TEXHUKAJIbIK PU3UKA
TEXHUYECKAA ®U3SUKA
TECHNICAL PHYSICS

DOI: 10.31489/2019Ph2/73-81

UDC 621.867.42

I. Hevko', O. Lyashuk', M. Sokil?, L. Slobodian', V. Hud', Yu. Vovk'

"Ternopil Ivan Puluj National Technical University, Ukraine;
’Lviv Polytechnic National University, Ukraine
(E-mail: oleglashuk@ukr.net)

Resonant oscillation of vertical working part of conveyer-loader

The experimental equipment for testing the screw loader of bulk materials with horizontal and vertical
branches was designed and manufactured, which allows to determine the process productivity and power con-
sumption according to the developed methods. Experimental ‘equipment is equipped with laboratory equip-
ment, which ensures the change of investigated processes in wide ranges with high accuracy in the automated
control mode with the fixation of necessary research results. On the basis of mathematical models, the de-
pendences of the angular velocity of perturbation on.the physico-mechanical and geometric parameters of the
system of branches and the angular velocity of SWP are obtained. It was established that the resonance dy-
namic stresses at significant angular velocities exceed several times the resonant stresses of a «static elastic
body» (which does not rotate), which makes‘it possible to take into account when choosing a dynamic coeffi-
cient of strength. With the same physical-mechanical and geometric characteristics of an elastic body, the
resonance for larger values of the angular velocity of its rotation takes place for a smaller frequency of exter-
nal periodic perturbation.
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Introduction

The technical means of continuous transportation of friable materials are the basis of the complex
mechanization of loading and unloading operations, which increase the productivity and efficiency of pro-
duction processes. The specific gravity of spiral conveyors in loading and unloading works of most construc-
tion, road, agricultural, processing and other machines, which is about 40—-50 %.

It is known that resonant oscillations are the most dangerous modes of operation of machines and
equipment. They are characterized by a significant increase in the amplitude of oscillations, and hence dy-
namic loads. Therefore, these operating modes greatly reduce the operating life of the machine. If, in some
cases, resonance phenomena cannot be avoided, then, by choosing the system parameters, they try to provide
a minimum amplitude increase during the transition through the resonance. Therefore, the question of reso-
nance oscillation research is of vital importance for the improvement of their structures.

Analysis of recent research and publications. The interaction of auger mechanisms with agricultural ma-
terials, as well as the choice of rational parameters of GTTM and their modes of operation, were investigated
by M.P. Vasylenko [1], B.M. Gevko [2, 3], P.M. Zaika [4], R.M. Rogatinsky [5, 6], L.M. Zuyev [7],
V.L. Kulikovsky [18] and others.

The problems of determining the rational operating modes and constructive parameters of the GTTM
are devoted to the work of R.L. Zenkov [8—11], A.M. Grigoriev [12—-14], B.M. Gevko [3], K.V. Alferov [8],
H.A. Khailis [15], V.L Plavinsky [16], N.V. Ostapchuk [17, 18], O.R. Rogatinskaya [19], .M. Kho-

rolsky [20].
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Questions of substantiation of the parameters of oscillations of mechanical systems are devoted to the
works of LM. Babakov [21], O.A. Goroshko [22], P.D.Dotsenko [23], M.P. Martyntsev [24],
M.A. Pavlovsky [25], S.N. Nikiforov [26], Yu.A. Mitropolsky [27], M.M. Bogolyubov [28], and others.
However, issues relating to the improvement of the structures of the spiral mechanisms themselves and their
working parts need further research. Investigating the resonant oscillations of the vertical working part of the
conveyer loader.

Material and method

For carrying out the experimental researches of productivity of spiral loader with a working part the
stand [29] was used, the general view of which is depicted in Figure 1. Stand for the study of the overload of
friable materials from a horizontal to a vertical axis, made in the form of a frame /, a cylindrical horizontal
spiral working part 2 with a central shaft 3 and a vertical groove 4 with a vertical spiral‘working part 5.
A cylindrical and horizontal groove of spiral working part 2 is rigidly mounted on the stand 6 on the frame /.
Below there is a vertical groove 4 is a perpendicular to its axis a rotary connection sleeve 7 which, in a
known manner, performs the angle of rotation of the vertical groove 4. From above, at the entrance to the
cylindrical horizontal spiral working part 2, a bunker 8 with a friable material 9 is rigidly installed.

