
 MIKLÓS ZRÍNYI 
NATIONAL DEFENSE UNIVERSITY 
 PhD Council 
 
 
 
 
 
 
 
 
 
 
 

dr. univ. Marianna Lendvay 
 
 
 
 
 

Reliability analysis of military electronic systems 
 
 

 
PhD theses 

 
 
 
 
 
 
 
 

Scientific supervisor: Prof. Dr. Károly Turcsányi CSc 
 

 
 
 
 
 
 
 

 
Budapest, 2006 

 



 2

Scientific problem definition: 
 
In our days the reliability analysis methods of complicated electrical systems have been 
getting more and more important not only at military systems but at some civil technical 
systems which are of a great value or demanding care in view of personal and property safety. 
The reliability analysis methods aim at contributing to up-to-date maintenance and to the 
development of system structure. 
 
Realization of reliability requirements on military systems are excellent important. 
Membership of our country in NATO determines the direction and content of strategic 
modernization in national defense. Important aim of modernization is getting of modern 
instruments that cover co-operation with NATO forces, and development of available 
instruments. The defense capability depends, to a great extent, on the quality of defense 
systems. Quality is best achieved through an integrated systems approach throughout the life 
cycle. The overall aim is to acquire products that fulfill the quality and reliability 
requirements as seen from a life cycle perspective. The challenge for industry is to emphasize 
the processes for planning, controlling, assuring, and improving quality early in, and 
throughout all the processes and activities of the life cycle.  
 
Object of my research work is examination and application of reliability analysis methods for 
concrete military electronic systems. The dissertation depends on my teaching and research 
experiences of twenty years, summarizes my scientific results in quality assurance and 
reliability tests. 
 
 
Research objects: 
 

1. Investigation and comparing of reliability analysis methods for reliability tests of 
electric systems. Evaluation of advantages and disadvantages in respect of application 
for military electric systems. 

2. Working out of reliability analysis of concrete military systems. 
 
 
 
Research methods: 
 

- Evaluation of quality and reliability bibliography, conference reports and drawing the 
conclusions. 

- Professional consultation with technicians in Miklós Zrínyi National Defense 
University, Budapest University of Technology and Economics, Budapest Tech, 
Dénes Gábor College, Ministry of Defense Technology Agency, Ministry of Defense 
Electronics, Logistics and Property Management Co. Electronics Directorate about 
quality and reliability management systems. 

-  Analysis and evaluation of international standards from quality and reliability 
managements systems. 

- Analysis of military quality assurance systems. 
- Scientific investigation of reliability analysis methods, research of their applications. 
- Publication of research results. 
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Research results, conclusions: 
 
In Chapter 1 a review can be found about development of quality definitions and realize, 
characteristics of international standards from quality management systems, reliability 
definitions, quantitative characteristics, and specifics of military assurance. I established that 
in international technical literature can be found very much definition about quality: on the 
basis of philosophy, product, production, customer’s requirements, market value. Accordingly 
with it different activities became important in order to achieve quality aims. In our days 
meeting a claim from quality point of view realizes with quality management systems. The 
adoption of a quality management system should be a strategic decision on an organization. 
The international standard ISO 9001 promotes the adoption of a process approach when 
developing, implementing and improving the effectiveness of a quality management system, 
to enhance customer satisfaction by meeting customer requirements. The standard ISO 9004 
stress the importance of product reliability and useful. 
Military quality assurance has to take safety also into consideration. In organizations for 
supply of national defense organizations have to perform task that are in Allied Quality 
Assurance Publications (AQAP) and in Allied Reliability and Maintainability Publications 
(ARMP),  through an integrated systems. 
 
In Chapter 2 I examined and evaluated the reliability analysis methods.   By their means in 
the process of reliability analysis of a system the numeric figures of the reliability components 
– faultlessness, utility and maintenance can be predicted and revised. Recently another 
element, security is also taken into account. The analysis methods are used at different system 
levels and with different specification. The analysis methods make it possible to evaluate the 
quantitative characteristics from one part, and the estimate of the numerical values from the 
other part that describe the forecasted, long term operation of the system. Taking into 
consideration that the system analysis should be carried out systematically and in a 
reproducible way, it is extremely important to use an expressly defined procedure. After 
general steps of reliability analysis procedures I demonstrated fundamental characteristics of 
procedures, defined advantages and disadvantages of methods. In order to choose the suitable 
procedure for investigation of military electronic system I worked out a criterion system. On 
the basis of criterion system I appreciated the procedures for military electronic systems. 
Results of compare I illustrated with diagrams. By reason of diagrams I established that 
exacting requirements for military electric systems it can be satisfy above all with Failure 
Mode and Effect Analysis, Fault Tree Analysis and Reliability Block Diagram. 
 
