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Angle of Repose and Rolling Resistance Coefficient of
Friction for Agricultural Produce

The angle of repose and the rolling resistance
coefficient of friction are essential concepts in the study
of materials, particularly in agriculture where they have
direct applications in handling and processing agricultural
produce. Let's explore these concepts in detail, focusing
on agricultural products like grains, fruits, and vegetables.

1. Angle of Repose
1.1 Definition

The angle of repose is the steepest angle at which a pile
of granular material (such as grains, seeds, or soil) can
remain stable without the material sliding or cascading
down. It is an important measure of the stability of loose
materials in a pile, and it provides insights into the
material's ability to resist sliding under gravitational
forces.

Key Characteristics:
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The angle of repose depends on factors like the
shape, size, and roughness of the particles.

It is an indicator of the friction between
individual particles. The steeper the angle, the
greater the friction between the particles.

The angle of repose is a key parameter in bulk
handling, storage, and transportation of
agricultural produce.

o

1.2 Formula and Calculation

The angle of repose θ\theta can be determined
experimentally by forming a pile of material and
measuring the angle of the cone formed. The equation for
the angle of repose is given by:

tan(θ)=hr\tan(\theta) = \frac{h}{r}

Where:
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θ\theta is the angle of repose (measured in degrees).

hh is the height of the pile (in meters).

rr is the radius of the base of the pile (in meters).

This equation arises from the fact that, at the angle of
repose, the material will slide at the base of the pile to
maintain a steady slope.

1.3 Factors Affecting the Angle of Repose

The angle of repose depends on the physical properties of
the material and the external conditions:

Shape and Size of Particles: Rough and angular
particles tend to have a higher angle of repose
compared to smooth, round particles. Smaller
particles may also formmore stable piles.

Moisture Content: Moisture can affect the cohesion
between particles, decreasing the angle of repose. Wet
grains or seeds tend to stick together, allowing for a
steeper pile before sliding occurs.
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Surface Roughness: The rougher the surface of the
particles, the greater the friction, and thus, the higher
the angle of repose.

Density and Composition: Denser materials typically
have a higher angle of repose, as they pack more
tightly and resist sliding.

1.4 Angle of Repose for Agricultural Products

Different agricultural products exhibit different angles of
repose based on their physical characteristics:

Cereal Grains (e.g., wheat, rice, corn): These
materials have a relatively high angle of repose,
typically between 25° and 35°, depending on their
moisture content, size, and shape.

Fruits (e.g., apples, oranges): Round fruits have a
lower angle of repose, usually between 10° and 20°,
because their smooth surfaces allow them to roll
easily.
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Seeds (e.g., soybeans, sunflower seeds): These
typically have angles of repose ranging from 15° to
30°, depending on size and moisture content.

Vegetables (e.g., potatoes, carrots): These materials
also have relatively high angles of repose, usually
ranging from 20° to 35°.

The angle of repose has practical applications in
agriculture, particularly in designing storage facilities like
silos, hoppers, and conveyors, where bulk materials need
to be stored or transported efficiently without causing
blockages or material movement issues.

2. Rolling Resistance Coefficient of Friction
for Agricultural Produce
2.1 Definition

The rolling resistance coefficient (often denoted as
CrC_r) is a measure of the resistive force that opposes the
motion of a rolling object. For agricultural produce, this is
particularly important when dealing with machinery,
transport vehicles, and handling systems (e.g., conveyor
belts or trailers).
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Key Characteristics:



o

The rolling resistance depends on the
deformation of the rolling object (in this case,
agricultural produce) and the surface it is rolling
on.

Unlike sliding friction, which is related to two
surfaces in contact, rolling resistance involves
energy loss due to the deformation of the rolling
object and the surface.

Rolling resistance plays an important role in the
efficiency of agricultural machinery (tractors,
harvesters, transport vehicles) and can affect fuel
consumption and machinery wear.

