12 BilicbkoBO-TeXHIUHMI 30ipHUK 26 /2022

At the same time, the packet delay in the switching node should not exceed the allowable value. Excessive packet delay
results in the loss of relevance of transmitted messages and, consequently, in the loss of intelligence data. The proposed method
of eliminating excessive delay involves the formation of two queues of packets in the switching node. Withdrawal of service
packages from two queues is carried out using a new adaptive procedure.

An adaptive switch has been introduced into the structure of the switching node, designed to withdraw packets from queues
to the packet service system. When selecting a packet queue, the adaptive switch compares the number of service requests from each
queue. The method assumes that the number of service requests from the fast packet flow queue determines the number of packets
that are in the queue. The number of requests that are formed from the queue of slow-flow packets has two components: the number
of real and the number of conditional requests. Actual applications take into account the number of packets in the queue.

Real requests take into account the number of packets in the queue. Conditional requests take into account the delay time,
since for each missed cycle of the packet's withdrawal from the slow flow queue, the adaptive switch generates a conditional request.
Therefore, the number of requests for a slow stream grows even without packets entering the queue. A comparative study of options
for implementing the adaptive procedure has been carried out. The proposed method for eliminating excessive packet delay in the
switching node provides an increase in the efficiency of the functioning of a special-purpose information network as a whole.

Keywords: switching node, information communication system for special purposes, probability of packet loss, adaptive
decommissioning of packets for service.
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PROSPECTS OF APPLICATION OF VIBRATORY DEVICES IN MILITARY
EQUIPMENT

Possibilities of employing vibratory devices as conveying mechanisms in some models of military equipment, in
particular in engineering weapons, are considered. Vibratory conveyors, which are widely used in industry for
moving products over short distances, are mainly devices with one-component rectilinear oscillations, in which at
the high conveying velocity the modes of movement with hopping are implemented, that is unacceptable for
conveying many military facilities, including weapons and explosive objects. Vibratory conveying in non-hopping
modes (without tossing) at high speed is possible when using independent (two-component) horizontal and vertical
oscillations of the working body of the vibratory conveyor. Based on the analysis of the influence of oscillation
parameters on the velocity and stability of vibratory movement of objects in non-hopping modes, a conclusion is
made about the feasibility of using horizontal harmonic oscillations in near-resonant mode and vertical oscillations
with piecewise constant acceleration. The equations describing the optimal law of vertical oscillations, which
consists of two segments of parabolas during the period of oscillations, are derived. A constructive scheme of the
vibratory conveyor based on a three-mass oscillating system with an unbalanced vibratory drive of horizontal
oscillations and eccentric vibratory drive of vertical oscillations is proposed. The working body of the vibratory
conveyor is connected to the intermediate frame by an elastic system of vertical oscillations, the stiffness of which is
adjusted to a mode far from resonance. The reactive frame is connected to the intermediate frame by an elastic
system of horizontal oscillations, the stiffness of which provides near-resonant mode. The presented vibratory
conveyor significantly enhances the conveying velocity in non-hopping modes, which are required for conveying
explosive objects, as well as increases the lifting angles and reduces the vibration transmitted to the environment,
which will facilitate its use in military machines. It also outlines a number of issues that need to be addressed in the
design and implementation of such devices in military equipment.

Keywords: vibratory conveyor, independent horizontal and vertical oscillations

Statement of problem

Military engineering equipment often uses mechanisms
for conveying the samples of weapons and other military
loads over relatively short distances. They include, in
particular, the mechanism for moving mines in the tracked
barrier, means of cargo transportation in mechanized
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warehouses, etc. [1,2]. As conveying devices, they often
use belt or chain conveyors, which are equipped with an
electric motor. They are quite bulky and energy-intensive,
require quite high maintenance and repair costs.
Vibratory conveyors widely used in industrial
enterprises [3,4] are devoid of such shortcomings. However,
available mass-produced conveyors are rarely suitable for
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exploitation in military equipment, especially for the
transportation of explosive cargo. Since a large horizontal
amplitude of oscillations of the conveyor’s working body
is required to achieve high conveying velocity, in such
devices its increase leads to the vertical component of the
amplitude increase, which leads to moving modes with
hopping, that is often unacceptable for conveying military
cargo. For their conveying it is advisable to use vibratory
conveyors with independent drives of horizontal and
vertical oscillations of the working body. They allow one
to obtain high conveying velocity with a low amplitude of
vertical oscillations, which provides a non-hopping mode
of transported objects. It also significantly reduces the
transfer of the conveyor’s vibration to the components of
the machine on which it is installed. Therefore, the
development of the design of vibratory conveying devices,
suitable for transporting explosive and other military
cargos at high velocity is greatly demanded.

