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Abstract: Thе paper examines the processes associated with the high-energy formation of active elements. A model of the processes is 

created and certain relations are derived, which are suitable for practical calculations of the parameters of high -energy systems with 

directional motion. The processes of movement, deformation and penetration of the active element are studied. Methods and means for 

influencing the processes of creation and improvement of the active elements are proposed. 
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1. Introduction 

The present study is motivated by the fact that there is no theory 

allowing the study of the phenomenon of impact interaction of an 
active element with a barrier, and the main method for studying the 

dynamics of impact and penetration therefore is an experimental 
one. This makes it necessary to conduct an optimization study of the 

processes of creating and improving the active elements, based on 
the verification of various methods and tools that affect the 

processes of both the formation of active elements and the most 

effective breaching of the integrity of the barrier [6, 7, 8].  

2. Solving the problems of breaching a barrier with 
an active element 

The main factors influencing the processes of both the proper 

formation of an active element and the maximally effective 
breaching of the integrity of the barrier are as follows: the shape of 

the high-energy module and of the cumulative recess of the  lining, 
the geometrical dimensions of the high-energy module and the 

metal lining, the properties of the lining metal, the distance from the 
high energy module to the barrier, and the place of initiation of the 

high energy module.  

The solution of the problems for penetrating a barrier with an 

active element is done using a minimum number of determining 
parameters – those that have the strongest influence on the process 

of impact between the bodies [1]. 
 

Impact velocity always plays a fundamental role in body-to-
body impacts. Therefore, it is natural to try to classify the processes 

of penetration according to the value of the normal component of 

the velocity of the active element on the surface of the barrier. If the 
mechanical stresses occurring at high velocity impact are greater by 

several orders of magnitude than the tensile strength of the materials 
of the active element and of the barrier, the initial stage of the 

interaction process can be described based on models of 
compressible and incompressible liquid. It is assumed that the 

impact velocity V0 in the so-called “hydrodynamic mode” varies 
within the following limits: 
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where:  

σS is yield strength; 

К is bulk modulus; 
ρ is material density. 

 
For velocities V0 close to the lower limit, the compressibility of 

the liquid can be neglected. At impact velocities close to the upper 

limit, melting and evaporation of the material may occur. The value 
of the speed V0, at which the strength of the active element and the 

barrier may not be taken into account, varies in a wide range 

depending on their materials. It can be assumed that this is the value 
between 2 and10 km/s. At impact speeds above 10 km/s, the nature 

of the impact process is explosive. 

Many studies published in the literature have addressed the 

issue of determining the criteria for the occurrence of destruction in 
materials. To date, no reliable criteria have been obtained in a form 

convenient for solving practical tasks. But there is an experimental 
result which shows that at large values of the rates of deformation, 

which are characteristic of the processes of penetration, the 
destruction does not depend on impact velocity. This fact is used to 

solve practical problems. 

3. High-energy formation of active elements 

3.1 Model of a cumulative unit forming an active element 

The cumulative unit consists of four elements: lining, explosive 

substance, case, and fuse. The principle of operation includes 
creating a speed gradient in the lining under the impact of the 

pressure generated by the energy of the explosion [2]. The speed 

gradient value:  

 varies in the lining from initial values in the 
central zone to final ones in the peripheral zone; 

 is high enough to ensure complete deformation 

of the lining; 

 is low enough not to cause the active element to 
tear apart. 

The shapes of the explosive and of the explosive charge 

chamber, as well as the type of materials used, must be  such that at 

constant volume the speed gradient in the lining can be calculated, 
resulting in different preset shapes of the active element: 

• front bending by pulling the central area of the lining 

towards the front of the active element;  

• rear bending by pulling the central area of the lining 
towards the back of the active element. 

 

3.2 Study of the processes occurring during high-energy 

formation of active elements 

The transformation of the metal lining into an active element 

requires huge pressures of the order of several tens of thousands of 
megapascals. They are generated by the energy of the explosion and 

act on the lining for a very short time when the blast wave reaches it 
[3]. Because the lining does not completely envelop the explosive 

substance, all of which is housed in a metal case, the lining does not 
shatter under the action of the high pressure. Instead, it swells and 

deforms depending on the direction of the blast wave. At such high 

pressures, the individual elements of the lining move independently 
of each other at different velocitiess. 
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These velocities depend directly on the ratio between the mass 
of the element (segment) of the lining and the mass of the 

elementary charge column located behind this element.  
The thinner the lining, the greater the velocity at which it 

accelerates.  
For a lining several millimeters thick, as is standard for 

cumulative units, the velocity is about 2 ÷ 3 km/s at a physico-ical 

conversion front velocity of about 8 ÷ 9 km/s, depending on the 
type of explosive.  

