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Abstract: Power transmission systems are widely used in industries to transfer mechanical power from 

one shaft to another. Belt drives are among the most common methods of power transmission due to their 

simplicity, low cost, flexibility, and ease of maintenance. Friction between the belt and pulley is the 

fundamental principle that enables motion and power transfer. Without sufficient friction, slipping occurs 

and the system loses efficiency. This paper presents a detailed study of belt friction applications in power 

transmission systems using Engineering Mechanics concepts. The belt tension ratio, coefficient of friction, 

pulley design, belt materials, and industrial applications are analyzed. Results show that optimized belt 

friction improves efficiency, reduces wear, and enhances system reliability 
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I. INTRODUCTION 

Power transmission is essential in mechanical systems where rotational motion from motors or engines must be 

transferred to machines. Belt drives are commonly used in: 

 Industrial machinery 

 Automobiles 

 Agricultural machines 

 Fans and blowers  

 Compressors 

 Conveyor systems 

 Textile machines  

A belt drive generally consists of: 

 Driver pulley 

 Driven pulley 

 Belt 

 Shafts 

 Bearings 

 Motor or engine 

The power transfer depends on frictional grip between belt and pulley. Proper friction allows smooth transmission, while 

low friction causes slipping and loss of output. 

This paper studies the applications of belt friction in modern power transmission systems. 

 

II. LITERATURE REVIEW 

Earlier machines used flat belts made of leather and fabric. Modern industries use rubber, synthetic polymer, and V-belts 

for improved friction and durability. 
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Researchers found that: 

 V-belts provide higher friction due to wedge action. 

 Timing belts eliminate slip but require toothed pulleys. 

 Pulley lagging increases grip. 

 Excess tension reduces bearing life. 

 Dust and oil reduce belt friction. 

Recent studies use sensors and predictive maintenance for belt systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. OBJECTIVES OF THE STUDY 

1. To study belt friction principles in power transmission. 

2. To analyze belt tension and efficiency. 

3. To compare belt drive types. 

4. To improve industrial machine reliability. 

5. To recommend suitable belt systems. 

 

IV. THEORY OF BELT FRICTION 

For a belt wrapped around a pulley: 

T₁ / T₂ = e^(μθ)  

Where: 

 T₁ = Tight side tension 

 T₂ = Slack side tension 

 μ = Coefficient of friction 

 θ = Angle of contact in radians 

Power transmitted: 

P = (T₁ − T₂) v 

Where: 

 P = Power 

 v = Belt velocity 

Centrifugal tension at high speed: 

Tc = mv² 
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V. TYPES OF BELT DRIVES 

5.1 Flat Belt Drive 

Used for long center distance and moderate power. 

5.2 V-Belt Drive  

Most common industrial belt with better friction grip. 

5.3 Timing Belt Drive 

Toothed belt for exact speed ratio. 

5.4 Round Belt Drive 

Used in light machinery. 

5.5 Conveyor Belt Drive 

Used for material handling. 

 

 

 

 

 

 

 

 

VI. METHODOLOGY 

Three belt systems were analyzed: 

1. Fan drive system 

2. Compressor drive system 

3. Conveyor drive system 

Steps: 

1. Measure pulley diameters 

2. Calculate belt speed 

3. Determine tension ratio 

4. Calculate power transmission 

5. Observe slip conditions 

Tools used: 

 MATLAB 

 ANSYS 

 AutoCAD 

 SolidWorks 

 

VII. SAMPLE CALCULATION 

Given: 

 Tight side tension = 1500 N 

 Slack side tension = 700 N 

 Belt speed = 3 m/s  

Power transmitted: 

P = (1500 − 700) × 3 

P = 2400 W 

If μ = 0.35 and θ = 3 radians: 

T₁ / T₂ = e^(0.35 × 3) = e^1.05 
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VIII. RESULTS AND ANALYSIS 

Belt Type Grip Efficiency Cost Slip Resistance 

Flat Belt Medium Medium Low Low 

V-Belt High High Medium High 

Timing Belt Very High Very High High Excellent 

Round Belt Low Medium Low Low 

Findings 

1. V-belts are best for general industries. 

2. Timing belts are ideal for precise motion. 

3. Flat belts suit long-distance drives. 

4. Proper tension increases efficiency. 

5. Excess friction increases wear. 

 

IX. APPLICATIONS 

9.1 Automobile Industry 

Alternator, cooling fan, engine accessories. 

9.2 Manufacturing Plants 

Machine tools and compressors. 

9.3 Agriculture 

Threshers, pumps, mills. 

9.4 HVAC Systems 

Blowers and air handling units. 

9.5 Material Handling 

Conveyor drive systems. 

 

X. DISCUSSION 

Belt friction is the key mechanism behind belt drive operation. 

Benefits: 

 Smooth power transfer 

 Low noise 

 Shock absorption 

 Low maintenance 

 Flexible shaft arrangement 

Challenges: 

 Slip at overload 

 Belt wear 

 Heat generation 
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 Alignment issues 

 Speed loss 

Proper belt selection and maintenance are necessary. 

 

XI. CONCLUSION 

This study confirms that belt friction is essential in power transmission systems. Adequate friction enables efficient torque 

transfer, while poor friction causes slipping and energy losses. 

Modern industries prefer optimized belt systems such as V-belts and timing belts for reliable performance. 

 

XII. RECOMMENDATIONS 

1. Maintain proper belt tension. 

2. Use V-belts for industrial machines. 

3. Keep pulleys clean and aligned. 

4. Replace worn belts regularly. 

5. Monitor slip and vibration conditions. 
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