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THE SCIENTIFIC PROBLEM 

 
One way of the process of development,  modernisation and optimization of a product 

consists in creating and applying such informatic methodes ans systems, which  integrate 

electronical, optical and mechanical planning elements and allow simulation of the operation. 

In this way, from the first step of the design, analysis becomes a basic element of the 

integration.  

Two most important components of a product are cost and profitability. Market also 

requires competitiveness. In order to be competitive, product has to be produced in high 

quality and on optimal cost level. This rule applies also in armaments industry.  

Beyond of the above mentioned arguments, customers of our days require that product can 

be displayed before it has been produced, as well as operation and maintenance costs be 

small. Each oversized element or any unnecessary part increase product costs as material- 

production-, freight- and general overhead cost.  Moreover,  weight excess can restrain usage. 

Above considerations explain product optimization either in civil or in military area.  

According to data published by Stockholm International Peace Research Institute in 2009, 

amounts devoted to armament broke a record of 1,572 Billion Dollars. In our days, global 

fight against terrorism inspires countries to increase expenses on armament purchases. This 

can be shown from the database of SIPRI . 

Diminution of defense costs can not be expected in the near future, not even if Washington 

and its allies decide to reduce forces in Iraq, since in this case they would probably increase 

their forces in Afghanistan.  

With the growth of military expenses, some progress in rationalization, economy and 

efficiency can have been observed. Due to our liabilities of NATO membership and to the 

armament innovation plan, defense tasks in Hungary are increasing.  Necessary sources are 

assured by the budget, which have to be used efficiently. A press release published on 29th 

September 2008 confirms: „Budget for 2009 of the War Ministry is modern, economical and 

transparent. Cost efficiency is extremely emphasized.”  
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Both cost efficiency and competitiveness are important components which compel 

companies and developers to innovate and apply new technologies and software.   

Subject of my research consists in surveying, computational visualizing of the cumulative 

effect, and working out a method which allows development of firearms based on this effect. 

Function of antitank mines, mine granates and casette shells is based on cumulative effect. 

 Cumulative granates have been spreaded in the 2nd war. In our days cumulative granates 

are applied in the cartridge of hand or heavy firearms. 

As experienced, cumulative hand- and rifle grenade are able to strike through armours of   

100-120 mm, as well as 75-100 mm grenades strike through 250-350 mm, 100-125 mm 

grenades strike through 400-560 mm,  acting from above, case charges 100-150, antitank 

missiles  500-600 mm , and cumulative antitank shells can strike through 150-200 mm 

armours.  

Cumulative effect is very dependent on the liner material. Most metals have been tested, 

except those, which are infrequent, expensive or toxic. Alloys have been also tried. As 

experienced, most liners made of pure metal are more efficient than ones made of alloys. 

From the same liner materials, fine-crystal materials are better than the rough ones. Tests in 

this context are still  in process.  

Loads used in our days are of 38-180 mm caliber. In this interval, proportional enlargement 

and diminution cannot be applied. Small loads require big precision, and when dimensions are 

bigger, homogeneous metallurgical characteristics of the liner material can hardly assured. 

Each construction is unique and can operate in the planned way only with certain dimensions.  

    Finite element method is widely applied in the military area.  One  searched subject is 

transformation of the renewal technology of the artillery and tank copper sheaths, the target of 

which consisted in avoiding evolution of fissures in the renewed products after some usage 

time. Based on metallurgical tests of analyzing the abrasion made from fire-cracks, it is 

evident, that they are of intercrystallin character, which refers to phenomenon of stress 

corrosion. Corrosion tests proved that the internal tension cumulated in the sheats is not of 

production origin, but issued in the material during the shooting. This statement was 

confirmed by the finite element method.  

Finite element method can be applied not only for solution of technical problems, but also 

for simulation of the expansion of ABV materials.  
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OBJECTIVES OF THE RESEARCH 
 

Tests for cumulative effect are managed by Zrínyi Miklós National Defense University 

Bólyai János Military Technical Faculty. Experiments and tests executed according to the 

search plan approved in 2004 have been realized. Objective of this research, beside supporting 

familiar theories, was mapping of the mode of action by means of different cartridges, and 

computer aided simulation of the effect with the measured data, supported by an appropriate 

software.  

According to the conception, tests can be divided to processes which can be analyzed 

dependently or independently from each other.  

Objective of the research consists in processing results of experiments made with different 

types of cumulative charges. The experiment analyzes effects of well-known structured, 

charge volume and form cumulative charges on defined mechanical characteristic materials.   

