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MATHEMATICAL MODEL OF APRON CONVEYOR CONTROLLED
ELECTRIC DRIVE IN OPERATION STARTING MODES

Abstract. Starting a long multi-drive apron conveyor is a difficult task, since it is accompanied by excessive
loosening of the traction body. Particularly unfavorable are the conditions for starting a apron conveyor, the apron of
which has slack sections, as a result of which rigidity of the working member that is a function of its tension and load
on it, is relatively small. The presence of intermediate drives does not allow controlling the initial tension of the
traction body. In this regard, the task of developing a method that allows smooth starting long multi-drive conveyor
is urgent.

The purpose of this work is developing a mathematical model of two-drive apron conveyor with a controlled
electric drive in operation starting modes, taking into account elastic properties of the traction body. The article
presents a developed method of smooth starting electric drives of the apron conveyor. The proposed method of
starting the apron conveyor that consists in using a frequency-controlled electric drive, allows obtaining a needed
starting mode of the conveyor. The technical result of the proposed method is increasing reliability of the apron
conveyors by reducing dynamic loads on the working body in starting modes and increasing the resource of the
working body of the conveyors. On the basis of this method, a mathematical model has been developed, which is
described by the two-mass system of differential equations. Based on the developed mathematical model of the
conveyor starting method, a simulation model of the electric drive has been built in the Matlab Simulink software
package.

Keywords: multi-drive apron conveyor, mathematical model, asynchronous variable-frequency electric
conveyor, smooth start of electric drive, alternation of slacking and tensioning processes.

Introduction. It is known that the performance of the conveyor depends on the specific load and
speed of transportation. Low speeds used in chain conveyors, usually not exceeding one meter per second,
form the most unfavorable mode of operation. High linear loads, large static tensions in the chain lead to
developing bulky and metal-consuming machines [1]. The speed of cargo transportation is often deter-
mined by the technological process, the conditions of loading and unloading, the design features of the
conveyor, the properties of the cargo, the speed of information processing by the electronic control sys-
tem. In order to improve the performance of the conveyor, there can be increased the volume of the load
per unit length of the traction chain or transportation speed [2]. However, ceteris paribus, the speed is
limited by the dynamic loads in the traction chains and other elements of the conveyor. Dynamic loads in
chain conveyors arise during starting and braking and can be caused by the kinematics of the drive
mechanism gearing with the traction chain, during loading and unloading.

The most important cause leading to the short service life of the chain traction body of the conveyor
is fatigue life [3]. Fatigue life is mainly determined by oscillatory processes occurring in the chain in
steady-state operating conditions. An effective way of reducing dynamic loads is using an automated
electric drive.
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It is known that the conveyor elements wear is a regular reduction of its size and occurs depending on
the operating time of the mechanism or machine [4, 5]. The physical quantity "wear rate" allows finding
the pattern of its change within a relatively short period of time of the mechanism operation, to calculate
its service life. In this case, the wear rate of the conveyor elements is determined within the period of
steady state operation. During transportation of abrasive, rocky rock mass by apron conveyors, wear
traction body and trailer sprockets of the conveyor wear the worst. As noted in [6], such factors as the
traction body tension increment, the ambient temperature, the surface hardness of materials, the speed of
the conveyor apron movement, the linear mass of the load and mechanical strength of the abrasive particle
for destruction affect the wear rate of the chain and sprockets.

Material and results of research. Starting a long apron conveyor is a difficult task [4], since it is
accompanied by excessive loosening of the traction body in front (in the direction of the apron travel) of
the drive.

Particularly unfavorable are the conditions for starting a apron conveyor, the apron of which has slack
sections, as a result of which rigidity of the working member that is a function of its tension and load on it,
is relatively small.

