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APPLICATION OF THE EMBEDDED MECHANICAL SYSTEMS FOR ENSURING

THE PRESERVATION OF MILITARY EQUIPMENT
PRODUCTS UNDER DYNAMIC IMPACTS

In the process of providing combat operations, the designs of military equipment products are subject to significant effects
of both regular and non-regular dynamic loads, which can lead to their mechanical destruction. Among the dynamic loads
acting on military hardware products, it is possible to identify short-term, caused by explosive and shock effects, and long-
term vibrational loads that arise during transportation. As a result, there is the problem of ensuring the conservation of
mechanical products of military equipment under dynamic impacts during the preparation and conduct of combat
operations. The impact of a shock wave on military hardware products has a complex dynamic nature, depending on the
wave parameters and the features of the object under consideration. Various results of this impact are possible, such as
product destruction, turnover, change in the nature of motion, and others. The conservability of products with respect to the
air shock wave is established experimentally. In addition to explosive loads, shock loads affect military equipment. In
accordance with this, consider the local and general action of the thrust. Local action is characterized by the occurrence of
local deformations and structural damage. The general action is accompanied by significant general deformations and
destruction of the entire construction. The effect of prolonged vibration loads on military hardware products is mainly
related to transportation processes. With prolonged cyclic loading, the destruction of the material of the structural elements
can occur also at a stress amplitude less than the elastic limit. The article gives a definition of embedded mechanical
systems and formulates their basic properties, which allow us to propose a hypothesis that in order to ensure the mechanical
storage of products subject to dynamic influences, it is necessary to use embedded mechanical systems. Based on the
nesting principle of mechanical systems, a method for increasing the retentivity of military equipment was proposed. The
use of nested mechanical systems makes it possible to ensure the mechanical retention of military equipment by reducing
the total energy supplied to the allowable value for the product to be stored.

Keywords: a mechanical system, an elasticity, a plasticity, a deformation, a dynamic loading, mechanical storage of
products, means of destruction, products of military equipment, a shock wave impact, embedded mechanical systems, an

aggregate state, a physical state, nesting principle of mechanical systems.

Formulation of the problem

Despite the intensive development of modern
methods of conducting armed struggle and developing
weapons on new physical principles, advanced
conventional weapons are in service with modern
armies. Therefore, the actual tasks remain to develop
modern means of ensuring the retention of military
equipment products damaged by dynamic loads.

Among the dynamic loads acting on military
hardware products, it is possible to single out short-
term, caused by explosive and shock effects, and long-
term vibration loads that arise during the transportation
of military equipment.

Explosive loads are caused by the action of a
shock wave. The study of the interaction of the shock
wave with military hardware products was started with
the advent of explosives and is aimed at determining the
distance from the center of the explosion to the product
on which the product is not damaged. As a result of the
studies, dependencies were obtained to determine the
stress-strain state of military equipment products (MEP)
[1, 2]. The impact of the shock wave on MEP is of a
complex dynamic nature, depending on the wave
parameters and the features of the object. Various
results of this impact are possible: product destruction,
turnover, change in the nature of motion, etc. The
retention of products with respect to the air shock wave
is established experimentally. According to the data of
work [2], the resistance of land vehicles is 0.025 - 0.035
mPa.

In addition to explosive loads, on the MEP is
operated shock loads. The main differences between
shock impacts and explosive:

- interaction of the
construction;

- limited load area of application;

- short exposure time;

- peculiar wave
construction [3].

In accordance with this, it is consider the local and

impact body with the

processes arising in the

general impact of the thrust. Local action is
characterized by the occurrence of local deformations
and structural damage. The general action is

accompanied by significant general deformations and
destruction of the entire construction. The main
difference between the destruction of structural
elements under static and dynamic influences is that
under static loading the destruction of structural
elements is characterized by some average voltage
across the section. Under dynamic loading, the
destruction of the structural element is determined by
the local value of the voltage, which can greatly exceed
the average value of the exertions [4]. As noted in [3],
in view of the great complexity of taking into account
the phenomena accompanying the action of impact
loads and associated mainly with the spreading of
waves, now, empirical dependencies are used mainly to
determine the possibility of conservation of objects
under shock effects.