My research concentrates on tools working with cumulative effect. Its objective consists in 

modeling the mode of effect by finite element method and intelligent mathematical software, 

simulation of the process, and comparison of results with practical results.  

Creation of the model is the most difficult and most important part of the engineering. A 

well created model allows simulation of the explosion process which can be well applied in 

designing firearms, their ammunitions, in development and modernization of existing 

firearms. Simulation is absolutely necessary for optimization and analysis of the product.    

By the help of simulation and analysis we can get preliminary data about reliability under 

different circumstances. These data can be well applied in designing and testing life-cycles.  

According to the designing concepts and objectives, it was necessary to develop such a 

simulative procedure by the help of which the cumulative effect can be modeled and by the 

results of it impact of changing certain parameters can be tested and analyzed.  

Beyond the design and development, the software system is suitable for training science 

facilitate check of algorithms and implementation of tools, therefore allows to spare time.  
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SEARCHING METHODES 
 

In my dissertation I applied both general and extreme searching methods. 

In the processing of professional references and publications on internet I used the  method 

of analysis, synthesis, induction and deduction.  

It follows from nature of the subject chosen, that processing of the collected professional 

literature was executed by means of analytical method, and after systematization, available 

information were synthesized.  

Hypothesis were created after getting  deep knowledge of the professional literature, and 

proofing of which was executed in the dissertation.  

I created the model of cumulative effect with finite element method. I evaluated the model, 

made comparison with practical observations, made necessary corrections and refinements.  

I participated to several scientific conferences joining to the subject of my dissertation.. 

My results were regularly published in professional magazines and scientific conferences. 

(See: list of publications) 

 

SUMMARY OF THE RESEARCH, THESIS  
 

In order to achieve objectives formed in the introduction, I executed the following 

activities: 

 

In the first chapter I presented the arrangement of the experiments for the cumulative effect 

and the materials applied. This arrangement follows the basic system of physical FEM 

modeling, from which I create the discrete model by abstraction of essential characteristics.  

In this chapter, I resumed most important development steps of the finite element method, and 

described the software necessary for the creation and solution for the discrete model. Since, in 

the practical tests, a number of complex physical processes took place, I divided it to several 

parts. 

 

In the second chapter I modeled the process of the explosion. I created mathematic model 

of the process by the help of professional literature, and also created the finite element method 
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with the chosen software. I executed resolution with different dividing precision and also 

executed computer supported simulations. I compared results with each other and with 

theoretical ones. 

I determined from the analysis of the results, that the chosen software is appropriate for the 

simulation on computer of the process. By the refinement of the finite element network, 

theoretical value can be well accessed. Considering the performance of the available 

computer, I determined the fineness grade of the network, which is necessary for the scientific 

test, and can be exact enough for the scientific work.  

  

In the third chapter, I examined spreading of the explosive products and impulsive waves 

depending on the shape. As a result of the simulation made on explosive put  into a vacuum 

space, that the character of the impulsive wave is the same as described in the professional 

literature. 

 

In the fourth chapter I resumed main characteristics of the cumulative effect, according to 

the professional literature. I present theories and equations belonging to the cumulative effect.  

On the basis of this, I created the mathematical model, and presented the evolution of the jet 

as a result of the finite element model.  

 

In the fifth chapter I described the principle of the armour penetrating, and resumed the 

experimental formulas. Considering the experimental conditions, I set up the computer model, 

and compared simulation results with the experimental ones.  

 

PHRASING OF THESIS 

 

According to the all above, results of my research work targeting the development of 

military tools and systems based on cumulative effect (my thesis) are as follows: 

 

1. I worked out a mathematical model for the examination of cumulative effect, by 

execution of physical tests. This model can be used for modeling fast processes 

considering real conditions. 
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2. I created and programmed parameters in finite element method, which can reduce 

running time and results remain within the accepted tolerance, therefore they are 

convenient for other research work. 

3. I proved that results and models are in conformity with practical explosive and 

mechanical tests and results. I proved by tests that the model and the calculation 

procedure can be applied in the practical design.  

 

RECOMMENDATION OF THE DISSERTATION  
 

In my dissertation I simulated a brisant explosive process and an armour based on 

cumulative effect. Results help further researches in different directions.   

As technical development, more exact results can be reached due to refinement of 

parameters in programs run on big capacity computers.  

New opportunities will be open to know very fast processes and effects and to exploit 

resources hidden in them up to now.  

The software tested is appropriate of the development of existing and new  tools. The 

software allows to optimize developments from point of view costs and time. 

Spectacular display of the software allows to use it in the education and in creation of 

different presentations.  
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