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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 

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] 
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where Ax – amplitude of horizontal oscillations,  – phase 
difference angle,  – inclination angle of conveying plane 
to the horizon,  – frequency of forced oscillations, Ay  – 
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), 

namely:
21 , )13(
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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]:  

 

KAV x ,   (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  increases. The 
dependence of dimensionless velocity  on dimensionless 

inclination angle parameter
tga , (where  – friction 

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].  

 
 

Fig. 2. Dependence of dimensionless velocity  on inclination 

angle parameter  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 . The 
value of the parameter n is limited by the design of the 

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 m1, which is connected to the intermediate frame 3 
of the mass m3 by means of an elastic system 5 with 
sufficient flexibility only in the vertical direction, and the 
stiffness cy 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 m2 is connected to 
the intermediate frame 3 by means of an elastic system 4 
with sufficient flexibility only in the horizontal direction, 
and stiffness cx 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 fx varies 
according to the harmonic law. The eccentric vibratory 
exciter 7 of vertical oscillations, the force of which fy 
should provide the law of vertical oscillations (Fig. 1, c) 
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 c1 should be much lower than stiffness cx and cy. 
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 cx and cy [10]. 

 
 

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. 

References 
1. Nagachevskyi V. et al. (2019), Mashyny inzhenernoho 

ozbroyennia. Ch. 1. Mashyny dlia vlashtuvannia minno-vybuhovykh 
zahorodzhen, zasoby podolannia minno-vybukhovykh pereshkod  
[Machines of engineering armament. Part 1. Machines for the 
device of mine and explosive barriers, means of overcoming of 
mine and explosive barriers]: Tutorial, National Army Academy, 
Lviv, 412 p. [in Ukrainian]. 

2. Kryvtsun V. et al. (2020), Mashyny inzhenernoho 
ozbroyennia. Ch. 2. Mashyny dlia podolannia ruynuvan ta 
mekhanizatsiyi zemleryinykh robit  [Machines of engineering 
armament. Part 2. Machines for overcoming destruction and 
mechanization of earthworks]: Tutorial, National Army Academy, 
Lviv, 342 p. [in Ukrainian]. 

3. Ivanchenko F. . (1993), Pid’yomno-transportni mashyny  
[Lifting and transport machines]: Tutorial, High School, Kyiv. 
[in Ukrainian] 

4. Lavendel E.E. (editor). (1981), Vibratsyi v tekhnike. T. 4. 
Vibratsionnye protsessy i mashyny  [Vibrations in Technics, 
Vol. 4. Vibration Processes and Machines]: Reference Book, 
Mashynovedeniye, Moscow, 509 p. [in Russian]. 

5. Boothroyd G. (2005), Assembly automation and product 
design: Tutorial, Taylor and Francis Ltd, London. 

6. Okabe  S.,  Kamiya  Y.,  Tsujikado  K.  and  Yokoyama  Y.  
(1985), Vibratory feeding by nonsinusoidal vibration – Optimum 
wave form. Journal of Vibration, Acoustics, Stress and Reliability 
Design, Vol.107, p. 188-195. 

7. Vrublevskyi I. (2014), Optimalnyi za shvdkistyu zakon 
dvokomponentnykh kolyvan vibratsiynykh transportnykh prystroyiv 
z elektromagnitnym pryvodom  [Optimal by Velocity Two-
Component Oscillation Law of Vibratory Conveying Devices 
with the Electromagnetic Drive]. Military Technical Collection. 
Lviv, 2014. Issue No. 1 (10), pp. 13-16. DOI: https://doi.org/-
10.33577/2312-4458.10.2014.13-16 (Accessed 07 February 2022). 
[in Ukrainian]. 

8. Patent of Ukraine (2019), Sposib vibratsiynoho 
transportuvannia  [Method of Vibratory Conveying] Patent 133330 
Ukraine. IPC  B65G27/00; stated 28.11.2018; published 
25.03.2019, Bulletin  6, 2019, 4 p.  

9. Vrublevskyi I. (2015), The Phase Difference between 
Components of Elliptical Oscillations of Vibratory Conveyor 
Providing Maximum Conveying Velocity . Ukrainian Journal 
of Mechanical Engineering and Materials Science. Vol. 1, No 1, 
p. 47-54. 

10. Vrublevskyi I. (2019), Determination of Parameters of 
Two-mass Vibratory Conveyor with High Carrying Capacity . 
Military Technical Collection. Lviv, 2019, No. 21. p. 3-8. DOI: 
10.33577/2312-4458.21.2019.3-8 (Accessed 07 February 2022).  

 
 

 

.   

 
, . , -

, -  
, -

, ,  
.  ( )  

 ( ) . 
 
 

. ,  



16  -   26 / 2022 
 

© . , .  

.  
. 
, 

, .  
, .  

,  
, ,  

, .  
, . 

: ,  

 
 

: 621.396.96:623.54 DOI: https://doi.org/10.33577/2312-4458.26.2022.16-22 
 

. , .  
 

,  
 
Article history: Received 19 April 2022; Revised 25 April 2022; Accepted 2 May 2022 
 

 
 

 
  

,  
 

 10 .  
.  

 
 

. ,  
  106 1010  . 

 
: , , , , , 

, , , . 
 
 

 
 

.  
,  

 
,  

,  
 

-
 [1, 2]. -

, 
, -

, -
-

, -

 [3, 4]. , 
,  

 
,  

,  
,  

 
,  

, - -
 [2-5].  

 
, -

, -
 

, ,  
 [3].  


