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CONDITION ANALYSIS OF BELT CONVEYORS ROLLER BEARINGS
AND DRUMS ON THE BASIS OF MATHEMATICAL MODEL
OF STARTING MODES

Kondratenko M. N.

Diagnostics method of the rollers and drums state is proposed in order to detect and replace
worn roller bearings to reduce the repair and maintenance costs. It is based on the research of power
costs and dynamic processes, which appear when rollers and drums are found to be defective. Eval-
uation of the conveyor dynamic characteristics is carried out by modeling of dependencies connect-
ing the speed, the way of the belt traveling on the head and auxiliary drums and rollers. It connects
the dynamic force in the tape with the size and nature of the change of the driving force, which is
developed by the electric drive during the diagnostics and benchmarking. Diagnostics by the pro-
posed method is made in the period of time when the rollers of the load branch of the conveyor are
alternately involved in rotation. At the starting moment of the rotation the complete picture of the
state of the rotating load branch elements will be obtained by the tail drum belt, and the possibility
of diagnostics by this method will stop.

MeTo IMarHOCTUKU COCTOSIHUSI POJIMKOB UM 0apabGaHOB MpPEIJIOKEH IS CBOEBPEMEHHOTO
OoOHapy’KeHHs U 3aMEHbI U3HOLICHHBIX POJUKOOIOP, a TaKXKe C LIEJIbI0 YMEHBIICHHUS 3aTpaT Ha pe-
MOHTBI U MEKPEMOHTHOE 00CITy)KMBaHHE KOHBeilepoB. OH OCHOBaH Ha MCCIIEAOBAHUU 3aTpaT HJIEK-
TPOPHEPTUU HA TUHAMHUYECKHE MPOIECChl, BOSHUKAIOIIUE MIPU HEUCIIPABHOCTH POJIMKOB WM Oapa-
6anoB. OlLleHKa JUHAMUYECKUX XapaKTEPUCTUK KOHBEHepa MPOU3BOAMUTCA IyTEM MOJAEITUPOBAHUS
3aBUCUMOCTEH, CBS3BIBAIOLIMX CKOPOCTH, IyTh MEPEMEIICHUs JIEHTHl Ha TOJIOBHBIX M BCIOMOTIa-
TeNbHBIX OapabaHax, pOJMKaxX, JUHAMHYECKOE YCHIIME B JICHTE C BEJIMUYMHON U XapaKTepoM H3Me-
HEHUS JBUXKYIIETO yCWINS, Pa3BUBAEMOI0 AJIEKTPOIPUBOJOM BO BpeMs IMAarHOCTUKU U NP ITa-
JIOHHBIX HCIBITaHUAX. /[[MarHocTHKa MO MPEeaaoKEHHOMY METOy MPOU3BOJIUTCS B NEPUOJ BpeMe-
HHU, KOTJla [I00YEPEIHO BOBJIEKAIOTCSA BO BpALEHUE POJIMKU I'PY30BOM BETBU KOHBeHepa. B momeHT
Havaja BpalleHHs JICHTOH XBOCTOBOro OapabaHa OynaeT mosydyeHa IosHas uHGOopMaImoHHas Kap-
THUHA COCTOSIHUS BPAILAIOLIMXCS 3JIEMEHTOB IPY30BOI BETBHU, @ BO3MOXKHOCTb IMarHOCTUKH 110 JaH-
HOMY METOJly MPEKPATUTCS.