If the front of the elementary charge column is covered with a 
smooth disk, and the explosive charge is initiated in such a way that 

the blast wave strikes the disk evenly over its entire surface, the 
disk will fly out at a certain velocity without undergoing any 

deformation. The final ballistic effect of the disk will be almost 
equal to zero, as its velocity will drop very quickly because of the 

high aerodynamic resistance. To reduce the resistance, the disk 

must be converted into an active element with a significantly 
smaller diameter. What can be used here is the ability of an angular 

detonation wave to accelerate the elements of the lining both in the 
direction of the wave and perpendicular to it. For example, if the 

disk is only touched by the wave, at the point of contact it will bend 
at a certain angle. This angle depends on the relationship between 

the velocity at the point of contact and the rate of physico-chemical 

transformation of the explosive. The particular element of the disk 
accelerates in a direction of half the angle concluded between its 

already bent and not yet bent parts.  
If the disc must be folded by bending, it must be constructed as 

a hollow body placed in a corresponding cumulative recess. In such 
a construction, the individual elements of the lining tend to bend 

towards the center. For the successful implementation of this 
bending process, the disk, the high-energy module and the 

detonating mechanism must be  located symmetrically. Rotational 

symmetry is usually used for high energy modules with high energy 
formed active elements. 

 
3.2.1 Momentary state point 

Momentary state point (MSP) is a term that characterizes the 

state of the process of deformation of the lining at a specific point in 
time. 

MSP is associated with the process of additional deformation. 

Its preservation requires the flow of the elements of the lining, 
which have reached velocity V, to be divided into two parts that 

move away from each other in two opposite directions. The frontal 
part thus formed moves in front of the MSP, while the rear part 

moves behind it. For cones with smaller vertex angles, the velocity 
of the frontal part is much higher than the velocity of the MSP.  

It is known that the lining elements which are driven first move 
at a velocity higher than that of those which are driven afterwards. 

This is explained by the increase in the mass of the lining from the 

top to the base. 
The reduction of the MSP speed leads to a corresponding 

reduction of the speed of the material flow outside it, as a result of 
which the speed gradient increases along the axis frontal part – rear 

part, which leads to an elongation of the two parts of the lining. As 
a rule, the speed gradient reaches large values and it is possible that 

as a result of this, the stress may exceed several times the tensile 

strength of the lining material, whereby the active element is torn 
into pieces. For the formation of a coherent active element, the 

speed of the MSP must vary within very narrow limits, in order to 
prevent maximum stretching of the transformed body. This can be 

achieved with vertex cone angles between 120° and 160°.  
The difference in the velocitiess of the frontal and rear part 

decreases very rapidly with the increase of the vertex angle and 
disappears completely for very flat cones. For angles greater than 

140°, the velocity difference becomes practically zero and the lining 

is transformed into a monolithic impact mass with high kinetic 
energy. 

The residual speed gradient disappears in the process of 
stretching. The use of linings with large cone vertex angles 

eliminates the possibility of the formation of active elements that 
have higher velocitiess than that of the MSP. 

The velocity component acting along the axis is not sufficient to 
completely move the points from the peripheral zone to the center 

so that the hollow shape of the cone is closed. It is necessary to use 
linings of degressive thickness, i.e. with cones the thickness of 

whose walls decreases  from the top to the base. For such linings the 
velocity of the MSP of the peripheral zone is better coordinated 

with that of the central zone.  

It is also advisable to place the high-energy module in a massive 

case in order to delay a subsequent expansion of the front of the 
physico-chemical conversion wave.  

3.3 Optimization of the processes taking place during high-

energy formation of active elements 

The process of high-energy formation of active elements can be 
optimized only by using linings that have defined and different in 

value angles of their three zones (central, intermediare and 

peripheral). With them, the front of the physico-chemical 
conversion moves perpendicularly and accelerates the central zone 

directly along the longitudinal axis, which enables the axial and 
radial components of the velocity to be better coordinated in the 

process of deformation of the lining elements. The active element is 
formed when the lining reverses. 

