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Determination of the influence of a longitudinal cut on the tension state
of a rubber strip tape

Powerful conveyors are equipped with rubber conveyor belts. They are used in various industries.
Tapes are destroyed during operation. One of the forms of destruction is a longitudinal cut of the tape.
The purpose of the article is to build an analytical algorithm for determining and studying the stress-
strain state of a rubber cable belt with a longitudinal, limited-length cut, taking into account the
construction of the belt, the mechanical properties of its components (cables and rubber layers),
arbitrary longitudinal violation of its integrity and the arbitrary nature of the interaction of the belt with
a drum The algorithm was developed on the basis of the formulation and solution of the model of the
interaction of the tape cables. An arbitrarily located partial longitudinal section of any length is taken
into account. The arbitrary nature of the interaction of the belt with the conveyor drum is taken into
account. It was established that the cut of the tape affects its stress-strain state both in the area with
damage and beyond, in particular, it reduces the localization zones of disturbances in the strips against
the size of the disturbance zone in the tape. The disturbance zone decreases more in the strip with fewer
cables. The total loads of the cables in the strips remain unchanged along their length. The practical
significance of the developed algorithm lies in the fact that the use of the indicators of the stress-strain
state of the belt with known damage determined with its help makes it possible to make reasonable
technical decisions regarding the conditions of safe, temporary use of the conveyor, including the
impulse loading of the material, which should be investigated in the future.

Keywords: rubber conveyor belt; mechanical properties; longitudinal cut; stresses; deformations.

Actuality of theme. Conveyor transport of considerable capacity is used in various technological processes.
In particular, on blast furnaces with a volume of more than 2000 m?, it is advisable to use conveyor-type
elevators [1]. In Kryvyi Rih, the second largest metallurgical company in the world, operates a furnace of
5,000 m?, in the Japanese city of Fukuyama, a furnace with a volume of 4,617 m? is operated. Conveyors on
blast furnaces transport and form a multicomponent charge [2]. The dissertation [3] is devoted to the functioning
of conveyor transport systems with a complex, branched structure in mining. The article [4] discusses the topic
of creating systems for catching conveyor belts during their emergency failure. Attention was drawn to the need
to detect accidental negative impacts on the conveyor belt. It is proposed to install the tape gust control system in
the cross-section of the maximum forces acting on it.

Conveyor dosing and transportation systems include means of loading and overloading raw materials.
Difficult operating conditions, significant volumes of transported material make it difficult to control the entry of
foreign objects onto the conveyor. Such objects can get into the loading area of the conveyor where the belt load
is minimal and no belt damage systems are installed. The latter can destroy the conveyor belt. The facts of
longitudinal cutting of the tape by foreign objects are given in the dissertation [5]. Powerful conveyors are
equipped with rubber conveyor belts. Significant speed of movement of the tape — up to 10 m/s, the construction
of the rubber cable tape contributes to its destruction over considerable lengths. The cutting of the tape, the
features of the conveyor design affect its stress-deformed state and the possibility of destruction. The known
tension state of the belt allows you to make reasonable technical decisions regarding the conditions of safe
temporary operation of the conveyor, for example, at the blast furnace, taking into account the technologically
foreseen impulse supply of materials.

Analysis of the latest research and publications on which the author relies. The consequence of the
longitudinal cut of a part of the tape is the formation of two stripes on the part of the tape. The load of these
bands is different. The destruction of one belt can cause the destruction (rupture) of the second, respectively, the
entire belt, the failure of the conveyor. The impact of gusts of the tape cables is analyzed in publications [6, 7].
Research [8] is aimed at improving methods of connecting conveyor belts. The effect of the number of
cables [9], the step of their laying [10] on the properties of rubber conveyor belts and natural aging [11] on the
strength indicators of their connections was studied. In [12], an analysis of methods for diagnosing the condition
of rubber ropes was carried out. Works [13-14] dedicated to the study of the features of the tension state of
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ropes, tapes taking into account their interaction with machine elements, in particular, on the bobbin in [15],
during the wear of elements of mine cableways in [16], in the presence of holes in the tape [17]. The influence of
nonlinear changes in the shear modulus of the shell of a composite tensile element with a damaged structure on
its stress state was studied in [18], and of a multi-layer rubber cable composite in [19]. The algorithm for
calculating the stress-strain state of a rubber cable belt of unlimited length with longitudinal damage was
developed in the article [20].

The purpose of the article is to establish the influence of the longitudinal, limited cutting length of the
rubber conveyor belt on its stress-strain state.

Presentation of the main material. Consider a conveyor rubber cable belt of length L as a composite with
hard (cables) and soft (rubber) layers. The number of cables will be equal to M. The tape is located along the x
axis. The beginning of the axis coincides with the section of one end of the tape. Between the Nth and N + 1
cables, it is cut at a length of 6. The beginning of the cut has the coordinate x = | (Fig. 1).

