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Abstract. The article concerns the determination of the optimal parameters of tubular belt conveyors transporting 
bulk load. Purpose of work: to determine the permissible distance between the roller supports of the tubular belt 
conveyor. A mathematical model of the stress-strain state of a tubular conveyor belt filled with bulk load is obtained. The 
belt is considered as a thin elastic inextensible cylindrical shell located between the roller supports and filled with bulk 
eoad in extreme condition. At the same time, distributed tensile forces along the forming of the shell, bending moments 
in the cross section and torques from the side of the roller support around the axis of symmetry of the shell act on the 
shell filled with bulk load. From the side of bulk load, active and passive normal lateral pressures act on the conveyor 
belt, which depend on the degree of filling of the belt and the angular coordinate of the points of the normal section of the 
belt. In this case, active normal stresses act on the belt from the load side to the middle of the span between the roller 
supports, and passive normal stresses act on the tape from the load side from the middle of the span to its end. In 
addition, from the side of the bulk load, the friction forces of the load on the conveyor belt act along the tangents to the 
circle of the normal section of the shell. The article assumes that the shell movements are small, and bending moments 
can be neglected. As a result, we obtained a system of differential equilibrium equations for a tubular belt with a bulk 
load with respect to the forces and bending moments in the belt, which was reduced to a fourth-order differential 
equation for the deflections of the belt. Based on this mathematical model, the analytical dependences of the deflections 
of the balt of the tubular conveyor on the parameters of the conveyor, the radius and properties of the belt, as well as the 
properties of bulk load, were obtained and analyzed. As a result, the maximum allowable distance between the roller 
supports of the tubular conveyor is determined. It was found that the allowable distance between the roller bearings is 
directly proportional to the tension of the belt and inversely proportional to the square of the radius of the belt and the 
bulk weight of the load. The research results can be used in the design of tubular belt conveyors transporting bulk load. 

Keywords: tubular belt conveyor, roller supports, belt, bulk load. 
 

Tubular belt conveyors are currently widely used in various industries: mining, 

metallurgy, construction and chemical. The main advantages of tubular conveyors, 

unlike ordinary belt conveyors with a grooved belt, are environmental friendliness 

and the ability to transport bulk load along curvilinear routes without overload 

devices. However, their effective use in industry is constrained by the lack of 

scientifically based methods for calculating the basic parameters of the tubular 

conveyor. In particular, there is no calculation of the maximum allowable distance 

between the roller supports of the tubular conveyor depending on the parameters of 

the conveyor, the elastic properties of the belt, as well as the physical and mechanical 

properties of the bulk load. 
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To solve this problem, it is necessary, first of all, to develop a mathematical 

model of the stress-strain state of a belt filled with a bulk load as it moves along the 

tubular conveyor roller supports. 

Questions of creating a mathematical model of the stress-strain state of a belt 

filled with a bulk load were dealt with by V. G. Dmitriev, E. E. Sheshko, 

V. M. Gushchin, A. V. Dyachenko, D. S. Kulagin [1–3] and V. D. Chernenko [4]. In 

these works, the normal distributed forces of spreading bulk loads, acting on the belt 

from the bulk load as it moves along the roller conveyors, are investigated. At the 

same time the bulk load on the conveyor belt was in extreme equilibrium. 

As a result, the analytical dependences of the distribution of these forces on the 

angular coordinates of the normal belt cross section were obtained. In this case, the 

deformation of the belt was not taken into account. 

In the work of V. D. Chernenko, a mathematical model of the stress-strain state of 

a tubular belt filled with a bulk load was developed, based on the general theory of 

elastic shells and the limit state of a flowing medium. As a result, complex systems of 

partial differential equations were obtained, determining the strain stresses in the 

shell and the flowing medium, which for particular cases were solved by a numerical 

method. 

In this paper, we developed a mathematical model of the stress-strain state of a 

tubular conveyor belt filled with a bulk load, based on the S. P. Timoshenko theory of 

thin elastic cylindrical shells. It was assumed that the shell is inextensible, and its 

deformations are small. As a result, analytical dependencies of the belt deflection on 

the parameters of the conveyor, the elastic properties of the belt, and the physical and 

mathematical properties of the bulk load are obtained. This relationship made it 

possible to determine the maximum allowable distance between the roller e support 

tubular belt conveyor. 

