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SUBSTANTIATING THE METHODS FOR CALCULATING THE SPLIT 
CYLINDRICAL DRUMS OF MINE HOISTING MACHINES

WITH INCREASED ROPE CAPACITY

Purpose. A simplifi ed calculation method development for strengthened split cylindrical drum structures of the mine hoisting 

machines of the TsR-6.75×6.2/1.95 type.

Methodology. The drum structure for the mine hoisting machines is conventionally divided into several nodes. A simplifi ed 

averaged model is constructed for the nodes consisting of the shell, frontal, rib strengthening and brake discs (end nodes) based on 

the analysis of their operation, in particular, the stiff ness analysis under diff erent loads. After that, when assembling, the initial 

drum nodes are replaced with simplifi ed ones and a so-called “simplifi ed” model for the whole drum is constructed, as well as the 

displacements of the brake disc edges are determined.

Findings. The simplifi ed models for drum nodes have been created based on the analysis of their operation, and then the dis-

placements of the whole drum simplifi ed model have been calculated.

Originality. The simplifi ed calculation method error has been estimated: the method of averaging with increased thickness of 

the frontals.

Practical value. For the TsR-6.75×6.2/1.95 hoisting machine with a drum diameter of 6750 mm, a drum width of 6200 mm and 

an adjustable part width of 1950 mm, with a groove cutting pitch of 51 mm and a maximum lifting depth of 1477 m, it has been 

determined that the maximum axial displacements for brake disc edges of the jammed and adjustable parts are 0.854 and 1.921 mm, 

respectively. A simplifi ed calculation method has been developed for strengthened split cylindrical drum structures of the mine 

hoisting machines of the TsR-6.75×6.2/1.95 type, available for use in middle-class packages such as SolidWorks Simulation.

Keywords: method of averaging, axial stiff ness, hoisting machine drum, strengthening with gussets and ribs, disc brake, thickened 
gussets

Introduction. Due to the need to increase the depth of lift-

ing the mineral and the associated increase in the size of the 

hoisting machine drum, as well as the complication of its 

structure, the calculation of axial displacements of the brake 

discs for the possibility of using disc brakes leads to the fact 

that the value of the fi nite element mesh becomes unavailable 

for the use of average level automatic design means.

Unsolved aspects of the problem. Due to the need to in-

crease the lifting depth and the associated complication of the 

drum structure, the calculation of axial displacements of the 

brake discs for the possibility of using disc brakes requires the 

development of methods for calculating the hoisting machine 

drum in terms of axial stiff ness based on the analysis of the 

operation of individual nodes, as well as the creation of their 

simplifi ed models and the calculation of the drum model dis-

placements with the subsequent calculation of stresses in the 

initial nodes. Finite element calculation on an acceptable 

quality mesh requires the use of high-performance PC and ex-

pensive software packages such as CATIA 5. This leads to the 

development of the latest methods for calculating such struc-

tures, available for use in middle-class packages such as Solid-

Works Simulation.

Research purpose is to assess the application of the averag-

ing method for calculating the hoisting machine drum of a 

complicated structure.

Literature review. The research works related to the devel-

opment of hoisting and transporting machines are carried out 

at the National Technical University “Dniprovska Polytech-

nic”. In this regard, scientists substantiate the structural and 

kinematic scheme of infi nitely variable transmission [1], off er 

an innovative approach to the development of a hydraulic-

mechanical transmission of a mine diesel locomotive [2]. In 

addition, for the fi rst time, mathematical models for dynamic 

processes occurring in the haul truck engine under extreme 

conditions have been developed [3]. The vibrating feeder 

stressed state under push loading has been studied [4]. The sci-

entifi c research results in the fi eld of mechanics of new mine 

hoisting machine structures are also of great practical impor-

tance. Other studies are devoted to determining the depen-

dence of dynamic parameters on the technical state parame-

ters of the individual units in the installation [5].

Studies [6, 7] are devoted to the development and im-

provement of electromechanical equipment at mining enter-

prises, and studies [8, 9] deal with the problem of implement-

ing heat pump technologies at mining enterprises.