Fig. 1. Tape with a longitudinal cut

The cut of the tape divides it in a separate section into two parallel strips. They are attached to solid parts.
Let's assume that the cut of the tape is located symmetrically to its ends. The conditions for attaching the tape to
the structural elements of the conveyor also have a symmetrical character. Consider the symmetrical part of the
tape. The internal load forces and deformation of the ropes of the part of the belt without damage, in the section
0 <x <1, have the form [20].

bi = E- F,
- - NP
pi = E - FZnZi(AmePm* — Bpe ™Pm) Boc(iim, D) + =2, (!
- - N, P
w; = XM (ApePm* — Be Pm¥) c(upy, i) + N_‘;Q_CF + Uy, )

where 4,,, B,, are unknown constants;
i —cable number (i =1, 2,...M);
E, F — composite tensile modulus and cross-sectional area of the cable;

b = (2201 — cosp);

o =T

y — stiffness of the layers of the rubber shell of the tape against shear;
¢(ptm, 1) = cos(pm (i — 0,5));

Up. — displacement of the tape as a rigid body;

Po — tape load force.

Expressions (1) and (2) have independent components and components (in the form of sums) dependent on
the numbers of cables. The first reproduce the patterns of load and deformation of the tape as a single system of
parallel cables under the influence of external longitudinal load. The second is only the redistribution of forces
between the ropes in the tape and the deformation of its section, therefore

L EmZi(AmePm* — Bpe™Pm*) B (i, ©) = 0, @)
M, S (AP — BruePr) (ji, i) = 0. @)

During operation, deviations in the relative position of the drum and the conveyor belt are possible. In order
to solve the problem in a general form, we will assume that the belt in the section x = 0 is connected to the
conveyor in such a way that the ratio of the coefficients in the expressions (1) and (2) takes place.

A = @y — by B, ®)
where am, b — are the coefficients characterizing the nature of joining the tape to the conveyor drum.

Longitudinal cutting of the tape leads to the creation of two strips on its part. In general, the mechanism of
interaction of the cables in the created strips does not change. The cables closest to the cut stop interacting with
each other. They become extreme in streaks. In the continuous tape, these cables have the numbers N and N + 1.
They are the first in the stripes. The stress-strain state of the strips can be determined by dependencies (1) and (2)
provided that the number of cables in each strip, the load and displacement of the strips as rigid bodies are taken
into account.
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For convenience, the strips are identified by the numbers | and Il with the number of cables, N and M-N,
respectively. The numbers of the bands will be added to the superscripts of the values relating to specific bands.
The displacement and internal load forces of the ropes of the strips, according to (1) and (2), will take the
following forms.

Iiye
uf = SN (aheP + Ble P )e(uh, )+ S0 ©
_ 1 _pl . p!
pl=E- Fzﬁzll(A;eﬁn" — Ble ﬁ"")ﬁflC(M,’v D+
(1<i<N)
N 11 _pll P (x-1)
w' = SN (AflePl 4 BllePHT)e(ull, i) + oD ul
1 N-1( pl1 , B x 1 ,—BHx\pll ¢, 11 ; P! ®
Di =E'F2n—1(Ane n _Bne n ) nc(‘un’l)-l_(M—N),
(N<i<M)

where Al, B, Al BI — unknown constants;

P!, P'' — loads acting on the strips;
mn

L

n NE
] _ Tn
n

H M-N

Bh = /2%(1 — cosh);

T — ’2%(1 — cosull);

ub, ull — are the displacements of the tape strips as rigid bodies.

In the expressions of movements and loads of cables (1), (2), (6), (7), the vectors of the characteristic
indicators Sm, 8'n, "' are distinct. They, as one of the coefficients of the arguments of the exponents, are part of
the expressions of the indicators of the stress-strain state of the tape. As the number of cables in the strip
decreases, the value of the component vectors of the characteristic indicators increases. Their decrease, with an
unchanged coefficient - the x coordinates, reduces the value of the exponents. Accordingly, it reduces the zone of
localization of disturbances in the strips against the zones of disturbances in the tape and reduces more in the
strip with fewer cables. The total loads of the cables in the strips remain unchanged along their length. They are
determined by the values of P/, P

Stripes are parts of a ribbon. In the cross-section of the beginning of its cut (x = I), the conditions of
compatibility of deformation of the parts of the tape must be met.

ul=u; A pl =p; 1l<i<Nh), )]

ui' = u; A pl' =ppy (N+1<i<M). )
To fulfill the first parts of conditions (8) and (9), the movement of the ropes of the strips in the section x =1
is given by Fourier series on the discrete axes of the numbers of the ropes at limited intervals: 1 < |1 < N and
N <i <M. As the coefficients of the series, we will take the components of the sums of the movements of the
cables of the first part of the tape in the section x = 1.

