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Fig. 5. Electron micrograph of a sample of untreated vermiculite of fired T = 400° C.

As shown by electron microscopic studies of untreated vermiculite calcined at T = 400° C, its full swelling is not observed.
And when processing with reagents (the most successful samples were chosen after physico-chemical studies), the similarity of the
samples obtained is evident, namely, the unprocessed samples burned at 900° C have the same form as those treated at 400° C with
reagents.

Proceeding from the studies of electron microscopy, we see that samples of raw vermiculite burned traditionally and samples
treated with chemical solutions (baked at 400° C) have a similar structure.

On the basis of the application of physical and chemical analysis methods it is necessary to conclude that the most effective is the
treatment of vermiculite with chemical solutions and baking at 400° C. Similar features of vermiculite, peculiar to phlogopite, allow
to consider a sample, preliminarily held in a chemical solution and fired to 400 C, which is the most acceptable for technological
parameters and operational requirements for use in the construction industry.
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Obtained an analytical dependence for determining the tensile forces acting in cables of the flat rubberized rope. It takes into
account the design of the hoisting engine — the deviations of generating line of the drum from a straight and of the possible break of
the cable in rope. A comprehensive account of the impact of various factors on the stress-strain state of the rope allows determining
the loss of tractive capacity in operation on the hoisting engine. The results should be taken into account in the design and operation
of hoisting and transporting machines with flat traction bodies.

Keywords: hoisting engine drum, geometrical parameters, flat rubberized rope, breaks of tractive elements, complete the impact
of various factors, stress-strain state, and analytical dependences.

Introduction. Flat rubberized ropes are widely used as traction units of lifting and transporting machines. The design, technical
condition of the machine and the conditions of operation affect the stress-strain state of their tractive elements, including the ruptures
of the cables. In the process of the rope motion with a damaged cable, the field of stress caused by various factors may superpose and
affect the actual ultimate strength of the rope.

State of question and formulation of the problem study. Methods for studying the influence of a complex of factors on the
stress-strain state of the rubberized rope are absent. A development for this method is a topical scientific and technical task. Its
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solution will determine the loss of traction capacity of the rope, caused by the construction of the hoisting machine and the possible
destruction of one of its cables.

Influence of ruptures of cables in rubberized ropes on the distribution of forces in their width for different conditions was
investigated in many papers [1-7]. They did not consider a problem of the combined effect of several factors.

Main content of the work. The tractive elements operate within the framework of the linear Hooke law. This allows the task to be
divided into two problems - determining the stress-strain state of the rope under the influence of external factors (before the damage
to the rope) and determining the impact of the tractive elements breaks. The results should be composed.

In the second problem, to the edges of the cable, caused by its rupture, apply forces equal and opposite to those acting in it before
the rupture. The destruction of the cable locally changes the design of the rope. At the section of the cable destruction, their number
in the rope decreases. Keep the conformity of the design of the rope before and after the damage. For this purpose, by the orthogonal
section through the place the break, divide the rope into two segments. Define the conditions for compatibility of deformation of the
segments. Assume the boundary conditions identical to those in the first problem. Consider the application of the algorithm on an
example of determining the stress-strain state of a flat rope with a ruptured cable on a convex drum of a hoisting-transport machine.

The rope of the hoist has a considerable length and interacts with the convex drum. The subscript of this part of the rope is 2. Adjacent
parts, respectively, have subscripts 1 and 3. Let’s assume that the drum is in the shape of a parabola. Average length of rope is L.

On the drum, the strains of cables, due to changes of their shape, are determined by dependencies:

. \2
1
Rmax _(Rmax _Rmin )(M]
81' = 2 5 (1)
Rmax -R

min

where Roin> R — respectively, the minimum and maximum radii of cables on the drum; 7 — the cable number; M — the cables
quantity.
Mean length of cables is

where @ — angle of contact with the drum.
Consider the x-axis, which is directed along the rope. Coefficients of the desired quantities will have the respective subscripts. To
them we will include the numbers of the segments to which they relate, and the cables numbers (7). The boundary conditions:
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where P — the value of the force applied to the rope assigned to the number of cables.
Conditions of compatibility of deformation of the rope sections:
=0 w=uyp Pi=D
©)
x=L

Uyi=HUsj»  Ppri=P3;

In the above dependencies and further, in the lower subscript, the first digits correspond to the segments number. Consider the

Q deformation of the rubberized rope, the boundary conditions and conditions of compatibility. We will get the solution of the first
X problem:
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where 4, .., By, ,,—constants of integration; kK — segment number (takes value 1, 2, 3); E, F'—respectively, the reduced tensile elastic

2 M
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h— distance between cables; b — rope thickness; d — cable diameter; G — shear modulus of the matrix; kg — the coefficient of influence
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Determination of unknown constants completes solving of the first problem.

