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Abstract

The article analyzes the classification aspects of the rational choice of the polymer composites types for aircraft
structures. Based on the analysis, criteria for the effective selection of polymer composite materials are proposed
taking into account various factors operating in the production. The problem is formulated on the need to develop an
effective method for assessing the choice of polymer composites for aircraft structures.
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1. Introduction

Starting from 1960-ies, General Designer Oleg K.
Antonov has been directing the aircraft industry of
Ukraine towards continuous introduction of polymer
composite materials (PCM) in the structure of civil
airplanes developed in the country as an efficient
reserve for improvement of the airplanes’
performance characteristics[1].

During the years that followed, the ANTONOV
Company continually increased the scopes of the
materials introduction by expanding the sphere of
design and technological solutions (DTS) from
secondary structural members to those that condition
the load-carrying capability of an aircraft (A/C)[2-
4].  Productive research and  educational
collaboration with numerous organizations was also
broadening, including the “Kharkiv Aviation
Institute” National Aerospace University (KhAI) [5].

2. Main part

Analysis of multiple publications [2-6] and the
experience accumulated by the ANTONOV
Company in the field of the PCM utilization in civil
Antonovaircraft structures make it possible to state
that the effectiveness of design and technological

solutionsfor the PCM products is predetermined by
the totality of the following criteria:

K, — specific characteristics of load-carrying
capacity conditioning the structural load ratio;

K. — criterion of cost, determining integral
financial inputs in the creation of a unit of mass of a
PCM structure;

K — safety criterion, determining the degree of
freedom from harmful effects on the operator and
environment in the course of manufacture and
operation of the PCM structure;

Kieen - technological effectiveness
(processability) of a semifinished PCM product
conversion into a structure ;

Ky — manufacturing content involved in the
conversion of a semifinished PCM product into a
structure.

Each of these criteria has by now been more or
less explored in terms of quality or quantity [8-12].
Moreover, several attempts have been made to
investigate their mutual effects [13].

The level of the criteria is shaped by specific
factors and predetermined by these factors (Fig. 1).

These factors differ for each criterion. Criteria
K., KK, Kiech, that shape the criterion K,, are
interconnected, i.e., the level of each of them
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depends to a specific degree on the level of other
criteria (1).

The meaning of the symbolic formula (1) is that
the level [K,], governed by the decision maker, is
ensured by the minimum level K¢ . in combination
with the maximum level of K, which provide for the
acceptable levels of Kieer and K.
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Fig. 1. Interrelation of PCM effectiveness criteria

The level of K, is specified by the decision
maker who decides on the selection of the type of
PCM to be used for each specific element of an
aircraft structure. In the meantime, the motives
(grounds) for the selection may differ, based on this
or that conception of effectiveness (praxiological,
technical, cost, or strategic).

This level can however be provided in different
ways by different combinations of the levels of other
criteria of effectiveness of the PCM type selection
for a specific DTS.

High priority of attainment of a lower level of K.
or a higher level of K, depending on the purpose of
the concrete DTS for a structure, seems to be a
preferable one among the above-mentioned
combinations.

Objective (quantitative) analysis of the preferred
alternative is required in this case.

To implement the method of selection of
efficient PCM application in aircraft structure of
type (1), it is necessary to reduce all criteria to
dimensionless formreferring their values to baseline
counterparts:

K| @)

ibase

I?i:

where Ki=(K,, K., Ks, Kiech, Knc).

It seems reasonable to assume as baseline
counterparts the maximum values of criteria Kimax
attained according to worldwide statistics.

The PCM selection criterion [K,] regulated by
decision maker, as was already mentioned above, is
attained with a somewhat higher value of the
integral PCM selection criterion [Kj,]which is
formed, considering the effect of the combinations
of other criteria on [K}], in different ways in the
general case.

It follows from the world statistics that, as a
general rule:

Kt if B4R KT K, L.

A number of research by the employees of the
ANTONOV Company and KhAI examine the
components of the criteria of effectiveness of PCM
application [7-13].

Thus, paper [10] formulates the PCM
composition components included in criterion K_p,

which shows the contributions of criteria K, and
K, (block 2), and criterion K, (block 5), Table.