The stand is equipped with a driven actuator /0 with a cylindrical horizontal spiral working part 2 and a
vertical spiral working part 5 through the pass transmissions // and /2/and ‘on the additional T-shaped
transmission gear /3. At this productivity of the vertical spiral working part 5 should be no less than the
productivity of the cylindrical horizontal working part 2, in order not to jamming the technological process.
At the top of the vertical groove 4, a loading window /4 with a tray under which the tank 75 is installed for
collecting friable material from the vertical section is made. In addition, at the bottom of the cylindrical end
the horizontal working part 2, the initial window /6 with a crossbar for measuring the productivity of the
horizontal section was made. Under the outlet there is a container 17 for collecting friable material that the
horizontal section moves.

Figure 1. Stand to investigate the overload of friable materials from the horizontal to the vertical line

In addition, the steps of the cylindrical horizontal spiral working part are evenly enlarged in the direc-
tion of exit of material from it.

In addition, the stand is equipped with control devices Altivar 7.1 and a personal computer /9 for meas-
uring power, kinematic and technological parameters.

The work of the stand to study the overload of friable materials from a horizontal to a vertical branch is
carried out as follows. To study the performance of the horizontal section, open the switch under the capacity
of 17, fix the time and determine the performance. To establish the performance of the horizontal and verti-
cal sections, the shutter is closed on the horizontal section and all the friable material is transported through
window /4 into a container /5 that weighs and performs the analysis.

The design of the test facility (Fig. 2) includes a spiral-mixer driven from a personal computer (PC)
through a frequency converter (Altivar series) 3. The spiral mixer consists of a frame, with the possibility of
axial rotation and change of the angle of inclination of the body, in which there is a working part driven by a
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three-phase asynchronous electric motor (AIP90L4Y3), is located in relation to the horizon through the sup-
port. In the case the bunker and loading and unloading holes are fixed — exits, in which a recessed pipe is
installed. The engine is equipped with a sensor for motor shaft rotation frequency (E40S6—10Z4-6L-5) 13.

Figure 2. The general view of the spiral loader

It is known [14] that resonant modes of operation of machines and equipment are the most dangerous.
They are characterized by a significant increase in theramplitude of oscillations, and hence dynamic loads.
Therefore, these operating modes greatly reduce the operational terms of machines (we are not talking about
special machines principle of operation of which-is based on resonant phenomena). If, in some cases, it is not
possible to avoid resonant phenomena, then try at the expense of choosing the system parameters to provide
the minimum value (growth) of the amplitude during the transition through the resonance. Where it follows
that the study of the resonant phenomena of the horizontal working body of the loader mixer has not only
theoretical, but also practical value.

From the condition of existence of resonant oscillations, which for the case of the main bending work-
ing part can be written in the form:

2 2
V:Q—3—””—“—+(£] mou (1)
) m+ p8Q

Thus, the resonance phenomenon for different values of the velocity of the grain mixture, its linear
mass, and the various angular velocities of the rotation of the horizontal working part will occur at different
frequencies of€xternal perturbation. As noted above, the real effect of small amplitudes of transverse vibra-
tions of the -horizontal box of the mixer loader on its own frequency is negligible. From the above, it follows
that the dominant role of entering the resonance is played by: the angular velocity of rotation of the working
part, the speed of the grain mixture and its mass. Thus, for different values of these parameters, the ampli-
tude of the transition through the resonance will take different values. In addition, as shown in [14], the am-
plitude of passage through the resonance depends on the phase difference between the proper and the forced
oscillations, in our case @ = —@. The first resonance approximation for the above-described boundary-

value problem will be sought in the form of an asymptotic representation, but in contrast to the nonresonance
case, the amplitude in the transition through the resonance is determined by the relation of the form

da

E=ﬂA1(a,¢), ()
d
d—sz—v+yBl(a,(p),¢=l//—9.
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The problem is to determine this type of functions, taking into account (1), (2), for the first approxima-
tion, satisfied the basic equation. Acting in the same way as for a nonresonant case, taking into account (3),
we find

