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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.e., 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 .
5~ Lge(o'cos fesin P, m

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; g, — total linear mass of moving parts of conveyor and cargo, kg/m;

@' — drag coefficient; S — angle of conveyor installation, grad. ; g — acceleration of gravity, m/s’.
Pemenwne paBerctsa (1) OTHOCHTENEHO UIMHEI KOHBeHepa L maet

PPA3 -S
ch

L= n - M
qc (o' cos B +sin B)g

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 elongation 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
elongation 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 = | &dx,
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

ds de

—=FE(S)—; 2
o~ ES)— 2)
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; =S phase space X, we obtain a system of differential equations in phase

coordinates:
dx,
— =ax,;
dt
dx, _
a
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,,X; inthe x,,,x,,,x;, for the minimum time.
For the case under consideration the Hamiltonian function:

H =y x,a+y,U+y;E(S)U,

where |, \,,,— auxiliary variables, for the determination of which there is a system of equations:
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dy,  0OH
At dx,
dy, __oH
dt dx,
dy, OH
dt o dx,
Differentiating, we obtain the following system of equations:
ay _
a
d:l/f =y
which is satisfied by functions of the form
p () =C;
w,(1)=C, - Cat;
wi(1) =-C;,

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

dH
w:l/ll+l/l3E(S):O. (4)
Then, substituting the values ¥, (¢) and y, (¢) the equation (4), we find C,E(S) = C, — C,at , whence
C,—-Cat
E(S)= et B e ) (5)

3
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 [, = C—z; B, =—-we have:
3 3

E(S)=p, - Bx. (6)
Substituting the value of E (S) in condition (2), we determine from (6) that
das
dt
Ulty=—"——. (7
B —Box

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= [S;;ax]+%([5£ax]— Isz. )

— 16 ——
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[ P ] — PACUYCTHBIC 3HAYCHUA COOTBETCTBEHHO MHWHHMAJIBHO W MAaKCHMaJIbHO OOITyC-

[ s |- 152

(ﬁ Prx)

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

where [ P ]

min

TUMBIX cTatudeckux ycumnuii Ha TB, N. Then

Maximum permissible static force on TB

fs2..)=[s]-= "

where P, —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], (8)

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:

mn;
Z[S]ZWo+ijc5’ ©
i=1
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 m;
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, m3 — actuators.

In connection with this, equality (9), which is the general formula of the desired conveyor, can be

represented in the following form:
m; W m W Kne 1
s s HT ek

i=1 i=1 m3 n

where K — traction organ overload factor; Ky — coefficient of uneven load distribution between secon-
dary elements.

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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conditionally called "uninterrupted" (UI), synthesized as UI with autonomous parallel (TO) (1* class) and
UI multi-drive (UIM, 2™ class).

Indeed, for a Ul with autonomous parallel TBs, the total permissible static forces are determined,
according to condition (9), as

m m; Pa3
;[S]=§I[S]= m, =1, (10)

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

my msy 1] P
S = S =m pa . 11
2 [s]=2[s] =m, K (1n
TB overload factor with partial or partial loading of the conveyor
Smax
=1,
er + Scﬁ

where S;,x — The maximum force in TB, taking into account the transfer of load of the conveyor between
its drives; er — 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.,m;> m,, which is a definite

advantage of the TB structural diagram of the latter.

Analysis and synthesis of UI 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 Ul, 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 UI with parallel autonomous circuits the overload factor K;= 1, and for UIM 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 (II 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
elements 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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3. T. Akames', A. JI. Mextues', ®@. H. Bynarﬁaenl, E.I. Hemmnna’, A. JI. Arbknna’, B. B. Oraii'

'KaparaH/p1 MeMJIEKETTIiK TeXHHKAIBIK yHUBepcuTeTi, Kaparannia, Kasakcran,
2TOMCK MOJUTEXHUKAIIBIK yuusepcureTi, Tomck, Peceit