The section of the cable damage moves relative to the drum. The curvature of the working surface of the drum maximally affects
the redistribution of forces between cables at the cross section of the symmetry of the contact arc of the rope — in the section x = L/2. The
tensile forces of the ®-th cable in this section are determined by the following dependence:

M-1 L 5. L
P2e= EF z {(Az’meﬂmé ~ By e Bm AJﬂm +Dm:lc0s(,um (®70,5))+P.
m=1
In the second problem, the sections of the beginning and end of the rope denote by L, and L . Assume that in the cross section x =/

BZ,m

the ®-th cable is damaged. In the extreme sections, the design features of the machine can create conditions under which it is known
either distribution of displacements of the tractive elements, or the forces acting on them. Accordingly, in the cross-sections x = L, and
x= L, it is possible to implement two pairs of boundary conditions: either /7 ,, (i) and f7 ¢ (i), or either f77 , (i) and f; I.c (i ), or their
combinations.

By the cut x =/ the rope is divided into two segments. Name these segments / and //. For displacements, distribution of tangential
forces arising in rubber layers, we will provide special subscripts. Cables numbers designate by i (1 <is<M ) . The segment number
is denoted by the letter p (takes values / and /7). The character of the boundary conditions is denoted by & (takes values ¢ or n).

The added state should not change the previous state at the boundaries x = L, and x = L ,. Find the solution in the following

form [1]:
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where @y, 5 s bm, @ — constants of integration; p — segment number; @ — indication of boundary conditions.
If in the cross section x =/ the ®@-th cable is damaged, then the condition of compatibility of the deformation of the two segments
must be fulfilled:
0, i#0,
Uy
Pil.w —Pill,o =0 (12)
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11,00 1,11 ,t0 { l=®,
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where U, —unknown value of the gap between the ends of the damaged cable; Pg — internal load of the ©-th cable before its
damage in the cross section x = /.
The difference between displacements of the ©-th cable of the first and the second segment is set by the discrete function:

LU M . (13)
Ui I =i Il 7 _2ﬁ > cos(ym((B—O,S))cos(ym(1—0,5)).

m=1

Accepted function of difference of displacements, conditions of equality of tensile forces of a cable on both its segments,
conditions of compatibility of their deformations (13) lead to two M-1 equations of four m-th constants:

U,
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and dependencies
M-1
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m=1

Add to the noted equations the laws of the loading (deformation) of the rope in the cross sections x = L, and x = L, — boundary
conditions. Let the last are given by the laws of the distribution of forces at the ends of the rope. Taking into account their values, we
have the following solutions of the system of equations:
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The obtained dependencies allow for the rope of a known construction, according to the known location of the damaged cable and
the effort perceived by this cable before its destruction, to determine the stress-strain state of the rope of the hoist with the damaged
cable.

In our example L; — —oo, Lyy — 0. In accordance with Saint-Venant’s principle, local disturbances result in a local stress-strain
state. Given the considerable distances between the section of damage of the cable and the boundaries of the segments, the relevant
areas can be considered infinitely long. In the case of infinitely long first section should be taken by, Lo =0 For an infinitely long
the second — ay, j7 7 =0.

In the case of 1nﬁn1te1y long both segments, the value of / (the coordinate of the cross section with the damaged cable) is small.
It can be taken equal to zero, and the section of the rupture may be considered as the plane of symmetry. The symmetry of the stress-
strain state allows the solution of the problem to be found only for one (first) segment. Let’s miss its number. Find the solution in the
following form:

M-1
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Recent dependencies are the result of solving the second problem in general form. Before the damage of the ®-th cable, its load
in the section of the gap was Pg = P20 Accordingly, in the expressions (12), (15) - (17), instead of the value of the effort in the
general form, it is necessary to substitute the value P2, @ . Take into account the shear of the origin of the coordinate axis in the second
problem relative to the first, and the symmetry of the solution in it. Add the obtained solutions. The distribution of forces in the cables
will have the following expression:

M-1 _ _L
pi=EF ¥ AZ,me'Bmx _B2,me_ﬂmx —bpye g (|X| A) B+ Dy |
m=1 (19)
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The obtained dependence determines the distribution of forces in the cables of the rubberized rope. It takes into account the design
of the machine - the deviation of the drum generatrix of the hoisting machine from the straight line, and the breaking of the cable.