The effect of long vibrational loads on MEP are
mainly related to the transportation processes. With a
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prolonged vibration loading of the elements of MEP,
formation and accumulation of structural deformations
is possible. If under this loading the amplitude of the
stresses exceeds the elastic limit of the material of the
structure, then this accumulation, according to the data
of work [4], becomes intensive. As a result, with a
relatively small number of cycles, material can be
destroyed at exertions less than the tensile strength.
With prolonged cyclic loading, such destruction of the
material of the structural elements can occur also at a
voltage amplitude less than the elastic limit. In the
interval between the limits of elasticity and strength, the
level of stress oscillations exerts a great influence on the
mechanism of structural destruction. At an exertion
level close to the ultimate strength of the material, the
destruction of the structure occurs practically either
during the first cycle or (due to hardening of the
material) after several cycles [4].

According to the data of works [3, 4], when
transporting MEP by motor vehicles, the peak values of
transverse overloads in such modes can reach relatively
large values. Therefore, in the presence of tearing off
the wheels from the roadway and the subsequent
impact, they can reach values of 3-4, with the maximum
allowable amount of overload for many products, for
example, missile technology - 2. The destruction of
structures encountered in practice is due to a number of
reasons. Among these reasons [5]:

- insufficient accuracy of design methods;

- not taking into account the actual regime and the
level of loads acting on the structural elements;

- imperfection of materials and technological
processes leading to the production of structural
elements to the deviation of material properties from
calculated and the appearance of defects;

- deviation from the standard operating conditions,
expressed in excess of the design loads;

- untimely and poor quality of maintenance and
repair;

- the ungroundedness of the criteria of destruction
and safety reserves.

Important information to eliminate the causes of
structural damage is their analysis. The analysis of
destructions allows revealing the causes of destruction
of specific products of machinery, to exclude them in
the future and to develop appropriate scientific research
to study the physical processes that take place, and on
this basis, to increase the level of structural stability.

In the literature, many cases are known where the
destruction that took place stimulated the development
of new scientific directions. For example, the
destruction of ship hulls stimulated the development of
fracture mechanics, the destruction of structures under
conditions of oscillations led to the development of the
theory of self-oscillations, fatigue destruction of aircraft
- to the development of studies of low cycle fatigue, etc.
Studies of the processes of particular relevance are
destruction of high-pressure vessels (including the case
of nuclear reactors) and pipelines operating at high
pressures. Analysis of the causes of possible destruction
of high-pressure vessels, which are the accumulator of
mechanical energy, was carried out in work [6].

In the general case, structural failure occurs when
excessive mechanical energy is applied to it. Therefore,
the solution of the problem of ensuring the mechanical
stability of structures is associated with solving the
problems of developing structures designed for
accumulating mechanical energy.

Analysis of the destruction of structures designed
to store mechanical energy has made it possible to
single out one of the common properties inherent in
various mechanical systems designed to store
mechanical energy (gas-water-fuel pipes, tanks, gas
cylinders, etc.). This property is called the embedding
properties of mechanical systems.

Thus, in the process of providing combat
operations, the design of MEP are exposed to
significant dynamic loads (both normal and not regular)
that can lead to their mechanical destruction. In
connection with this, the problem of ensuring the
mechanical retention of military equipment products
with dynamic influences in the process of preparation
and conduct of combat operations becomes a number of
top priorities. The theory of dynamic interaction of
structural elements requires its further development, and
the problem of ensuring the retentivity of MEP under
dynamic loading is its solution.

The scientific basis for research into the process
of ensuring the mechanical retention of military
equipment products under dynamic impacts is: the
theory of elasticity, plasticity and strength of materials,
the theoretical basis for maintaining the retention of
military equipment while conducting combat operations,
the theory of sample reliability, mathematical modeling,
mathematical planning of experiments [6].

