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Abstract: The paper considers the essence of calculating the strength of a belt drive
pulley under the action of centrifugal forces, and conditions are obtained that ensure the
strength of the pulley rim.
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AHHoTaums: B crarbe paccMaTpuBaeTCs CYIIHOCTh pacdyera IPOYHOCTH LIKHUBA pe-
MEHHO# Hepenayy oj ACHCTBUEM LEHTPOOSKHBIX CHJI, M ITONY4EHbI YCI0BHS, obecre-
YHBAIOLIME TPOYHOCTH 000/1a HIKUBA.

KioueBble cji0Ba: peMeHHas nepezada, MpOYHOCTh, 000/ LIKWBA, LEHTPOOESKHAS
CHIIa, HaTsHKCHHE.

Introduction

High-speed belt drive pulleys are essential drive components for various
mechanisms in tractors, automobiles, agricultural machinery, metalworking
machines, turbines, fans, and more. Pulley strength depends on the intended
use, operating parameters, and characteristics of the machines, their operating
conditions, and their service life. At high rotational speeds, plastic deformation
or failure may occur in the pulley rim material, which can lead to serious ma-
chine failures. The main loads on the belt drive pulley rim are centrifugal
forces, which stretch it.

Belt drive systems remain a fundamental means of power transmission in
mechanical engineering applications due to their simplicity, flexibility, and
cost-effectiveness. However, the performance and durability of such systems
are strongly influenced by the stresses developed within the belt and pulley,
particularly under high-speed operating conditions. One of the most critical
factors affecting these stresses is centrifugal force, which significantly alters
belt tension and consequently impacts pulley rim strength.

According to Shigley’s Mechanical Engineering Design, the total tension in
a moving belt consists of both the effective driving tension and the centrifugal
tension, the latter arising due to the mass of the belt moving at high velocity.
The centrifugal tension is expressed as a function of belt mass and velocity, and
it increases quadratically with speed. This additional tension raises the overall
stress within the belt, thereby increasing the load transmitted to the pulley
structure [1].
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Similarly, classical analyses presented in Theory of Machines show that
centrifugal tension reduces the effective frictional grip between the belt and
pulley by acting outward from the centre of rotation. This reduction in normal
reaction between the belt and pulley necessitates higher initial tension to main-
tain power transmission, which in turn increases the net force acting on the pul-
ley rim [2]. This condition is particularly critical when operating near the
maximum power transmission point, where centrifugal effects become domi-
nant.

Further insights into pulley force mechanics are provided by Theory of Ma-
chines, where it is emphasized that the equilibrium of forces on a pulley must
account for both tight-side and slack-side tensions, along with centrifugal con-
tributions. The combined effect of these forces leads to increased radial and
tangential stresses on the pulley rim, which may induce deformation or fatigue
failure if not properly accounted for in design [3].

From a design perspective, Design of Machine Elements highlights that pul-
ley rims are subjected to tensile (hoop) stress due to belt tension, in addition to
bending stresses caused by uneven load distribution. The presence of centrifu-
gal tension amplifies these stresses, necessitating increased rim thickness and
careful material selection to ensure structural integrity under dynamic condi-
tions [4].

Analytical and theoretical studies also support these observations. For in-
stance, [5] demonstrated that centrifugal force reduces the effective contact
pressure between the belt and pulley, thereby altering load distribution and in-
creasing the likelihood of slip. This change in force transmission dynamics in-
directly contributes to higher stress concentrations in the pulley rim. Likewise,
[6,7] provided a rigorous treatment of force and torque transmission in pulley
systems, showing how tension variations along the belt contribute to complex
loading conditions on the pulley.

In summary, the literature consistently shows that centrifugal forces play a
significant role in modifying belt tension, reducing frictional grip, and increas-
ing the overall load transmitted to pulley rims. These effects necessitate careful
consideration in pulley design, particularly in high-speed applications where
centrifugal tension becomes substantial. Failure to account for these forces can
lead to excessive stress, material fatigue, and eventual structural failure of the
pulley system.

The objective of the paper is to ascertain which places on the belt drive rim
are to be checked for strength under the action of centrifugal forces.

Materials and Methods

The pulley rotates at a constant angular velocity  (Figure 1). The forces
acting on the disk are assumed to be symmetrical relative to the axis and uni-
formly distributed across the width of the pulley rim.
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Figure 1 — Forces acting of pulley disk (rim)

The calculation is based on the following hypotheses:

1. the pulley rim material is subject to plane stress, i.e., normal stresses in
planes perpendicular to the axis are zero.