MAT'MCTPAJIbJbl KOHBEVEPJIEPIIH TAPTY I
OPTAHBIHBIH K¥PBLIBIM/IBIK CBI3BACBIH OHTANJIAH/IBIPY

Annortanus. Ockl Makajaja Tay bIHBICTApBIH TepeH Kapbepre TachiMaiay Ke3iHle KOHBelepliey MaceleciH
TaOBICTHI IIEMIyTe KAXXETTI OHTAMIIBI KOHBEHepIIiK chi30anapasl Tady OoibIHIIA KyMBIC Kypri3inai. KonBeliep y3bH-
JBIFBIH TOYEIICi3 allHBIMAIbUIAPBIH KOMETIMEH YIIFAWTy KOJIBIMEH Taliay KOpCeTKEeHICH, KyOblp CXeMachIHbIH KY-
PBUIBICHI TEK ©3[EePiHiH TapTKbIII AEHECiHiH MEXaHUKAJbIK KYPBUIBIMBIH aHBIKTAWTHIH KOHBEHepepliH Y3aKThIFbIH
YIFATy JKOJIBIMEH )KOHE, THICiHIIe, CTATHKAJbIK JKOHE NMHAMHUKAJbIK )KYKTEMEeNepAiH MiHe3-KYJIKbIMEH CHIaTTa-
Janpl. MarucTpanbasl KOHBEHEpIepAiH TapTKbIII OPraHbIHBIH KYPBUIBIMIBIK ChI30ajapblH Kypy YIUiH OHTAHJIbI
NTOPUTM KYpbULIbI. Tay-KEeH >KYMBICTapBIHBIH TEXHOJIOTHSUIBIK Ti30EKTepiH Y3/iKCi3 KOHBeiepieyai, Terinaiiepi
HIBIFapy/Ibl )KOHE TOTryJl KaMTaMachl3 €TETiH Y3IKCi3 KOJNIKTIH jKaHa KypalgapblH KYPYAbIH TEOPHUSUIBIK Heriznepi
KeNTipiared. «Y3IIKCi3» KOHBeWepiepliH KYPbUIBIMABIK ChI30aJapblH Taujgay »KoHe CHHTe3ley kKypriziunmi. Ocbl
KYOBIpiIap KypBUIBIMIBIK CXeMallapblH CHHTE3/IeY MaTeMaTHKAIBIK ONepalnusMeH XKy3ere achbIpblIabl — KOJIJaHbI-
JaThIH TapTKBIII OpraHAap/blH Kyl KepCeTKIIuTepiH Kocy omepaunuscel. KyOblpmapasiy Oip-Oipinen TyOereiini
epeKIIeIeHeTIH KYObIpJIapbIHbIH €Ki KJIacChl KapacThIPbUIFaH: Napajuleib aBTOHOMIBIK cxemanapbl Oap BK »xone
BMC. TpaHImesIbIK KoK peTiH/Ie TiK KOHE TeTic KeJI0ey TpaHCIIOpTepIIep i SHri3y Tay-KeH OHepKaciOl KyObIpIaphl
caJlachlHIa MePCHEeKTHBAIBIK OarblT OOJBIT TaObUIa bl KOHE Tay-KeH JKYMBICTAPBIHBIH KYHBIH TOMEHJCETY OOJBII
TaObLIa IBI.

Tyiiin ce3mep: maructpanpl KOHBeHep, KYPbUIBIMIBIK ChI30anap/bl OHTAaWIaHABIPY, KOHBEiepiepai KikTey,
ABTOHOM/IBI TapTYILBI OPTaH, KOIDKETEKTi KOHBEHep.
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3.T. AKameBI, A. . MeXTI/leBl, @, H. BynaTﬁaeBI, E. T. HeumHaz, A. L. A.m,mmaz, B. B. KOraii’

'KaparaumuHckuii rocyjapcTBeHHBIH TeXHIUecKuii yauBepcutet, Kaparana, KasaxcraH,
ToMCKul NOAUTEXHUUECKUM yHUBEpcUTET, ToMck, Poccust

