Industrial Engineering Journal
ISSN: 0970-2555

Volume : 53, Issue 4, No. 2, April : 2024
FRICTION

Mr. SACHIN, Mr. NEETISH, Student of B-Tech. Mechanical Engineering (Evening Regular),
Lingaya’s Vidyapeeth, Nachauli, Faridabad, Haryana 121002

Abstract

Friction is a ubiquitous force encountered in numerous physical phenomena and engineering
applications, influencing everything from the motion of everyday objects to the performance of
advanced machinery. It arises from the interactions between the surfaces of materials when they come
into contact and attempt to move relative to each other. Understanding the fundamental principles of
friction is crucial for optimizing designs, improving efficiency, and minimizing wear and tear in
various systems. This abstract explores the mechanisms of friction, including static and kinetic friction,
as well as the factors that influence frictional behaviour such as surface roughness, material properties,
and environmental conditions. Additionally, it examines the role of friction in different fields, from
transportation and manufacturing to biomechanics and materials science. By delving into the
complexities of friction, researchers can develop innovative solutions to enhance performance, reduce
energy consumption, and mitigate the adverse effects of friction in a wide range of applications.

Key words: Optimizing designs, improving efficiency, minimizing wear and tear, reduce energy
consumption.

Introduction

Friction is a fundamental force that exists whenever two surfaces come into contact and attempt to
move relative to each other. It is present in countless interactions in our daily lives, from walking on
the ground to driving a car, and it plays a crucial role in various engineering applications, natural
phenomena, and scientific studies.

At its core, friction arises due to the roughness and irregularities present on the surfaces of materials.
When two surfaces are pressed together, these microscopic asperities interlock, creating resistance to
motion. This resistance force opposes the applied force trying to move the surfaces relative to each
other.

There are several types of friction:

Static Friction: This type of friction occurs when two surfaces are at rest relative to each other and
there is an external force acting to set them in motion. Static friction prevents the surfaces from sliding
past each other until the applied force exceeds a certain threshold, known as the maximum static
friction force.
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Kinetic Friction: Once motion begins, kinetic friction comes into play. It opposes the relative motion
of the surfaces and acts in the direction opposite to the direction of motion. The magnitude of kinetic
friction is typically slightly less than that of static friction.
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Rolling Friction: This type of friction occurs between a rolling object and the surface it rolls on. It's
typically lower than sliding friction.
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Fluid Friction: This type of friction occurs between a solid object moving through a fluid (liquid or
gas). It's also known as drag.
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Coefficient of friction

The coefficient of friction (COF), often symbolized by the Greek letter n, is a dimensionless scalar
value which equals the ratio of the force of friction between two bodies and the force pressing them
together, either during or at the onset of slipping. The coefficient of friction depends on the materials
used; for example, ice on steel has a low coefficient of friction, while rubber on pavement has a high
coefficient of friction. Coefficients of friction range from near zero to greater than one. The coefficient
of friction between two surfaces of similar metals is greater than that between two surfaces of different
metals; for example, brass has a higher coefficient of friction when moved against brass, but less if
moved against steel or aluminium.

For surfaces at rest relative to each other, p= ps, where ps is the coefficient of static friction. This is
usually larger than its kinetic counterpart. The coefficient of static friction exhibited by a pair of
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contacting surfaces depends upon the combined effects of material deformation characteristics and
surface roughness, both of which have their origins in the chemical bonding between atoms in each of
the bulk materials and between the material surfaces and any adsorbed material. The fractality of
surfaces, a parameter describing the scaling behaviour of surface asperities, is known to play an
important role in determining the magnitude of the static friction.
For surfaces in relative motion p= pk, where ik is the coefficient of kinetic friction. The Coulomb
friction is equal to Ff, and the frictional force on each surface is exerted in the direction opposite to its
motion relative to the other surface.
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Brass Steel 0.35-0.51 0.19 0.44