Mathematical models have been developed that describe 

the frictional properties of mechanical systems [10], as well as 

the infl uence of thermophysical processes on the frictional 

properties of mechanical systems [11], taking into account the 

distributed and lumped parameters during stationary and 

non-stationary linear motion. The results of research on the 

development of methods for optimizing the drive parameters 

of mine diesel locomotives with increased traction-braking 

properties make it possible to develop a new generation of 

mining equipment [12–14].

The following scientists, such as B. A. Morozov, B. G. Kli-

mov, B. I. Davidov, B. S. Kowalski, Z. M. Fedorova, A. P. Nes-

te rov, F. L. Shevchenko, S. M. Zinchenko, K. S. Zabolotnyi, 

M. A. Rutkovsky were engaged in research on hoisting ma-

chines. Almost all the works of these scientists are devoted to 

the study on stresses in the drum elements of mine hoisting 

machines (MHM).

Scientifi c works, the analysis of which is given in [15], are 

devoted to the development of scientifi c methods for substanti-

ating the design parameters of mine hoisting machines. The 

authors dealt with the following issues: braking devices on its 

stress-strain state (SSS) [16], developing a method for calculat-

ing the design loads [17]. They were ingaged into increasing the 

rope capacity of a single-drum mine hoisting installation [18], 

as well as substantiating the parameters of equipment for dehy-
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Fig. 1. Drum structure:
1 – a shaft with hubs; 2 – spherical bearing; 3 – left ring with gus-
sets of the adjustable part; 4 – left ring of the shell with a rib; 5 – 
right ring with gussets of the adjustable part; 6 – left ring with gus-
sets of the jammed part; 7 – ring of the shell with a rib; 8 – ring 
with two frontals; 9 – right ring of the shell with a rib; 10 – right 
ring with gussets of the jammed part

dration of ropes in mine hoisting installations [19]. In addition, 

the method for calculating the force factors in the turns of mul-

tilayer winding of rubber-cable ropes has been improved [20].

In the work, a semi-empirical approach has been devel-

oped, which leads to obtaining a simpler analytical mathemat-

ical model of an object that provides reliable results. With this 

approach, the object is described through a simplifi ed model, 

which uses coeffi  cients determined experimentally and select-

ed in such a way that, in this range of parameter changes, the 

calculated and experimental data are in good agreement. 

However, when determining the axial displacements of the 

braking fi elds caused by the own weight of the drum and the 

tension of the ropes, which run off  and run on, the analytical 

method is not suitable and it becomes necessary to develop a 

specialized computational approach.

We use the method for calculating multilayer composite 

structures developed by V. V. Bolotin and Yu. M. Novichkov: 

1) a simplifi ed homogeneous model is studied with corre-

sponding boundary conditions; 2) the SSS model is analyzed 

and the most stressed areas are selected; 3) the areas with the 

highest SSS are selected and boundary conditions for them are 

determined; 4) these areas from a homogeneous material are 

calculated and this material characteristics are determined; 

5) a model from this material with specifi ed boundary condi-

tions is created and its calculation is performed; 6) the stresses 

are found at the boundaries of the selected areas and their cal-

culation is performed for the real material.

The MHM drums belong to the class of thin-walled 

strengthened structures with elements of various thickness. 

This leads either to a large quantity of nodes with a mesh with 

a given maximum aspect ratio, or to a mesh with fewer nodes 

but a higher maximum aspect ratio. The MHM drums of a 

complicated structure are characterized by a large quantity of 

relatively thin strengthening elements.

The so-called “averaging method” has been widely used in 

solving the problems of celestial mechanics, whose main tech-

nique is that the right-hand sides of complex diff erential equa-

tions are replaced with “smoothed“, averaged functions that 

do not contain rapidly changing system parameters.

In the statics and dynamics of ribbed shells, this method 

was used by I. V. Andrianov, V. A. Lesnichaya and L. I. Mane-

vich.

When calculating complex structures such as aircraft fuse-

lages and ship hulls, numerous solution methods that are eco-

nomical in terms of machine time and resources should always 

use information about the analytical nature of the task.