OIITUMM3AIUA CTPYKTYPHBIX CXEM
TATOBOI'O OPTAHA MATUCTPAJILHBIX KOHBEMEPOB

AnHotanusi. B cratee mpoBeseHa paboTa MO NMOMCKY ONTHMAIBHBIX CXEM KOHBeHepa, HEOOXOIMMBIX I
YCIIEIITHOTO pelIeHus MpoOIeMbl KOHBEHEpH3alMK PpY TPAHCIIOPTUPOBAHUHU CKAJBHBIX I'PY30B Ha OOPT IiTyOOKOTro
Kapbepa. AHaJIM3 CIOCOO0B yBEIMYEHUs JUIMHBI KOHBeliepa Bapuanuei He3aBUCHMBIX NEPEMEHHbIX BEIMYHH IOKa-
3aJ, YTO IOCTPOEHHE CXEMbl KOHBEHEPOB XapaKTEpU3yeTcs TOJBKO TEMH CIIOCO0aMM YBEIHYCHHS JUIMHBI KOH-
BeiiepoB, KOTOpBIE ONPENEIAIOT MEXaHWYECKOE CTPOCHHE MX TATOBOTO OpraHa M, CJIEAOBATENHFHO, MOBEACHHEM
MOCJIEAHUX MPU CTAaTHYECKUX M JUHAMHYECKHX HArpy)KEHHWSAX. YCTAaHOBJIEH ONTHMAIbHBIM alTOPUTM JUIA II0-
CTPOEHHS CTPYKTYPHBIX CXEM TATOBOTO OpraHa MarkCTPaJbHBIX KOHBEHEpOoB. JlaHbl TECOPUTHUECKUE OCHOBAHMUS IS
CO3[aHUSI HOBBIX CPEACTB HEMPEPHIBHOTO TPAHCHOPTAa, OOECIEUMBAIOIIMX CIUIOIIHYIO KOHBEHEPH3ALHUIO TEXHO-
JIOTMYECKUX 1IEMOYeK JOOBIYM MOJIE3HBIX MCKOIAEMBIX, BBIIA4M M YKIIAJKH BCKPBIMIHBIX Oopos B oTBail. [IpoBenen
aHaJM3 U CHHTE3 CTPYKTYPHBIX CXeM «Oecreperpy30uHbix» KOoHBeiiepoB. CHHTE3 CTPYKTYPHBIX CXEM JIaHHBIX KOH-
BellepoB OCYIIECTBIISIETCS. MATEMAaTUYECKON onepanueil — onepamueit caoKeHHs IPOYHOCTHBIX MOKa3aTelel UCIOob-
3yeMbIX TATOBBIX OpraHoB. PaccmarpuBamuch ABa Kjlacca KOHBEHEPOB, NPUHLUIHAIBHO OTIMYAIOIUXCA APYr OT
napyra: BK ¢ napannensHsiMu aBTOHOMHBIMU KOHTYpamu U1 BMK. BHenpenue B kauecTBe TpaHILIEHHOIO TPaHCIOPTa
BEPTHKAJIBHBIX M KPYTOHAKIOHHBIX KOHBEHEPOB SIBISAETCS MEPCIEKTUBHBIM HAIpaBJICHHEM B 00JIaCTH KOHBeiepH-
3aI[M TOPHO-I00BIBAIOIEH TPOMBIIIIIEHHOCTH W CHI)KEHHE CE0ECTOMMOCTH JTOOBIUH TTOJIE3HBIX HCKOMAEMBbIX.

KiroueBble €10Ba: MaruCTpalbHBEIA KOHBEHEp, ONTHMU3AINS CTPYKTYPHBIX CXeM, KiacCH(UKanus KOHBeie-
POB, ABTOHOMHBIH TSTOBBIM OpraH, MHOTOIPUBOJIHBIA KOHBEHED.
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