The purpose of the article is to investigate the
possibility of using nested mechanical systems to ensure
the persistence of MEP under the action of dynamic
loads.

The main material

By embedded mechanical systems (EMS), we
mean mechanical systems, some of which are located
inside others. Although this criterion is absent in the
generally accepted classification of mechanical systems,
EMS are widely used in the national economy and
military equipment. The main feature of the EMS is the
possibility of forming a system of substances that are in
a different aggregate state (there are EMS type "Solid
body-Gas", "Solid-Liquid", and  “Solid-solid").
However, solid bodies play a special role in the
technique. As is known, they have the ability to
maintain (with constant temperature and load) its shape
and dimensions. In the vast majority of technical
products, the executive organs of machines and
mechanisms are solid bodies [5, 6]. Even in cases where
the actuating element is liquid or gas, they receive
directed motion only because of interaction with a
certain system of solids. The combination in a single
mechanical system of substances in a different
aggregate state, the external of which is in a solid state,
leads to the appearance of certain properties in the
system. The main properties of EMS can be formulated
as follows:
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1. Closures (nested mechanical systems can consist
of substances in different aggregate states, however, the
outer body must be in a solid state).

2. Accumulation (nested mechanical systems can
accumulate mechanical energy).

3. Dependence (the amount of stored
(accumulated) mechanical energy in embedded
mechanical systems is determined by the mechanical
properties of the external body).

4. Direction (embedded mechanical systems allow
the transfer of stored) mechanical energy in a given
direction.

The formulated properties of the EMS allow us to
propose a hypothesis that in order to ensure the
mechanical retention of products subject to dynamic
influences, it is necessary to use the EMS.

On the basis of this hypothesis, it is possible to
formulate the principle of nesting of mechanical
systems: the required distribution of the total energy
brought to the mechanical system to the allowable for
individual elements of the system can be achieved by
placing some elements of the mechanical system inside
others. In a mathematical formulation, the formulated
principle can be written in the form:

n
Es = Eyg + ) E; (1)

i=1

where Es — total energy, transferred to the object;
E

wda — energy, which can be perceived by the stored
object; E; — types of energy conversion in embedded
mechanical systems.

The total energy of the system is determined,
according to the law of conservation of energy for a

system of interacting particles [9]:
Es =T+U, + U, (2)

where T — kinetic energy of the system; U ,, — particle
interaction energy; U,, — potential energy of external
conservative forces.

Allowable energy E,.. characterizes the energy
that can be perceived by the object. In this case, the
object should not lose its ability to function normally
during the entire period of operation. The property of an
object to withstand a certain load can be quantified, in
general, by a vector function of the bearing capacity
adequate to the corresponding vector function of
external loading.

The principle of nesting of mechanical systems
makes it possible to increase the operability of
structures in those cases when the strength of the
material limits the further increase in the operability of
structures. This principle is more general in relation to
known principles [6, 10]:

— the principle of the use of composite rods;

— the principle of fastening of structures;

— the principle of auto-fretting;

— the principle of combining vessels.

At present, the theoretical development of each of
the listed principles can be considered complete. From
the point of view of the principle of nesting of

mechanical systems, all listed types of structures should
be considered as constructions subject to a uniform
calculation technique and to unified design principles.
In this case, the task is not limited to the methodical
method of combining individual theories into a single
whole. It is possible that when revising these theories
from the point of view of a single principle, changes in
design and design provisions are possible. In addition,
the application of the principle of nesting mechanical
systems when considering the structure as a whole will
make it possible to simplify the solution of the question
of the strength of the structure.

The following provisions can concretize the
content of the nesting principle of mechanical systems.

1. Geometric scheme. The principle of nesting of
mechanical systems can be depicted as a geometric
scheme in which the elements of the EMS can be
divided among themselves or in contact (partially or
completely).