4 L.

Figure 1 — The conveyor starting process diagram:
[, — the traction body carrying run length before tensioning; [, — the traction body carrying run length after tensioning;
li, — the traction body bottom run length after tensioning; [, — the traction body bottom run length before tensioning

Figure 1 shows a diagram of the conveyor starting process. When starting the conveyor, the head
drive first turns on. Starting rotation of the traction sprocket of the head drive that will occur some time
after the engine is turned on will cause occurring an elastic wave that will move along the upper apron
from the head to the tail drive. To ensure trouble-free starting the conveyor, there is provided a preparation
mode, according to which, before each starting, an initial tension determined by starting calculation is
formed in the traction body, after which the tensioning device is rigidly fixed [9].

In case of multi-drive conveyors, solving the starting problem is even more difficult. The presence of
intermediate drives does not allow controlling the initial tension of the traction body in this way. Such
control is possible only when a tensioner is mounted on each drive, which is structurally feasible, but
difficult. Various methods and technical solutions are used to ensure the working body tension, but they
are all associated with the increasing complexity of the conveyor drive systems. An alternative option is
using a variety of controlled drive systems. This allows providing the ability to implement control of star-
ting modes with reduction of overloads in the working body due to controlling its tension.

In this regard, the task of developing a mathematical model of a controlled electric drive apron con-
veyor in starting modes, taking into account the elastic properties of the traction body, is urgent.

The essence of the proposed method of smooth starting a multi-engine electric drive apron conveyor,
based on measuring load currents and separating their active components, as well as controlling the drives
during the starting process, there is set the minimum speed of the electric drive during starting a the multi-
engine electric drive of the apron conveyor, and with intensive increasing the active component of the
master drive load current there is increased the rotation speed of the master and slave drives to the rated
one.

Within the period of the conveyor starting, the engine has to save energy to overcome the inertia
forces of the load and parts of the conveyor [10, 11], in addition to the energy of overcoming static
resistances. Thus, during starting the conveyor, the electric engine should develop the moment

M, =M, + M, + M, (1)
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where M, is the moment of overcoming static resistances of the conveyor; M’H is the dynamic moment for
overcoming the load, the working member and the rotating parts of the conveyor (without the drive)
inertia forces; M; is the dynamic moment for overcoming the conveyor drive parts inertia forces.

To determine M, there is firstly determined the torque moment on the drive sprocket

Pon*Dg
M, = f2 @
where P, , is the static traction force of the starting period; D, is the design diameter of the drive

sprocket.

The conveyor traction force in starting is higher than when with the fixed movement due to the fact
that friction resistances in rest exceed approximately 1.5 times friction resistances in movement [11].

The moment on the engine shaft for overcoming My,

Po *Dg
¢ = e 3)
lo*T,
The moment on the engine shaft (H*m) for overcoming P, at 9 = Dy * w,, /2i,
, P, +D G,* wy*Dj
]‘\/‘[a = iy 0 __ Y 0 0 (4)

2xig*, - 4xidtn,
where G, is the reduced mass of the load and the moving parts of the conveyor; P is an additional force
on the mechanism from the working member and the conveyor rotating parts load acceleration.

The dynamic moment for the conveyor rotating parts acceleration
Py *Do ci(Gi*Dg )?*w,

M” — s 5
0 2xig*n, 4ty ? ©)

where ¢;=1.1+1.5 is the coefficient accounting the gearing mechanism parts acceleration that rotate with
the angular speed lower than w,; (G; * Dy )? is the rotative moment on the engine shaft accounting the
rotor, sleeves and friction plate mass, kg*m”.

The electromagnetic moment of the asynchronous engine is formed by interaction of current in the
rotor winding with the rotating magnetic field [10]. The electromagnetic moment M, is directly
proportional to the electromagnetic power and inversely proportional to the frequency of current

My = 22 ®)

2*T0* f
where 2, is electromagnetic power, p is the number of the stator winding pole pairs, f is alternate current
frequency.