2.2 Formula for Rolling Resistance
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The rolling resistance force FrF_r can be calculated using
the equation:

Fr=Cr⋅NF_r = C_r \cdot N

Where:

FrF_r is the rolling resistance force.

CrC_r is the coefficient of rolling resistance (a
dimensionless number specific to the materials
involved).

NN is the normal force (the weight of the object,
which for a stationary agricultural product is the
weight due to gravity).

The coefficient of rolling resistance CrC_r depends on:

The type of material (in this case, the agricultural
produce being moved).

The surface characteristics (smooth, rough, or soft
surfaces).

The speed at which the object is rolling.
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2.3 Factors Affecting Rolling Resistance for Agricultural
Produce

Several factors influence the rolling resistance of
agricultural produce, such as grains, fruits, and vegetables:

Surface Roughness: Rolling resistance increases on
rough surfaces because of greater deformation of the
object. A rough farm road will produce more
resistance than a smooth one.

Shape and Size of the Produce: Larger or more
irregularly shaped objects (e.g., squash, potatoes)
typically experience higher rolling resistance
compared to small, round objects (e.g., seeds, small
fruits).

Moisture Content: Similar to the angle of repose,
moisture can reduce the rolling resistance of
agricultural produce. Wet produce may deformmore,
reducing rolling resistance.

Deformation of Produce: The more easily the
agricultural product deforms under pressure, the
higher the rolling resistance. For example, soft fruits
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or vegetables (e.g., tomatoes) will have higher rolling
resistance than hard grains (e.g., corn kernels).

Tire/Surface Interaction: The type of tires (or
wheels) used to transport agricultural products and
the material of the surface they are rolling on also
affect rolling resistance. Soft tires (low-pressure) and
rough surfaces increase rolling resistance.

2.4 Rolling Resistance Coefficient for Agricultural Produce

The rolling resistance coefficient CrC_r for agricultural
produce can vary depending on the specific produce and
conditions:

Grains (e.g., wheat, barley, corn): Grains generally
have a lower rolling resistance coefficient compared
to soft materials. The coefficient of rolling resistance
for grain can range from 0.002 to 0.01, depending on
the type of grain and surface conditions.

Fruits (e.g., apples, oranges, tomatoes): Fruits,
especially with round shapes, tend to have a higher
rolling resistance because of their deformation and
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shape. The rolling resistance coefficient for fruits
could be around 0.01 to 0.03.

Vegetables (e.g., potatoes, carrots): Similar to fruits,
vegetables with irregular shapes and soft textures
tend to have higher rolling resistance. Their
coefficients could range from 0.01 to 0.05.

Seeds (e.g., sunflower seeds, soybeans): Smaller
seeds may have lower rolling resistance coefficients,
around 0.005 to 0.015.

2.5 Practical Applications of Rolling Resistance in
Agriculture

Machinery and Transport: Understanding rolling
resistance is important for designing efficient
transport systems, such as tractors, harvesters, and
trailers used for moving agricultural produce.
Minimizing rolling resistance can improve fuel
efficiency and reduce wear on machinery.
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Conveyor Systems: In processing plants, conveyors
used to move grains, seeds, and other produce benefit
from understanding rolling resistance, as it can help
optimize the design for smoother operation.

Storage and Handling: The rolling resistance
coefficient is considered when designing grain storage
facilities, silos, and hoppers to ensure materials flow
smoothly without getting stuck or causing blockages.

3. Summary

Angle of Repose: The angle of repose is a measure of
the stability of a pile of granular material. It varies
depending on factors like particle shape, moisture
content, and surface roughness. It is essential for the
design of storage and transportation systems for
agricultural produce.
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Rolling Resistance Coefficient: The rolling
resistance coefficient is a measure of the resistive
force encountered when rolling an object across a
surface. For agricultural produce, rolling resistance
depends on the shape, size, and deformation
characteristics of the material, as well as the surface it
is rolling on.

Both concepts are essential in optimizing the handling,
transportation, and storage of agricultural products, as
they directly impact the efficiency and effectiveness of
agricultural operations.
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