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Abstract: A methodology for calculating the impact interaction between an active element and a deformable barrier is developed on the 

basis of approximated analytical results. As an active element is considered a hemisphere smoothly shaped into a cylinder. Results from 
calculations using the proposed methodology are applied. The examples presented here are two extreme cases of interaction that differ from 

each other by the initial angle of contact of the active element with the barrier. 
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1. Introduction 

One of the important aspects of the mathematical modeling of 

high-speed penetration problems is the need to obtain equations 
most fully and adequately defining the behavior of the contact 

materials in test conditions [1, 2, 3, 4]. In order to describe as 
adequately as possible the physical processes that accompany 

impact and penetration, such mathematical models must be 

workable and applicable in practice. 
 

2. Numerical modeling of the impact interaction 
between an active element and a deformable barrier 

Based on approximate analytical results, a methodology for 
calculating the impact interaction between an active element and a 

deformable barrier has been created. 
To begin with, several time intervals need to be set. Let the 

location, velocity and acceleration of any point randomly selected 
on the surface of the active element at the initial moment t = t0, as 

well as the geometry of the barrier at time t = t + ∆t, be known. 

Contact points are those on the surface of the active element for 
which the following conditions are met: 

- the point is in contact at any time t in the interval t0 ≤ t ≤ 
t0 + ∆t; 

- the projection of the velocity of a point on the surface of 
the active element on its external normal is positive. 

 
Since the active element is rigid at the point of contact, the 

curvature of the barrier surface coincides with the curvature of the 

surface of the active element. 
Stage 1: 

 
I. Determination of the contact surface pressure, depending on 

the values of the radii of the main curves at any point on the contact 
surface - R1and R2, using formulas (1) and (2): 
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II. From the obtained pressure distribution we find the new 
acceleration of the active element and its position at time t + ∆t. 

 
Stage 2: 

 

I. Determination of the geometry of the barrier using formulas  
(3) and (4): 
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3. Methodology for calculating the impact 

interaction between an active element and a 

deformable barrier 

The surface is divided into elementary segments, at the center of 

which are the calculation points. The geometry of the barrier is 

described using the spatial position of two surfaces - front and back: 
i. For each calculation point of the active element, the 

distances along the normal to the front surface, as well as the 
thickness of the barrier are determined. 

ii. The calculated point on the front surface of the barrier 
is shifted in the direction of the normal with the magnitude of the 

displacement V (t) from expression (3). 
iii. The calculated point on the back surface is determined 

using the new barrier thickness from expression (4). 

iv. If there is no contact, the calculated points on the 
surface remain stationary. 

v. Determination of the new coordinates of the calculated 
points on the surface. 

vi. Determination of the new position of the active 

element by means of the forces and moments acting on it.  
vii. Determination of the new distance between each point 

of the active element and the front surface. 
viii. Determination of the new thickness of the barrier. 

When the above actions are concluded, the calculation stage for 

this step ends, and for each new time step the task restarts from the 
beginning. The reliability of the calculation is determined by the 
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division of the active element and the choice of time step. The 
check for a match with the set trajectory of movement of the active 

element when reducing the time step serves as a criterion for the 
stability of the calculation process. 

4. Numerical results obtained using the proposed 
algorithm  

1) In case of impact of the active element with the barrier at an 
angle β = 10 ° [grad]: 

 

 

 

 

 

2) In case of impact of the active element with the barrier at an 

angle β = 90 ° [grad]: 

 

 

 

4. Conclusion 

As the above calculations show, when the active element strikes 

the barrier at an angle β = 10° [grad], the angular velocity ω 
increases throughout the movement. The speed of movement of the 

center of gravity Vc within the considered time decreases from 1150 

to 1115 m/s, and moreover, the component of the speed 
perpendicular to the plane of the barrier also decreases. This is a 

case which corresponds to the ricochet phenomenon. 

Normal penetration at an angle β = 90 ° [grad] is of interest as 
regards the nature of the deformations occurring in the barrier when 

compared to the penetration of an active element at an acute angle.  

The results of this report are aimed at the implementation of 
Work Package 2 “Intelligent Security Systems” of project 

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. 
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