When operating a multi-drive chain conveyor, it is considered expedient to distribute the load
between the drives evenly [15, 17]. In order to improve the dynamics, the drives are usually placed at the
ends of the conveyor. During operation, the loads in the loaded and empty runs are not the same due to the
different coefficients of resistance to movement, the difference in loading. The most rational mode of
operation will be one in which each drive is loaded on its own run. The implementation of this mode
allows using for an empty branch an engine of lower power and, therefore, of smaller dimensions. In case
of overloads in the idle run, a part of load can be taken by the loaded run drive. Examples of mathematical
and simulation modeling of clectromechanical systems of electric drives of chain conveyors were
considered in [18, 21].

Results and discussion. A mathematical model of the method of starting the conveyor with two end,
head and tail electric drives. For its intended purpose, the first head electric drive (of greater power) works
to transport the carrying run of the traction body. At the initial moment of start-up, the head ¢lectric drive
works on tensioning the carrying run, this process is described by the following equation (for this case the
condition Iy > I3 is valid (figure 1)):

— 3=



ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2019

d

J1= = My — Moy (7)
d

Ja =t =My — M, (8)

where M, is the electromagnetic moment of the first master drive; M, is the static moment reduced to
the first engine shaft; M, is the electromagnetic moment of the second slave drive; M, is the static mo-
ment reduced to the second engine shaft.

According to the condition of the method of starting the conveyor, the angular acceleration of rotation
of the rotors of the electric engines of the drives is absent.

After reaching the required level of tension of the carrying run at the creeping speed of the traction
body, the rotation speed of the rotors of the electric engines gradually increases to the nominal operating
conditions. This process is described by the following system of equations:

d

188 = My — My = ¢ [ (01 — w)dt + ¢; [ (@; — wp)dt ©)
d

Ja =My = Mgy — ¢ (@, — wp)dt + ¢ [ (01 — wp)dt, (10)

where J; is the moment of inertia of the first engine; /, is the moment of inertia of the second engine;
¢1, ¢, are coefficients of rigidity of the 1™ and 2™ electric drives, respectively; w;, w, are angular speeds
of rotation of the 1" and 2" electric drives, respectively.

At the moment of starting, after drawing the carrying run of the traction body, the rotors of both
electric engines begin rotating with a certain synchronous angular acceleration.

Continuous Pulses

powergui PWM Generator

Universal Bridge

! g T >l
J_ & Ale a A <Stator current is_a (A)> D
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Asynchronous Machine
SI Units
|
Display

Figure 2 — Model of asynchronous frequency-controlled electric drive of the apron conveyor
in MATLAB environment

Conclusion. The proposed mathematical model of a apron conveyor with controlled electric drives in
operation starting modes, taking into account the elastic properties of the traction body, which consists in
using a frequency-controlled electric drive, allows obtaining the needed starting mode of the conveyor,
increasing the efficiency of operation and increasing the life of the electric drive and the conveyor
traction-carrying body.

— 235 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

H. B. Bpel“mol, T. C. Hurbixos’, H. A. I[aHm[pOBZ, A. K. KesincGexos', K. 0. Cembiknna’

1KapafaH;:[m MCMIICKCTTIK TCXHUKABIK YHHBEpcHuTETi, Kaparanmer, KazakcTan,
*"Kasaxmbic kopmopamwsicsr” XKILIC, Kaparamas, Kasakcras,
’Ky36acc MEMICKETTiK TEXHHKATBIK YHHBEpCHTETi, Kemepos, Pecei