%: 4 (a,0)(cos(kx+y)—cos(kx—y))—
—a(Q+,uB1(a,q)))(sin(l(x+l//)+sin(l(x—l//))+ﬂ%v+y§—i/}lﬂ
9240 0o )l - 28240 sin ) sinl )

2 2 2
NI BV S Y, (3)
oy 200 2000y
The resulting ratio let you capture the differential equation that connects the unknown function as

2 2 4 2
(e ]

—2V§c0s§xcosl// +F(x,a,p,0)+ ,usin%xx

xlcosy/(—%‘;m(g—v)+2a93}+smy/(a%‘;’m(g—v)+2A(a,¢)QB.

Thus, for a resonance case, the function must be a solution of the equation and satisfy homogeneous
boundary conditions if represented as their form

3 (x.a..0) = Xsin '~ xYlk(a o). (5)
In this case, the coefficients of its decomposition'¥, (a, 8.y) are bound by differential equations
a) fork=1
2 2 4
J Y‘Z‘ o +2-0 4,8 a)’2 +(a’ (”) +@)Y,, =
oy oyd0 00 / 6
7’ 1¢. 7@ ©
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k 2
=al? ( 273) cosl//+%jsinkTﬂ-F(a,x,0,l//)dx.
0

In the same way as for a nonresonance case, the conditions for the absence of a function in the sched-
ules y,(a,x,y,0), and hence in ¥,, (a,y,0) ( k#1), the first harmonics  allow us to obtain relations that

determine the right-hand side of the dependences (6)

12727

(Q- v)g—;—z aQB= = z ’”’J.I IF a,x,y,0 smk e cosy dxdyd@ ®)
s 000
aa—B(Q V)=24Q+V?— z z ’”jTTF (a,x,p. 9)smk—ﬂxe ? cosy dxdydé. )
09 P par 2% ’ l

In the case when a spiral mixer operates a perlodlc perturbation which does not depend on its deflec-
tion, and small nonlinear forces are determined as for the case of their own oscillations, differential equations
in the resonance region can look
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da__ &

dt m+p

sl 2uH
(@) "a ﬁ(Q+v(t))COS(p (10)

d¢ (ﬂjz mu’ 2H . 31t d
—=Q-v-|— +u sm¢———2— .
dt 1) 8Q(m+p) "\ #(Q+v(t))a RN w

Resonant phenomena of the working part, adversely affect the technological process of loading or
moving the grain mixture, while reducing the life of the machine. To avoid it and to investigate the influence
of a whole range of parameters on the process of its passage, it is necessary to construct for this case the
solution of the mathematical model of the process

oE o (&Y
-k —| — hcosé,
L(&6)=- [ ~ j P (axf + hcos an
9& (¢
-k —| — hcosé.
L(g.g)=- [at j ' ox; (axf o
Provided:
puU= qQk (12)

Similarly, as for the horizontal working part of the conveyor-loader, the differential equations describ-
ing the laws of variation of the amplitude of oscillations in the transition through the main resonance acquire
the form

127
Z 4;:19({ 0 fl(a,xl,(0+0,6)(c0s(l<x1+¢+0)—c0s(l<x1—(0+6))d6dxlj,
do T . .
—=A- ,X,0+0,0)(sin( kx+@+6) +sin( xx—@+0))dOdx, |,
0 -a e [ an 0.0y ) V(-0 | )
where A — the imbalance between the frequencies of own and forced oscillations, thus A =Q - 4, and

1 (a,x,,¢+6,0) correspond to the values of the right-hand sides of equations (11) under the condition that

&(x,,¢) and ¢(x,,¢) take the main values in'the asymptotic representation of the solution.

Results

Figure 3 and Table represent the value of the amplitude of transverse oscillations during the transition
through the main resonance for various numerical values of the parameters of the investigated system and the
angular velocity of the rotation-of the working part.

