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Dynamics of auger working body of a multifunctional conveyor

A mathematical model of bending oscillations of a multifunctional conveyor working body with consideration
of the angular velocity of its rotation and the motion along its outdoor medium is developed. Based on this
model, the analytical relations were defined that describe the laws of changing the defining parameters of
the working body oscillations for both non-resonant and resonant cases. The amplitude of the transition
through the resonance is found to depend greatly on the relative quantity of medium motion and the rate
of transition through the resonance.
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Introduction

The auger working body of the multifunctional conveyor in the operating mode undergoes considerable
dynamic loads due to a simultaneous effect of longitudinal compressive force (transmitted from moving regulating
blocks), external driving moment, and the forces of interaction with the processed medium. The indicated power
factors cause complex oscillations in the body, that is a combination of torsion, longitudinal, and bending ones.
The transverse oscillations to a certain extent reduce the service life of the auger, and also create additional
dynamic loads on a «fixed> cone trough. Moreover, the processed medium when moving at a certain speed
relative to the auger working body causes an additional dynamic effect. This effect is largely manifested for
its bending oscillations. In addition, the heterogeneous inclusions always occur in the processed medium or in
the medium being transported. Due to the rotational movement of the working body, they «blocks it up in
separate points, thereby causing additional power actions in them. On the other hand, based on these factors,
the mathematical model of the relative motion dynamics of the system ‘elastic body - medium moving flow’
acquires a qualitatively new consideration [1-3], for which, in the general case, the known analytical methods of
studying the systems with distributed parameters cannot be applied [4]. The first two types of oscillations (in
some cases) contribute to the technological process improvement, in particular the adhesion prevention of the
processed medium, its additional densification, and the structure perfection) [5-10]. The application of numerical
simulation methods does not lead to the desired results due to the complexity of systems, in particular the most
dangerous resonant oscillations of the working body. In this paper, the main attention is paid to the development
of approximate analytical methods for studying bending oscillations of the multifunctional conveyor working
body, which rotates with a constant angular velocity around the longitudinal axis; and a continuous flow of the
processed medium moves along it. Resonant and non-resonant cases are considered as well.

Material and method

The auger compensating multifunctional conveyor is made in the form of a casing (1) with both front (2)
and rear (3) supports (Fig. 1). Their height can be changed in order to transport materials horizontally and
at an angle. The fixed cone trough (4) is firmly fixed to these two supports in several variants - the solid
one and with the system of through-holes in its lower part made in a known way. Inside the fixed conical
body metricconverterProductID4, a4, a conical screw working element (5) with variable steps is installed in the
bearing units with the possibility of turning and axial displacement. The bearing bushes 5 are welded to the
left (2) and the right (3) supports; in their central openings, the movable cylindrical blocks (6) are set. The
bearings are rigidly installed in the middle of blocks; the internal holes of bearing are in contact with the shaft
(7) ends of the conical auger (5) with the possibility of axial displacement.
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Figure 1. Schematic construction of auger compensating multifunction conveyor

The ends of movable blocks (6) are covered with lids. A screw (9) is rigidly welded to the left lid
(8) of the cylindrical block (6). The screw is in contact with the adjusting nut 10, which is firmly
mounted in the axial groove of the lid (11) of the movable cylinder block metricconverterProductID6.
In6. In addition, the stopper (13) are firmly fixed to the left and right ends of the shaft (7) of the
cylindrical movable block (6). They prevent the movement of transport mass beyond the screw working
body.

Similarly, at the right end of the screw cone working body, the structure is the same, but the difference is
that the ends of the shaft (7) are made with an elongated cut (14), to which the drive shaft (15) of the conveyor
is connected. In the loading zone, the boot pipe (16) is installed, and in the unloading zone, the discharge
nozzle (17) is installed as well. To fix the screw conical working body metric converter ProductID5, in5, in the
moving blocks (6), the axial slots (19) are made with screw fixing elements (20). The system is controlled
from the console (21).

Depending on operations, a stationary pipe is chosen. Thus, let us consider the operation of the conveyor
for squeezing the juice. For this purpose, the inclination angle should be set by reducing the height of the left
support in a known way. The stationary pipe is chosen with through-holes and the corresponding design of a
conical screw working body with an appropriate gap between the holes and the stationary pipe; the gap is set
with the help of an adjustor nut. The materials, from which the juice will be squeezed, are loaded into the
boot pipe. A conveyor is started and the appropriate modes of operation are set on the control panel. The
squeezed juice flows into a container and a trench through a through-hole system, then it is taken
away. The pulp is collected through a discharge nozzle into a separate container with the help of a
sliding shutter.

A multifunctional conveyor screw working body rotates with a constant angular velocity w; the
continuous flow of the processed medium moves along it at a relative speed V. Thus, the challenge is
to determine the influence of external and internal factors on the transverse oscillations of the working
body.