IIACTHHAJIBI KOHBEMEP 3JIEKTP )KETEI'THIH
ICKE KOCY PEKUMIHJAEI'T MATEMATHUKAJBIK MOJEJIT

AnHOTAIHS. YIIKEH Y3BIHIBIKTAFBI KOIDKETCKTI IUIACTHHANBI KOHBEHEPHAl iCKe KOCY KYpAET MIiHACT OOJIBII
TaObIIAAbI, OMTKEHI O TAPTKBIII OPTaHHBIH IIAMAJAH ThIC OOCAHCYBIMEH Oipre >kypenl. ©cipece, TeceMi KHCHIK
yyackenepi 0ap, MIACTHHAJBI KOHBCHEPAl iCKe KOCY JKaFmaliapbl KOJNANCHI3, COHBIH CaJIapbIHAH >KYMBIC Opra-
HBIHBIH KATAHJABIFBI THIM a3 OOIBII Kenedi, ceOeOl Ol OHBIH KEpilyl MEH OFAH XKYKTEMCHIH (DYHKIMHACHI OOJIBII
TaObIIAABI. ApanslK >KETCKTEPAIH OONYBI TAPTKBII OPraHHBIH OAacCTAamKbl TApTBUIYBIH OaKpLIAyFa MYMKIHIIK
6epmeiimi. OcbraH OaIaHBICTBI YIIKCH Y3bIHABIKTAFb! KOIDKCTCKTI KOHBEHEPl OIpKANBINTHI iCKe KOCYFa MYMKIH/IK
OcpeTiH TOCIIAL 93ipNey MIHACTI ©3¢KTi OOIBIT TAOBLIATEL.

Byt sKyMBICTBIH MaKcaThl — KOHBEHEP TAPTKBIII OPTAHHBIH CEPIIMII KACHETTEPIH €CKEPE OTHIPHIT, PETTEICTIH
JNEKTP JKeTeri Oap eki KETEKTI IDIACTHHAIBI KOHBEHEPIiH iCKe KOCY PEKHMACPIHAC MATEMATHUKAIBIK MOJCIIH
a3ipney Oosbmn TaObITAABL. Makamasa IUIaCTHHANBI KOHBEHEPIIH 37CKTpP JKETEKTEPiH OIPKANBIITHL iCKE KOCY omici
YCHIHBLUTFAH. [lmacTuHAmbI KOHBEWEPAl 1CKE KOCYIBIH YCBHIHBUFAH TOCLI KHUUTIKTIK-PETTENETIH 3JCKTP >KETETiH
makjJanaHa OTHIPA, KOHBEHEPl iCKe KOCYIBIH KAKETTI PEXXHUMIH alyra MYMKIHIOIK Oeperi. ¥CHIHBUIFAH TOCUITIH
TEXHHUKAIBIK HITHKECI — ICKE KOCY PSXUMACPIHAC KYMBIC OPTaHbIHA AMHAMHKAJIBIK >KYKTEMEIICP/Ii TOMCHICTY JKOHE
KOHBCHCPICPIiH >KYMBIC OPTAaHBIHBIH PECYPCHIH YIFAUTY ¢CCOIHCH IIACTHHAB KOHBCHEPIICP >KYMBICHIHBIH CCHIM-
OUTITiH apTTeipy Oonbm Tadsmagsl. OChl TOCLNAiH Heriziaae auddepeHmmaTaplKk TSHACYICPAIH €Ki MAacCalbIk
JKYHECIMEH CHITATTANATHIH MATEMATHKAJIBIK MOZCTb d3ipiacHal. KoHBeHepai KOCy TOCLTIHIH MAaTEMATHKAIBIK MOJCII
6otiprama Matlab Simulink 6araapraMachIHBIH TAKETIHAE 3TCKTPXKETEKTIH MIMHTALMSUIBIK MOJCTI KYPBIJFaH.

Tyiiin ce3aep: Ko KO3FANTKBIITHI IIACTHHATBI KOHBEHEP, MATEMATHKAIBIK MO/IC)b, KOHBEHEPAIH aCHHXPOH-
JIBI SKUUTIKTIK-PETTEICTIH ICKTPIKETET], JMEKTPIKETEKTIH, OipKAIBINTHI ICKE KOCBUIYBI, KHUCAI0 »KOHE KEepiiy mpomec-
TEPiH KC3CKTCCTIPY.
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MATEMATHYECKAS MOJEJIb DJIEKTPOIIPUBOJIA INIACTHUHYATOTI'O KOHBEMEPA
B IYCKOBBIX PEZKHMAX

