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Abstract— This paper considers the classical formulation of
the problem of optimal design of engineering structures. The
results of solving optimal design problems determine the shapes,
internal properties and operating conditions of structures that
deliver the extremum of the selected characteristics of
structures, taking into account additional restrictions.
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1. INTRODUCTION

When designing various engineering structures, namely:
construction projects, aircraft manufacturing, rocket
manufacturing, shipbuilding, etc., problems arise in
calculating and optimizing plate structural elements of
complex configuration (plates of non-rectangular outline,
with cutouts, multi-connected, etc.). The mathematical
complexity of calculating such plate elements of arbitrary
outline, especially their optimization, has led to a significant
lag in scientific research and publications on the listed issues
from the calculation and optimization of "traditional” types
of structural elements.

2. RELATED WORKS

Russian scientists L.V. Kantorovich, N.N. Moiseyev,
V.S. Mikhalevich, B.N. Pshenichny, Yu.M. Danilin, LA.
Rastrigin, L.I. Polovinkin, R.G. Strongin and others made a
great contribution to the development of optimization
methods.Optimal design of structures is one of the most
complex and urgent problems in mechanics.When
optimizing structures, the weight of the structure, cost,
oscillation frequency, etc. are taken as the target function.
The most widely posed problem is the design of structures of
minimum weight, which are widely used in such branches of
the national economy as construction, rocket engineering,
aircraft construction, shipbuilding, etc.

The theory of optimal structures has been developed
largely due to the works of famous scientists .M.
Rabinovich, A.l. Vinogradov, H.M. Mushtari, V.V. Vasiliev,
Yu.N. Nemirovsky, A.A. Chiras, V.K. Kabulov, T.R.
Rashidov, T. Buriev, K. Abdirashidov [7-8].

3.1. METHODS (OPTIONAL)

The paper proposes a new approach to automating the
solution of optimization problems of engineering structures
and buildings, based on the developed mathematical models.
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Theoretical prerequisites and principles for constructing
automated design systems for solving classes of optimization
problems of structural elements and buildings have been
developed. Based on the systems approach, the issues of the
internal organization of such systems, the functions of
individual blocks and modules, and the end-to-end
automation of the process of solving optimization problems
from formulation to obtaining numerical results have been
studied. A class of efficient algorithms for random search of
both local and global extremums has been developed. The
principles and methodology for constructing problem-
oriented PPPs for optimal design of classes of structures have
been developed. A number of important problems of
calculating and optimizing engineering structures have been
solved. Scientific and practical significance of the research
results. The developed algorithms for solving optimization
problems.

3.2. FORMULATION OF THE PROBLEM.

The formulation of the problem of optimization of
elements of elastic structures is as follows: formulation of the
main governing equations (mathematical models); selection
of optimized functionality; restrictions on state functions and
required control variables. An essential element of the
problem statement is the choice of amechanical model. First,
select the state variables and its equations

L (x, wh, q)=0, €

relating these variables to the physical and geometric
parameters of the structure and external influences. Here is a
vectorfunction that determines the state of the structure. The
independent variable takes values from the region Q. Let L
in (2.19) denote the differential operator with respect to the
spatial coordinates xi. Equation (1) defines a system of
differential equations thatare generally nonlinear.

In this work, the main attention is paid to those theories
in which the conditions of geometric and physical linearity
are assumed to be fulfilled, and therefore the behavior of
structures is described by operators linear with respect to
state variables. Operator L depends on the projection vector
function h={(h1 (), .., hn (X} and the vector function of
external influences q. The numbers m, n, | are specified and
it is assumed that the boundary conditions that determine the
methods of fastening and loading structures are included in
the operatorL.

The systemof equations (1) with given initial datamust
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be closed and determine the state variables characterizing the
stress-strain state (SSS) of structures. Functions hi (x)
determine the shape and physical and mechanical properties
of the material of the structure. hi (X) can be, for example,
distributions of thicknesses and cross-sectional areas of the
body, functions that determine the position of the middle
surfaces of curved rods and shells, and angles that specify the
orientation of the anisotropy axes at each point of the elastic
body.

In addition to the listed functions, structural optimization
problems include functional characteristics - functionals that
dependonu, h,q:

J,=J,(uhQq),..,J, = Jz(u,h,q).(z)

In problems of optimization of elastic structures thereare
two types of functionals: Integral functionals

J = [s,(xuhq)dQi=1.. 1.
> ©)

And local functionality

3, =max, f,(x u(x), h(x), q(x)), j=7,+1 .., 7,+7,.
)

Fi denotes given differential expressions, and denotes
given integers, and . By means of (3), such characteristics of
the structure as weight, energy of elastic deformations,
frequencies of natural vibrations, and critical load are
represented. Local characteristics are maximum deflection,
stress intensity.

Due to design requirements, there are restrictions placed
on control variables and state functions. They form a system
of inequalities and are written in vector form as:

¥(x,u,h,q,J;, .., J,)<0 ©)

The vector components are specified functions of the
arguments. In specific problems, inequalities (5) can be
restrictions of various types on stresses, deformations,
displacements, integral stiffness or compliance, as well ason
natural frequencies of oscillations and values of critical
parameters of buckling.

