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OPTIMIZATION OF PULLING PART
OF THE MAGISTRAL CONVEYER’S STRUCTURAL SCHEMES

Abstract. In this article.,the work was carried out to find the optimal conveyor schemes which are necessary to
successfully solve the pipelining problem when transporting rock cargo to the deep quarry. Analysis of ways to in-
crease the conveyor length by varying independent variables has shown that the construction of the pipeline scheme
is characterized only by those ways of increasing the length of the conveyors that determine the mechanical structure
of their traction body and, consequently, the behavior of the latter under static and dynamic loads. The optimal
algorithm was established for constructing the structural diagrams of the traction organ of the main conveyors.
Theoretical grounds are given for the creation of new means of continuous transport, which ensure the continuous
conveyance of technological chains for the extraction of minerals, the issuance and laying of overburden in the
dump. Analysis and synthesis of structural schemes of "uninterrupted" conveyors was held. Synthesis of the struc-
tural schemes of these conveyors is carried out by a mathematical operation — the operation of adding the strength
indicators of the traction organs used. Two classes of pipelines, fundamentally different from each other, were con-
sidered: a BC with parallel autonomous circuits and a BMC. The introduction of vertical and steeply sloped con-
veyors as a trench transport is a promising direction in the field of conveyorization of the mining industry and a
reduction in the cost of mining.

Key words: magistral conveyer, optimization of structural schemes, conveyers’ classification, autonomic
pulling part, multigear conveyer.

Preconditions for the exploration and creation of fundamentally new, promising structures of
traction bodies of conveyors. The technological designation of any conveyor, including conveyors with
traction body (TB), — this is the movement of the cargo over a distance, so the main technological pa-
rameter of the conveyors is their length. At the same time, the maximum permissible length of the
conveyor, limited by the strength of the TB, under the same operating conditions and the same TB
depends on the perfection of the method of transporting the goods accepted on the given conveyor, i.€., on
the value of the drag resistance coefficient @’ . For example, a downhole belt conveyor with a lower wor-
king line moving directly along the soil of the formation and drifting with a working branch moving along
rollers of stationary roller bearings with belts of the same size, or scraper and belt-chain conveyors with
traction chains of the same size for the same values of the linear load and the installation angle allow for
different lengths with the same strength of the TB. n this regard, the maximum permissible length of the
conveyor is still an indicator of the quality (perfection) of the conveyor's structural scheme, determined by
the principle that "the larger the maximum permissible conveyor length, other things being equal, the
better its scheme corresponds to the continuity and continuity of the cargo flow, and consequently, a
reduction in the number of mechanisms in the transport line, i.e., the continuity of the transport scheme.
Obviously, the introduction of a continuous transport scheme for moving the rock mass over long
distances along complex curvilinear routes is one of the promising areas of work to improve the efficiency
of production at mining enterprises.

To solve the set tasks, it is necessary to create new means of continuous transport, which ensure the
continuous conveyance of technological chains for the extraction of minerals, the issuance and laying of
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overburden in the dump. The high economic efficiency of new means of transport should be determined
by the reduction in the volume of mining and capital works when digging inclined transport workings
(tranches), reducing the number of transport vehicles as a result of increasing their unit capacity,
combining the delivery of basic and auxiliary cargo.

In this regard, for the successful solution of the problem of conveyorization of transportation of rocky
cargoes at quarries, it is expedient to search for and develop the simplest schemes of conveyors, and first
of all single-drive ones, which for each specific case of given operating conditions (for given values of
productivity, transportation distance, curvilinearness of the route plan and profile, etc.) would be the most
rational [1-18].

Obviously, such a problem can be solved if regularities in constructing the TB structure of the
pipeline are established [5...18]. Then, using these patterns and developing them in the desired direction,
it will be possible to create pipelines with pre-predicted properties.

To determine the rational schemes of special conveyors that transport rock and substantiate their
basic parameters, all general and special purpose conveyors should be classified according to a single
system. And the classification should be carried out according to the most common feature that reveals the
main internal connections (mechanical structure) of the TB pipeline structural diagram [19]. This will
allow us to find promising ways for the development of internal links, hence, the schemes of conveyors.
At the same time, such connections can be found that will limit the sliding and rolling of cargo along TB,
improve the cleaning conditions of the bearing surface from the adhered material, ensure maximum use of
traction elements in strength, etc.

Having a technological task — increasing the range of uninterrupted transportation of rock cargo by
conveyors, the main attribute of classification can be determined from the analysis of factors affecting the
main technological parameter of conveyors — length.