Annortamus. [lyCK MHOTONPHBOJHOTO TIJIACTHHYATOTO KOHBEHMEpa OOMNBINOW IMHBI HMPEICTABISIET COOOHM
CTIOKHYFO 3a7a4y, TaK KAK OH COMPOBOKAACTCS IPC3IMCPHBIM PACcCIalIeHHEM TATOBOro oprana. OCoOCHHO HeOIaro-
TIPUATHBI YCIOBHS Iy CKA IIACTHHYATOTO KOHBEHEPA, MOIOTHO KOTOPOTO MMEET IPOBHCAOINNE YIACTKH, BCICICTBHC
Yero KECTKOCTh pabovero opraua, sIBIBIFOIIAsICS ()Y HKIMEH €T0 HATSLKCHIS M HATPY3KH HA HEM, OTHOCHTEIBHO Mana.
Hamame MPOMECIKYTOUHBIX NMPHUBOAOB HE MO3BOJLICT KOHTPOJUPOBATH NMCPBOHAYMATIBHOC HATHKCHHC TATOBOTO OpP-
raHa. B cBsa3u ¢ 3THM akTyansHA 337a4a Pa3padoTKH Crocoda MO3BOJLIIOIIETO IUIABHO 3aIyCKaTh MHOTOIIPHBOIHBIC
KOHBEHepa 00BN JIIMHEL

Lenbto maHHO# pabOTHI ABIICTCSA Pa3pabOTKa MATEMATHUCCKOW MOCTH ABY XIIPHBOJHOTO IJIACTHHYATOTO KOH-
BEHEPa C PEryIUPYEMBIM NIEKTPONPHBOIOM B MMyCKOBBIX PEIKAMAX C YUETOM YIPYTHX CBOHCTB TATOBOTO OpraHa. B
CTaThe IPEJCTABICH Pa3padOTAHHBIN CIOCO0 IUIABHOTO IyCKA 3NIEKTPOIPHBOJAOB IIACTHHYATOTO KOHBEHepa. [Ipen-
JIO>KEHHBIA CIOCO0 IyCKa IDIACTHHYATOTO KOHBEHEPA 3aKIFOYAOINUICS B HCITOJIb30BAHUH YaCTOTHO-PETYJIHPYEMOTO
3EKTPOIIPUBO/A, IO3BOIICT IOIYYNTh HEOOXOAWMBIH PEXHUM 3aIycka KOHBeHepa. TEeXHWYECKHM pPEe3yIbTaToM
MPEAIaracMoro Crocoda SBIIETCS — MOBBIICHUE HAIACKHOCTH PA0OTHI IIACTHHYATHIX KOHBEHEPOB 3a CUET CHH-
JKEHUSI TMHAMHUYECKHX HATrpy30K HA Paboumii OPraH B IyCKOBBIX PEKUMAX M YBEIMUCHHSI PECypca pabovero oprasa
KoHBeHepoB. Ha ocHoBe mamHOTO cmocoda pa3paboTaHa MaTeMaTHYECKas MOJCIb, KOTOPAs OMHUCHIBACTCSA IBYX-
MaccoBoi cucreMol au(pepeHINATBHBIX YpaBHEeHHIL. 110 pa3paboTaHHOW MaTEeMATHYECKON MOJEIH Croco0a MycKa
KOHBCICpa MOCTPOCHA MMUTALHOHHAS MOICITH 3ICKTPONIPHBOAA B AKeTE MporpaMmel Matlab Simulink.

KmodeBnie ¢J10BA: MHOTOIBHTATCTGHBIN IIACTHHYATHIH KOHBCHEP, MATCMATHUCCKAS MOACID, ACHHXPOHHBIN
YACTOTHO-PETYIMPYCMbIH 3JICKTPONIPHBOJ KOHBEHEPa, IUIABHBIM IYCK 3JCKTPOIPHBOAA, UCPEIOBAHHE IPOIICCCOB
TMPOBUCAHUA U HATSLKCHHU.
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