Analysis of recent research and publications

The process of vibratory conveying and devices,
which perform it, is considered in many scientific papers.
In particular, theoretically and practically proved that the
use of independent horizontal and vertical oscillations of
the conveying surface, for example, elliptical oscillations,
at certain ratios, can significantly increase conveying
velocity, especially in non-hopping modes of movement
[4-6]. The author's works, devoted to the study of vibratory
conveying devices with independent horizontal and vertical
oscillations of the working body, show the reasonability
of using the vertical oscillations with piecewise constant
acceleration (linear piecewise velocity) [7,8]. However,
when developing the design of conveying devices that
implement such oscillations, there are multiple problems
to be solved.

The purpose of article

The purpose of the article is to substantiate the new
design of the vibratory conveying device with independent
drives of horizontal and vertical oscillations, which provide
a high velocity in non-hopping modes and large angles of
lifting loads. The design of the vibratory conveyor should
provide the ability to move explosive cargos with high
productivity.

The main material presentation

Consider the process of vibratory conveying with
independent harmonic horizontal oscillations (coordinate X)
and vertical oscillations (coordinate y) with piecewise constant
acceleration (Fig. 1, a), the law of their variation is
described as follows [7]

x=A-sin(t+¢), 1)
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where A, — amplitude of horizontal oscillations, € — phase
difference angle, o — inclination angle of conveying plane
to the horizon, w — frequency of forced oscillations, A, —
amplitude of vertical oscillations, g - gravitational
acceleration, t — time, n — parameter of vertical oscillations
asymmetry, i.e. the ratio of the acceleration amplitudes
when moving up to that moving down. Condition for
ensuring the non-hopping mode of the vibratory conveying
& <1, and the maximum velocity is reached at & = 1. By
integrating equations (2) twice, we obtain the equations
for the variation of oscillation velocity (Fig. 1, b) and
displacement (Fig. 1, c) in the vertical direction in a form
of two segments of parabolas during the period of
oscillations:
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Fig. 1. Graphs of vertical oscillations
(a) acceleration, (b) velocity, (c) displacement
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The values of the integration constants are determined
from the condition of continuity of the function y(t),

2 2
namely: ¢; :%, C, = —%(’Em +1), C3 =%%

The optimal value of the phase difference angle ¢
depends on several dimensionless parameters [9]. In high-
speed vibratory conveying, when the amplitude of horizontal
oscillations is much larger than that of vertical oscillations,
the optimal values of ¢ are in the range of 80°-90°.

The velocity of vibratory conveying v can be found

by the formula [4]:
V=AowK , 2

where K — dimensionless coefficient of velocity, which
depends on several dimensionless parameters, and first of
all on the law of conveying surface oscillations. Obviously,
the velocity decreases when angle o increases. The
dependence of dimensionless velocity K on dimensionless

inclination angle parameter a = tg—a, (where p — friction
i

coefficient of conveying loads) for the law of oscillations,

described by equations (1)-(2), for different values of

parameter n from 1 to 9, is shown in Fig. 2 [7].
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Fig. 2. Dependence of dimensionless velocity K on inclination
angle parameter a for different values of N

The larger is the value of n, i.e. the higher the
asymmetry of the vertical oscillations, the higher velocity
can be obtained. For comparison, in Fig. 2 the dashed line
shows the corresponding dependence with the harmonic
law of vertical oscillations. Therefore, the advantages of
vertical oscillations with piecewise constant acceleration
are obvious, especially at large angles of elevation a. The
value of the parameter n is limited by the design of the
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elastic system of normal oscillations, the springs of which
must be ensured for strength at maximum acceleration.
Fig. 3 shows the design scheme of a vibratory conveyor
with independent drives of horizontal and vertical
oscillations, which are implemented according to the law
(1), (3). Conveyor consists of a working body 1 of the
mass my, which is connected to the intermediate frame 3
of the mass ms; by means of an elastic system 5 with
sufficient flexibility only in the vertical direction, and the
stiffness ¢, of which is adjusted such that the natural
oscillation frequency is 40-60% higher than the forced
frequency. The reactive frame 2 of the mass m, is connected to
the intermediate frame 3 by means of an elastic system 4
with sufficient flexibility only in the horizontal direction,
and stiffness ¢, of which provides near-resonant mode
(natural frequency should be 5-6% higher than a forced
frequency). Between the reactive frame 2 and intermediate
frame 3, the unbalanced vibratory exciter 6 of horizontal
oscillations is located, the applied force of which f, varies
according to the harmonic law. The eccentric vibratory
exciter 7 of vertical oscillations, the force of which f,
should provide the law of vertical oscillations (Fig. 1, ¢)
with a piecewise constant acceleration described by
equations (3), is located between the working body 1 and
frame 3. The accuracy of this law is achieved by appropriate
calculation and manufacture of the cam of the eccentric
drive. Frames 2 and 3 are installed at the destination by
means of vibration isolators 8, which minimize the
transmission of vibration to the environment or elements
of military devices on which the conveyor is mounted.
Stiffness ¢, should be much lower than stiffness ¢, and c,.
For the elastic systems 4 and 5, it is advisable to use the
leaf springs with rectangular cross-sections. The natural
frequencies of horizontal and vertical oscillations are provided
by the corresponding calculation of stiffness c, and c, [10].