NRT T
[Eeam

Figure 3. Graphic dependencies of the value of the growth factor of the amplitude
when passing through the resonance due to the rotation of the working part
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Table

Different numerical values of the parameters of the investigated system and the angular velocity
of the rotation of the working part represent the value of the amplitude of the transverse vibrations
during the transition through the main resonance

V=0 V=5m/s V=75m/s
a
m p 1 w me ey 5 _ oo Boes é: — _rede=0 Boes é: — _rede=0
a pes|w0 a Ppes|w=0 g pes|w=0
kg/m | kg/m | ™ s s m m m
10 10 8 0 37.754 0.1121 — 0.1092 — 0.1023 =
10 10 8 10 27.754 0.1504 1.3427 0.1493 1.3672 0.1336 1.3056
10 10 8 15 22.754 0.1814 1.6184 0.1697 1.5540 0.1504 1.4702
10 10 8 20 17.754 0.2318 2.1240 0.2210 2.0238 0.1523 1.4438
20 10 8 0 31.285 0.1419 — 0.1291 — 0.1183 —
20 10 8 10 21.285 0.2211 1.5674 0.1813 1.4041 0.1451 1.2265
20 10 8 20 11.285 0.2381 1.6881 0.2232 1.7289 0.1961 1.6577
20 10 8 25 6.285 0.3306 2.3447 0.2987 2.3137 0.2510 2.127
10 10 6 0 64.134 0.0621 — 0.0601 — 0.0582 —
10 10 6 10 58.134 0.0731 1.1771 0.0681 1.1331 0.0622 1.0687
10 10 6 20 48.134 0.0884 1.4235 0.0841 1.3993 0.0763 1.3109
10 10 6 30 38.134 0.1101 1.7729 0.1036 1.7238 0.0943 1.6209
30 10 6 0 48.178 0.0938 — 00821 — 0.0634 —
30 10 6 10 38.178 0.1263 1.3475 0.1023 1.2434 0.0701 1.056
30 10 6 25 23.178 0.1984 2.1151 0.1381 1.6821 0.0893 1.4085
50 10 6 0 35.337 0.1436 — 0.0788 — 0.0411 —
50 10 6 10 29.337 0.1456 1.0139 0.0843 1.0698 0.0464 1.017
50 10 6 25 14.337 0.3061 2.1362 0.09210 1.1689 0.0493 1.023
Discussion

The obtained results allow asserting the following: the resonant amplitudes depend on the speed of the
grain mixture, the angular speed of rotation of the working screw and the rate of change (in the resonant
zone) of the frequency of the external periodic perturbation:

— for smaller values of the linear mass of the grain mix, the working screw and the higher speed of the

transition through the main resonance, the value of the resonance amplitude is smaller;

— the growth rate of the amplitude in the transition through the resonance for the working part which ro-

tates in comparison with/the «stationary» its position is less for the case of more relative movement of
the grain mixture:

Conclusion

On the basis of mathematical models, the dependences of the angular velocity of perturbation on the
physico-mechanical and geometric parameters of the system of branches and the angular velocity of SWP are
obtained. It is established that for larger values of the angular velocity of rotation of a working part, the reso-
nant frequency value is smaller at L=8 m, Q=17-40 s"'. For working parts of greater length, the amplitude
of the transition through the resonance is greater than 10> s’ L=8 m and increases from 0,1121 to
0,2311 m. With an increase in the relative velocity of the transfer of the grain mixture leads to a decrease in
the amplitude of the transition through the resonance at m =50 kg, the speed within 5...7,5 m/s decreases
within 0,1023...0,0701 m. Design of screw loader designs, stand equipment and experimental installation
using the Altivar 71 frequency converter and Power Suite v.2.5.0 software allowed to carry out a complex of
experimental studies.
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WN. T'eko, O. JIsmyk, M. Coxun, JI. Cnoboass, B. I'yas, FO. BoBk