Imagine a section of the tubular conveyor belt, located between the roller-supports, 

as a thin elastic cylindrical shell, clamped between the roller-supports (Fig. 1). 

 

 
 

Figure 1 – Normal cross-section of a tubular conveyor belt 
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In fig. 1 marked: υ is the current angular coordinate, rad; θ1 and θ2 are the angular 

coordinates of the intersection of the surface of the tubular section of the belt with a 

bulk load, rad. 

According to the theory of thin elastic cylindrical shells [5, 6], forces and 

moments act on the element of the middle surface of the shell when it is deformed, 

and the deformation of the shell is considered to be essentially small compared to its 

radius R (m). 

In this case, taking into account the simplifications of the system of equilibrium 

equations [5], after the elimination of the corresponding component equations, the 

system will have the form: 
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As in [5], it is assumed: the z axis is directed along the normal to the deformed 

middle surface of the conveyor belt, the x axis is directed tangentially to the middle 

surface, the y axis is directed perpendicular to the xz plane; Nx is the intensity of 

membrane tensile forces along the x-axis, N/m; Nυ is the intensity of the membrane 

forces in the cross section in the coordinate υ, N/m; Nxυ is intensity of tangential 

membrane forces, N/m; Qx is intensity of shear forces in the direction of the x-axis, 

N/m; Qυ is intensity of shear forces in the direction of the coordinates υ, N/m; Mυ, 

Mx, Mxυ, Mυx are the intensities of bending and torsional moments of normal sections 

of a cylindrical shell element, N; q is normal distributed force acting on the tape from 

the bulk load, N/m
2
; and  is shear stress acting on the conveyor belt from the side of 

bulk load, N/m
2
. 

We also consider small displacements of the shell points u (m),  v (m) and w (m) 

respectively along the axis of symmetry x of the belt shell, in the circumferential 

direction υ, and also along the normal to the surface z of the belt shell. 

Since the displacements u, v, w are small, then, according to Hooke’s law, the 

bending forces and moments are determined by the formulas [5, 6]: 
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Here x is the deformation in the direction of the x axis; υ is deformation in the 

direction of υ; γxυ is angular deformation; χx is change of curvature in the direction of the 

x-axis, m
-1

; χυ – change of curvature in the direction of the section, m
-1

; χxυ is change of 

curvature in the direction of the section xυ, m
-1

; D is the cylindrical stiffness of the belt, 

N·m; h is conveyor belt thickness, m; Е is elastic modulus of the belt material, N/m
2
; and 

1 is Poisson's ratio of the belt. 

The cylindrical rigidity of a tubular belt according to [5] according to the formula 

D = Eh
3
/12(1 – 1

2
). 

Given the fact that the longitudinal forces, i.e. the tension forces of the belt Nx are 

many times greater than the lateral forces Nυ, they can be neglected, i.e. Nυ = 0. Since 

the tape twisting forces are also absent, the moments from these forces are 

respectively zero, i.e. Mxυ = Mυx = 0. In addition, in our case, in addition to the 

tension forces Nx acting on the belt, it is necessary to take into account the membrane 

tangential forces acting in the normal and longitudinal sections of the tubular 

conveyor belt, i.e. Nx  0; Nx = Nx  0. 

Since Mx = Mx = 0, then from the last two equations of system (1) there are 

equalities:  
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Substituting these equations in the second and third equations (1), then the system 

of equations (1) takes the form: 
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Differentiating the second equation of system (4) by υ and substituting the 

obtained equality into the third equation of this system, taking into account the first 

equation and equalities (3), after the transformation we get: 
 

0
2

2

2

2
2

2

3

2

2

























qRR

x

w
RN

x

N
R

x

v
RN

x

M
R x

x
x

x .            (5) 

 

Assuming that the tape along the x axis is not stretchable, therefore the tensile 

force Nx does not depend on x and υ, i.e. Nx = s = const, then equation (5) after the 

transformation takes the form 
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where s is the intensity of tensile tensions (s = Sb/B), N/m; Sb is tension of the belt, N; 

and B is conveyor belt width (B  2R), m. tension of the belt 

According to (2) we have: 
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From the last relations we get 
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Let us differentiate equality (7) twice in x and substitute it in (6) taking into 

account the fact that Mυ = const, i.e. assuming that the longitudinal bending moments 

in the belt do not depend on the x coordinate, we obtain 
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where  2
11 1  DD . 