Basic assumptions about the object under study:

— the auger working body is the elastic body, which is symmetric relative to the longitudinal axis; its material
satisfies the nonlinear technical law of elasticity [11] - o = F (51 + 55‘;’) (e1 - relative deformation, the parameter
€ characterizes the deviation of its elastic properties from the linear law; it is considered small in comparison
with the elastic modulus E);

— its inertia moment relative to the longitudinal axis OX is I (z); its mass per unit length m; () rotates with
a constant angular velocity around the longitudinal axis inclined to the horizon at an angle a; u (x, t) - transverse
displacement of its neutral axis with the coordinate x at any given time ¢ (OX axis is deduced from the upper
bearing along the undeformed axis of the screw working body); the deplanation of the normal cross-section is
absent.

The processed medium is not an elastic solid body [12-14] with a mass per unit length m (z). Mathematical
model of the object under study: based on the above [11,15], the differential equation of bending oscillations of
the multifunctional conveyor working body, along which the continuous flow of the processed medium moves,
is deduced
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where N — pressure forces at the auger end; A, s, xg, @o; H — steels; § (x —xg) — Delta Dirac’s function.
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Dependence A(%) describes the resistance force to the working body motion; and the ratio

H sin?? (wt 4+ 9) § (z — o) describes the interaction force of the heterogeneous inclusion and the working body
(¢ =1,2,...; zp indicates the location of the heterogeneous inclusion, and g - its form).

To describe the dynamic process of the system under consideration, the boundary conditions are added to
the equation (1) that for simplicity are assumed in the form

0%u(z,t
U(x,t)\g;:o;l = %‘xzo;h (2)

where [ — the distance between the upper and lower bearings of the working body.

To solve this problem, for the above-mentioned mathematical model of the dynamics process, it is necessary
to develop the basic analytical dependences for determining the law of changing the defining parameters of the
oscillation process, depending on the external and internal factors of the system.

To solve the first part of the problem, we will make additional physically based assumptions about force
factors: a) the maximum values of the resistance forces and the interaction force of the inhomogeneous inclusion
with the working body is a small value in comparison with the maximum value of the second or fourth terms of
the left-hand side of the equation (1); b) the motion quantity of the processed medium in the relative motion
(in relation to the working body) is a limited quantity; c) inertia moment of the working body is a slowly varying
function; and its change along the length is neglected. Thus, the differential equation (1) is deduced:
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Based on the above limitations for the system under study, the maximum value of the right-hand side of the
equation is small in comparison with the maximum value of the terms of its left-hand side. The latter, in turn, is
the basis for solving the boundary problem (3), (2) of combining the Bubnov-Galerkin method [9] and the Van
der Paul method [15]. The first one-frequency approximation in modes close to the principal oscillation mode
can be presented as u (x,t) = sin 727 (t), where T'(t) is an unknown function; this function is the solution of
the common quasi-linear differential equation
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According to the principle of one-frequency oscillations in nonlinear systems [16], the dynamic process in the
mode close to the first mode of the «dynamic equilibrium» of the object under study is analyzed. This process
is considered the most important in view of practical use.
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Results

The right-hand side of the equation (4) is periodic in time with the period T. Then, the resonance in the
system can occur in case of a certain correlation between the frequency of the own (unperturbed) oscillations of
the working body and the angular velocity of its rotation, and, therefore, a periodic perturbation. Thus, both
resonant ) & 2w and non-resonant Q # 2w cases should be considered to solve the equation (4). In this paper,
only the case of the main resonance is considered; the consideration of the combination or fractional resonance
does not constitute a fundamental difference. Based on the above, the main resonance in the auger working
body occurs at the next angular velocity of its rotation (Fig. 2)

o= 2 (s () - )

@, rev/min @, revimin

Figure 2. Dependence of the angular velocity of the working
body rotation on its length and compressive force

The oscillations amplitudes, for the non-resonant case, do not depend on the external perturbation [15, 16]
and are determined by the ratio

d 1 2m 2T
ditL - ﬁ/o 0 {F (a, 9, )} cos pdipdy, (6)

where F (a, ¥, ¢) corresponds to the value of the right-hand side of the equation (4), and T' = a cos v, ¥ = Qt+1)g.
Thus, for perturbed motion, the laws of changes in the amplitude of non-resonant oscillations are deduced
da X T'(1+5s/2)
dt 72l (1.5 + s/2)

a’. (7)

A resonant case is more difficult to study, and at the same time it is more important in view of practical use.
For this case, the amplitude of the transition through resonance depends to a large extent on the difference
between the phases of the own and forced oscillations, that is, the parameter v = ¢ — ¢, ¢ = wt. The relations
that describe the laws of changing the basic parameters of the working body during the transition through the
main resonance are developed:
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In Figure 3, the dependences of the change in time of the transverse oscillations amplitude at different values
of the system parameters are represented.
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Figure 3. Changes in time of the amplitude of the multifunctional conveyor
working body during the transition through the main resonance
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Conclusions

The developed analytical and graphic dependences prove that for the resonant case:

— the amplitude of the transition through the main resonance is greater for larger velocity values of the
processed medium relative motion. An increase in the relative velocity from 2 to 5 m/s at the parameters
m = 15 kg/m, m; = 10 kg/m, causes an increase in the amplitude of the transition through the main resonance
by 17 %, and at the parameters m = 30 kg/m, m; = 10 kg/m, by 54 %.

