systems 

They have a structure like the classic V-belt pulley system. These 

systems, with their smaller profile, can transmit greater power with 

smaller structures compared to classic V-belt pulley systems because the 

belts are manufactured as a single unit. They are preferred in 

applications where speed is more important than torque. Due to their 

full surface grip, they can perform the same task in an area 30% smaller 

in both diameter and width compared to V-belt pulleys. Therefore, both 

space and weight savings are achieved. Polyv belt pulley systems are 

used where belt slippage is a concern. They are frequently used in food, 

textiles, compressors and CNC machining industries. 

 

 
Figure 3. Polyv Belt Pulley Systems [18] 

 

3.4. Flat Belt Pulley Systems 

In this system, the pulleys used do not have grooves; the part 

that wraps around the belt is machined in a flat or herringbone pattern. 

Additionally, small grooves are cut into the pulley to ensure the belt 

adheres perfectly to the pulley, especially on wide belts. This is done 

to create a vacuum effect with rotation, ensuring the belt adheres 

completely to the pulley surface. Power transmission is provided by a 

flat belt. Besides power transmission, flat pulleys are also used in 

various mechanisms. For example, they prefer in band saw machines to 

turn the belt, and in conveyor belts to move the belt. Another area 

where flat belt pulley systems are used is elevator systems. Elevator 

systems are systems that transfer granular materials to a high place. 

These systems, consisting of pockets arranged on a flat belt, require 

flat pulleys for belt drive. 

 

 
Figure 4. Flat Belt Pulley Systems [19] 
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3.5. Rope Pulley Systems 

The channel sections of the pulley are opened in a U shape to suit 

different rope standards. Since the channel sections are constantly 

exposed to friction, the pulley material should be able to resist wear. 

They are commonly used in elevators, transportation systems, and lifting 

crane systems. 

 

 
Figure 5. Rope Pulley Systems [20] 

 

3.6. Variable Belt Pulley Systems  

Pulleys that operate with this system are called variable speed 

pulley systems. The biggest advantage of using this system is that the 

gear ratio is variable, not fixed. By moving the belt up and down, the 

side flanges of the pulley, which can move axially on a shaft, move 

closer together and further apart, thus providing partial control. The 

gear ratio changes depending on the diameter, which changes with the up 

and down movement of the belt. They are used in the automotive industry, 

textiles, and food machinery. 

 
Figure 6. Adjustable Belt Pulley Set [21] 

 

4. CONCLUSION AND RECOMMENDATIONS  

Previous experience is crucial in belt pulley design and 

manufacturing for selecting pulleys and belts. The effects of operating 

conditions, such as driving shaft, initial overload, and pulley diameter, 

as well as environmental conditions, such as pollution, oiliness and 

humidity, must also be considered. These methods generally utilise 

different casting techniques, such as sand casting, metal casting and 

die casting. Many metals and alloys (Al, Fe, Mg, and their alloys) can 

be used to produce pulleys. The chemical and geometric structure of the 

cast pulley material, as well as its content, are the most important 

factors affecting its service life and efficiency. 
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