2
\fy
. l

m

2 1
m, == 3

T <3¢
fX \5 _I O__£X
Cx] m; 7
//7\/‘-

<43 2

Fig. 3. Design scheme of the vibratory conveyor with
independent horizontal and vertical oscillations of the
working body
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The considered vibratory conveyor will provide optimal
horizontal and vertical oscillations of the working body,
which will significantly increase its productivity, as well
as the angles of lifting loads comparable to available
designs of commercially produced vibratory conveyors.
However, its implementation in engineering weapons will
require a number of issues and implies practical challenges.
First, one has to ensure the same frequency of forced
oscillations when using essentially different types of
vibratory drives to implement the optimal laws of oscillation
of the working body. When using such a vibratory conveyor,
for example, in a mine tracked barrier, it is necessary to
provide the synchronization of the speed of mines
movement with the speed of the barrier itself, i.e. the
amplitude of horizontal oscillations should vary according
to the variation of the machine speed. The rotational
motion of unbalanced 6 and eccentric 7 drivers must be
applied at the same angular velocity. It is also necessary
to provide the variability of the natural frequency by
adjusting the stiffness of the elastic system of the conveyor.

Conclusions

The process of vibratory conveying with independent
harmonic horizontal oscillations and vertical oscillations
with piecewise constant acceleration and maximum
asymmetry has been studied. Equations describing the
parameters of the law of vertical oscillations, in the form
of two segments of parabolas during the period of
oscillation, that provide the maximum conveying velocity
in non-hopping modes of movement, are derived. The
design scheme of a three-mass vibratory conveyor with
the independent unbalanced drive of the harmonic horizontal
oscillations and eccentric drive of vertical oscillations,
varying according to the optimal law with piecewise constant
acceleration, has been developed. This allows for increasing
the conveying velocity and lifting angles.

We expect that after further optimization the proposed
vibratory conveyor can be implemented in mechanisms
for transportation of machine parts, weapons, or explosive
materials in military depots as well as in engineering
equipment.
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HEPCHEKTHABHU 3ACTOCYBAHHSA BIBPAIIMHAX TPAHCIIOPTHUX IIPUCTPOIB YV BIMCHKOBI TEXHIII