Structural anisotropy schemes have been widely used in 

engineering calculations, according to which the initial shell is 

replaced with a smooth one with some of the specifi ed param-

eters.

Inhomogeneities of the design or structure of the material 

are usually repetitive, periodic; therefore, valuable informa-

tion about the system behavior can be obtained by replacing it 

with a simpler one with some of the specifi ed (averaged) char-

acteristics, which is typical when changing to structural or-

thotropy scheme. In this case, correct information can be ob-

tained about such global characteristics as frequencies of vi-

brations or displacements, local ones such as stresses, deter-

mined with a large error. At the same time, the very determi-

nation of these parameters is a non-trivial task.

The essence of using the averaging method in structural 

mechanics can be briefl y described by the following algorithm: 

1. The initial structure is presented in the form of a set of nodes 

that allow a priori representation of their load and SSS. 2. The 

averaging parameter is chosen, usually the thickness of the 

shell or frontal, etc. 3. Parametric models of each such node 

are constructed. 4. Typical calculation cases are selected for all 

nodes, for example for strengthened drums – this is an axially-

symmetrical compression or bending of the drum as a beam. 5. 

The values of optimization parameters are determined for each 

node, at which the averaged node stiff ness in the selected cal-

culation case of loading coincides with the initial strengthened 

node stiff ness. 6. For each calculation case of loading the 

strengthened structure, an assembly is performed from the 

corresponding averaged nodes. 7. The calculations are com-

pared and the most dangerous one is chosen.

Selecting the boundary conditions and calculating the initial 
model for the TsR-6.75×6.2/1.95 mine hoisting machine drum. 
A distinctive peculiarity of the studied drums is that they con-

sist of two jammed parts and one adjustable part. This drum 

has two shells, six frontals strengthened with gussets and ribs, 

six frames, two bearing ribs, two brake discs, a shaft with hubs 

and two spherical double-row roller bearings (Fig. 1). To de-

velop a calculation method, the drum is presented as a struc-

ture consisting of ten nodes.

In the studied drum structure, two spherical two-row 

bearings are used, which provide the possibility of shaft rota-

tion in three directions and prevent its vertical displacement.

When calculating the radial stiff ness of the bearings, we 

neglect the concentrated forces of the winding and twisting 

ropes, and take into account only the weight of the drum with 

the rope, equal to 2,207 kN.

PC  Pd  Pr  2207,

where Pd  2049.3 is drum weight, kN; Pr  H  mrun  g  

 1157.9 kN is rope weight; H is lifting height, m; mrun is mass 

of running meter of rope, kg; g is free fall acceleration, m/s2.

It is proposed that eight rollers work in contact; therefore, 

one-eighth of the load on the bearing is used to calculate the 

FEM Flif1  137.9 kN.

Load acting on the bearing roller is

q  Flif1/h  7.45  105,

where h  185.1 mm is a bearing roller length.

For the analytical calculation of the bearing radial stiff -

ness, one roller and the inner ring of the bearing are presented 

in the form of two cylinders with a diameter D1, equal to 

85 mm and D2 equal to 847.5 mm. Fig. 2 shows a contact inter-

action scheme of the two cylinders. Undeformed cylinders 

with diameters D1 and D2 are shown by a dash-dotted line with 

two points.

The initial distance between axes of the cylinders is

L1  0.5(D1  D2)  466.3.
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A linear load q is applied to the fi rst cylinder axis. The sec-

ond cylinder axis is fi xed. After applying the load, the cylinders 

converge, forming a fl at contact surface 2B wide. The distance 

between the axes of the cylinders after deformation is denoted 

by L2, and the convergence of the axes – by , which is equal 

to   L1  L2, mm

From the Hertz-Belyaev theory, the following expressions 

follow. Elastic constant of contacting bodies is
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where E1, E2  2.1  105 are elastic moduli of the fi rst and sec-

ond bodies, MPa; 1, 2  0.25 is Poisson’s ratios of the fi rst 

and second bodies; B is contact strip half-width.

Analytical stiff ness of bearing nodes

C  Flif1/  5.284  109.