2. The physical scheme. The materials of the EMS
elements, as well as the material of the substance filling
the elements, can be of different density and different
physical state: solid, liquid, gaseous, with the exception
of the outer element, which is in a solid state.

3. The physical scheme. The materials of the EMS
elements, as well as the material of the substance filling
the elements, can be of different density and different
physical state: solid, liquid, gaseous, with the exception
of the outer element, which is in a solid state.

4. Material state diagram. The material of the
elements of the EMS can combine any state that
preserves or changes the external form in accordance
with the specified conditions.

5. Loading scheme. Elements of the EMS can be
presented to those subject to various force impacts and
various deformations.

To improve the efficiency of structures under the
action of dynamic loads, it is possible, using the nesting
principle of mechanical systems and, based on it, the
method of constructive solution of the issues of ensuring
the mechanical retention of the MEP in cases where the
strength of the construction material limits the increase in
external loads. In this case, two important tasks are solved:

1) with a material of the highest strength, to take
even greater efforts than can be tolerated for the usual
type of structures;

2) when perceiving known (limited) efforts, use
less durable material.

These problems will be considered a single cycle
of problems, the solution of which is methodologically
subject to a single method.

The essence of this method, called the method of
directional compliance, and its target orientation can be
characterized as an increase in the mechanical retention
of MEP under the action of dynamic loads by applying
the design of the nesting principle of mechanical
systems. Let us consider a general method for solving
problems of ensuring the mechanical retention of
military equipment products under the action of special
dynamic loads. Figure 1 shows a diagram of the MEP
designed to perceive a concentrated or distributed
dynamic load.
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Fig. 1. Scheme of the embedded mechanical system

The total energy transferred to the embedded
mechanical system under dynamic action is recorded in
the form (1). The damping (transformation) of the
energy of dynamic impact can occur due to the
following components: E; — energy of elastic
deformation of elements of the EMS; E, — the energy of
destruction of some elements destined for destruction
(without taking into account the energy of elastic
deformation); F3; — energy of elastic deformation of
bonds included in the elements of the EMS; E4 — energy
of elastic bonds between elements of the EMS; Es — the
energy of breaking bonds between elements of the
EMS; E¢ — dissipation energy in the relationships
between the elements of the EMS; E; — the energy of
plastic deformations of elements of the EMS; Eg — the
energy of plastic deformation of bonds between
elements of the EMS.

If we take:

—number of elements of the EMS - d;;

—number of elements destined for destruction - d,;

—the number of elastic bonds included in each
element - ds;

—the number of -elastic bonds
elements - d;

—number of links between elements destined for
destruction - ds;

—the number of dissipative bonds between two
elements - dg;

—the number of plastic bonds included in each
element - d;;

between two

—the number of plastic bonds between two
elements - ds,
then the condition of ensuring the retention of the
product (Ecurent< Eadditional.), 1S determined from equation:

Z?:] El = d]E]+d2E2 + d]d3E3 + d4 (d] —1)E4 +
+dsEs +dg(dy —1)Eg + dyd, E7 + dg(d) —1)Eg.

(€)

Expression (3) has a constructive form, indicating
a variety of design options for structures operating
under the action of dynamic loads. In this way,

By =Eqqa. +
+d\ By +dyEy +d\d3Ey +dy (dy —1) Eg+  (4)
+dsEs +dg (d; —1) Eg + d7d  E7 +dg (d) —1) Eg.
Introducing the generalized safety factor m, the
energy, perceived by the protected object is determined
using expression:
Ey = Bl x
diE| +dyEy +did3Es +dsEs +
x| By — | +dy(dy—1)E4+dg (d) —1) Eg +
+dyd E7 +dg (dy 1) Eg

)

The generalized technique of ensuring the
mechanical retention of military equipment products
under dynamic influences is based on determining the
total energy supplied to the object, comparing it with the
allowable energy and developing ways to reduce the
energy supplied to the product.

