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AN APPROACH TO OPTIMIZATION OF 

COMPOSITE STRUCTURES UNDER 
 NON-STATIONARY LOADS 

 
Modern aviation equipment has a number of features that 

distinguish it into a separate class of equipment [1, 2]. At the same 
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time, the production of aviation equipment units is small-scale in 
nature [3, 4]. Products are extremely complex both for design and 
production, have a high cost and must meet strict requirements for 
reliability [5, 6]. This makes it difficult to analyze the quality of 
the product and its performance at the design stage, since it is not 
possible to compare it with analogues [7, 8]. Increasing the 
efficiency of aviation equipment is largely determined by the 
structural materials used [9]. The search for ways to solve this 
problem has led to the trend of using composite materials in 
structures [10]. The volume and level of responsibility of 
composite elements of aviation equipment is constantly increasing. 

The design of such complex technical systems as composite 
structures of aviation equipment is a complex multifaceted 
problem. This problem is related to the fact that composite 
materials are created in the process of manufacturing the product. 
In turn, the production technology of these products is largely 
related to other important components of this complex problem. 
These components include economic, ecological, which includes 
the safety of the production and life activities of the operation of 
the product. Therefore, the creation of objects of this class of 
technology grows into a multi-criteria problem, in which the 
results of many studies must be synthesized. However, there are no 
completed comprehensive studies combining all the components 
of the discussed problem in a scientific plan (theoretical, 
experimental and methodological) with a single conceptual 
approach. This is due to two main reasons. One of them is the need 
for such a solution to a fairly large amount of data that is gradually 
accumulating. The second reason is the significant scale of 
optimization of design parameters in the multi-criteria problem of 
creating aircraft structures from composite materials. 
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A distinctive feature of the proposed approach is the 
possibility of structural-parametric synthesis of rational designs of 
this class of equipment while ensuring regulated load-bearing 
capacity under simultaneous power and thermal load, taking into 
account technological and operational limitations that correspond 
to the current level of their production. The varied parameters of 
this class of structures differ for different structural and strength 
schemes. Thus, in structures with multi-layer load-bearing skins, 
the varied parameters include the thickness and angles of 
reinforcement of the layers forming these skins. For sandwich 
units, in addition to the parameters of the load-bearing skins, the 
most important design variable is the height of the aggregate. To 
further reduce the mass of cellular structures, the parameters of the 
cellular aggregate can be varied. To reduce the search space by 
minimizing the number of varied parameters or dividing their 
optimization into stages, the proposed block diagram provides for 
the possibility of preliminary analysis of the significance of the 
parameters of each constructive-force scheme. 

The optimal design of composite elements under the 
influence of dynamic, in particular non-stationary loads, is devoted 
to a small number of publications due to the mathematical 
complexity of solving the problem of non-stationary deformation 
of the structure [9]. Thus, despite the fact that nowadays there are 
many numerical methods for calculating structural elements, there 
is an urgent need to develop analytical methods that allow 
analyzing the influence of individual factors on the stress-strain 
state and optimizing the parameters of composite elements. 

The aim of the work is to solve the problem of optimal design 
of layered orthotropic open cylindrical shells, the layers of which 
are made of carbon plastic, under impulse loading. The solution 
was obtained by the immersion method [4] and the search 
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optimization method with adaptive control of the computing 
process [11]. 

The method of optimal design of orthotropic layered shells 
of minimal mass under impulse loading, which takes into account 
geometric and strength limitations, has been developed. The 
influence of the radius of curvature on the optimal parameters of 
the shells was studied. The effectiveness of the numerical 
implementation of the proposed technique is achieved due to the 
application of the immersion method for solving the problem of 
non-stationary oscillations of shells and the search hybrid 
optimization method for solving the problem of minimizing the 
mass of shells. The developed technique can be used for the design 
of layered elements of energy, transport and construction 
structures under the influence of high-speed intensive loads. The 
obtained dependencies allow the designer to choose the 
appropriate parameters of layered structures and to evaluate their 
strength and reliability under various operating conditions. 
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