Damage of the cable leads to redistribution of forces among other cables. Internal forces, acting in cables adjacent to the damaged,
are changing more. Extreme change of forces occurs in the section of damage of the cable. In the case under consideration — in the
section x = 0. This allows determining the values of the coefficients of force concentration in two adjacent cables. The coefficients are
assigned by the subscripts corresponding to the cables numbers, adjacent to the damaged:

ko = Y Rycos(uy, (©-1,5))+

m=1

P26 (20)
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In case of damage of the extreme cable, when ® = 1 or ® = M, kg_| = kg, since the cosine function is symmetric. In the
general case kg_1 # kg.1- Then the coefficient of concentration of forces in the cable is equal to the greater of the determined.

Conclusions. The stress-strain state of the rope, caused by various factors, can be defined as a superposition of states provided
that the boundary conditions remain unchanged. Comprehensive account of the influence of various factors, including destruction
of cables, on the stress-strain state of the rope, allows correct determining the loss of its tractive capacity in the event of a breaking
one of the cables. The loss of traction capacity of a rope can be estimated by determining greatest of two values of the coefficients of
concentration of forces in cables adjacent to the damaged.
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MIIHICTh KOHBEEPHOI CTPIYKH! BIJIABEJIEHHS BOIU ITICJISI TIPOMUBAHHSI CAPOBUHM / STRENGTH OF
CONVEYOR BELT OF WATER DRAINAGE AFTER RINSING OF RAW MATERIAL

Binoyc O.1., kaH1. TexH. HAyK, 10 EHT
Hepduavena FO.M., inxenep
JlHinpoBcbKuUii 1ep:kaBHUIN TeXHIYHMII YHiBepcHTeT, YKpaiHa

YyacHuku koHpepenuii

Hocnioxceno nanpysicenuii cman cmpiuku ymeopeHol cucmemoio napaneibHux ma2o06ux enemMenmis 3anpeco6aniix 6 enacmuimy
060n10HKY. Ha niocmagi po3e ’si3anus cucmemu JiHIIHUX Oupepenyitinux PieHAHb PIBHOGA2U MALOBUX €IeMEHIMI8 CIAHOBIEHO, Mexa-
HIZM, 3aKOHOMIPHOCMI Ma KoeiyicHmu HepiGHOMIPHOCMI PO3NOOLTY 6HYMPIWHIX CUL POZMALYBAHHS MALOBUX CIEMEHMIE 6 CIMPIYYL 3
omeopamu. 3anponoHO8ano CNOCié BUIHAYEHHA MA20BOT CNPOMOICHOCHT CIMPIYKU 3 OMBOPAMU.

Knrouoei cnosa: Cmpiuxa KoHeéeepa, omeopu, MexaHiuHi 61acmueocmi, msa2osi elemeHmu, KoegiyieHm KoHyenmpayii cui.

Investigated the stress state of the tape formed by a system of parallel traction elements are pressed into the elastic shell. On the
basis of solutions of systems of linear differential equations of equilibrium of traction elements are mounted, mechanism, patterns
and coefficients of uneven distribution of internal forces of stretching of traction elements in a ribbon with apertures. The proposed
method of determining the traction capacity of the belt with holes.

Keywords. Conveyor belt, holes, mechanical properties of traction elements, the coefficient of concentration of forces.

Beryn. CyMilieHHsI TEXHONOTIYHUX MPOLECIB MUTTS Ta TPAHCHOPTYBAaHHs MPOAYKIIi MmifBHUILYyEe e)EKTUBHICTH BUPOOHUIITBA
Ta piBeHb iforo Mexauizamii. B mpomeci nepeMilieHHs] TOXWIMM CTPIYKOBAM KOHBEEPOM 3QIIMIIKH BOJM CTIKAIOTh CTpiukoro. Ha
TOPU30HTAILHOMY KOHBE€EpI BOHA IEPEMIIIAETHCS Pa30M 13 3aBaHTaXKCHOI HACUIIOM ClIIbCHKOTOCIIOIaPCHKOI0 CHPOBUHO0. J[ist Bifl-
BEJICHHS 3aliBOT BOJIOTH IIiJ] 4ac TPAHCIIOPTYBAHHS AOLIIBHO 3aCTOCYBATH CTPiuKy 3 0TBOpamu [1]. BUKOpHCTaHHS CTPi4OK MacoBOTO
BUPOOHUIITBA, B IKUX BUKOHAHI CIIeNiaJIbHI OTBOPH, AO3BOJISIE BUPIIINTH 337ady BUPOOHMIITBA CTPIYOK JJIsI KOHBEEPIB YaCTKOBOTO
3HEBOJHECHHS CHPOBHHH Ta BUMArae JA0CIiIKCHH BIUIUBY OTBOPIB HA iX TATOBY CIIPOMOXKHICTb.