L. Bpy6ieBchKuii

Pozenanymo mooiciusocmi guxopucmanms @i6payitinux npucmpois y sKOCMI MpAaHCNOPMHUX MeXAHI3MI8 OesKUx 63ipyie
BILICLKOBOT MEXHIKU, 30KpeMa Y MAWUHAX THIICEHEPHO20 030pocHHs. Bibpayitini mpancnopmmui Konseepu, siKi WUPOKO GUKOPUCHOB)-
10MbCsL Y NPOMUCIOB0OCTE Ol NepeMilyeHHsl GAHMADICI8 HA HeeUKi 8I0CMAHI, - ye Nepesa’icHo NPUCmpoi 3 0OHOKOMROHEHMHUMU
NPAMONIHIIHUMY KOTUBAHHAMU, 6 SKUX NPU 6CTUKIll WEUOKOCHI MPAHCHOPMYBAHHS PEani3yIombCs PelcuMu nepemiujents 3 nio-
KUOYBAHHAM, WO HENpUnycCmumo npu mpaHcnopmyeanHi 6a2amvox ilicbkosux 06’ckmis, 30kpema 30poi ma eubyxonebesneuHux
eanmaoicie. Bibpayitine mpancnopmysanns y 6e36i0puenux pexcumax (0e3 nioKuoOysaHHs) 3 6eauKol0 WEUOKICIIO MONCIUEE Npu
suKopucmanti Heanexchux (OBOKOMNOHEHMHUX) 20PUZOHMATLHUX MA 6EPMUKATLHUX KOIUBAHL PODOY02O OpeaHy 8iOpompancnopmepa.
Ha ocnosi ananizy éniugy napamempie KOIUBAHb HA WEUOKICMb [ CAOUIbHICMb GIOPAYIIHO20 NEPeMIUeHHs 6AHMAICIE Y Oe36I0PUBHUX
pedrcumax 3pooneno UCHOBOK NPO OOYINbHICMb GUKOPUCAHHS 20PUSOHMATLHUX KOTUSAHb 30 2APMOHIYHUM 3AKOHOM Y OiNAPe30HAHCHOMY
pedicuMi ma 6epMUKAIbHUX KOMUBAHL 3 KYCKOBO-CIAIUM NPULUBUOWEHHAM. BugeoeHo pigHAHHA, SKi ONUCYIONb ONMUMAIbHI napamempu
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MaKozo 3aKoHy. 3anponoHO8AHO KOHCHPYKMUGHY CXeMY 6i0payilino20 mpanchopmepa Ha OCHOGI MPUMACO80i KOIUBHOIL cucmemu 3
0ebanancHum 8iopayitiHum nNPUBOOOM 2OPU3OHMANLHUX KOIUBAHb MA eKCYESHMPUKOBUM BIOPONPUBOOOM GEPMUKANLHUX KOIUBAHD.
Pobouuii opean sibpompancnopmepa 3’ €OHYEMbCA 3 NPOMIJICHUM KAPKACOM NPYICHOI CUCMEMON BEPMUKAIHUX KOTUBAHD,
JHCOPCKICIb AKOT HANAWMOBAHA HA PEXCUM, 8i00aNeHuUll 610 pe3oHaHCy. Peakmugnuil Kaprac 3 €OHyEmMbCs 3 NPOMINCHUM KAPKACOM
NPYIACHOI CUCIEMOI) 20PU3OHMANILHUX KONUBAHb, JHCOPCMKICMb SKOI 3a6e3neyye OiispesoHancHull pexcum. IIpedcmagnerut
8ibpayitinuil mpancnopmep 003601UMb CYMIMEGO NIOBUWUMU WUBUOKICTNE MPAHCNOPMYBAHHS ) 6€38I0PUBHUX PEXHCUMAX, HEOOXIOHUX
013 nepemiujeHHs 6uUOYXOHeOe3NeuHUX 8aHMANCI6, A MAKOXHC 30inbuumu Kymu niotomy 6aHmasicie ma smeHwumuy 6iopayiio, axa
nepedaemsbcs y HABKOMUWHE cepedosunye, Wo Cnpusamume 1o2o SUKOPUCMAHHIO Y 8ilicbKosil mexHiyi. OKpecieHo maxoxtc psao
npobiem, ki NOMPIOHO po36’s13amu npu KOHCMPYIOBAHHI MA 6NPOBAOINICEHHI MAKUX MPAHCHOPIMHUX 3AC00I8 Y GIUCLKOBIL MEXHIYI.

Knrouosi cnosa: sidopayiiinuii mpancnopmep, He3aaeicHi 20pU30HMANbHI Ma 6ePMUKANbHI KOTUBAHHSL
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PO3IIUPEHHSA IHTEPBAJIY OJJHO3HAYHOCTI BUTHOBJIEHHS IOYATKOBOI
®A3U CUTHAJTY TPUKAHAJIBHOI JIBOYACTOTHOI KOTEPEHTHOI PJIC

Possunymi meopemuuni ma npaxmuymi nonodcenHs 3abesnederHs 00HOSHAYHOCI GUSHAUEHHS NOYAMKOB0I (asu
PaodionoKayitiHo2o CUSHATY, AKI HA GIOMIHY 6i0 8I00MUX 00360JIA0Mb POSUWUPUMU THMEPBAL OOHO3HAYHOCMI NOBHOI hasu
bazamoxananvroi i bacamouacmomuoi kocepenmuoi PJIC 0o Oecamkie mempie npu padionokayiiHomy 30HOY8aHHI 8
canmumempogomy Oianazoni 3 uacmomamu nopsoxy 10 I'Ty. Ompumana mamemamuuna mooeins opmyeanist pisnuyi (az
30 pi3HUMU YACMOMAMU NepeoasalbHUX KaHanie mMpUuKaHaibHoi oeoyacmomuoi cmanyii. Pospobneni ananimuyni
3aNeHCHOCI  POPAXYHKY NPeYU3iiHUX 3HAHYeHb KOOPOUHAM MObOMY CHApAda 3a Oamumu pisHuyi ¢as 3a pisHumu
yacmomamu NepedasalbHUX KAHAIE MPUKAHATLHOI 080HACMOMHOL cmaHyii ma npogedeni 00CHiONCeHHsT MOYHOCHI iX
pospaxyuxy. Tlokasano, wjo nomenyivina moyHicms po3paxyHKy KOOPOUHAM NObOMY CHAPAOA 3d PISHUMU 3HAYEHHAMU