2 —1yM- - ' / .
ul = 23N SN T (@ e + By (e 7Pt = b€ ) oGy, el e (b, 0, (10)
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From the accepted condition of symmetry of the cut conveyor belt, the following ratios of coefficients in
expressions (6) and (7) hold.
Al = —B{e‘ﬁ“; Al = —B{’e‘ﬁ#L.
Let’s take into account the obtained ratios. Expressions of values of movements and loads of cables (6) and
(7) will take the following forms:
For:(1<i<N)

_ _nl _plfa_ . Pl(x—1
uf = SNTE Bl (e™P — e PR (b, 1) + EEED 4 ol (12)
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(M—N)EF
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_N— _pll gl , Po—P!
pl' = —EF SN B! 4 D) pllel i) + o, (15)
Let’s note. Expressions (14) and (15) take into account the equilibrium condition:
P!l = p, — P

We equate dependencies (10) and (11), respectively, to expressions (12) and (14) in the section x = |. We
will get

N-1
Bl (e™PH! — e PhIe(u, ) + uf =
n=1 (16)
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j=N+1 n=1 m=1
x c(ull, i) +u,
(N <i<M).
Expressions (16) and (17) take into account the fact that the movement of the strips as solid bodies is equal
to the average movement of the cables of the undamaged section of the strip at the border of the parts of the strip
with damage and without damage, namely.

_ - c(pm)
ufp = ;y=1 %:%(ALme‘BmI + Bime BmI)Tm + Uy,
ug = ?=N+1 Z%;%(Al.meﬁml + B1.me_‘8m1) CE:;TI;,]) + up.

From (16) and (17) we have the values of the coefficients of the unknown expressions of movements and the
distribution of load forces of the ropes of the strips.

B! 220 SM 3 ame ml + (Pl —bme ! e, e(uth) (18)
P N(e—Phl_e—BhU-1)y *
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Note that under the conditions of uniform load of the cables or equal movement of them in the cross-section of the
connection of the belt to the conveyor, the nature of the movements of the cables and their loads does not depend on
the cut of the belt - it corresponds to the uniform deformation of the belt. The redistribution of forces and movements
of the cables will take place in case of violation of the uniform distribution of loads or deformations of the tape in any
of its sections. Let’s take the following values of the coefficients in expression (5).

@ = = UoC (i, ), b = 1, (20)
where U — some, unknown movement of the end of the J-thcable in the section x = 0 is associated with a defect
in the interaction of the conveyor drum and the belt.

Distribution of forces between cables from (1) taking into account (20)
pi = EF ZMZLC Ugc(tm, )ePm — By (e 7Pm + ePm) Brc (i, ) + 22
Under the accepted values, all the ropes of the tape are fixedly connected, except for the rope numbered J.

We will assume that the movement corresponds to the break of the J-thrope. Under such conditions, its load is
zero. Accordingly, the displacement of the end of the J-th cable in the section x = 0 is unknown x = 0.

- ~ . P
M 2%:% BmBmC(HT)‘Lr})+E_;;)~

Uy =—
0 2%;% c(m.)?Bm
The average movement of all M cables of the entire belt section.
uo = %.

M- . P,
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The formulated expressions for the loads of the ropes of the tape (21) of its part without a longitudinal cut,
the second parts of the conditions (8) and (9), the expressions of the loads of the ropes of the strips formed by
cutting (13), (15), the values of the coefficients (18), (19) allow to make M-1 equations of force equality for M-1
rope. The condition of equality of the loading forces of the first N cables (21) of the part of the tape without a
longitudinal cut of the force PI will complement the above equations to the system of equations of order M. The
solution of the system will allow to determine all (M-1) values of the vector of coefficients Bm and the unknown
force PI. The known movements of the cables make it possible to determine the tangential stresses in the elastic
layers of the tape according to Hooke’s law. Together, the above is an algorithm for determining the stress-strain
state of the tape caused by the cut of the tape, taking into account the conditions of interaction of the tape with
the conveyor drums.