Meroa AlarHOCTUKHM CTaHy POJIMKIB 1 6apabaHiB 3allpOTIOHOBAHMM JJISI CBOEYACHOTO BUSIB-
JICHHS 1 3aMiHU 3HOIIEHUX POJHMKOOIOP, & TAKOXK 3 METOI0 3MEHILICHHS BUTPAT HA PEMOHTH Ta MiX-
peMOHTHE 00CIIyroByBaHHS KOHBE€EpiB. BiH rpyHTOBaHUI Ha JTOCHIKEHHI BUTPAT €JIEKTPOCHEPTil
Ha JMHAMIYHI TPOIIECH, [0 BUHUKAIOTH MIPH HECIPABHOCTI poNHKiB abo O6apabaniB. OliHKa JUHA-
MIYHHX XapaKTEPUCTHK KOHBEEpPA BUKOHYETHCS MUIIXOM MOJICITIOBAHHS 3AJICKHOCTEH, 10 3B'S3Y-
I0Th IIBUAKOCTI, IUIAX HNEPEMIlleHHs CTPIYKM Ha TOJIOBHHMX 1 JONOMDKHHMX OapabaHax, poJiMKax,
JMHAMIYHE 3yCWIUISL B CTPIYIll 3 BEJTMUMHOIO 1 XapaKTEPOM 3MiHH PYIIIIHOTO 3yCHILIS, 110 PO3BUBA-
€THCS CJIEKTPONPUBOJIOM IIiJ] Yac JIarHOCTUKM 1 MPH €TAJIOHHUX BUIPOoOyBaHHsX. [liarHocTuka 1o
3aIpONOHOBAHOMY METOJTy BUKOHYETHCS B TIEPIOJT Yacy, KOJIH 110 Yep3i 3aIy4aroThCs 10 00epTaHHS
POJIMKY BaHTAXKHOI T'JIKM KOHBeepa. Y MOMEHT IMOYaTKy oOepTaHHs CTPIYKOI0 XBOCTOBOro Oapalda-
Ha Oyze oTpuMaHa MOBHA 1H(pOpMaIliiiHa KapTHHA CTaHy €JIEMEHTIB BaHTAXKHOI T'UIKH, 1110 obepTa-
IOTBCSI, @ MOXJIUBICTh JIIaTHOCTUKH 33 ITUM METOJIOM IMPUITUHUTHCS.
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CONDITION ANALYSIS OF BELT CONVEYORS
ROLLER-CARRIAGES AND DRUMS ON MATHEMATICAL
MODEL OF OPERATION STARTING MODES BASIS

It is known that the cost of repair and machinery TBO on average per year ranges from 10...15 to
25% of the equipment cost [1]. For the machines operating in the most severe conditions such as in min-
ing, coal and construction industries, the cost only on the heavy overhaul reach up to 50% of their value.

For the timely detection and replacement of worn rollers their constant diagnostics is re-
quired [2, 3].

At belt conveyors operation it is possible to perform the express analysis of the rollers and
drums state on the basis of analysis of dynamic loads encountered in the electric drive at starting
mode, and estimates of energy consumption for this process [4, 5].

Therefore, using the known methods of conveyor starting modeling [6—8], by some chang-
ing of basic assumptions and approaches, we can create a model for the starting processes consider-
ing the masses of rollers and their state (rotated or fixed).

The electric drive of belt conveyors of big length and performance is mainly carried out on the
basis of asynchronous motors with slip-ring motors, the start of which is carried out using the step-
wise introduction of additional resistances into the rotor circuit. In recent years, the electric drives
with the devices, performing a smooth start with a quasi-permanent moment became widespread.

The evaluation of the dynamic characteristics of the conveyor can be achieved by modeling
of the dependencies connecting the velocity, the path of belt traveling on the head and auxiliary
drums, rollers, the dynamic force in the belt with the size and nature of the change of the driving
force developed by the electric drive during the diagnostics and reference tests.

To account the concentrated masses of drive drums and the belts and rollers masses distrib-
uted along the length of the conveyor let’s use the method of piecewise linear approximation and
assumption used in the work [9].

The block diagram on the example of multiple drum belt conveyor is shown in Fig. 1.
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Fig. 1. Design scheme of a multiple drum belt conveyor

Here m;, m,, m3, my, ms, ... , m, — are the masses of the rotating parts of the drive, head and
tail drums reduced to the circumference of the drive drums (considering couplings, gears and elec-
tric motors), kg; F;, F> — are the driving forces developed by the drive electric motors on the respec-
tive driving drums, N; x;, x2, x3, x4 — are the belt traveling on respective drums, m; L, I;, >, I3, Is, ...,
I, — are the lengths of the respective portions of the belt between the drums and the rollers, m; @,
o”— are the coefficients of resistance to the belt movement on the upper and lower conveyor
branches; ¢;, ¢z, ¢3, ¢. — are the stiffness coefficients of corresponding portions of the belt,
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¢ =E, /I,- , N/m; Ej — the dynamic stiffness of the belt, N, E,=zp -Fr-E; where zr — is the

number of ropes in the belt; F7 — the total cross sectional area of the rope wires, mm?; E — is the
elastic modulus per unit of wires cross section; 77 — is the damping coefficient of oscillations in the
conveyor belt, kg/s; ¢., g, — are the distributed linear loads of the upper (cargo) and lower (weight
empty) branches of the conveyor, kg/m; a, b, ¢, d — are the conditionally adopted structural coeffi-
cients of the conveyor, kg.