The length of a straight conveyor, for example, is defined by

P
1:143._S06 :ch(ﬁ)'COSﬁiSinﬁ) 2 (1)

where P, — breaking force of the traction body, H; n — coefficient of safety factor of TB; S, — force at
the point of escape from the drive, H; ¢.— total linear mass of moving parts of conveyor and cargo, kg/m;

o' — drag coefficient; 5 — angle of conveyor installation, grad. ; g — acceleration of gravity, m/s’.
Pemenuie pasencTsa (1) oTHOCHTEBHO JTMHBL KOHBEHEpa L qaet
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Therefore, under certain operating conditions (given capacity and angle of inclination), the maximum
permissible length of the conveyor from (1) is a function of three independent variables (rupture strength,
safety factor, and drag coefficient). The force on the length of the conveyor L is not affected, since it is
defined as the minimum permissible because of the reliable interaction of the TB with the conveyor drive.
We assume that g.=const (the weight of the load-bearing body of the TO is distributed evenly)

Analysis of ways to increase the length of the conveyor by the variation of these independent
variables shows that the construction of the pipeline scheme is characterized only by those ways of
increasing the length of the conveyors that determine the mechanical structure of their TB and, con-
sequently, the behavior of the latter under static and dynamic loads. In this regard, in order to determine
the optimal algorithm for constructing pipelining schemes, it is necessary to study the static and dynamic
properties of TB, and then, having formulated the most common property of them as a mathematical
problem, solve it for the optimum and establish the main feature of the classification of conveyors.

The optimal algorithm for constructing pipeline diagrams. Studies of domestic and foreign
scientists [5] show that the static and dynamic properties of traction organs of all types of trunk pipelines
are almost identical and allow us to draw the following conclusions:

— the magnitude of deformation of chain and cable TB, as well as conveyor belts on a fabric basis, in
the absence of transverse loading on them, is directly proportional to the value of the applied tension;

— |4 ——
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—in the presence of transverse loads in chain TO and conveyor belts on a fabric basis, the dependence
of the relative clongation on the tension value has a parabolic shape, and the conditional stiffness can be
represented in a differential form;

— from the analysis of the characteristics of conveyor belts and chain traction organs and their
comparison with the characteristics of cable TB, it can be assumed that the dependence of the relative
clongation of the rope TB on the magnitude of its tension in the presence of a transverse load will also be
determined by a curve of the second

Thus, TB long (main) conveyors are an elastic element, which under the action of the difference in
forces at the ends is deformed. Absolute extension of TB within the length of the section under consi-
deration:

L
AL = [ ed,
0

where & — relative extension (TB); x — distance from the drive to the considered section of the TB.

In most cases, TB of long conveyors, when in contact with or at the same time as a carrier, perceive
the transverse load distributed along the length of the conveyor and sag between the running or fixed
rollers. Such TBs do not obey Hooke's law, and their conditional rigidity as a coefficient of proportionality
between the acting force S and the relative elongation (along the longitudinal axis) of TB is defined as
E(S)=dS/d¢.

Using the property of the invariance of differentials, these conditions can be written as a system of
differential equations::

dAL
— = ag;

dt

das de
— =FlS — 2
dt ( )dt @
dx = adt,

where a= const - elastic wave propagation velocity, m/s; t - current time, s.
We solve the system of equations (2) to the optimum, using the Pontryagin "maximum principle".
Having assumed the rate of change of deformation for the control action and introducing the phase

coordinates X, = AL;x, = &;x, =5 phase space X, we obtain a system of differential equations in phase

coordinates:
dxl
— =ax,,
dt
de _
dt ’
dx
dt
Considering that TB can not be subjected to unlimited deformation, we introduce an effort constraint:
S <[S]. 3)

Then the problem of optimal control can be mathematically formulated as follows: it is required to
find the optimal control algorithm according to which the phase point will move from the position

X,,X,,%; inthe X,;,X,,,X;; for the minimum time.
For the case under consideration the Hamiltonian function:
H =y x,a+y,U+yL(S)U,

where v/, ,,,— auxiliary variables, for the determination of which there is a system of equations:
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dy, oH
&
dy, oH
o
dy, oH
Tdi o dv,
Differentiating, we obtain the following system of equations:
dc"Zz = —ya;
d
which is satisfied by functions of the form

wi () =C;

w,(t)=C, -Cat,

w1 =—C;,

where C|,C,,C, — constants of integration.
The function H will be maximal with respect to U provided

dH
E =y, + s E(S)=0. (4)
Then, substituting the values i, (f) and y,(¥) the equation (4), we find C,E(S) = C, —C\at , whence
— 4
E(S) = G -Cat )
G

It can be concluded from equation (5) that the longitudinal stability E (S) of a linearly decreasing law
on the length of the working body.