— an increase in the mass per unit length of the processed medium at the constant relative velocity of its
motion causes an increase in the amplitude of the transition through resonance. An increase in the mass per unit
length from 25 kg/m to 40 kg/m at a relative velocity of its motion 4 m/s causes an increase in the amplitude
of the transition through the resonance by 61 %.

— in case of identical quantities of the processed medium relative motion, the amplitude of the transition
through the main resonance is greater provided that the relative velocities of the motion are smaller

— the transition rate through the main resonance largely affects the magnitude of the resonance amplitude;
and the amplitude is smaller for larger rates of transition through resonance.

In the non-resonant case, the attenuation rate of the transverse oscillations amplitude is greater for larger
quantities of medium motion. The basic idea of the above methodology can be applied to the case of many
inhomogeneous inclusions, as well as for torsional oscillations of the working body.
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KendyHKnnmoHa/ bl KOHBeiepaiH »KYMbBIC 3JIEMEHTIHIH, JMHAMUKACHI

Ken ¢dyuknmonanapik TpaHCIOpTEPAiH KYMBIC KAPYBIHBIH, HiIT€H TepOesiCiHIH MaTeMaTHUKAJIBIK MOJIETI
aJIbIHFaH, MYHJIa TPAHCIOPTED aHHAJBIMBIHBIH, OYPBIIITHIK KbLIJAM/IBIFBI MEH CBIPTKBI OPTAHbIH, OHBIH
GONBIMEH KBIIZKbLY bl €CKEPIITeH. AJIbIHFAH HOTUKEHIH HEeri3iH/Ie pe30HACTHI XKoHe 6ePe30HAHCTDI YKar1ai-
JIapbl VIIH OHBIH TePOEiCiH aHBIKTAWTHIH MapaMEeTPJIEP/IiH 63repy 3aHIbIIBIKTAPBIH AMKBIHIANTHIH aHa-
JINTUKAJIBIK, KATBIHACTAD aJIbIHFaH. Pe30HAHC apKbLIbI 6Ty aMILIATY/IAChl OPTAHBIH YKbIJIXKY CAHBbIHA YKOHE
PE30HAHC apKbLIbI OTY KbLJIIaMIbIFBIHA TOYEJIJIi.

Kiam ce3dep: mTMHAMUKAJBIK, MOJEIbIEY, aMILUIUTY/1a, PE30HAHC, TPAHCIOPTED, MapaMeTpiepll aliKbIHIAY,
affHaJIy >KbLIJAMIIBIFbI.

B.T'eeko, O./Iamyk, M.Cokmi, E.Ckuba, A.Mapyusra, JI.IIImaTko

JIlmHaMUKa IITHEKOBOTO pabdodero opraHa
MHOTO(PYHKITMOHAJIHBHOI'O TPAHCIIOPTEPA

Ilosnyuena maTemaTmyeckass MOJEIb U3THOHBIX KOJIeOaHII paboduero oprana MHOIOMYHKIIMOHAJIBEHOTO TPAHC-
opTepa € yIeTOM YIJIOBOM CKOPOCTH €ro BPAIleHUsI U JIBUYKEHUsI BJIOJb HETO Hapy»KHOM cpeanl. Ha ee Gaze
IIOJIyYeHbI aHAJUTUYIECKHE COOTHOIIEHMS, OIMCHIBAIONINE 3AKOHBI U3MEHEHUs OIPEEsIoNuX 1apaMeTPOB
ero KoJyiebaHMl KaK JjIsi HEPE30HAHCHOI'O, TaK U JJIsI PE3OHAHCHOI'O CIyYaeB. YCTAHOBJIEHO, YTO aMILIUTYIa
rnepexofa depe3 Pe30HAHC B 3HAYMWTEJHHOI CTENEHHW 3aBUCHAT OT OTHOCUTEIHBHOTO KOJIMYECTBA JBUKEHU
cpebl M CKOPOCTH IIE€PEexo/ia Yepe3 PEe30HAHC.

Karouesvie crosa: mTUHAMHYECKOE MOIAEIUPOBAHNE, AMIIUTYd, PE30HAHC, TPAHCIIOPTED, OINPEEJIAIONINe
IapaMeTpbl, CKOPOCTb BPAI[eHUs.
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