BHHTTIK KYKTHETiIITiH KO3FaJIMAaJIbl AKYMbIC 06JIITHIH pe30HAHCTHIK TepoeJici

HlampiatelH HbICAHAAP YIIIH KOJJAHBUIATHIH XKYKTHETIIITIH, OHIIpIC YAEpiCiH )KOHE SHEePrusl IIBbIFbIHBIH
Genrini oiciieH aHbIKTayFa MyMKIiHIIK OepeTiH, KbUDKbUIMAJIbI 0eJIiri JaibiHAaFaH. DKCIEPUMEHT XKY3iHae
JKacaiFaH OeNiK 3epTTeNIeTIH YIEpIiCTIH ©3TrepiCiH aBTOMATTHI TYpAE aca >KOFaphl JONAIKIEH OaKblIam
OTBIpyFa MYMKIHIIK Oepemi. MaTeMaTHKaJbIK oficTep KeMeTiMeH KapacTBIPBII OTBIPFaH KYPHUIGIMHBIH
OYpBIUTHIK JKBUITAM/IBIFBIHBIH JKYHEHIH (H3HKa-MeXaHUKAIbIK JKOHE TEOMETPHSUIBIK ITapameTpiepiHe
TOYENALNIrT aHbIKTaj FaH. JKoFapFbl OYPBIIITHIK XKbUIIAMABIKTa PE30HAHCTHIK AMHAMUKAJIBIK KEPHEY JICHEHIH
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PE30HAHCTHIK CTAaTUCTHKAJIBIK CEpHIMAUIK KepHeyiHeH OipHelle ece apThlll KYpbUIFbIFA Kayill TOHIIpYi
MYMKiH. By xarnaiiapl KypbUIFbIHBIH JMHAMUKAIbBIK KayiNCi3JiriH ecenTereHie ecke ay Kepek.

Kinm ce30ep: MaTeMaTUKaJBIK MOJIENb, AMITIUTYAA, PE30HAHC, TPAHCIIOPTEP.

. T'eBko, O. JIsmyk, M. Cokui, JI. Cno6oasH, B. I'yas, FO. BoBk

Pe3onancHbIe KoJ1€0aHN MOOMJIBHOTO Pa0d04ero OpraHa BUHTOBOI0 3arpy3unKa

CHpoeKTHPOBAaHO U U3TOTOBJIIEHO SKCIIEPUMEHTAIFHOE 000pYIOBaHHE ISl HCIBITAHHUSI BUHTOBOTO 3arpy34H-
Ka CHITyYHX MaTepuajIoB ¢ TOPU30HTAILHON M BEPTHKAIBHOI BETKaMH, KOTOPOE MO3BOJIIET OIPEEIATH IIPo-
M3BOAMTENBHOCTh TIPOIecca M SHEpro3aTpaTrhl COTVIACHO pPa3pabOTaHHBIX METOAWK. DKCIEepPHMEHTAIBHOE
00opynoBaHHE OCHALICHO Ja0OpPaTOPHBIM O00OPYIOBaHHEM, OOECHEYMBAIOUIMM H3MEHEHHE HCCIeAYEeMBIX
HPOLIECCOB B IMMPOKHUX JHAIA30HAX C BHICOKOH TOYHOCTHIO B aBTOMAaTH3MPOBAaHHOM PEXHMME YIPABICHHS C
(ukcaiyel HeoOXOMMMBIX Pe3yJIbTaTOB HccaenoBanus. Ha ocHOBe MaTeMaTH4eCKuX MoJesIeil monydeHs! 3a-
BHCHMOCTH YIJIOBOIf CKOPOCTH BO3MYLICHHUS OT (hPM3UKO-MEXaHUUECKUX M T€OMETPHYECKUX MapaMeTpOB CHC-
TEMBI BETOK U YIJIOBOH CKOPOCTH BHHTOBOTO pabodero opraHa. Y CTaHOBIIECHO, YTO PE30OHAHCHBIC AUHAMHIE-
CKHe HaNpsDKEHHS TP 3HAYUTEIBHBIX YIJIOBBIX CKOPOCTSX BPAIIEHMS B HECKOJIBKO Pa3 MPEBBIMIAIOT Pe30-
HaHCHBIE HANPSDKEHUS «CTaTHYECKOTO YHPYroro Teiay» (KOTOpoe He BPallaeTcsl), YTO MpefonpeeisieT yau-
TBIBAaHUE JUHAMUYECKOTO Kod(dunmenTa 3anaca npodyHocTd. [Ipu Tex sxe GU3HKO-MEXaHMIECKHX ¥ FeOMeT-
PHYECKUX XapaKTePUCTHKAX yHNPYToro Tejla Pe30HAHC NPH OOJBIINX 3HAUCHUAX YIJIOBOIT CKOPOCTH €ro Bpa-
IIEHNUs UMEEeT MECTO JUIsi MEHbIIEeH YaCcTOThI BHEIIHEr0 MePHOAMYECKOr0 BO3MYILICHHSI.