WBUOKOCII NOTLONMY MA KYMA KUOAHHSL CHAPSAOA 3HAXOOUMbCS 8 MENCAX 1076 +10710) M

Kniouosi cnosa:. cuapsio, padionokayivinuil cueHa, paodiolokayiiHa cmanyist, nosHa asa, Keaopamypi ckiaoosl,
yacmoma, KOOpPOUHAMU NOJILOMY CHAPAOA, AHMEHA, MOOETIOBAHHS.

Tukamu [3, 4]. BusHaueHHs1 mapamMeTpiB MOMbOTY CHapsija,

Beryn

a caM¢€ KOOpAuHaT 1 IHBI/I,HKOCTi MOJIbOTY CHapsiaa, p03p061<a

ITocTtanoBKa npod/ieMHu B 3aralbHOMY BHIVISIAL T
aHaJIi3 jJiteparypu. [lepcrieKTHBHIM HaNPSMOM BH3HAYCHHS
CKJIaJIOBUX CHIIM OTOpPY TIOBITPS € TiJXiJl, 3aCHOBaHHU Ha
BiTHOBIICHHI X aepOJMHAMIYHIX KOe(]iIlieHTiB Ha OCHOBI
EKCIEePUMEHTATFHIX NaHUX OalTiCTHYHHUX CTPUIBO, SKHUiA
TOJISITa€ B TOMY, IO 3HAYEHHSA KOe(]Ili€HTIB BU3HAYAETHCS
Ha OCHOBI HAOIIMIKEHOT0 Ta/ab0 TOYHOTrO PIllICHHS PIBHIHB
MIPOCTOPOBOIO PYXY CHapsiia 3a pe3yJibTaTaMH BHMIPIO-
BaHHsI MapameTpiB moiboty cHapsiga [1, 2]. Ilpu mpose-
JIeHHI OaJliCTHYHUX CTPLIEO 3aCTOCOBYIOTH SIK YHIBEpCaJIbHI,
Tak 1 coemiajbHi METOAW BUMIPIOBAHb, SKI BHKOPHCTO-
BYIOTh O0JIaTHaHHS, CIICIIATEHO PO3POOJICHE IS BUMIPIO-
BaHHS TapaMeTpiB MOJbOTY CHApsija i3 3aJaHUMHU TEXHId-
HHMH, METPOJIOTIYHAMH Ta €KCIUTyaTallifHIMK XapaKTepuc-
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METOJIIB MPUBEICHHS MBUAKOCTI 0 AYJABHOTO 3pi3y CTBONA
rapMaTé Ta METOMIB ii HOpMai3allii, sSBJsIe cOOOK0 JTOBOIMI
BiZIOMY 3aJady 30BHIIIHBOI OaNliCTHUKH, SKIi MPHUCBSYICHA
3HAYHA KIJIBKICTh MIAXOMIB, MOYMHAIOYM BII KJIACHYHOI'O
METOTy BUMIPIOBAaHHS 4acy MPOXOPKEHHS CHAPSIOM JTUTSTHKH
Tpacl BU3HAYEHOI JOBKHWHH [0 Cy4aCHHX METOMIB, SIKi
0a3yIOThCSI HA PEHTTEHOMETPHYHMX, Paflio- 1 Jla3eporoKarliii-
HUX Merozax [2-5]. BomHowac mpoBiTHUMH HAYKOBIUIMH
Oamictrynoi pociignoi nadopartopii CHIA onpwtonHeHi
TOYHOCTI NMOKA3HHKH, sIKi JOCSITHYTI MPH BU3HAYEHHI aepo-
JMUHAMIYHUX KOC(DIIIEHTIB, SKi HE TIOBHOKO MIpOO BiIIOBI-
JAIOTh BUMOTaM JO0 TOYHOCTI PO3PaxXyHKy TPAEKTOPIii
MONTBOTY CHapsaa i, BIAMOBIJHO, TOYHOCTI CKJIaJaHHSI
Tabmuie ctpinbou [3].