The distributed linear loads of the upper and lower belt branches are determined by the for-
mulas:

Qo=dy+qp: dp=4,+4p ()

where ¢, ¢'5, q"", — are the distributed linear loads from the belt respectively, belt idler rotat-
ing parts of the upper (cargo) and lower (weight empty) branches of the conveyor, kg/m.
hl ’ h” > (2)

p p

where m',, m",, — is the mass of the belt idler rotating parts of the upper and lower branches
of the conveyor respectively, kg;

h'y, h",, — 1s the step of belt idler of the upper and lower branches of the conveyor respec-
tively, m

Diagnostics by the proposed method is possible only in the time interval when the 1st, 2nd
and 4th drums began to rotate, and the third (tail) drum is not rotating yet. Part of the belt, which
slacks from the 2nd drum "is selected" by belt tensioner. Part of the belt, which slacks from the 4th
drum is just starts to move gradually involving in it the load branch entering on this drum.

Thus, the first roller Ne5, then Ne6 etc. Nen are involved in the rotation movement, until the
moving part of load branch of the tape starts to rotate the third (trailing) drum.

In this case the complete picture of the state of the rotating load branch elements will be ob-
tained and possibility of diagnostics by this method will stop.

Let’s form the differential equations of the conveyor motion in the operator form considering
the accepted assumptions. They link the belt traveling x;, x,, x4 on the respective driving drums with
driving forces F';, F», which are created by the drive electromotors on the respective driving drums:

qp = qp =

a;(p)-x,(p)+a;(p)-x:(p)+a(p) x,(p)=F —a; 3)
a5 (p)-x,(p)+as(p)-x,(p)+ar(p) x,(p)=F,; 4)
a5 (p) x,(p)+ a5, (p)-x,(p)+as,(p)-x,(p)=—asp (5)
a,(p)-x/(p)+a,(p) x,(p)+au(p) x,(p)=-a,, (6)
where a,, = A, p° +4np+(c,+c;);

ayy = A, p° +4np +(c,+¢,);
gy =A,p° +41p+(cs+c,);
a12=a21=bp2—277p—cl;
a14:a41=dp2—277p—c3;
a3 =ds; =cp’ —2np—cy;
A3y =dys =ap2 —2np—c,;
=4z =ap,=a.
a;p=05-q,1;-g o
a;-=05-q,-15 -0 g; (7)
a,:=05(q, 150 +q,-1;-0")-g.
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where g — is the gravitational acceleration, m/s’;

A | Ay | Ay

Ay | Ay | Aoy .
becomes a matrix
az; | dszy | A3y

1. e. the coefficient matrix

Ay | Ayp | Ay

Ap° +4p+(a+a) | bpP=2p—¢ dp’ = 2ip—c3
bp2—27p—c1 A2p2+47ln+(cl +c5) a
a cp2 -2mp—c, ap2 —2mp—c,
dp* —2mp—c a A p? +dip+(c; +c,)

By measuring the current of /; in the frequency converter DC link and knowing that it is
proportional to the driving force the resistance to the belt movement of @ can be certain by its val-
ue. Depending on the increase of the current the state of roller can be determined by solving a sys-
tem of equations (3—7) relative to @ and F. The number of roller (i.e. the distance /;) can be calcu-
lated using distometer.

To develop a methodology for state analysis of the drums and rollers of load branch, which is
most susceptible to deformation, it is necessary to reduce the 1st, 2nd and 4th drums to a single and to
consider each after each the interaction of this reduced drum and each roller of load branch. Further
studies will be conducted on this model by using any research package, for example, Matlab.

In addition to the above requirements for the drive during the tests, the optimal combination
of system parameters control laws formation is necessary: the flux linkage and speed [10] in order
to reduce the losses in asynchronous motor and for more accurate diagnostics of rollers and drums.

CONCLUSIONS
To test the results reproducibility the curves obtained by mathematical modeling should be
compared with real curves of change of the conveyor belt motion parameters, obtained experimen-
tally. The divergence of results may be explained by the following factors:
— inhomogeneity of the conveyor belt,
—method’s error of piecewise linear approximation of transfer functions of higher order by
transfer functions of the second order.
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