A similar kind of interaction is also observed for
other criteria.
Table

Level component shares of PCS composition in
criterion K »

No Level component shares
1 | 1.1 Heatresistance

1.2 Level of the coefficient of linear thermal
expansion

1.3 Combustibility level

1.4 Level of chemical resistance to corrosive
media, atmospheric effects (ageing
resistance), and crack growth resistance

1.5 Power (level) of static accumulation

2 | 2.1 Level of technological effectiveness

(processability)

2.2 Level of toxicity (safety) in the course of

reprocessing

3 | 3.1 Level of dominating specific static strength

(tensile, compression, shear)

3.2 Level of adhesive power (compatibility of

the PCM composition components)

3.3 Level of specific fatigue strength

3.4 Level of specific dynamic strength

3.5 Level of specific acoustic strength

4 | 4.1 Level of the dominating ultimate elastic

deformability

4.2 Level of creep

4.3 Brittle fracture power (ultimate strain level)

5 | 5.1 Relative level of cost

6 | 6.1 Availability level
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Paper [8] summarizes the types and components
of the complex of technical object safety that are
taken into consideration to a certain degree in
criterion K, and paper [9] presents a scheme of

decomposition of the technological effectiveness
indicators considered in X,

tech *

Thus, sufficiently consistent prerequisites have
been created for development of a method of
rational selection of PCM composition for certain
structures of the civil domestic aircraft based on a
comprehensive  criterion  considering  specific
features of their manufacturing and operation.

These investigations should be based both
on the results discussed above and on their
generalization that is partially contained in
monographs [14-15], directorates/manuals of PCM
properties and other classification aspects of PCM
application [16-18].

3. Conclusions

1. Review and analysis have been made of the
classification aspects of rational selection of PCM
types for structures of domestic civil aircraft
produced by the ANTONOV Company.

2. Principal effectiveness criteria of PCM type
selection have been proposed, including the criterion
of specific characteristics of the material load-
carrying capacity, cost of inputs in the creation of a
unit of mass of a PCM structure, safety criterion
determining the degree of harmful effects on the
operator and environment in the course of
manufacture and operation of the PCM structures,
technological effectiveness (processability) of a
semifinished PCM product conversion into a
structure and manufacturing content involved.

3. Based on numerous publications by the
authors and other ANTONOV employees, the task
has been formulated for development of an efficient
method for assessment of the rational PCM selection
for the structures of civil domestic airplanes that
takes onto consideration the interrelationship
between the proposed criteria.
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Buxonano anamiz kiacu]ikamiifHIX acHeKTiB parioHaIbHOrO BHOOPY BHUIB MOJIMEPHUX KOMIIO3WUTIB IS

KOHCTPYKIII aBiallifHOro TpHU3HAYCHHS.

Ha 6as3i

BHKOHAHOTO aHaNi3y 3alpOMOHOBAaHO KpHUTepii

e eKTUBHOTO BHOOPY MOJIMEPHUX KOMIIO3HMIIIHHUX MaTepialiB 3 ypaxyBaHHSIM Pi3HUX (aKTOpiB, SKi AIFOTH
Ha BupoOHMITBI. CdhopMynpoBaHa 3amada MIOAO0 HEOOXIMHOCTI po3poOKH e(EeKTHBHOTO METOMY OIIHKH
BHOOpPY MOJTIMEPHUX KOMIIO3HTIB ISl BHPOOIB aBiallifHOT TEXHIKH.

KamouoBi cioBa: aHaii3; TMOBITpsSHE CYAHO;

e eKTUBHICTh

KpUTEpi;

MONIIMEPHUN  KOMITO3UIIHII — MaTepian;

A.B.Faﬁuaqykl, BaHFBOZ, C.A.Bbrukos’ , A.B Aﬂz[peeB4

KnaccupukanuoHHble aceKThl PAHOHAIBHOT0 MPUMEHEH s MOJIMMEPHBIX KOMIO3HIIMOHHBIX
MaTepPHAI0B B KOHCTPYKLUMSX MPAKIAHCKUX CaMOJIETOB
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B cratbe mpoaHanu3upoBaHbl KIACCU(DUKAIMOHHBIC ACTIEKTHI PAIIMOHATIBHOTO BHIOOPA BH/IOB MOIMMEPHBIX
KOMITO3UTOB JUI KOHCTPYKIMH aBHAIIMOHHOTO Ha3HA4YeHHW. Ha OCHOBAaHHM BBITOJTHEHHOTO aHAIN3a
MPEATIOKEHBI KPUTEpUH 3()(HEKTHBHOrO BHIOOpPA MOJUMEPHBIX KOMIIO3MIIMOHHBIX MATEPHAIOB C yYETOM
pa3nuuHbIX (PAaKTOpOB, MEHCTBYIONMX Ha mpousBoiacTBe. CdopmynupoBaHa 3agada O HEOOXOAUMOCTH
pa3paboTku 3(HPEKTUBHOrO METO/Ia OIEHKH BHIOOpA MOJIMMEPHBIX KOMIIO3UTOB I M3ZC/IUN aBUAIIMOHHON
TEXHUKH.

KuroueBsble ciioBa: aHanu3; BO3AYIIHOE CYIHO; KPUTEPUI; TOJTUMEPHBIA KOMIIO3ULIMOHHBIN MaTepual;
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