C C
Having adopted the notation S, = C—Z; B = C—lwe have:
3,

3

E(S)=p,— Byx. (6)
Substituting the value of E (S) in condition (2), we determine from (6) that
@
dlt
U@y =—9__ )
181 - lgzx

This is the optimal law of change in the rate of deformation in (TB) pipelines.

However, as follows from condition (2), in order to obtain the optimal control algorithm in each
specific case it is necessary to know the law of the distribution of forces in the TB along its length. For
example, for a straight section of the conveyor, when the stiffness and mass of the load-bearing organ are
evenly distributed along the length, we can take the linear force distribution law:

s=[sz ]+ %([Srﬁax J-[sz. )

— | ——
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where lSm1nJ u l maxJ — PACUCTHBIC 3HAUYCHUA COOTBCTCTBCHHO MHUHHUMAIBHO U MAaKCHUMAJIbHO AOITyC-

[ -l

4y (B, = B,%)

where 7, = L/a — the time of passage of the ¢lastic wave along the section, s.

TUMBIX cTatnueckux yeunuil Ha TB, N. Then

Maximum permissible static force on TB

[s2. 1= [s]= 222

where B — breaking force of TB, N; n — safety factor.

For the case under consideration, when cargo is transported over long distances along complex, cur-
ved lines, the total resistance to movement of the entire conveyor line

w, >>[S] )

therefore, to overcome it, the required strength of the TO is created by summing up their permissible static
forces, which is achieved by some complication of the structural scheme of the conveyors:

ZZ:[S] =W, +m S, (9)

where m; — the total number of terms (constituent units) when tying the required static strength of the TB
[19].

The foregoing allows us to conclude that the desired conveyors have a complex constructive scheme,
and the necessary static strength of their TB is created by synthesis (summation) of the permissible static
forces of the used TB [20-22].

Synthesis methods and terminology of an uninterrupted conveyor. Suppose that the transpor-
tation of goods is carried out under specified operating conditions (productivity, transportation range, plan
and profile of the route, etc.).

Indeed, condition (9) can be realized in the following ways: using in-line m; single-drive conveyors
with single TB; one conveyor with autonomous parallel TB; One conveyor with a single TB and with mj;
drives sequentially arranged along the contour of the conveyor.

Here, single TBs mean not only those that consist of a single chain, one rope, a single synthetic or
steel strip, that is, one element, but also consisting of a set of parallel elements having a direct mechanical
connection (multi-packing and rubber-rubber tapes, multi-chain and multichannel TB with a mechanical
link between the elements through common end sprockets and drums), but serviced by a single drive.

Stand-alone TBs have separate drives. Constituent units:

m; — conveyors, m; — TB, m; — actuators.

In connection with this, equality (9), which is the general formula of the desired conveyor, can be
represented in the following form:

W, L ( W, K 1
S —+3, —+9 = —_—t S |—
Z[ ] Z( j §|:m2 cﬁjKH g( m3 co KH
where K — traction organ overload factor; Ky — coefficient of uneven load distribution between secon-

dary elements.

. . . m
Having transformed this equation, we have m, = m,K,, = K—3 whence

m; =K m,K,
Obviously, a single-drive single-unit conveyor (TB) is a special case (where m,= 1) conveyor
with autonomous parallel (TB), so the desired conveyors, according to the formulation of the problem
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Analysis and synthesis of Ul structural diagrams
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conditionally called "uninterrupted" (UI), synthesized as UI with autonomous parallel (TO) (1* class) and
UI multi-drive (UIM, 2™ class).
Indeed, for a UI with autonomous parallel TBs, the total permissible static forces are determined,
according to condition (9), as
) My P i
2 [S]=X[5]=m == (10)
i=1 i=1

Whereas for UIM they should be reduced in connection with the redistribution of the total load of the
conveyor between its drives, i.e.

m ms P
S{=> (S| =m, =, (11)
2 [s)=20s] =
TB overload factor with partial or partial loading of the conveyor
smax
o]
W, +S

where S;..x — The maximum force in TB, taking into account the transfer of load of the conveyor between
its drives; W — resistance to movement of a section with a nominal load; S - the tension at the run-off

point from the drive at rated load.

Coefficient K, is determined for the most unfavorable case of loading the conveyor and depends on
the number of its drives [20-22]. Consequently, under equal operating conditions, the use of the Ul is
associated with the need for equipping it with a large number of intermediate drives, rather than UIM with
parallel autonomous circuits — the number of autonomous circuits, i.e.,m2,> m,, which is a definite

advantage of the TB structural diagram of the latter.