Suppose that the tensile deformation of the cross section of the belt is zero, that is, 

υ = 0. Then according to (2) we have 
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From the last equality we have 
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Differentiating equality (9) twice in x and substituting it in (8), we obtain the 

differential equation for the deflection of the conveyor belt 
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Since the belt is not supposed to be deformed in the radial and circumferential 

directions, i.e. is clamped, then the boundary conditions take the form: 
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where lr is the distance between the rollers, m 

Assuming that the tangential stresses acting on the tape from the bulk load, obey 

the Amont-Coulomb law, we have 
 

 = f1q.                                                       (12) 
 

where f1 is the coefficient of friction of the bulk load on the conveyor belt. 

Equation (10) in view of (12) we write in the form 
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According to [2], when the belt moves along the roller conveyors of the tubular 

conveyor, active and passive normal distributed loads, equal to: 
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where qa is the active distributed load on the conveyor belt associated with its 

compression, N/m
2
; qn is passive distributed load on the conveyor belt, associated 

with its collapse, N/m
2
; υ is the current angular coordinate in the cross section of the 

tubular conveyor belt, rad; θ is the angle that determines the degree of filling with a 

bulk load of the cross-section of the ribbon contour, rad (see Fig. 1); m is the 

coefficient of mobility of the bulk load, m = 1+2f
 2

 – 2f(1+ f
 2
)

1/2
 [7]; f is coefficient of 

internal friction of bulk load; and γ is the bulk density of the bulk load, N/m
3
; 

The average value of the normal distributed load on the belt from the bulk load is 

determined by the formula 
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In the case of an asymmetrical arrangement of the bulk load in the cross section of 

the belt, we define q by the known qa and qp separately for two sections of the 

circular section of the belt – the left 0    –21 and the right –(–22)    0, 

where θ1 and θ2 are the degrees of filling of the left and right sides of the belt section, 

rad (see Fig. 1). 

Substituting (14) into (15) for the left and right halves of the belt section, we 

obtain the average values of the distributed normal load q on the conveyor belt on the 

part of the bulk load in the form: 
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where 1 = –21; 2 = –(–22). 

In the case of the absence of friction forces ( = 0), equation (10) takes the form: 
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Solving equation (17) taking into account the boundary conditions (11), we obtain 

the equation of deflections of the tubular conveyor belt without taking into account 

the friction forces of the bulk load on the conveyor belt [5]: 
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where 
12 D

sl
u r ; 

B

S
s b ; 
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3
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D  . 

Similarly, solving equation (10), taking into account the boundary conditions 

(11), we obtain the equation of the deflection of the tubular conveyor taking into 

account the friction forces of the bulk load on the conveyor belt (  0)  
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where 
1

2

2 D

sl
u r . 

Analysis of formulas (18) and (19) showed that since Sb >> D1 (u >> 1, u' >> 1), 

the first terms in these formulas are an order of magnitude smaller than the second 

and can be neglected. As a result of the equation of deflection, the belt will look like 

– in the absence of friction forces, i.e. ( = 0): 
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– in case of presence of friction forces, i.e. (  0):  
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In addition, if we imagine a belt with a load of a tubular conveyor in the form of a 

flexible thread loaded with a distributed load, then its deflection is determined by the 

formula [7] 
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where q0 is the maximum linear load on the conveyor belt (q0 = R
2
γ), N/m. 

Suppose that the tubular conveyor belt is fully loaded with a bulk load. Then 

1=2= 0, and the deflection at the lowest point of the tubular belt with υ = 0 is 

determined by the formula (19), where q = q1 = 2Rγ. 

From the analysis of formulas (20), (21) and (22), it follows that the deflections of 

the tubular conveyor belt without considering the friction forces are twice the 

deflections of the belt, taking into account the friction forces of the same tubular 

conveyor, and the deflections of the tubular conveyor belt taking into account the 

friction forces two times more deflections of a flexible thread loaded with the same 

distributed load as the tubular belt. 