2. the radial and circumferential normal stresses depend only on the
current radius r.

Let us isolate the rim element from the pulley using two radial planes and
two cylindrical surfaces and examine its equilibrium (figure). The element is
subject to forces due to normal radial and circumferential stresses, as well as
the inertial force dF, which, as is known, is equal to the product of the element'’s
mass and the normal acceleration.

dF; =;?rhn’q:la:-:rdr 1)

Where,

v is the specific gravity of the material.

g is the acceleration due to gravity.

r is the current radius, the distance from the point under
consideration to the pulley's axis of rotation.

h is the pulley rim width.

The force dFi is directed radially away from the axis of rotation.

To formulate the equilibrium equation for the selected element, we project
all forces onto a radius coinciding with the bisector of angle dw:

(o, + da.(r + dr)hde — a,vhdew — 26, hdrsin (dTﬂJ + ;?.rhdcp.:a:rdr =0
)
Where @,. g; — normal (radial and circumferential) stresses respectively.
After transformations, equation (2) takes the following form:

E{urr]—ar:—jq}:m::[ﬁl 3)
Relative linear deformations in the radial and circumferential directions

through the radial displacement u and the generalized Hooke's law can be
represented as
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dt L

& =22 = (0, — o) 4)
L 1

& =2 =1(0; — o) (5)

Where E and p are the elastic modulus and Poisson's ratio of the pulley
material, which are physical constants.

From equations (4) and (5), we express the normal radial and
circumferential stresses

o =z (G +07) ®)

E u du
o == (2 +e%) ™
Substituting (6) and (7) into the equilibrium equation, we obtain a differential

equation for the radial displacements of the points of the rotating pulley rim.
Su,idu o 1-p'y oo

gr? Trdr r® E Ew-r- (8)
The solution to equation (8) is represented as:
o
u=Cr+7— T et ©)

Where C and D are constants of integration.
Substituting (9) into equations (6) and (7), we obtain formulas for radial and
circumferential stresses.

Oy = L—Z: (lf{-j_ —u) =D — ) ri) - ém:{g 0 (10)
o L_i'u:{c{l —W+DU - ri) - éiﬂ:(l +3uwrt (11)

The integration constants are found by solving a system of two equations
obtained by substituting into expression (10) the initial conditions for @, on the
outer  and inner  surfaces  of  the pulley  rim  when:
r=1g.0.=0r=1 o =0,
pw? (L—pi3+p i+ ]

C= EgE (12)
D= :r-u-|L+_u|E;3;_ﬂ'|:r'ﬁ'r-§'-' (13)

By substituting the constants of integration into expressions (10) and (11),
we obtain the formulas for determining radial and circumferential stresses as

arz(ryf+rﬂz—%—r:)-ém:{3 + u) (14)
g, = (r}_- +15 —%—%r:) : ém:{E +ul (15)

From expression (15) above, it is evident that o; takes the greatest values on
the inner surface of the pulley rim, where o, is equal to zero. Then the strength
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of the pulley rim at points on its inner surface will be ensured when the
following condition is fulfilled

Omax = Ot = (2 o+ s (]— -

Where [@] is the permissible stress.

It is also necessary to check the strength at the points in the rim cross-
section where the greatest o occurs. The position of these points, determined
by the radius %, , is determined by equating the expression for the first

. . da,
derivative to zero: d—r' =0.

L+3p i

r )] ém:{3+y] =[e] (16)

2+

As aresult, we obtain #, = ryrg
Then the stresses at the points of the rim cross-section located at a distance
. from the axis will be equal to

Trmar = (g +75) 'éwz{a +ul =g, 17)
g, = (r}; + rB: —%r}:—rﬁ jl -ém:{E +,H] =g, (18)

Where &, , &= - are the principal (main) stresses

The points on the rim under consideration are subject to plane stress, since

the principal stress is @z = 0. To assess the strength Energy Theory is used:
Teqav = 4 0f + 05 — a0, = [0] (19)

Conclusion

Thus, the strength of a belt drive pulley rim under the action of centrifugal
forces must be checked at the cross-section points located on the inner surface
according to condition (16), and at the cross-section points at a distance of
te = rers Dy fulfilling condition (19).
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