Analysis and synthesis of Ul structural diagrams (Figure) allows us to draw the following con-
clusions:

— synthesis of structural schemes Ul is carried out by mathematical operation - operation of addition
of strength indicators of traction organs used;

— there are two classes of UI, which are fundamentally different from each other: UI with parallel
autonomous circuits and UIM;

— the difference in the distribution of forces in the traction organs of the main classes of conveyors is

that for Ul with parallel autonomous circuits the overload factor K, = 1, and for UM K > 1;

— regularity of the distribution of forces in TB UI at the first level of classification - a rough gradation
of the uneven distribution of forces in parallel branches: for a BC with a direct connection between the

elements of a single traction body (I group) K, <1, and for UI with an indirect link between parallel

traction bodies (I group) Ky = 1; at the second level of classification - the gradual gradation of the uneven
distribution of effort: for Ul of the I group — by the coefficient of unevenness Ky, and for Ul of the I1
group — by the coefficient of distribution of the total load of the conveyor A at the third level of
classification, an inverse proportion of the effort: for conveyors of group I — of the number of elements of

a single TB z, and for conveyors of group II — from the number of autonomous individual TBs m, , than

the cycles are closed and return to the starting position: for group I — up to the static strength of the
clements of a single TB, and for II — up to the static strength of autonomous unitary maintenance;

— the structural diagrams of Ul represent a closed circle of circulation of forces: for pipelines of group
I there is a small circle, and for 11, a large circle, the latter including all the components of a small circle
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MATHCTPAJIb/bI KOHBEMEPJIEPJIH TAPTYILBI
OPTAHBLIHBLIH KYPBLILIMABIK CHI3EACBIH OHTAMJIAHALIPY

Annoramus., OCBl MAKAIAaa Tay >KBIHBICTAPBIH TCPCH KAPHEPTC TACKIMAIIAY KC3IHAC KOHBCHEPIICY MOCCICCIH
TaOBICTHI IIETIYTE KAXKESTTI OHTAMIIBI KOHBEHEPITiK ChI30amapapl Tady OOMBIHIIA sKYMBIC >KYprizinai. Konserep y3bH-
JBIFBIH TAYEJICI3 aHHBIMABIIAPIBIH KOMETIMEH YJFAHTy KOJBIMEH TanAay KOpPCETKEHACH, KyObIp CXEMACHIHBIH Ky-
PBUIBICHL TEK ©3ACPiHIH TAPTKBII JCHECIHIH MEXAHUKAIBIK KYPHUIBIMBIH AHBIKTAHTHIH KOHBEHEPICPAIH Y3aKTHIFbIH
YIFAHTY JKOJBIMEH YKOHC, THICIHINE, CTATUKAIBIK >KOHE TUHAMHKAIBIK >KYKTEMEICPIiH MIHE3-KYJIKbIMCH CHIIATTA-
Tagel. MarucTpanbapl KOHBEHEPJICPAIH TAPTKBII OPTaHBIHBIH KYPBUIBIMABIK CHI30ANAPBIH KYPY VIIIH OHTAIIIBI
ANTOPHUTM KYPbUIABL Tay-KeH >KYMBICTAPBIHBIH TEXHOJIOTHUIBIK TI30EKTEpiH Y34IKCI3 KOHBEHEPNIEY i, TOTIHAIICPIl
MIBIFAPYABI )KOHE TOTYAl KAMTAMACHI3 €TCTiH Y3IIKCi3 KOJKTIH jKaHA KYPaJJapbslH KYPYAbIH TCOPHSIBIK HETi3aepi
KENTIpiareH. «Y3IIKCi3» KOHBEHEPIEPIAiH KYPBUIBIMABIK ChI30ANApBIH TaXAay JKOHE CHHTE3ACY Kyprizimmi. Ocwl
KYOBIpJIap KYPBUIBIMIBIK CXEMAIAphIH CHHTE3JCY MATEMATHKAJIBIK ONCPANMAMEH KY3ETe achIPhIIaibl — KOJJAHBI-
JATBIH TAPTKBIOI OPTaHJAPABIH KYII KOPCETKIIITEPiH KOCy omepaumicsl. KyOwipmapapin Oip-OipiHeH TyOereiim
CPCKIICICHETIH KYOBIPIAPBIHBIH €Ki KIACCHl KAPACTHIPBLIFAH. MAPAUICTh aBTOHOMIBIK cxemamapsl O0ap BK sxone
BMC. TpaHImesmbIK Kok peTiHAE TiK KIHE TETIC K6JI0ey TPAHCIIOPTEPIIEPAL CHI13Y Tay-KEH 6HEPKACiOl KyObIpIapsl
CaNachIHAA MEPCICKTHBAIBIK OArbIT OONBHI TAOBIIABI JKOHE TAy-KEH KYMBICTAPBIHBIH KYHBIH TOMECHICTY OOJBII
TaOBLIAIBI.

