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Abstract:

Conveyor belt systems are widely used in manufacturing plants, mining industries, food processing units,
warehouses, and packaging sectors for continuous material transportation. Friction plays a critical role in the
effective functioning of conveyor belts, as it directly influences belt motion, power transmission, material grip,
wear, efficiency, and maintenance cost. Proper friction between belt and pulley ensures smooth movement, while
excessive or insufficient friction may lead to slippage, overheating, material spillage, and energy losses. This
paper studies the effect of friction in conveyor belt systems using Engineering Mechanics principles. Various
frictional factors such as belt tension, coefficient of friction, pulley surface condition, load weight, and operating
speed are analysed. Results indicate that optimized friction improves performance, safety, and service life of

conveyor systems.
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I. Introduction

Conveyor belts are mechanical systems used for
transporting materials from one location to another
with minimum manual effort. They are commonly
used in mining industries, cement plants, food
industries, automobile manufacturing, airports,
warehouses, and packaging plants.

A conveyor belt mainly consists of driving pulley,
driven pulley, belt, rollers, motor, and supporting
frame.

Friction is one of the most important factors in
conveyor operation. Adequate friction between the
belt and pulley allows torque transmission and
material movement.

If friction is too low, the belt slips. If friction is too
high, belt wear and energy loss increase.

This paper analyzes the role and effect of friction in
conveyor belt systems.

II. Literature Review

Previous studies in industrial engineering show that
conveyor efficiency depends greatly on frictional
conditions.

Researchers found that pulley lagging improves
grip, rubber belts provide higher friction than
smooth surfaces, dust and oil reduce coefficient of
friction, belt misalignment increases side friction,
and excessive tension causes unnecessary wear.

Modern industries use sensors and automation to
monitor belt friction and slippage.

Objectives of the Study

1. To study the effect of friction in conveyor
belts.

To analyze belt-pulley interaction.

To reduce slippage and wear losses.

To improve power transmission efficiency.
To recommend maintenance methods for
industrial belts.
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IV. Theory of Friction in Belt Systems

When a belt passes over a pulley, the ratio of tight

side tension to slack side tension is given by:
T/ T2= eA(uG)
Where:

o Ti=Tight side tension

e T =Slack side tension

o = Coefficient of friction

e 0= Angle of contact in radians
Power transmitted:
P= (Tl - Tz) \%
Where:

e P =Power
e v =Belt velocity

Friction force:
F=puN
V. Factors Affecting Friction

1 Belt Material

Rubber belts have higher friction than metal belts.

2 Pulley Surface Condition

Rough or lagged pulley surfaces increase grip.
3 Belt Tension

Proper tension ensures sufficient contact force.
4 Dust, Oil, Moisture

Contaminants reduce friction and cause slip.

5 Operating Speed

Very high speed may increase heat and wear.
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VI. Tools Used

MATLAB, ANSYS, SolidWorks, and AutoCAD
were considered for analysis.

VII. Methodology
Three industrial conveyor systems were studied:
1. Mining conveyor

2. Food packaging conveyor
3. Warehouse conveyor

Steps followed:
1. Measure belt load and speed
2. Determine friction coefficient
3. Calculate belt tensions
4. Observe slippage conditions
5. Compare performance under different

surfaces

VIII. Sample Calculation

Given:
o Tight side tension = 1200 N
e Slack side tension = 600 N
e Beltspeed =2 m/s

Power transmitted:

P = (1200 — 600) x 2 = 1200 W

If coefficient of friction = 0.3 and normal reaction =
2000 N:

F=0.3 x2000= 600N
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Regular maintenance is essential.
IX. Results and Analysis
Condition Performance XIL. Conclusion

Proper Friction Smooth running This study confirms that friction has a major effect

Low Friction Belt slip on conveyor belt systems in industries. Proper
friction between belt and pulley improves motion,

High Friction Excess wear power transmission, and durability, while poor
Proper Tension Efficient power transfer friction causes slip, wear, and energy loss.
Dusty Surface Reduced grip Industries should monitor frictional conditions
regularly to ensure efficient and safe conveyor
Findings operation.

1. Moderate friction gives best efficiency. XIIL. Recommendations

2. Belt cleaning improves performance. o )

3. Excessive belt tension shortens life. 1. Maintain proper belt tension.

4. Lagged pulleys reduce slippage. 2. Clean pulley surfaces regularly.

3. Use lagged pulleys where needed.
4. Replace worn belts on time.

X.  Applications 5. Use sensors for slip detection.

1 Mining Industry

Transport of ores and coal.

2 Food Industry

Movement of packaged goods.
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XI. Discussion

Friction is necessary for conveyor belt operation,
but it must be optimized.

Benefits of proper friction:

e Smooth belt movement
e Reduced energy loss

o Higher output

e Longer belt life

o Better safety

Challenges:

o Surface contamination
e Misalignment

e Beltaging

o Temperature rise

o Noise and vibration
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