Cast Iron Copper 1.05 0.29

Cast Iron Zinc 0.85 0.21

Concrete Rubber 1 0.30 (Wet) | 0.6-0.85 ?V?/gt) 0.75

Concrete Wood 0.62

Copper Glass 0.68 0.53

Copper Steel 0.53 0.36 0.18

Glass Glass 0.9-10 0.005-0.01 | 0.4 0.09- 0.116

g';r?;?/?al Fluid ggm?;ge 0.01 0.003

Ice Ice 0.02- 0.09
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PTFE (Teflon) | PTFE (Teflon) | 0.03 0.04 0.04
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Steel Steel 0.2-0.6 0.005- 0.23 | 0.42-0.62 0.029- 0.19

Wood Metal 0.25 0.2 (Wet) 0.49 0.075

Wood Wood 0.62 0.2 (Wet) 0.32-0.48 0.067- 0.167
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Under certain conditions some materials have very low friction coefficients. An example is (highly
ordered pyrolytic) graphite which can have a friction coefficient below 0.01. This ultralow-friction
regime is called superlubricity.

Why study of friction required?

The study of friction, known as tribology, encompasses a wide range of phenomena, including wear,
lubrication, and surface interactions. Engineers and scientists investigate frictional properties to
optimize designs, improve performance, and reduce energy losses in various systems and applications.
The study of friction is a fundamental aspect of physics and engineering, encompassing various
disciplines and applications. Here are some key areas of study related to friction:

Classical Mechanics: Friction is extensively studied in classical mechanics, where it is considered a
force that opposes the motion of objects. This includes the study of static friction, kinetic friction, and
the factors influencing frictional forces such as surface roughness, material properties, and the normal
force between surfaces.

Tribology: Tribology is the science and engineering of interacting surfaces in relative motion,
including the study of friction, wear, and lubrication. Tribologists investigate the mechanisms of
friction and wear at the microscopic and macroscopic levels, aiming to improve the performance and
longevity of mechanical systems.

Materials Science: Friction plays a significant role in the behaviour of materials. Materials scientists
study the surface properties, microstructure, and composition of materials to understand their frictional
behaviour. This knowledge is crucial for designing materials with specific frictional characteristics for
various applications, such as reducing friction in bearings or enhancing grip in tires.

Engineering Applications: Friction is essential in various engineering applications, including
automotive engineering, aerospace engineering, manufacturing, and civil engineering. Engineers
analyse frictional forces to optimize the design and performance of mechanical systems, reduce energy
losses, and prevent wear and tear on components.

Lubrication: Lubricants are substances used to reduce friction and wear between moving surfaces. The
study of lubrication involves understanding the mechanisms by which lubricants reduce friction, as
well as their effectiveness, compatibility with materials, and environmental impact.

Nanotribology: Nanotribology focuses on studying friction, adhesion, and wear at the nanoscale, where
surface interactions are influenced by atomic and molecular forces. This field is crucial for developing
nanoscale devices, understanding biological systems, and improving the performance of
nanomaterials.

Friction in Biological Systems: Frictional forces also play a role in biological systems, such as the
friction between joints in the human body, the adhesion of cells to surfaces, and the movement of
biomolecules. Biomechanics and biotribology explore the frictional behaviour of biological tissues
and interfaces, contributing to fields like orthopaedics, prosthetics, and tissue engineering.

Overall, the study of friction is interdisciplinary, spanning physics, engineering, materials science, and
biology, and it has far-reaching implications for technology, industry, and everyday life.

Advantages of friction

Friction is essential in numerous aspects of everyday life, engineering, and natural phenomena. Here
are some of the key benefits of friction:

1. Traction: Friction provides the necessary grip between tires and road surfaces, allowing
vehicles to accelerate, decelerate, and moreover safely. Without sufficient friction, vehicles would slip
and slide uncontrollably.

2. Walking and Running: Friction between the soles of shoes and the ground enables us to walk
and run without slipping. The frictional force helps us maintain stability and control our movements.
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3. Holding and Grasping: Friction enables us to hold objects firmly and manipulate them with
our hands. Whether we're gripping a tool, holding a pen, or picking up a cup, friction provides the
necessary grip to prevent objects from slipping out of our hands.