Following the recommendations for self-aligning rolling 

bearings, the axial stiff ness should be chosen equal to the ra-

dial stiff ness.

As a parametric model of the bearing, the SolidWorks 

Simulation “Bearing support” tool is used.

The fourth, seventh and ninth drum nodes are rings, con-

sisting of a shell with grooves and a rope, strengthened with a 

ring frame. As a model of these nodes, a homogeneous shell 

with equivalent stiff ness is studied.

Since a shell is modelled by an axially-symmetrical model, 

it is suffi  cient to confi ne ourselves to a fragment limited in the 

circumferential direction by fi ve degrees.

As a frame model, an initial structure is used, and to mod-

el a shell with grooves and rope, the following algorithm is ap-

plied.

With axial bending of a drum, three main areas can be dis-

tinguished: the upper one, in which tensile stresses predomi-

nate, the lower one – compressive stresses, and the middle 

one – with bending stresses. The boundary conditions for ax-

ially-symmetrical bending (Fig. 3, a) are chosen in the follow-

ing form: the left side face of the shell is fi xed relative to normal 

and radial displacements, and a radially directed force is ap-

plied to the right side face. As a calculation result, the average 

radial displacements of the right face can be determined.

The axially-symmetrical tension is chosen as the second cal-

culation case. The boundary conditions are shown in Fig. 3, b. 

The left face is fi xed from axial displacements, and an axial force 

is applied to the right face. As a result of the calculation, the av-

erage axial displacement of the right face can be obtained.

The task set is to fi nd a homogeneous shell thickness Н in 

terms of axially-symmetrical bending.

The axially-symmetrical bending of a homogeneous shell 

with a thickness of Н1 and Н2 (along the bottom and tops of the 

grooves) is calculated. Then, the homogeneous shell thickness 

can be found from linear interpolation and a trial calculation 

can be performed. In the case, when the obtained values of 

radial displacements diff er from the interpolation results by 

more than 10 %, an additional calculation should be per-

formed with an averaged thickness between the thicknesses Н1 

and Н2, and use quadratic interpolation.

For a shell with a rope in the case of axially-symmetrical 

bending of a fragment limited in the circumferential direction by 

fi ve degrees, an average radial displacement of 0.001534 mm at a 

load of 1 MN can be obtained, and for axially-symmetrical ten-

sion – 0.000196 mm at a load of 10 kN. As a result of linear in-

terpolation, the obtained thickness values are: Hbend is 44.53 and 

Htens is 42.53 mm. The checking calculation gives an error in 

bending of 0.2 % (Fig. 4, a) and in tension – 0.22 % (Fig. 4, b).

For the calculation model, the shell thickness is taken to be 

equal to the smaller of the obtained thicknesses (42.53 mm).

In order to develop a calculation method that allows ob-

taining an acceptable result on a medium power computer, the 

drum was preliminarily calculated on a powerful computer, 

taking into account the mesh characteristics based on curva-

ture. These characteristics are as follows: the maximum ele-

ment size is 50 mm, the minimum element size is 10 mm, the 

total quantity of nodes is 3,352,229, the total elements are 

1,874,904, the maximum aspect ratio is 11.26, the percentage 

of elements with an aspect ratio  10–0.000213.

As boundary conditions, the loading of the drum by grav-

ity, two tensile forces from the running off  and running on 

ropes, as well as pressure from the wound rope, are studied.

Due to the small width of the gap between both parts of the 

drum (3 mm), the stiff ness of the rope connecting these parts 

is neglected.

Fig. 2. Scheme of contact interaction of the roller and the inner 
ring of the bearing

Fig. 3. Boundary conditions for axially-symmetrical bending 
(a) and for axially-symmetrical tension (b)

a

b
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To reduce the resource intensity of the task, the halved 

tensile forces are applied not to the ropes, but to the under-

faces formed by the section of the rope and the drum (Fig. 5). 

In addition, in order to eliminate the peculiarities of the result-

ing section fi gure, a rope is replaced with a body of square sec-

tion.