Tyiiin ce3aep: mMarucTpanasl KOHBEHEP, KYPBUIBIMIABIK ChI30aTappl OHTAHIAHABIPY, KOHBEHEPIEpal KIKTEyY,
ABTOHOM/IBI TAPTYIIBI OPTaH, KOILKETCKTI KOHBEHED.
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ONTUMM3ALIUA CTPYKTYPHBIX CXEM
TATOBOI'O OPTAHA MATHCTPAJIbHBIX KOHBEMEPOB

Annoramusi. B craree mposeacHa paboTa MO NMOWCKY ONTHMAJIBHBIX CXEM KOHBEHEpa, HEOOXOTWUMBIX I
VCIENIHOTO PEmICHHS MPOOIeMbl KOHBEHEPH3ALUH TP TPAHCIIOPTHPOBAHUH CKATIBHBIX I'PY30B Ha OOPT IiIyOOKOTO
Kapbepa. AHaIHM3 CIOCOO0B YBEIMUCHUS JUIMHBI KOHBEHEpA BapHaNneii HE3aBUCHMBIX NMEPEMEHHBIX BETHMYHH ITOKA-
3aj, YTO NOCTPOCHHE CXEMbI KOHBCHEPOB XapAaKTEPU3YETCS TOJBKO TEMH CIIOCOOAMH YBEIWMHYCHHS [JIHHBI KOH-
BEHEPOB, KOTOPBIC ONPEACIAIOT MEXAHHYECKOE CTPOCHHE HMX TATOBOTO OPraHa M, CJICAOBATENBHO, MOBEACHUEM
MOCIACAHUX TPH CTATHYCCKUX H JAWHAMHYCCKHX HATPYI)KCHHAX. YCTAHOBICH ONTHMAJIBHBIA AATOPUTM AT IO-
CTPOCHHSA CTPYKTYPHBIX CXEM TATOBOTO OPraHA MATHCTPAJBbHBIX KOHBEHEPOB. JIaHBI TCOPHTHYCCKHE OCHOBAHMSA IJIA
CO3JAHMSI HOBBIX CPEACTB HEIPEPHIBHOTO TPAHCHIOPTA, OOCCIECUMBAIOMMX CIUIOIIHYI0 KOHBEHCPH3ALUIO TEXHO-
JOTHYECKHUX IICTIOUEK JTOOBIMH IMOJIC3HBIX HCKOIMAEMBIX, BBIJAYN M YKJIAJKH BCKPBIIHBIX MOpoA B oTBan. [IpoBeacH
aHATIM3 W CHHTE3 CTPYKTYPHBIX CXEM «Oecreperpy30uHbIx» KOHBEHepoB. CHHTE3 CTPYKTYPHBIX CXEM JAHHBIX KOH-
BEHEPOB OCYIIECTBIACTCS MATEMATHUECKOM ONlepaliuel — ONepanuet CAOMKEHHS MPOYHOCTHBIX MOKA3aTeIeH HCTOIb-
3yEMBIX TATOBBIX OPraHOB. PaccMaTpHBAIHCh ABA KIACCA KOHBEHEPOB, MPHUHLIMMUAIBHO OTIMYAKOIIHXCA APYr OT
apyra: bK ¢ mapannensHbIMH aBTOHOMHBIME KOHTYpaMu 1 BMK. BHeapeHue B ka4eCTBE TPAHIICHHOTO TPAHCIOPTA
BEPTUKAIBHBIX M KPYTOHAKIOHHBIX KOHBEHECPOB SIBISICTCSA NMEPCICKTUBHBIM HAIPABJICHUEM B 00J1AaCTH KOHBEHCPH-
3a0UH TOPHO-I00BIBAOIICH MPOMBIIITICHHOCTH M CHIDKCHHIE CEOECTONMOCTH TOOBIMH ITOJIC3HBIX HCKOTIAGMBIX.

K/mo1ueBbie CJI0Ba: MarucTpaibHBIH KOHBEHEDP, ONTHMHU3ANMNS CTPYKTYPHBIX CXEM, KJIACCH(HMKALMs KOHBEHe-
POB, ABTOHOMHBIH TATOBBINA OPraH, MHOTOINPHUBOIHBIA KOHBEHED.