Practical application of the proposed method of
directional compliance to ensure the mechanical
retention of the MEP under the action of small arms and
to ensure a non-parachute discharge of goods in the
works is considered [11, 12].

Conclusions

The use of nested mechanical systems makes it
possible to ensure the mechanical retention of military
equipment by reducing the total energy supplied to the
allowable value for the product to be stored.
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3acTocyBaHHs BKJIaJICHHX MEXaHIYHUX CHCTeM /IS 3a0e3nedeHHs 30epiranns BUPoOiB BiliCbKOBOI TeXHIKH
NpH JHHAMIYHHUX BILNIMBAX

A. B. Kosryn, B. O. Tadyrnenko, C. M. MenbHiKOB

B nporeci 3a0e3neueHHst 00H0BHX [1il, KOHCTPYKIii BUPOOIB BiliCEKOBOT TEXHIKH ITiUTAFOTHCS 3HAYHIM [IisIM SIK IITATHUX TaK 1
HE [ITaTHUX IMHAMIYHUX HaBaHTa)XEHb, SIKi MOKYTh PHBECTH JI0 X MeXaHIUYHOro pyiHyBaHHsA. Cepen AMHaMIiYHIX HABAHTA)KCHB,
IO JiIOTh Ha BUPOOM BiHCHKOBOI TEXHIKH, MOXXHA BHIUIMTH KOPOTKOYACHI, TaKi, 110 BUKJIMKAIOTbCS BHOYXOBUMH 1 YJapHUMHU
IisiMH, 1 TpHBaii BiOpamiifHI HaBaHTa)KeHHs, 10 BUHUKAIOTH B IPOILECI TPAHCIIOPTYBaHHs. Y 3BI3Ky 3 IMM iCHye ImpoOiiema
3a0e3neueHHss MeXaHiYHOI 30epeKeHOCTI BUPOOIB BIMCHKOBOI TEXHIKM IPU JMHAMIYHMX AisX. Y poOOTi JaHO BH3HAYCHHS
BKJIQJICHUM MEXaHIYHUM CHCTeMaM i copMyinboBaHi IX OCHOBHI BJIACTHBOCTI, SIKi JO3BOJISIIOTH BUCYHYTH TilOTE3Y IPO Te, IO JUIS
3a0e3IeueHHs] MEXaHIIHOI 30epeKeHOCTI BUPOOIB, CXIIBHUX JI0 JUHAMIYHMX Jiif, HEOOXiHO 3aCTOCOBYBATH BKJIAJCHI MEXaHIuHi
cucteMd. Ha mizicraBi npHHIMIY BKJIQJAEHOCTI MEXaHIYHUX CHCTEM 3alpOINIOHOBAHHN METOJ MiJBHIIEHHS 30epe)keHOCTi BUPOOiB
BiliCbKOBOI TexHikM. BKMBaHHA BKIAJCHUX MEXaHIYHMX CHCTEM [O3BOJIAE 3a0€3MCUUTH MeXaHiuHy 30epexeHicTb BUPOOIB
BIMICHKOBOI TEXHIKH, IIUISIXOM 3HW)KSHHSI ITiIBEICHOT TOBHOI €Heprii 10 JOIyCTUMOT JUTsl 30epiranHs BUpoOy.

KawuyoBi ciroBa: MexaHiyHa cucrema, IPYKHICTh, IUIACTHYHICTH, JNedopMallisi, IMHAMIYHE BaHTA)KEHHS, MEXaHidHA
30epeKeHICTh BHPOOIB, 3acO0M Ypa3KH, BHPOOHM BIMCBKOBOI TEXHIKH, il yJAapHOI XBHJII, BKJIQJCHI MEXaHiYHI CHCTEMH,
arperaTHHi craH, (Qi3MYHUI CTaH, IPUHIMI BKJIAJEHOCTI MEXaHIYHUX CHCTEM.