The tensile forces from the running off  and running on 

ropes are determined

T2  Tmax  0.5  Pr  371.1;

T3  Tmin  0.5  Pr  61.05,

where Tmin  Tmax  Tdiff   140 kN is minimum rope tension; 

Tdiff   310 kN is the diff erence in the tension of ropes.

At the same time, the angles of inclination to the horizon 

are 38 and 43° for the running off  and running on ropes, re-

spectively.

The distribution of pressure from the winding and rolling 

ropes is symmetrical with respect to the middle of the drum 

(Fig. 6).

The following is taken in Fig. 6: х1  1.205 m; х2  4.071 m; 

х3  4.224 m; х4  7.405 m;
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where Tmax is static rope tension, N; T2 is static rope tension at 

points 2 and 3, N; R is a drum radius, mm; t is groove cutting 

pitch, mm.

The pressure from the wound rope should be set non-uni-

formly, since from the bearing rib to the middle of the drum 

(calculated case), the diff erence in pressure is provided by the 

wound rope weight. To take into account the nonuniformity, 

there are linear interpolation formulas

1
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Since the gravity force does not correspond to the initial 

model, it has been decided to change the density of the para-

metric model material

simp  minit/Vsimp  9030.764.

According to the calculation results, it turns out that when 

loading from lifting a loaded skip from the right bearing rib 

(Fig. 7, a) of the drum, the maximum axial displacement val-

ues of the right and left edges of the brake discs are 0.854 and 

1.921 mm, respectively.

The bearing rib is a thin-walled disk, which works on 

bending, and it is expedient to check its eff ect on the general 

deformed state of the assembly, since taking it into account 

leads to an increase in the quantity of nodes.

From the curve presented in Fig. 7, b, it can be seen that 

the bearing ribs do not have a great infl uence on the general 

deformed state.

In this case, the maximum axial displacement is 2.013 mm 

and the error is 4.8 %.

Fig. 4. Checking calculations of radial displacements in axial-
ly-symmetrical bending (a) and axial displacements in ax-
ially-symmetrical tension (b)

a

b

Fig. 5. Additional application of tensile forces to the underfaces

Fig. 6. Curve of the rope pressure distribution across the width 
of the drum

Fig. 7. Curve of axial displacements of the drum with bearing 
rib (a) and without bearing rib (b)

a

b
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The averaging method application for calculating displace-
ments of the TsR-6.75×6.2/1.95 hoisting machine drum. We il-

lustrate the application of the method for calculating a partic-

ular hoisting machine.

Based on the averaging method algorithm, the drum 

structure is divided into ten nodes (Fig. 1).

It is unacceptable to select the shell thickness as an averag-

ing parameter, since it is impossible to take into account the 

infl uence of ribs on the particular node behavior by changing 

this parameter. Therefore, the shell thickness is chosen equal 

to the initial one, and the infl uence of strengthening elements 

is taken into account by changing the frontal sheet thickness.

Based on the deformed shape analysis (Fig. 7) for nodes 3, 

5, 6, 8 and 10, two calculation cases are chosen, such as shift-

ing and loading with uniform external pressure.

As boundary conditions for the node model in the calcula-

tion case “shifting”, its loading with a bending moment of uni-

formly distributed and oppositely directed forces on the end 

faces, equal to 1 mN, is studied. The frontal face is fi xed in a 

place of its junction with a hub (Fig. 8, а). Boundary condi-

tions for the calculation case “pressure” – the loading on the 

external cylindrical face of the shell with a pressure directed 

radially to the center, equal to 1 MPa. The face is fi xed simi-

larly to the preliminary calculation case (Fig. 8, b).

As an averaging parameter, the variable thickness of the 

frontal in the node structure without gussets and ribs is used 

(Fig. 9, b). To determine it, the diff erence between the average 

vertical displacements of the external right and left edges of the 

shell is used

  yr  yl,

where yr and yl are average vertical displacements of the exter-

nal right and left edges of the shell.

In the fi rst calculation, as the thickness b by the iteration 

method, the thickness of the frontal is chosen such that the 

diff erence in the average vertical displacements is greater than 

the diff erence in displacement for the initial node by 5–10 %. 