Figure 2 shows the graphs of the deflection of a belt of a tubular belt, loaded as 

much as possible with a bulk load in the absence of friction forces, i.e.  = 0 (curve 

1), and taking into account the friction forces, i.e.   0 (curve 2), and deflection of 

the thread loaded with the same distributed load as the tubular belt (curve 3), from the 

x coordinate (0  x  lr). The parameters of the belt and the properties of the load took 
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the following values: Sb = 20000 N; R = 0.25 m; h = 0.01 m; lr = 1 m;  

Е = 2·10
7
 N/m

2
;   10.000 N/m

3
. 

 

 
 

1 – tubular belt without friction; 2 – tubular tape with regard to friction forces; 3 – flexible thread 

 

Figure 2 – Graph of the deflection of the belt on the x coordinate 

 

It can be seen from the graphs (see Fig. 2) that the maximum deflection of the 

tubular belt and the flexible thread loaded with the same maximum distributed load is 

in the middle of the roller supports, i.e. at x = lr/2. 

Based on the results of analytical studies, we will now determine the allowable 

distance between the roller supports of the tubular conveyor. 

Substituting in (20)–(22) x = lr/2, we obtain the maximum deflections of the tubular 

belt and the flexible yarn loaded with the same distributed load as the tubular belt: 

– tubular belt without friction 
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– tubular belt taking into account friction forces  
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– flexible thread 
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It follows from formulas (23)–(25) that the maximum deflection of a tubular belt, 

completely filled with a bulk load, in the absence of friction forces of a bulk load on 
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the belt is twice the maximum deflection of the tubular belt, taking into account the 

friction forces and four times the maximum deflection flexible yarn loaded with the 

same distributed maximum running load as the tubular conveyor belt. 

According to [8], the allowable maximum deflection of the belt fd is in the range 

fd = (0.01250.025)lr or  
 

fd = kplr,                                                       (26) 
 

where kp = 0.01250.025. 

Substituting in formulas (23)–(25) instead of w1max, w2max, w3max fd from 

expression (26) and determining from the obtained equalities lr, we obtain the 

maximum allowable distance between the roller supports for: 

– tubular belt without friction  
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– tubular tape taking into account friction forces 
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– flexible thread 
 




2max3

8

R

kS
l

pb
.                                                (29) 

 

Putting Sb = 20000 N; R = 0.25 m; γ ≈ 10000 N/m
3
; kp = 0.025, according to 

formulas (27)–(29) we have 
 

5.0max1 l  m; 0,1max2 l  m; 1.2max3 l  m. 
 

Conclusions 

1. Developed a mathematical model of the stress-strain state filled with a bulk 

load belt as it moves along the roller of the tubular conveyor. In this case, the belt is a 

thin elastic cylindrical inextensible shell, and the bulk load is in the limit state. 

2. Analytical dependences of the deflections of the tubular conveyor belt on the 

tension and radius of the belt, its elastic properties, the distance between the roller 

supports, and the physic and mechanical properties of the bulk load are obtained. It 

was found that the maximum deflection of a tubular belt, completely filled with a 

bulk load, in the absence of friction forces of a bulk load on the belt, is twice the 

maximum deflection of the tubular belt, taking into account the friction forces, and 

four times the maximum deflection of the flexible thread loaded with the same 

distributed maximum running load as the tubular conveyor belt. 
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3. Based on the obtained dependency, the maximum allowable distance between 

the roller supports of the tubular conveyor is determined. It was determined that the 

maximum allowable distance between the roller supports is proportional to the 

tension of the belt, inversely proportional to the square of the radius of the belt and 