4. Stopping Motion: Friction opposes the motion of objects in contact, allowing us to bring
moving objects to a stop. For example, brakes in vehicles utilize friction to convert the kinetic energy
of moving vehicles into heat energy, effectively stopping them.

5. Writing and Drawing: Friction between the tip of a pen or pencil and the writing surface
allows us to create marks on paper. The frictional force between the writing instrument and the paper
enables control and precision in writing and drawing.

6. Machining and Manufacturing: Friction plays a crucial role in machining and manufacturing
processes. It allows cutting tools to remove material from workpieces, shaping them into desired forms.
Additionally, frictional forces are utilized in processes like forging, extrusion, and rolling to deform
and shape materials.

7. Generating Heat: Friction generates heat when two surfaces rub against each other. This
property is exploited in various applications, including starting fires through frictional ignition (e.g.,
rubbing sticks together) and industrial processes like welding and metal forging.

8. Wear Prevention: While excessive friction can cause wear and tear on surfaces, moderate
levels of friction can actually help prevent wear by distributing loads evenly and minimizing sliding
between surfaces.

0. Sports and Recreation: Friction is crucial in various sports and recreational activities. It
allows athletes to grip equipment such as racquets, bats, and clubs effectively. Friction also enables
activities like rock climbing, where climbers rely on friction between their shoes and the rock surface
to ascend.

Overall, friction is a fundamental force with numerous beneficial effects, contributing to our safety,
mobility, productivity, and enjoyment in various aspects of life and technology.

Disadvantages of friction

While friction provides many benefits, it also comes with some disadvantages:

1. Energy Loss: Friction causes the conversion of kinetic energy into heat energy, resulting in
energy loss. In mechanical systems, this energy loss can reduce efficiency and increase the need for
additional power input to overcome frictional forces.

2. Wear and Tear: Friction between moving parts can lead to wear and tear on surfaces, reducing
the lifespan of mechanical components. Over time, repeated frictional contact can cause surfaces to
degrade, requiring maintenance or replacement.

3. Reduced Efficiency: Frictional forces oppose motion, making it more difficult to move
objects. This resistance can reduce the efficiency of machines and systems, requiring more energy
input to achieve the desired outcome.

4. Heat Generation: Friction generates heat, which can be detrimental in certain applications.
Excessive heat buildup can cause materials to deform, melt, or even ignite, leading to safety hazards
or equipment failure.

5. Sticking and Jamming: In some cases, friction can cause parts to stick or jam together,
preventing smooth operation and causing mechanical failures. This is particularly problematic in
precision machinery and mechanisms where smooth movement is crucial.

6. Limitations in Design: Friction imposes limitations on the design of mechanical systems and
components. Engineers must account for frictional forces and their effects when designing moving
parts, which can constrain design choices and increase complexity.

7. Increased Maintenance Requirements: High levels of friction can accelerate wear and
require more frequent maintenance and lubrication of machinery and equipment to ensure proper
functioning.
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8. Noise and Vibration: Friction between moving parts can produce noise and vibration, which
may be undesirable in certain applications. Excessive noise and vibration can reduce comfort, increase
fatigue, and even cause structural damage over time.

0. Difficulty in Movement: Friction can make it challenging to move objects, especially on rough
or uneven surfaces. This can pose difficulties in transportation, material handling, and other activities
where smooth movement is required.

Overall, while friction is essential in many aspects of daily life and technology, its disadvantages must
be carefully considered and mitigated through proper design, lubrication, and maintenance
practices.

Applications of friction

1. Transportation: Friction between tires and road surfaces is crucial for vehicles to move safely
and effectively. Without friction, tires would slip, making driving hazardous.
2. Braking Systems: Friction is essential in braking systems, where brake pads press against

rotors or drums to slow down or stop vehicles. The friction converts kinetic energy into heat, bringing
the vehicle to a halt.