In the next two calculations, the thickness is increased by 

5 mm in each case.

As a second calculation case, the load with an external pres-

sure equal to 1 MPa is studied. The maximum radial displace-

ment of the external edge of the node shell, located at the max-

imum distance from the frontal in the axial direction, serves as 

a parameter for determining the thickness of the frontal.

Similar to the calculation case “shifting”, the frontal b 

thickness of the node 5 parametric model is found from the 

quadratic interpolation of three calculations.

Due to the inequality of the masses of the initial node 

structure and its parametric model, the subsequent calculation 

can give a large error. Therefore, the true density of the para-

metric node material for both calculation cases is determined 

from the formula

simp  minit/Vsimp,

where minit is weight of the initial node model, kg; Vsimp is the 

volume of the parametric node model, m3.

Node 6 diff ers from node 5 in that the gussets are located 

on both sides of the frontal. The boundary conditions for the 

calculated case of “shifting” are selected similarly to node 5. 

As a result of the calculation, the diff erence in the average ver-

tical displacements of the end edges is determined. As the sec-

ond calculation case, the load with an external pressure, equal 

to 1 MPa, is studied. Then, for each of the calculations, using 

quadratic interpolation, the rational thickness of the frontals 

can be found similarly to the previous node.

A distinctive peculiarity of node 8 is the high stiff ness 

caused by the presence of two frontals. The parametric model 

is also projected with two frontals. As in the above cases, for 

the initial and parametric nodes, two calculations are made – 

“shifting” and “pressure”, as well as the diff erence between 

the average vertical displacements and the maximum radial 

displacement, respectively, is determined. Then, for each of 

the calculations, using quadratic interpolation, the rational 

thicknesses of the frontals can be found similarly to the previ-

ous node.

Unlike the nodes studied above, node 3 has a bearing rib 

and a brake disc. The boundary conditions are similar to 

node 5, but the side face of the brake disc acts as one of the end 

faces. For the initial and parametric nodes, two calculations 

are made – “shifting” and “pressure” with the same boundary 

conditions as in the previous cases and the diff erence between 

the average vertical displacements and the maximum radial 

displacement, respectively, is determined. After that, for each 

of the calculations, using quadratic interpolation, the rational 

thicknesses of the frontals can be found similarly to the previ-

ous nodes.

Node 10 is a mirror image of node 3 and is modeled by the 

same model.

Aftewords, an assembly is created of a simplifi ed model for 

the hoisting machine drum from parametric models of nodes 

3–10, a shaft with hubs (node 1) (Fig. 10).

a b

Fig. 8. Boundary conditions for node 5 calculation:
а – calculation case “shifting”; b – calculation case of loading 
with uniform pressure

a b

Fig. 9. Node section 5:
а – initial tructure; b – parametric model Fig. 10. Parametric model for the hoisting machine drum
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Approbation of the developed method for determining the ax-
ial stiff ness of the TsR-6.75×6.2/1.95 hoisting machine drum. As 

an example of a hoisting machine drum of a complicated struc-

ture, the TsR-6.75×6.2/1.95 hoisting machine drum is chosen, 

having strengthening in the form of 48 ribs, 224 gussets 20 mm 

thick, 48 gussets 16 mm thick and 64 gussets 14 mm thick.

Fig. 1 shows a general view of a single-rope single-engine 

hoisting machine with a cylindrical split drum of gearless de-

sign with single-layer winding.

Hoist type – skip-skip, lifting height is 1,477.657 m, drum 

diameter is 6,750 mm, jammed part width is 4250 mm, adjust-

able part width is 1,950 mm, maximum static rope tension is 

450 kN, maximum rope tension diff erence is 310 kN, groove 

cutting pitch is 51 mm.

The drum consists of a jammed and adjustable parts, on 

which two running on and running off  ropes are wound. There 

is a gap of 3 mm between these parts. Multi-strand steel rope 

“BRIDON” “Dyform” 34LR/PI (34×19), 46 mm in diame-

ter is used.

The shaft is fi xed in two spherical bearings 241/710. On the 

right side of the shaft, there is a cylindrical part for connecting 

to the drive.