IIpumeHeHue BJI0KEHHBIX MEXAaHUYECKUX CHCTEM ISl o0ecreuyeHUsl COXPaHsieMOCTH M3/1eJIMil BOCHHON TeXHMKH
NPH JMHAMHYECKHX BO3/1eiiCTBUAX

A. B. KoBryHn, B. A. Tabyrenko, C. M. MensHHKOB

B nporecce obecrieuennst 00eBBIX IEHCTBUH, KOHCTPYKIMH W3AEIHN BOCHHOW TEXHUKH IOJABEPIralOTCS 3HAYUTEIIHHBIM
BO3JIEHCTBHSM KaK IITAaTHBIX TaK M HE IITAaTHBIX JTUHAMHYECKHX Harpy3oK, KOTOpbIE MOT'YT IPUBECTH K HX MEXaHHYECKOMY
paspymennto. Cpean JOUHAMUYECKUX HArpy3oK, NEHCTBYIOIIMX Ha W3JEIHS BOCHHOH TEXHUKH, MOXXHO BBIJCIHTH
KpPaTKOBPEMEHHEIE, BBI3BIBAEMBIC B3PHIBHBIMH M yHAApPHBIMH BO3JCHCTBUSIMH, W JUINTENbHbIE BUOpPAIMOHHBIE HAarpy3KH,
BO3HHUKAIOIIME B IIPOIECcEe TPAHCIOPTHPOBKH. B CBA3M C 3THM cymiecTByeT mpodieMa oOecledeHus] MeXaHH4eCKOH
COXPaHJIEMOCTH H3JIEIMH BOSHHOM TEXHUKH IIPH JMHAMHYECKHX BO3JEHCTBUAX. B pabore naHo ompexneneHue BIOKEHHBIM
MEXaHWYECKUM CHCTEMaM U c(OPMYIUPOBAHBI UX OCHOBHBIE CBOMCTBA, KOTOpPHIE ITO3BOJISIIOT BBIIBUHYTH 'HIIOTE3Y O TOM, YTO
JUIsT 00eCIieueHHs] MEXaHMYECKOH COXPaHSEeMOCTH W3JEeNINi, NOABEPIKECHHBIX JAWHAMHYECKHM BO3JEHCTBUSM, HEOOXOIMMO
MIPUMEHSTDH BIIOXKEHHbIE MEXaHMYECKHE CHCTeMBl. Ha OCHOBaHHMM NIPHHIMIIA BJIOKEHHOCTH MEXaHHYECKHX CHUCTEM IPEJIOKEeH
METOJ] HOBBIILICHNSI COXPAHSEMOCTH M3JIeJHii BOCHHON TEXHUKH. [IpUMEHEHHE BIO)KEHHBIX MEXaHHYECKHX CHUCTEM IT03BOJISIET
00€CIeYNTh MEXaHHIECKYI0 COXPAHAEMOCTh M3/EINI BOCHHOH TEXHHKH, ITyTeM CHIDKEHHS ITOJIBEJICHHOI ITOJHON PHEPTHH 10
JIOIYCTUMOH JUTSI COXPaHSEMOTO H3JIEeITHS.

Kamo4ueBble cJoOBa: MeXaHUYECKas CUCTEMA, YIIPYTroCTh, IIACTUYHOCTD, }Ie(i)OpMaLII/ISI, JAWMHAMHUYECKOEC HAIpPYXCHHEC,
MEXaHHUYECKass COXPaHsACMOCTb H3I[eJ'IHﬁ, CpEACTBA IOPAXCHUSA, WU3ACIHUA BOEHHOM TCXHHKH, BOBI[eI;‘ICTBPIe yz[apHoﬁ BOJIHBI,
BJIO)KCHHbBIC MEXaHUYCCKHUEC CUCTEMBI, arp€raTHoe COCTOsHUE, (1)I/I3I/IquKOC COCTOSIHME, IMPUHIUII BJIOXKCHHOCTU MEXaHUYCCKUX
CUCTEM.
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