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Abstract: The principle of operation of the energy absorbing element, which consists in the conversion of kinetic energy acquired as a 

result of explosion, into the energy of plastic deformation of a material is considered. To evaluate and select an element, a typical algorithm 

for optimizing it is developed. This allows using qualitative criteria with the known value of the explosive load to choose the rational 

parameters of the design and material of the element that will be optimal for a particular armored combat vehicle. 
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1. Introduction 

Currently, researches in the field of a hull strength of armored 

combat vehicles (ACV) have made significant progress. Technical 

solutions, such as the V-shaped and energy-absorbent bottom 

structure, the power frame of the armored hull, the antimine screen, 

etc., allow to ensure the integrity of the ACV's hull in the event of 

an explosion. Then, the so-called "throwing effect", caused by the 

high acceleration of the ACV, which can reach up to 600g in the 

seat, remains the main impact factor on the crew. This load can be 

countered with the help of the energy-absorbing seats of crew 

(EAS) (Fig. 1) [1-3]. 

  
a b 

Fig. 1 EAS of ACV: a) 1 - a geometric model of the EAS, 2 - place of 

installation of the EAE, 3 - the seat attachment; b) installation of the EAE. 

The objective function of the EAS at blasting of the ACV is to 

reduce the acceleration to the allowable values of the human injury 

criteria [4]. The main role here isn't the design of the EAS, but the 

installation of the energy-absorbing elements (EAE) into the places 

of the seat attachment that will absorb the energy of the explosion 

and will transform it into the work of plastic deformation of the 

material [1].  

2. Physical, numerical and theoretical researches 

As the EPE is selected crashboxes, which absorb a large part of 

the impact energy in a stepwise change in the size of its diameter. 

To determine the optimal parameters of EPE, the blast loading 

value should be used for a specific sample ACV. For this purpose, a 

numerical experiment was conducted in the LS-Dyna software 

complex, based on the finite element method, which was verified by 

a full-scale experiment (Fig. 2, Fig. 3) [5]. 

  
a - exploding under the wheel 

  
b - exploding under the center of the bottom 

  
c - fixing acceleration on the seat of the crew 

  
d - the value of acceleration on the EAS 

Fig. 2. Full-scale experiment (right) and numerical simulation (left) of the 

explosion of the ACV by the explosive charge 6 kg TNT (according to 
STANAG 4569). 

The error between the maximum values of the accelerations 

obtained during the physical and numerical experiments is 8.5%. 

This confirms the adequacy of the model for determining the 

explosive load on the EAS of the ACV for further investigation of 

the ways of adaptation of the EAE for specific loading conditions. 

Progressive deformation of EAE can have different character: 

axisymmetric; non-asymmetric; mixed and global bending [6-9]. 

Obviously, much more energy is absorbed in the axisymmetric 

deformation mode than in the global bending mode, because in such 

conditions more material is subjected to plastic deformation [8]. 

The step of the plastic deformation zone also depends on the 

geometry of the profile (Fig. 3). 

    
a b c d 

Fig. 3 Modes of deformation and plastic deformation zones of different EAE 
profiles: a - octagonal; b - cylindrical; c - rectangular; d - ellipse. 

Optimization of EAE is carried out by a number of qualitative 

criteria: energy intensity; average and peak load of operation; 
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specific absorbed energy; absorbed energy per unit length; effective 

triggering force and optimal working stroke [6,10-13]. 

The main criterion for evaluating the efficiency of EPE is the 

amount of energy absorbed 
AЕ : 

  ,)(
max

0




dPE PA   
(1) 

where, 
PP  is the initial destructive load,   is the course of EAE 

(length of plastic deformed part), and 
max  is the maximal working 

stroke of EAE (the initial length of EAE). 

The EAE must have the optimum triggering force, since the 

high force will lead to the failure to activate or not to use the entire 

working stroke of the EAE (Fig. 4a), and at low force there will be 

a breakdown of the EAE (actuation of the entire working body of 

the EAE) (Fig. 4d). 

 
Fig. 4 Typical cases of EAE working with different characteristics: a - 

high 
PP , the element doesn't work; b - quite high 

PP , not all stroke is 

used; c - optimal 
PP , sufficiently used working stroke; d - low 

PP , the 

breakdown of EAE 

From expression (1) we can determine the destructive load: 

,
0




dPPc 
 (2) 

In addition, the EAE can be defined as the load to which it is 

necessary to initiate the onset of its deformation, because the ideal 

condition for absorption is to achieve the force of the actuation and 

keep it constant throughout the entire working stroke. So, the 

amount of energy absorbed during blasting is proportional to the 

force of the actuation of the EAE 
PP  and its working stroke 

max  

(Fig. 4, shaded sections).  

The average load for the axisymmetric deformation 
avP  is 

defined as the ratio of the total absorbed energy 
AЕ  to the total 

deformation, δ: 

,


A
av

E
P   (3) 

In this case, 
PP  and 

avP  are the priority parameters for 

evaluating the effectiveness of the EAE. Therefore, in order to 

prevent injury to crew in the event of a blowout of the ACV, the 

value should not exceed the limit values of the injury criteria 14.5g, 

which corresponds to the permissible value of the injury criterion 

DRI≤17.7 (Dynamic Response Index) [4]. 

The effectiveness of the triggering force is a qualitative criterion 

for the uniformity of deformation and is determined by the ratio of 

peak load 
PP  to average 

avP : 

,
av

p

tf
Р

P
  (4) 

For the ideal energy absorption, the optimum triggering force 

should result in almost 100% activation of the EAE stroke. 

Equally important characteristic of EAE is the specific absorbed 

energy 
SAЕ , which is determined by the ratio of absorbed energy 

AЕ  per unit mass. 

,
m

E
E A

SA   (5) 

The value 
SAЕ  is the most common parameter for evaluating the 

efficiency of an EAE in terms of its energy intensity, especially 

when overall dimensions are important. 

In addition, this parameter is usually used as an indicator of the 

efficiency of the selected material for the EAE, depending on its 

density, and the mass [8,9]. 

During the deformation process, not all of the EAE stroke can 

be used to absorb the kinetic impact energy. the efficiency of EPE 

stroke is defined as: 

,
L

ws


   (6) 

where L is the initial length of the EAE. 

With 
ws , we can determine the maximum allowable working 

stroke of EAE. Ideally, the initial length of the EAE L should be 

equal to the working stroke of the EAE δ, but in practice, the stroke 

efficiency is always less than one 
ws <1. 

Considering the above, the algorithm of optimization and 

estimation of EAE is constructed [13]. Using the developed 

algorithm, on the example of a numerical model of the blasting of 

the ACV, the choice of rational parameters of the EAS was made 

(Fig. 5). 

a 

 

b 

 
Fig. 5 The acceleration values for seats in the standard version 

(a) and in the EAS with the EAE (b). 

The results of the comparison of the upgraded EAS with the 

regular seat showed that the use of the first one can reduce the load 

on the crew from 62g to 12g, ie into five times, which minimizes 

the probability of injury. 

3. Conclusion 

The built optimization algorithm of EAE is typical because it 

can be used in the development and research of different MRAP 

vehicle and can significantly assist in the evaluation and 

comparison of different EAE variants. Its application makes it 

possible to compare and evaluate EAE of EAS of ACV in the 

design phase, identify weaknesses, make appropriate design 

decisions, and thus ensure their effective. 
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