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Abstract.     The task of the prognosis of survivability of deformable bodies with defects that appear and develop in them 
is stated as the problem of inductive modeling. The way of formalization of knowledge about a system and its defects, 
and identification of parameters of defects over time using the Gauss - Newton method is shown. Forecasting is realized 
by application of the fuzzy logical deduction on the knowledge base reflecting criterion of survivability adopted in 
mechanics of deformable rigid body. 
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1 Introduction 
 
The prognosis of survivability of deformable bodies based on the historical system behavior information obtained by 
means of monitoring and subsequent identification of defects, and also cause-effect relations circumscribed by the 
knowledge bases, is rather actual problem in space engineering and aircraft industry. Such formulation of problem 
requires creation of the approach combining inverse models of mechanics of deformable rigid body, knowledge about 
cause-effect relationships between behavior of defects in elements and survivability of entire system and methods of 
fuzzy deduction. 

 

2 Theoretical Part 
 
The inductive model of the prognosis of survivability of deformable systems consists of three consecutive tasks - 
formalization of knowledge about object, identification of defects according to results of observations and forecasting 
of survivability using the knowledge base and identified parameters of defects. The formalization of knowledge about 
object includes:  

{ } NiwW i ,1,** ==1. Creation of a vector , which components are values measured in fixed points of object’s 
surface (displacements, deformations). 

2. Selection of the algorithm for resolution of primal deformation problem for the said system (finite element 
method). Solution of this task will allow creation of the vector { }jwW =  components of which are calculated values 

of the measured physical parameters in nodes Mj ,1= . 

3. Selection of the vector , which consists of characteristics of damages in points on object’s surface { kHH = }
Kkyx kk ,1),,( =  (value of modulus of elasticity, thicknesses, yield stress, ultimate strength, coordinates of the nodes 

located at the damage boundaries). 

4. Selection of the set of linguistic variables describing concept "survivability". Those variables can be one of the 
following: duration till destruction, level of residual durability defined (on loads, deformations etc.) by terms, 
membership functions and suitable scales. 

 293



The identification of defect’s parameters  includes: kH

а) selection of criterion for definition of vector H as 
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,b) creation of the sensitivity matrix of the object ; 

c) application of a Gauss-Newton algorithm [1] for identification of the vector’s H components: 

, where ( ) ( ) ( )( )[ ] ( )( iiii HHHH Β⋅Γ−=
−+ 11 ( )( ) ( )( )ii HH ΓΒ ,)  – gradient and Hessian accordingly, 
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. The elements  are selected 

from 

ija

jka~ , so that matrix A is both nonsingular and most informative [2]. The selected sets determine a choice 

 of coordinates of most informative measuring points and discretization nodes of defects distribution 
function. The information about parameters of defect obtained as a result of identification is converted to the linguistic 
fuzzy descriptive form. 

{ } { kkii yxyx ,,, }

The prognosis of survivability is performed: 

1) by selecting algorithms of manipulation of the formalized initial knowledge and the knowledge obtained as a 
result of identification; creation of the knowledge base in the form implicative and functional laws (algorithms of the 
primal problem solution, destruction criterion, limitations on properties of defects), 

2) by creation of the fuzzy knowledge base in the form of fuzzy linguistic rules, similarly to demonstrated in [3]. 
The formalized generalized variable “survivability” is used as an output variable. Identified parameters of defects or 
function from them are used as input variables. 

The prognosis is performed using the fuzzy knowledge base, information about the defect, which is obtained from 
its observations during given time N⋅Δτ  and by application of the algorithm of identification. The knowledge base 
look-up for obtaining a conclusion about the current state of the object is possible at the specific discrete time intervals 

Nll ⋅Δ⋅= ττ . 

 
 

3 Conclusion 
 

Examples of adaptation of the developed method for the prognosis of time till destruction of plates and shells with 
breaches occurred during exploitation are presented. Results of primal computations for preset damage dynamics are 
used as the input information. Relative inaccuracy of the prognosis of time of achievement of critical size of damage 
was determined as 0,1. 

 
References 
 

[1] Методы робастного, нейро-нечеткого и адаптивного управления / Под ред Н.Д.Егупова; изд.2. – М.: Изд-
во МГТУ им. Н.Э.Баумана, 2002. – 744 с. 

[2] Ободан Н.И., Макаренко Н.Б. Идентификационно-инверсный метод диагностики повреждений / Методи 
розв’язування прикладних задач механіки деформівного твердого тіла: Зб. наук. праць / ДНУ – 
Дніпропетровськ, 2006. – Вип.7.– С. 81-89. 

[3] Ротштейн А.П., Кательников Д.Н. Идентификация нелинейных объектов нечеткими базами знаний / 
Кибернетика и системный анализ. – К.– 1998.– №5.– С. 53-61. 

 

 294