Modeling of bearings is similar to the calculation of the 

initial drum model.

For the initial node 5, the diff erence in the average vertical 

displacements is equal to   7.21  (1.60)  8.81 mm 

(Fig. 11, а).

The frontal thickness is 38 mm and the corresponding dif-

ference in the maximum vertical displacements of the edges is 

8.734 mm. In this case, the error, that is, the diff errence be-

tween the diff erences in the average vertical displacements of 

the strengthened initial node and the parametric model, is 

0.8 %. The checking calculation curve of the node 5 (calcula-

tion case “shifting”) is shown in Fig. 11, b.

The parametric model density for the calculated case 

“shifting” is equal to 9,855.96 kg/m3.

Similarly to node 5 for the calculation case “shifting”, 

checking calculations are performed for nodes 6, 8 and 3(10), 

as well as the thickness values for the frontals of these nodes 

are determined (Table 1).

In Table 1, the letter 1 denotes the diff erence in the aver-

age vertical displacements of the initial node edges, mm; s is 

the frontal thickness in the averaged model, mm; 2 is the dif-

ference in the average vertical displacements of the average 

node model edges, mm;  is an error, %.

In this case, the material density for nodes 6, 8 and 3(10) is 

equal to 10470.39, 8280.21, 9126.06 kg/m3, respectively.

For the initial node 5, the average radial displacement 

value is 1.749 mm (Fig. 12, a).

The frontal thickness in the averaged model is 36.284 mm 

and the corresponding maximum edge displacement is 

1.748 mm. In this case, the error, that is, the diff erence in the 

maximum radial displacements of the initial strengthened 

node and the parametric model, is 0.06 %. The checking cal-

culation curve of node 5 (calculation case “pressure”) is shown 

in Fig. 12, b.

The parametric model density for the calculated case 

“pressure ” is equal to 10051.68 kg/m3.

Similarly to node 5 for the calculation case “pressure”, 

checking calculations are performed for nodes 6, 8 and 3(10), as 

well as the thickness values for the frontals of these nodes are 

determined (Table 2). In this case, the material density for nodes 

6, 8 and 3(10) is equal to 5196.19, 6689.91, 6941.43 kg/m3, re-

spectively.

In Table 2, the letter 3 denotes the maximum radial dis-

placement of the initial node edge, mm; s is the averaged mod-

el frontal thickness, mm; 4 is the maximum radial displace-

ment of the node averaged model edge, mm;  is an error, %.

Based on determined parameter values for models of each 

node, sketches of the corresponding rotation bodies are creat-

ed, followed by cutting out eight symmetrically located holes 

in the frontal.

As a parametric model of a shaft with hubs (p. 1, Fig. 1), 

the initial structure of the node is chosen.

To create a fi nite element model of the drum, a medium-

power computer is used, on which the calculation is limited by 

the quantity of fi nite element mesh nodes equal to 750,000.

As a result of creating fi nite element meshes, the resulting 

meshes based on curvature with a maximum element size of 

100 mm for the calculation cases “shifting” and “pressure” 

have the following characteristics: for “shifting” case: quantity 

of nodes is 645,107; maximum aspect ratio is 23.547; for “pres-

sure” case: quantity of nodes is 662,055, maximum aspect ra-

tio is 23.422.

Fig. 11. Curve of the initial model vertical displacements (а) 
and checking calculation (b) of node 5

a b

Table 1
Thickness values for the frontals of the calculation case 

“shifting”

Node No. 1 s 2 

5 8.807 38 8.734 0.8

6 16.617 39.374 16.665 0.3

8 1.231 55.174 1.230 0.08

3(10) 9.013 45.231 9.007 0.07

Fig. 12. Curve of the initial model radial displacements (а) and 
checking calculation (b) of node 5

a b

Table 2
Thickness values for the frontals of the calculation case 

“pressure”

Node No. 3 s 4 

5 1.749 36.284 1.748 0.06

6 1.048 109.444 1.048 0

8 1.078 75.416 1.080 0.19

3(10) 1.121 76.469 1.121 0
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The FFEPlus computer program is used for the calcula-

tion. Calculation time is 10.5 minutes.