The propagation of the physico-chemical conversion front 
inside the high-energy material takes place from the detonator 

towards the lining [4, 5]. The surface of the physico-chemical 

conversion front in the high energy module is a sphere with a radius 
equal to the distance from the initiation center to the physico-

chemical conversion front. At a considerable distance from the 
center, the surface of the front can be considered as flat. When the 

blast wave moves, the products of the physico-chemical 
transformation act on the lining. 

The velocity of the products of the physico-chemical 

transformation Qn is determined by the velocity Q of their 

movement behind the front of the physico-chemical conversion and 
by the scattering velocity Qp, which reaches its  maximum value at 

a small distance from the scattering surface. Since the velocity of 

the products of the physico-chemical conversion is much lower than 
the scattering velocity, the angle of rotation β behind the front of the 

physico-chemical conversion of the resulting velocity Qn is small - 
β = 5o-7°. Therefore, it can be assumed that the products of the 

physico-chemical conversion act on the lining in a direction 
perpendicular to its surface. As a result, the lining is deformed, 

forming an active element out of the metal. 

4. Conclusions 

The shape and the thickness of the lining, the material from 

which it is made, the locally exceeded force and the direction of the 
front of the physico-chemical conversion have a significant 

influence on the final shape of the high-energy-formed active 
element. Therefore, the amount and the power of the high-energy 

material, as well as the point of initiation, are among the parameters 
determining the shape of the high-energy-formed active element 

most appropriate for a given lining. 

The average velocity of the lining is lower than the velocity of 
scattering of the products of the physico-chemical conversion and 

depends on the thickness and density of the metal of the lining, the 
properties of the high-energy material and the quantity of the 

products of the physico-chemical conversion which scatter in 
direction of the cumulative recess. The part of the high-energy 

module whose products scatter in direction of the lining and interact 
with it is called the active part of the high-energy module.  

The main resistance of the lining is the inertial one, because the 
pressure of the products of physico-chemical conversion on the 

lining is many times greater than the strength of its metal, and 
therefore, the resistance to deformation of the lining can be 

neglected. 

The results of this report are aimed at the implementation of 
Work Package 2 “Intelligent Security Systems” of the project 
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BG05M2OP001-1.002-0006 “Construction and development of a 
Center of Competence “Quantum communication, intelligent 

security systems and risk management (Quasar)““, which has 
received funding from the European Regional Development Fund 

through the Operational Program “Science and Education for Smart 
Growth” 2014-2020. 

References: 

1. Sagomonyan S.A. Penetration. Moscow – 1974.

2. Lavrent’ev M.A. Cumulative charge and principles of its
work. UMT vol. 12 – 1957.

3. Salamakhin T.M. Explosion action on structural elements,

VIA, Moscow – 1969.

4. Johansson, K. P. Person. Detonation of explosives.
Moscow, publishing house Mir – 1973.

5. Vlasov O. E. Fundamentals of explosion dynamics. VIA,
Moscow – 1945.

6. Petkov S., Petkov P., Tumbarska A.. Effects of the

Variations in the Cumulative Liner Wall Thickness on the
Parameters of the Cumulative Jet Formation. Journal of

Theoretical and Applied Mechanics, Vol.50, 2, National
Committee of Theoretical and Applied Mechanics, 2020,

ISSN:0861-6663, 166-175. SJR (Scopus):0.28

7. Petkov S., Petkov P., Nikolov G., Tumbarska A..

Mathematical model of the management of high-energy
detonation processes through an energy generator (screen).

European Journal of Engineering Research and Science,
Volume 3, Issue 5, May 2018, EUROPA Publishing, 2018,

ISSN:2506-8016, DOI:10.240818/ejers, 65-70

8. Petkov S., Petkov P., Tumbarska A.. Modelling the
Process of Forming the Initial Kinematic Parameters of the

Fragmentation Field. International Scientific Journal

“Mathematical Modeling”, 2, 1, Scientific Technical Union
of Mechanical Engineering, 2018, ISSN:2367-8380, 41-43

INTERNATIONAL SCIENTIFIC JOURNAL "SCIENCE. BUSINESS. SOCIETY" WEB ISSN 2534-8485; PRINT ISSN 2367-8380

44 YEAR VI, ISSUE 2, P.P. 42-44 (2021)