Kniouesvie criosa: maremMaTnyeckast MOJEJIb, aMIUIUTYA, PE30HAHC, TPAHCIIOPTEP.

References

1 Vasilenko, P.M., & Vasilenko, LI. (1985). Mekhanizatsiia i aytomatizatsiia protsessov prihotovleniia i dozirovaniia kormov
[Mechanization and automation of the processes of cooking and dosing of fodders]. Moscow: Agropromizdat [in Russian].

2 Gevko, B.M. (1987). Nauchnye osnovy razrabotki vintovykh transportiruiushchikh mekhanizmov selskokhoziaistvennykh
mashin [Scientific bases of development of screw conveying mechanisms of agricultural machines]. Candidate’s thesis. Rostov-on-
Don [in Russian].

3 Gevko, B.M., & Rogatynsky, R.M. (1989). Vintovye podaiushchie mekhanizmy selskokhoziaistvennykh mashin [Screw feed-
ing mechanisms of agricultural machines]. Lvov: Vysshaia shkola [in Russian].

4 Zaika, P.M. (1958). O vybore parametroy vintovykh transporterov zernovykh kombainov [On the choice of parameters of
screw conveyors of grain combines]. Selkhozmashiny — Farm Machines, 2, 22-24 [in Russian].

5 Rogatinsky, RM., Gevko, [.B., & Dmitrov,. D.V. (2000) Modelirovanie raboty malohabaritnoho lopastno-vintovoho
smesitelia [Modeling of the work of a small-sized lobed-and-screw mixer]. Selskokhoziaistvennye mashiny — Agricultural machines.
Lutsk, 6, 129—135 [in Russian].

6 Rogatinsky, R.M. (1997). Mekhaniko-tekhnolohicheskie osnovy vzaimodeistviia shnekovykh rabochikh orhanov s syrem
selskokhoziaistvennoho proizvodstva [Mechanic-technological bases of interaction of screw working bodies with raw materials of
agricultural production]. Candidate’s abstract. Kiev [in Russian].

7  Zuyev, .M., Sorokin, E.P., & Shpyro, A.V. (1988). Montazh, ekspluatatsiia i remont mashin v zhivotnovodstve [Installation,
operation and repair of machines in animal husbandry]. Moscow: Agropromizdat [in Russian].

8 Alferov, K.V4 & Zenkov R.L. (1975). Bunkernye ustanovki [Bunker installations]. Moscow: Mashinostroenie [in Russian].
9 Zenkov, RL. (1973). Mekhanika nasypnykh hruzov [Mechanics of bulk cargo]. Moscow: Mashinostroenie [in Russian].
10 Zenkov, R.L.(1972). Bunkernye ustroistva [Bunker devices]. Moscow: Mashinostroenie [in Russian].

11 Zenkov, R.L., Tvashkov LI, & Kolobov L.N. (1987). Mashiny nepreryvnoho transporta [Machines of Continuous
Transport]. Moscow: Mashinostroenie [in Russian].

12 Grigoriev; A.M., & Preobrazhenskii, P.A. (1967). Kompleksnaia mekhanizatsiia i avtomatizatsiia pohruzo-razhruzochnykh i
transportnykh rabot v mashinostroenii i priborostroenii [Integrated mechanization and automation of cargo handling and transport
works in mechanical engineering and instrument making]. Kiev: Naukova dumka [in Russian].