IMocTranoBka 3anavi. CinbcbKorocrnogapebka cupoBrHa 37e0iabmioro Mae Gpopmy Onu3bky a0 chepu. Y pasi pos3rairyBaHHs
OKPEMOTO IIIOJIA II0 TPAHCIIOPTYETHCS Ha MEXKi OTBOPY, BIH OIYCTUTHCS B HBOTO. SIKIIIO JliaMeTp OTBOPY MEPEBUINUTE JliaMeTp OKpe-
MOTO0 IUIOAY, BiH BHIaje. B MPOTHIIC)KHOMY BUITA/IKY, HEPEKPHE OTBIP i SMEHILIMTH MOXKJIUBICTD BiJjBEACHHS BOIOTH. JIJIsl YHUKHEHHS
OCTAaHHBOTO, JJOLIIBHO OTBOPH BUKOHYBATH HE KPYIIIMMH, @ HANPUKIIAJ, IPAMOKYTHUMU. [IpH 11bOMY OJ1HA 31 CTOPiH NPAMOKYTHHX
OTBOpPIiB Mae OyTH MEHIIIOK 332 MiHIMAJIBHUI pO3Mip OKpeMoro ruiofy. Hira Moxxe OyTu noBiIbHOW0. [lyist 3a0e3nedeHHs] piBHOMIp-
HOTO BiJIBEJICHHS BOJIOTH TI0 JJOBKUHI CTPIYKH, IO PYyXA€ThCsl KOHBEEPOM, OTBOPH MAalOTh OyTH PO3TAIIOBaHi PEryisipHO. 3MaTHICTh
CTPIYKH MPOITYCKATH BOJIOTY 3aJIeKHUTh BiJl XapaKTepy PO3IOILIY OTBOPIB MO MIMPUHI CTPIYKHU Ta X cyMapHOT wioii. bokoBi croponn
CTPIUKY HaXWJIEHI JUIs1 HafaHHs {1 skomoOuaroi popmu. BinBeeHHs Boory 31e0LIbIIOT0 BiI0yBaEeThCs B CEPEHIIl YaCTHHI CTPIUKH.
B wiit yactuni Marote OyTH nependadeHi OTBOPH.

KonBeepHi cTpiuku apMoBaHi. BoHH MaroTh MO3I0BXKHI PEry/ISIPHO PO3TAIIOBAHI €IEMEHTH apMyBaHHs - TATOBI €IEMEHTH 3a-
MPECOBaHI B €IacCTHYHY O0OJOHKY. MeXaHiuHi BIACTHBOCTI CTPIUKHU, BKIFOUHO 1 ii MIIHICTh, BU3HAYAOTHCS KITBKICTIO, B3AEMHUM
PO3TaIyBaHHSAM, MEXaHIYHUMHU [TAPAMETPAMHU CJICMEHTIB apMyBaHHs Ta MaTepialy 000I0HKH. BUKOHAaHHS OTBOPIB B TAKUX CTPiYKax
OB SI3aHE 3 YACTKOBUM BH/IAJICHHS CJICMEHTIB apMyBaHHs Ta 3MEHIICHHSM 11 TAroBOi CIpOMOXHOCTI. B po6oTi nocrasiena 3agaua
BU3HAYUTH 3MEHIICHHS TSATOBOI CIIPOMOXKHOCTI CTPIUKM KOHBEEpA 3 PETY/SIPHO PO3TAIIOBAHUMH OTBOPAMH 32 JOBUIBHOI CXeMH 1X
pO3TalIyBaHHS Ta PO3MIpiB.

PesyabraTn po6oTH. Po3missHeMO CTPiuKy 3 MPSMOKYTHHMH, PEryJSIPHO PO3TAlIOBAHMMHU OTBOpamMu po3mipamu [ x b. Bick x
CIIPSIMY€EMO B3IOBXK CTpiuky. [lodaTtok oci po3ranryeMo Ha MeXi JOBUIBHOTO Psy OTBOPIB. TATrOBUM eleMeHTaM HaJaMoO HOMEpH
Bix omuHMII 10 M+N. [lomoBxKHI €IeMEHTH apMyBaHHS IIO3HAYUMO TIOTOBICHUMH JiHisAME (puc. 1). JIiHi€r0 3 po3pHBaMU MOKaKEMO
CHMETPHYHY YaCTHHY MOBTOPIOBAHOIO €JIEMEHTA CTPIYKM 3 CHCTEMOIO OTBOPIB PO3TALOBAHUX 3 MOCTIHHUMH KPOKaMH SIK B3J0BXK
Tax i 1o ii mupuHi.
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Puc. 1. Cxema po3ramyBaHHs TATOBHX €JIeMEHTIB Ta OTBOPIB po3Mipamu [/ x b cTpiuKku
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