the volume weight of the transported load. 
––––––––––––––––––––––––––––––– 
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Анотація. Стаття стосується визначення оптимальних параметрів трубчастих стрічкових конвеєрів, що 
транспортують сипкі вантажі. Мета роботи: визначити допустимі відстані між роликоопорами трубчастого 
стрічкового конвеєра. В роботі отримано математичну модель напружено-деформованого стану стрічки 
трубчастого конвеєра, заповненої сипким вантажем. Стрічка розглядається як тонка пружна нерозтяжна 
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циліндрична оболонка, розташована між роликоопорами і заповнена сипким вантажем, що знаходиться в 
граничному стані. При цьому на оболонку, заповнену сипким вантажем, діють розподілені розтягувальні сили 
уздовж твірної оболонки, згинальні моменти в поперечному перерізі та крутний момент з боку роликоопор 
навколо вісі симетрії оболонки. З боку сипкого вантажу на стрічку конвеєра діють активні та пасивні нормальні 
бічні тиски, які залежать від ступеня заповнення стрічки і кутової координати точок нормального перетину стрічки. 
При цьому до середини прольоту між роликоопорами на стрічку з боку вантажу діють активні нормальні 
напруження, а від середини прольоту до його кінця на стрічку з боку вантажу діють пасивні нормальні 
напруження. Крім того, з боку сипкого вантажу на оболонку діють сили тертя вантажу об стрічку конвеєра, 
спрямовані по дотичним до кола нормального перетину оболонки. У статті передбачається, що переміщення 
оболонки малі, а також згинальними моментами можна знехтувати. В результаті отримано систему 
диференціальних рівнянь рівноваги трубчастої стрічки з сипким вантажем відносно зусиль і згинальних моментів 
у стрічці, яка звелася до диференціальних рівнянь четвертого порядку відносно прогинів стрічки. На основі цієї 
математичної моделі отримано та проаналізовано аналітичні залежності прогинів стрічки трубчастого конвеєра 
від параметрів конвеєра, радіусу та властивостей стрічки, а також властивостей сипкого вантажу. В результаті 
визначено максимальну допустиму відстань між роликоопорами трубчастого конвеєра. При цьому встановлено, 
що допустима відстань між роликоопорами прямо пропорційна натягу стрічки та обернено пропорційна квадрату 
радіусу стрічки та об'ємній вазі вантажу. Результати досліджень можуть бути використаними при проектуванні 
трубчастих стрічкових конвеєрів, що транспортують сипкі вантажі. 

Ключові слова: трубчастий стрічковий конвеєр, роликоопори, стрічка, сипкий вантаж. 

 
Аннотация. Статья касается определения оптимальных параметров трубчатых ленточных конвейеров, 

транспортирующих сыпучие грузы. Цель работы: определить допустимые расстояния между роликоопорами 
трубчатого ленточного конвейера. В работе получена математическая модель напряженно-деформированного 
состояния ленты трубчатого конвейера, заполненной сыпучим грузом. Лента рассматривается как тонкая упругая 
нерастяжимая цилиндрическая оболочка, расположенная между роликоопорами и заполненная сыпучим грузом, 
находящимся в предельном состоянии. При этом на оболочку, заполненную сыпучим грузом, действуют 
распределенные растягивающие силы вдоль образующей оболочки, изгибающие моменты в поперечном 
сечении и крутящие моменты со стороны роликоопор вокруг оси симметрии оболочки. Со стороны сыпучего 
груза на ленту конвейера действуют активные и пассивные нормальные боковые давления, которые зависят от 
степени заполнения ленты и угловой координаты точек нормального сечения ленты. При этом до середины 
пролета между роликоопорами на ленту со стороны груза действуют активные нормальные напряжения, а от 
середины пролета до его конца на ленту со стороны груза действуют пассивные нормальные напряжения. Кроме 
того, со стороны сыпучего груза на оболочку действуют силы трения груза о ленту конвейера, направленные по 
касательным к окружности нормального сечения оболочки. В статье предполагается, что перемещения оболочки 
малы, а также изгибающими моментами можно пренебречь. В результате получена система дифференциальных 
уравнений равновесия трубчатой ленты с сыпучим грузом относительно усилий и изгибающих моментов в ленте, 
которая свелась к дифференциальному уравнению четвертого порядка относительно прогибов ленты. На основе 
этой математической модели получены и проанализированы аналитические зависимости прогибов ленты 
трубчатого конвейера от параметров конвейера, радиуса и свойств ленты, а также свойств сыпучего груза. В 
результате определено максимальное допустимое расстояние между роликоопорами трубчатого конвейера. При 
этом установлено, что допустимое расстояние между роликоопорами прямо пропорционально натяжению ленты 
и обратно пропорционально квадрату радиуса ленты и объемному весу груза. Результаты исследований могут 
быть использованы при проектировании трубчатых ленточных конвейеров, транспортирующих сыпучие грузы.  

Ключевые слова: трубчатый ленточный конвейер, роликоопоры, лента, сыпучий груз. 
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