13 Grigoriev, A.M. (1972). Vintovye konveiery [Screw Conveyors]. Moscow: Mashinostroenie [in Russian].
14 Grigoriev, A.M., & Preobrazhenskii, P.A. (1967). Hibkie shneki [Flexible screw]. Kiev: Znanie [in Russian].

15 Khailis, G.A. (1992). Osnovy teorii i rascheta selskokhoziaistvennykh mashin [Fundamentals of the theory and calculation of
agricultural machines]. Kiev: USCA Publ. [in Russian].

16 Plavinsky, V.I. (Ed.) (1969). Mashiny nepreryvnoho transporta [Machines of continuous transport]. Moscow:
Mashinostroenie [in Russian].

17 Ostapchuk, N.V. (1974). Optimizatsiia tekhnolohicheskikh protsesov na zemlepererabatyvaiushchikh predpriiatiiakh [Opti-
mization of technological processes in land-processing enterprises]. Moscow: Kolos [in Russian].

18 Ostapchuk, N.V. (1981). Osnovy matematicheskoho modelirovaniia protsessov pishchevykh proizvodstv [Fundamentals of
Mathematical Modeling of Food Processes]. Kiev: Vishcha shkola [in Russian].

80 BecTHuk KaparaHguHckoro yHusepcuTeTa



Resonant oscillation of vertical working part of conveyer-loader

19 Rogatinskaya, A.R. (2006). Obosnovanie parametrov nahruzki i konstruktsii vintovykh konveierov [Justification of the pa-
rameters of the load and structures of screw conveyors]. Candidate’s thesis. Ternopol [in Russian].

20 Khorolsky, .M. (1999). Dinamika tsepnykh sistem i zamknutykh konturov mashin nepreryvnoho transporta [Dynamics of
chain systems and closed circuits of continuous transport machines]. Lvov: Izd. GU «Lvovskaia politekhnika» [in Russian].

21 Babakov, .M. (1965). Teoriia kolebanii [The theory of oscillations]. Moscow: Nauka [in Russian].

22 Goroshko, O.A. (1978). O prodolnykh kolebaniiakh balki s podvizhnym ekipazhem [On the longitudinal oscillations of the
beam with a moving crew]. Prikladnaia mekhanika — Applied Mechanics, 14, 8, 7078 [in Russian].

23 Dotsenko, P.D. (1971). O kolebaniiakh i ustoichivosti pryamolineinoho truboprovoda [On oscillations and stability of recti-
linear pipeline]. Prikladnaia mekhanika — Applied Mechanics, 3, 85-91 [in Russian].

24 Martyntsiv, M.P., & Sokol, M.B. (2003) Odno obobshchenie metoda D'Alambera dlia sistem, kotorye kharakterizuiutsia
prodolnym dvizheniem [One generalization of the D'Alembert method for systems characterized by a longitudinal motion]. Nauchnyi
vestnik — Scientific herald (Iss. 13.4). Lvov: UDLTIU, 64-67 [in Russian].

25 Pavlovsky, M.A., & Putiata, T.V. (1985). Teoreticheskaia mekhanika [Theoretical mechanics]. Kiev: Vishcha shkela [in
Russian].

26 Nikiforov, S.N. (1966). Soprotivienie materialov [Materials Resistance]. Moscow: Vysshaia shkola [in Russian].

27 Mitropolsky, Yu.A., & Moseenkov, B.1. (1976). Asimptoticheskie resheniia uravnenii v chastnykh proizvodnykh [Asymptotic
Solutions of Equations in Private Derivatives]. Kiev: Vishcha shkola [in Russian].

28 Bogolyubov, N.N., & Mitropolsky, Yu.A. (1974). Asimptoticheskie metody v teorii nelineinykh kolebanii [Asymptotic meth-
ods in the theory of nonlinear oscillations]. Moscow: Nauka [in Russian].

29 Lyashuk A.L., et al. (2018). Stend dlia issledovaniia perehruzki sypuchikh materialov s horizontalnoi na vertikalnuiu vetv

[Stand for investigation of overload of bulk materials from horizontal to vertical branch]. Patent Ne 128019, Ukraine. Bulletin No. 16
[in Russian].

Cepusa «dusmka». Ne 2(94)/2019 81