3. Manufacturing Processes: Friction plays a vital role in manufacturing processes such as
cutting, grinding, and milling. Tools and abrasives generate frictional forces to shape materials into
desired forms.

4. Fastening Mechanisms: Screws, bolts, and nails rely on friction to hold components together.
When tightened, friction between the threads and mating surfaces prevents the fasteners from
loosening.

5. Clutches: Friction clutches are used in vehicles and machinery to engage and disengage power
transmission between rotating shafts. They rely on friction between clutch plates to transmit torque
effectively.

6. Transmissions: Friction in transmissions transfers power from engines to wheels or other
driven components. Gears meshing together create frictional forces that transmit torque.

7. Lubrication: Lubricants reduce friction between moving parts in machinery, preventing wear
and tear. They form a thin film between surfaces, minimizing direct contact and frictional resistance.
8. Sports Equipment: Friction influences the performance of sports equipment such as shoes,
balls, and racquets. High-friction surfaces provide grip and control, enhancing athletic performance.
0. Earthquake Resistance: Friction-based devices help stabilize structures during earthquakes.
Devices like friction dampers absorb and dissipate seismic energy, reducing structural damage.

10.  Fire Safety: Frictional fire starters ignite fires by creating sparks through friction. By rapidly
rubbing together, these devices produce enough heat to ignite tinder or fuel.

11. Gripping Surfaces: High-friction surfaces are used on floors, stairs, and handles to prevent
slipping. Materials like rubber or textured surfaces increase friction and provide better grip.
12. Musical Instruments: Friction between a bow and strings produces sound in string

instruments like violins. The bow's rosin interacts with the strings, creating friction and vibrations that
produce sound.

13.  Printing: Friction enables ink to adhere to paper in printing processes like offset lithography.
The ink sticks to the printing plate due to friction, transferring the image onto the paper.

14.  Climbing Equipment: Friction between climbing shoes and rock surfaces provides grip for
climbers. Rubber soles create friction against the rock, allowing climbers to ascend safely.

15.  Belts and Pulleys: Friction between belts and pulleys transmits power in machinery like
conveyor belts. The friction between the belt and pulley surfaces allows torque to be transferred
efficiently.

16. Brake Pads: Friction between brake pads and rotors slows down bicycles and motorcycles.
When the brake lever is squeezed, the brake pads press against the rotating rotor, creating friction and
slowing down the bike.
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17. Chalk on Hands: Gymnasts and weightlifters use chalk to increase friction and grip on their
hands. The chalk absorbs moisture and creates a rough surface, improving grip and preventing slipping.
18. Stabilizers: Friction stabilizers in cameras and binoculars prevent shaky movements. Rubber
grips or textured surfaces increase friction, providing stability when holding the device.

19.  Door Stops: Friction prevents doors from swinging shut by holding door stops in place. The
rubber or felt material on the door stop creates friction against the floor, preventing movement.

20.  Pencil on Paper: Friction between pencil lead and paper allows writing and drawing. As the
pencil moves across the paper, friction between the lead and the surface creates marks.

Conclusion,

Friction is a fundamental force with both advantages and disadvantages that significantly impact
various aspects of our lives, engineering, and natural phenomena. While friction provides essential
benefits such as traction, stability, and the ability to perform tasks like writing and machining, it also
comes with drawbacks such as energy loss, wear and tear, and reduced efficiency. Understanding the
mechanisms and effects of friction is crucial in fields ranging from physics and engineering to
materials science and biomechanics.

Efforts to mitigate the disadvantages of friction involve employing lubrication techniques, optimizing
designs to minimize frictional forces, and developing materials with tailored frictional properties.
Despite its challenges, friction remains indispensable in countless applications, driving innovation,
shaping technology, and enabling our everyday interactions with the physical world. Therefore,
continued research and innovation in the study of friction are essential for addressing its limitations
and harnessing its benefits to improve efficiency, safety, and performance across various domains.
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