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Rolling Resistance IS NS

Rolling resistance is the force
that resists the rolling of a
wheel or other circular
(rounded) object along a
surface caused by
deformations in the object
and/or surface. Generally the
force of rolling resistance is -
less than that associated with
kinetic friction.

-

weight pulling force

rolling resistance
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Rolling resistance/Maximum angle stability S

In some material handling application, rolling resistance or maximum angle of stability in rolling
agricultural material with rounded shape is considered. eg. Gravity conveying of fruits and vegetables.
When a ball or a cylinder rolls over a horizontal surface with a force F, of the surface deforms, there

will be a resultant force R.

Moment at that point
>Mb=F*b—-—W*c=0

For small deformation of the surface forr
So that c= Fr/W or F=c W/r

‘c’ = coefficient of rolling resistance

F = rolling resistance

R = radius of the rolling object

More rigid the surface smaller ‘¢’ in rolling

resistance. R
W = m g = normal force or weight of body(N,) .

n
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G -~
rIrorionss
Rolling resistance is directly Rolling Resistance is indirectly
proportional to proportional to the effective radius of
* the weight of the rolling the rolling object
object,

e coefficient of rolling
resistance which depends on
the rigidity of the supporting
surface
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A measure of the ability of a unit of solid material to withstand a shear stress.

It is the angle (@), measured between the normal force (N) and resultant force (R), that is

attained when failure just occurs in response to a shearing stress (S).

Its tangent (S/N) is the coefficient of sliding friction. Its value is determined experimentally.
Angle of Internal Friction, can be determined in the laboratory by the Direct Shear Test or

the Triaxial Stress Test.
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Angle of internal Friction

The angle of internal friction is the angle at which a material's particles
can no longer resist deformation or failure under shear stress. It's a
measure of a material's strength

The angle between the It indicates
normal force and the The maximum degree of
resultant force when a deviation from horizontal that a

material fails under shear solid can maintain before
stress deforming or failing
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The formula for the angle of internal
friction (often denoted as ¢), related TOF Sus
to the coefficient of friction

(1), is ¢ = tan"'(u). s

rrrorion’s

rupture line
(envelope of rupture)

— e et ma

Example:

If the coefficient of friction (u) is 0.5, then the angle of internal friction (¢) would

be tan'(0.5) = 26.57 degrees.
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Measurement of (a) coefficient and angle of internal friction (b) coefficient of
friction on material surfaces

Cell A guide frame of size 20x15x5cm is placed under a cell of
(filled with grain}.__ ___ size 8.5x8.5x5 cm. | |

Guide frame === Pulley The guide frame and the cell are filled with the sample
(filled with grain) Chord material.

Surface The cell is tied with the cord passing over a pulley attached
Weights to the pan.
(a) ~~Pan _ |
Then, weights (W2) are placed in the pan to cause the cell
to just slide.
G'uide fl:ame . Next, the cell is emptied and weights (W1) to initiate
(hlled with grain) == > = Pulley sliding over the guide frame are noted. The coefficient of

internal friction is calculated as follows:

Surface Chord

Weights
Pan
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Triaxial test: In this apparatus, grain
cylinder is enclosed in rubber
membrane,

03 =builds up as vaccum was
broken.

Then triaxial test compression, gives
o1 and o3 from the motions of the
lateral and vertical pressure, angle of
Internal friction of grain is

determined. {—in qﬂ
pressure ratio (K) =
L+sin ¢
K="=

¥y

~ Hybrid
ﬂ P it Air supply path
¢ 12mm
I
i =
Dial Gauge _ o
_LvOT
Load Cell g ) y LDT w:“.itC]'
Cap — : 17| Gap Sensors Plumbmg path
| 1 Triadal Ce (¢ 37mm)
Specimen HT Versap-;)r membrane filter g
150mm x 300mm{| E | Ei;,f crew
=u=+— Polyflon filter
Pedestal —1
= ]JWT " Porous metal

2

O-ring

o3 = Lateral Pr.

ol = vertical Pr.

03 = Wy tan2(45 — j/2); j= angle of internal friction; y = depth of grain,
below the top of the wall; W = weight density of grain
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Activity:

LLTTITI IO S

Imagine rice or wheat grains that are
procured from farmers need to be
stored until next season. How do you

§ Q apply the thermal properties on
S {? friction and rolling resistance to
o é) design a storage structure (Refer any

case study either from India or
International)
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FIrorionts
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