As a result of the calculations, the axial displacements of 

the drum brake disc edges have been obtained:

- calculation case “shifting”: for the jammed part (Fig. 13, a), 

the maximum positive value is 0.654 mm, the minimum nega-

tive value is 0.355 mm; for the adjustable part (Fig. 13, b), the 

maximum positive value is 1.766 mm, the minimum negative 

value is 0.176 mm.

- calculation case “pressure”: for the jammed part 

(Fig. 14, a), the maximum positive value is 0.584 mm, the 

minimum negative value is 0.433 mm; for the adjustable part 

(Fig. 14, b), the maximum negative value is 1.327 mm, the 

minimum negative value is 3.246 mm.

The maximum error for “shifting” case is 8.1 %, for “pres-

sure” case it is 69 %.

Conclusion by the averaging method with a change in the 
thickness of the frontals. In the averaging method, an im-

portant role is played by the choice of the so-called trial 

load, which is loaded on a separate element (node) of the 

structure with the selected fixing method. Thus, for the 

studied structures of drum nodes, two types of loading have 

been chosen: uniform external pressure and shifting during 

fixing the nodes along the border of their connection with 

the hub. Then the frontal thickness is determined, which 

provides the appropriate stiffness in the first and second 

cases. It has been revealed that the error of the maximum 

axial displacements of the brake disc edges is 8.1 % in the 

first case, and 69 % in the second case, when assembling 

from the nodes with averaged frontals. This indicates that, 

in fact, the nodes are exposed to a combined loading and, 

when using the first or second case separately, leads to an 

unacceptable error, which requires the development of oth-

er calculation methods.
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Обґрунтування методики розрахунку 
розрізних циліндричних барабанів 

шахтних підіймальних машин збільшеної 
канатомісткості

К. С. Заболотний, О. Л. Жупієв, В. В. Симоненко
Національний технічний університет «Дніпровська по-

літехніка», м. Дніпро, Україна, e-mail: mmf@ua.fm

Мета. Розробка методу спрощеного розрахунку під-

кріплених конструкцій розрізних циліндричних бараба-

нів шахтних підіймальних машин типу ЦР-6,75×6,2/1,95.

Методика. Конструкція барабана шахтної підіймаль-

ної машини умовно поділяється на кілька вузлів. Для 

вузлів, що складаються з обичайки, лобовини, реберного 

підкріплення й  тормозних дисків (крайні вузли), буду-

ється спрощена усереднена модель виходячи з аналізу 

його роботи, зокрема аналізу жорсткості при різному на-

вантаженні. Потім у збірці вихідні вузли барабана замі-

нюються на спрощені, збирається так звана «спрощена» 

модель усього барабана й визначається переміщення 

кромок гальмівних дисків.

Результати. Створені спрощені моделі вузлів бараба-

на на підставі аналізу їхньої роботи, а потім здійснено 

розрахунок переміщень спрощеної моделі всього бара-

бана.

Наукова новизна. Оцінена похибка методу спрощено-

го розрахунку: метод усереднення зі збільшеною товщи-

ною лобовин.

Практична значимість. Для шахтної підіймальної ма-

шини ЦР-6.75х6,2/1,95 з діаметром барабана 6750 мм, 

шириною барабана 6200 мм і шириною переставної час-

тини 1950 мм із кроком нарізання канавки 51 мм і макси-

мальною глибиною підйому 1477 м встановлено, що мак-

симальне осьове переміщення кромок гальмівних дисків 

заклиненої і переставної частини складають 0,854 и 

1,921 мм відповідно. Розроблено спрощений метод роз-

рахунку підкріплених конструкцій циліндричних розріз-

них барабанів машини типу ЦР-6,75х6.2/1,95, доступний 

для використання пакетів середнього класу типу 

SolidWorks Simulation.

Ключові слова: метод усереднення, осьова жорсткість, 
барабан підйомної машини, підкріплення косинками та ре-
брами, дискове гальмо, потовщені косинки
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