Conclusions. Powerful conveyors are used in various technological processes. As a rule, they are equipped
with rubber bands. The method of determining the effect of a local (limited in length) cut of the tape on its
stress-strain state has not been developed. For the rubber rope tape, as a composite with hard and soft layers,
with the arbitrary nature of joining to the drums, the symmetrical arrangement of the longitudinal cut of the tape
relative to them, an algorithm for determining its stress-strain state was formed. At the same time, it is taken into
account that the longitudinal cut of the tape changes (eliminates) the mechanism of interaction of the cables
closest to it. Violation of the interaction of two cables adjacent to the damage affects the stress-strain state of the
tape both in the area with the damage and beyond, in particular, it reduces the localization zones of disturbances
in the strips against the size of the disturbance zone in the tape. With a smaller number of cables in the strip, the
disturbance zone is smaller. The total loads of the cables in the strips remain unchanged along their length. The
developed algorithm makes it possible to determine the stress-strain state of a tape with a local cut. The known
values of the latter make it possible to make informed technical decisions regarding the conditions of safe,
temporary use of the conveyor, including the impulse loading of material onto the conveyor in the same way as
the charge supplied to the blast furnace is loaded. The use of cyclic feeding of materials with partial destruction
of the tape will be further studied in the following studies.
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Beabmac I.B., Binoyc O.1., Tanuypa I'.I., Yepuumon O.B., AnoBcbkuii B.A.
Bu3HnaueHHsI BIVINBY MO3/I0BKHBOT0 MOPi3y HAa HANPY KeHUil CTAH TYMOTPOCOBOI CTPiYKH

IMoTy>xHi KOHBeepHu 001aAHaHI TYMOTPOCOBUMH CTpiuKaMH. BOHH BUKOPHCTOBYIOTHCS B pi3HUX BUpOOHHUITBAX. CTpiuku
B TIpolieci ekcrutyatanii pyiHytoThes. OnHiero 3 GopM pyHHYBaHHS € TO3I0BXKHIH 1Mopi3 cTpiuku. Merta crarTi mojisrae B
no0yJOBi aHAIITHYHOTO aJrOPUTMY BU3HAUYEHHS Ta IOCII/PKCHHS HalpyXXeHO-1e()OPMOBAHOTO CTaHy TYyMOTPOCOBOI CTPIUKH
3 TO3IOBXKHIM, OOMEKEHOI NOBXHHH TIOPi30M, 3 KOMIUIEKCHHM YypaxyBaHHSIM KOHCTPYKIIi CTPiYKH, MEXaHIYHHUX
BJIIaCTHBOCTEH ii CKJIaJOBHX (TPOCIB Ta T'yMOBHX NpOIIApKiB), AOBUIFHOTO IO3[0BKHBOTO MOPYIIEHHA ii HiTICHOCTI Ta
JOBUIBHOTO XapaKTepy B3a€MOIii CTPiukd 3 OapabGaHOM. AJNTOPHTM CKJIaJCHO Ha OCHOBi ()OPMYIIOBaHHS Ta PO3B’S3aHHA
MOJIeJTi B3aEMOIIT TPOCIiB CTpiuku. BpaxoBaHO MOBITBHUM YWHOM PO3TAIIOBAHE, JOBUIFHOI JJOBXKHHHU YAaCTKOBE 11 TIO3JJOBXKHE
po3pizaHHs. BpaxoBaHO NOBUIBHHI XapakTep B3aEMOIIi CTpiuku 3 OapabaHOM KOHBeepa. BCTaHOBIICHO IO MOPi3 CTPIUKU
BIUTMBAaE Ha 11 HanpyxeHo-nedopMOBaHUN CTaH i HA MULIHI 3 YIIKOJDKEHHSM 1 3a 11 MekaMu, 30KpeMa, BiH 3MEHIIYe 30HU
JoKayi3anii 30ypeHb B CMyrax IpOTH po3Mipy 30HH 30ypeHHs B cTpiuli. binbie 3MeHmIyeThcs 30Ha 30ypeHHs B CMy3i 3
MEHIIIOI0 KUTBKICTIO TpociB. CyMapHi HABaHTa)KEHHS TPOCIB B CMyTax 3aJIMIIAI0THCS HE3MIHHMMU 110 iX 1oBxuHI. [IpakTnuHa
3HAYYIIICTh PO3POOJICHOr0 ANrOPUTMY MOJISITAa€ B TOMY IO BHKOPHUCTAHHS BHU3HAYCHHX 3a OO JTOMOMOTOK MOKA3HHKIB
HanpyXeHO-1e()OPMOBAHOTO CTaHy CTPIYKH 3 BiJOMHM MOUIKOPKEHHSM JIO3BOJISE€ TPUIMATH OOIPYHTOBaHI TEXHi4HI
pILLIEHHSI CTOCOBHO YMOB 0€3IE€YHOT0, THMYAaCOBOTO BHKOPHUCTaHHS KOHBEEPA, BKIIOYHO 3 IMITYJIbCHUM 3aBaHTAKEHHAM
Marepiaiy, sKe B IOJAIBIIOMY TOLULTEHO JOCIiINTH.

KiiouoBi coBa: TyMOTpOocOBa KOHBEEpPHA CTpiYKa; MEXaHiYHI BIACTHBOCTI; MO3OBXKHIH MOPIi3; HAMPYXCHHST;
nedopmarrii.
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