One of the functionals under consideration or their
function is accepted as the functional to be optimized. The
optimization problem is to find a function h(x) that delivers
aminimum (maximum) to the functional

J=F@,, .. J,)
and satisfying the relationship (1 — 6).

4. RESULTS

It should be noted that the number of considered
functionals and imposed restrictions, which are assumed to
be consistent, can in principle be arbitrarily large. There is
only one optimized functionality or design quality criterion
in each specific problem of type (1 — 6). So, for example,
according to the moment theory of shells, the tasks of
minimizing the weight of the shell with restrictions on
deflections or minimizing the maximum deflection for a
given weight can be set. But the problem of simultaneous
minimization of the two indicated functionals does not make
sense when using the classical definition of optimality.

5. CONCLUSION
Correct formulation of optimization problems with a

(6)

vector quality criterion becomes possible when using the
concept of optimality in the Pareto sense or otherconcepts of
multicriteria  optimization. The choice of functionals
considered in optimal design is part of the formulation of
optimization problems. This choice is influenced by many
factors: the main purposes of the design; terms of Use;
technological capabilities and implementations; cost
restrictions; properties of the model adopted to describe the
mechanical behaviorof the structure; apriori properties of the
optimal problem. The following describes the functionalities
most often considered when optimizing a design. [7]

Weight —one of the main characteristics ofthe design, and
therefore in most cases of optimal design, this functionality is
either considered as an optimized quality criterion, or appears
among other accepted restrictions. The weight of a structure
characterizes both the consumption of materials necessary for
its creation and some of its operational properties.

Weight is an integral characteristic of the design. For solid
homogeneous bodies, the weight is proportional to the volume
they occupy:

J=j j dQ
@ @

where j is the specific gravity of the material. For thin-

walled structures made of homogeneous materials, the

weight is represented by the integral of the thickness

distribution function h:

J= jjf(h).dQ
o ®

For example, for a solid plate fixed along the contour T in
thex, yplane (x y are Cartesian coordinates),f=h(x, y), Q is
the area limited by the contourT. In this case, reducing the
weight of the structure can be achieved as by changing the
function h(x, y) for a fixed region Q, and by simultaneously
varying the thickness and shape of the regions. In the case of
optimization of inhomogeneous bodies, the weight functional
depends on the structures of the material, for example, on the
concentration of binders and reinforcing additives of
composite materials. If we denote by ha, ja, hc, jc the
concentrations and specific gravities of reinforcing and
binding components, then

3 ={(i,h, + jch, e,
Q ©)

where Q is the area occupied by the structure.

Rigidity. Often, in optimal design, the amount of work
produced by external forces due to static loading of an elastic
body is used as a measure of the stiffness properties of a
structure. This functionality is called structural compliance.
If an elastic body is fixed to part of the boundary Gi, and
loads g are applied to another part of I'c, then compliance is
determined by the integral over I'c of the scalar product of
the vectors of elastic displacements u and external forces:

J :%!q-udrg

’ (10)
With a more general definition of the compliance
functional, g and u can be understood, respectively, as
generalized forces and generalized displacements.
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Stability. When optimizing  thin-walled  structures
compressed by conservative forces, functional types of
Rayleigh relations are considered, determining the critical
values of loading parameters for which a loss of stability
occurs. Let us denote by Pthe loading parameter, pT the work
performed when bringing a unit volume of the structureto a
critical state,and by IT the density of the potential energy of
elastic deformations after loss of stability. Using classical
concepts of the theory of elastic stability, we arrive at the
following expression for the critical value P:

p=[TN(h)dQ [T, hdo

(11)

Typical problems in the theory of optimal design of
compressed structures are the problems of maximizing the
critical value PO (PO is the minimum of the eigenvalues) for
a given weight of the structure and the problems of
minimizing the weight under the constraint , where p is a
given number. The results of solving these problems are
given in [1-7].

Local functionals. Above, we considered integral-type
functionals, which are taken into account in optimization
problems using classical methods of variational calculus.
However, many important problems lead to functionals that
depend on the values of state functions at previously
unknown points. The main strength and deformation
characteristics have a local character. Local functionals
include such a characteristic of the rigidity of a structure as
the maximum displacement of points of an elastic medium.
As applied to shells and thin-walled structures, rigidity is
estimated by the value of the maximum deflection

J =max _, u(x)|, 2

and the problem of optimizing rigidity when varying the
design variable h is naturally formulated as the problem of
minimizing the maximum deflection.

Local functionals also include many strength characteristics
of the structure. A typical functional of this type is written as
follows:

J=(f)q, =max, f 13)

Here is the stress intensity oranother measure of the stress
state of an arbitrary point of the structure, and QO is the set
of points where the maximum of fis realized. Note that with
proportional loading of bodies, the requirement to expand the
range of permissible loads leads to the problem of
minimizing the value ofJ
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