Chapter 3 contains reliability analysis of concrete military electronic systems. During my 
research work I could study the military aircrafts and infrastructure in Miklós Zrínyi National 
Defense University, János Bolyai Military Technical Faculty, Aviation Technical Institute. 
In the first section I worked out the reliability analysis method for reliability operation of 
building’s electronic fire alarm system on military airport. The electrical systems of buildings 
generally consist of several subsystems (energy supply systems, electronic systems, 
communication systems, etc.), parts of which are located at a distance of several kilometres 
from each other. Operability of complex electric systems depends on the one part on the value 
of parameters (harmonic distortion, collapses and increases of voltage and transients) that 
effect on quality of energy supply systems and on the other part on reliability of connecting 
electronic systems, electronic devices and equipment.  Success of operation of systems 
basically can be measured on how they satisfy to user’s requirements. Satisfaction to these 
user’s requirements, expectations can be accomplished by a properly designed and regular 
activities, examinations that can provide some warranty for satisfaction of requirements for 
fault-free operation and maintainability. On the basis of criterion system I chosen the Fault 
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Tree Analysis, because it deals with determination and analysis of conditions and factors that 
cause an occurrence of a preliminary defined not desired event, or that significantly effect on 
the operation, safety, economy or other prescribed parameter of the system. Starting out the 
structure of the fire alarm system I determined factors by that operability of the system can be 
effected: in case of a newly installed system and in case of an already taken-over and working 
system. I defined regarding the fire alarm system three main events and designed fault trees. I 
worked out logical analysis of fault trees using methods of Boolean algebra. By 
decomposition of branches of the fault tree, by analysing reasons of the output event, by 
decomposition of the factors that effect on the operation of the system I got to lower and 
lower levels of the system. During examination of the first "main event", of the effecting 
factors those that determined operability of the system most of all, were the following: 
existence of a reserve power source or replacement of the battery that serves for the supply of 
the reserve power source at specified intervals, supporting structures of wires must be suitable 
for loading even in case of fire, by build-out of the looped system, significant reserves can be 
established in the system, thereby its effectiveness will increase, component faults, 
professional knowledge of the operating personnel, its regular training, performing of 
necessary revisions, circumstances of maintenance, of operation. 
 
The second section contains reliability analysis for electronic system of military aircraft. 
Important phase of jet planes was development of aircraft MiG 21 after world-ware II. On the 
basis of study of aircraft in Miklós Zrínyi National Defense University, Aviation Technical 
Institute I worked out reliability block diagram of electronic fire alarm system. The fire alarm 
system guarantees fire signal and function of fire equipments in driving mechanism space. 
The reliability block diagram provides a graphic characteristic of the logical structure of the 
system where the reliability relations between individual part systems and/or the spare parts 
are illustrated. This makes it possible to illustrate the successful operation of the system by 
the blocks (part systems/spare parts) the concurrent operation of which (logical relation) is 
necessary for the operation of the system. Starting out the structure of the fire alarm system I 
determined system functions, criterions of the successful operation. I designed reliability 
block diagram and defined the reliability function of system using methods of Boolean 
algebra and with truth tables. For the control of fire alarm system function is used the control 
apparatus PP-5M. Reliable function of fire system can be made likely with application of 
control apparatus and reliability block diagram. During application of this method I supposed 
the independence of system elements. 
 
In Chapter 4 I summarized research work and research results. At the end of the dissertation 
a bibliography, my publications and the appendix can be found. 
 
 
New scientific results (PhD theses): 
 

1. I evaluated the reliability analysis methods in application’s respect for military 
electronic systems /subsection 2.2., publications: A1, B2, B3, D7, D8/ 

 
2. I worked out a criterion system to compare the reliability analysis methods for 

military electronic systems, evaluated the methods during criterion systems and results 
of compare I illustrated with diagrams /subsection 2.3/ 

 
3. I worked out fault tree analysis of concrete military electronic system, made 

proposals for increasing of system operation safety. /subsections 3.1.1, 3.1.2. 
publications: B1, D2, D5/ 
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4.  I worked out reliability block diagram of concrete military electronic system, defined 

the reliability function of system. /subsection 3.2.1, 3.2.2/ 
 
 
Proposals to practical employment of research results: 
 

• For prevention of military electronic systems, maintenance of operating state. 
• For electric defense of military buildings. 
• For military higher education in study of military electronic systems, in planning, 

development and operating of reliable electronic systems. 
 
 
Future plans: 
 

• Reliability analysis of special military electronic system. 
• Evaluation of other reliability analysis methods, research of application for military 

electronic systems. 
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