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The subject of research in the paper is the process of forming a criterion base to evalu-
ate the effectiveness of carrying out modification changes in a transport category air-
craft. The goal is to develop supporting criteria for making decisions regarding the
expediency of modification changes, namely, during design, during production, and at
the stage of its operation, at each stage of the life cycle of a new transport category
aircrafi. The complexity of the task lies in the need to develop a model for evaluation of
the consequences of changing the aircraft for each stage separately, which would col-
lectively determine the integral effectiveness of its modification. To evaluate the effi-
ciency of basic aircrafts in operation, there are a number of economic indicators of
their efficiency, in particular, the cost of an aircraft hour and the transportation of one
ton of cargo per one kilometer, which are only partially taken into account when ana-
lyzing the efficiency of aircraft modifications, although in the case of aircraft transport
category, specific cost criteria for the entire life cycle both for the base aircraft and for
its modification is required. For their development, a method of estimating the cost of
the entire life cycle of the aircraft is proposed, as well as a method of dividing modifi-
cation changes according to the parameters of the upper level (PMD), which is used at
the stage of designing the devices, and the lower level (PPO) for the operational stage.
On the basis of and taking into account the specifics of the specified methods, indica-
tors of additional labor costs that arise during the implementation of modification
changes in the conditions of production and at the stage of aircraft operation have been
developed. The proposed criteria take into account indicators of the transport efficiency
of heavy aircraft modifications and the integral efficiency of the modification, taking
into account the costs at all the main stages of the life cycle of the modification. The
scientific novelty of the obtained results is as follows: the supporting criteria for the
adoption of decisions regarding the expediency of modification changes at each stage
of the life cycle of a new transport category aircraft are proposed, i.e. during design,
under the conditions of production and at the stage of its operation. Such criteria will
ensure the integral efficiency of the transport aircraft modification.

Keywords: transport aircraft, base aircraft, aircraft modifications, aircraft efficiency
assessment models.

The process of creating modifications of transport aircrafts of all weight categories has developed
widely. On the basis of the changes, the problem of continuously improving the productivity (flight and hour
one) of this type of aircrafts is solved.

This goal can be achieved by increasing three parameters: commercial load m,,, distance of transpor-
tation L and cruising speed Vs
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In heavy transport aircrafts, the value of these parameters has usually already been achieved, and
when creating modifications, other goals are set and implemented: reducing the mass of structural elements,
reducing labor costs in the production process, reducing costs per unit of useful work, reducing costs at the
stage of operation, which leads to the need to develop special models of their assessment.

Analysis of recent studies and papers

The creation of heavy transport aircrafts is a feature of the Ukrainian school of aircraft construction:
An-132D, An-22, An-124, An-225 [1]. The excellence of their flight and technical characteristics is recog-
nized all over the world, so they are still regularly used.

Of course, the most important indicator for aircrafts is their economic efficiency, laid down by
O. Antonov [2] even during the design and production process.

This approach is based on the earlier developments of domestic researchers on the economics of
transport category aircrafts at the stage of their operation, which forces developers to look for optimal solu-
tions at the design stage [3].

Taking into account such circumstances, the State Enterprise Antonov [4] has developed a methodology
to evaluate decisions based on a set of flight-technical and cost indicators, which is fully implemented during the
creation of modifications of transport category aircrafts [6] with increased flight and hourly productivity.

When solving tasks of this type, prognostic models are most often used [5] with an assessment of the
economic efficiency of the developed aircrafts at the time of their commissioning and for some subsequent
period [6].

The study [7] provides models for evaluation of the economic efficiency when making modifications
to the transport aircraft structure. The paper [8] presents an analysis of operational and economic indicators
of transport category aircrafts for various purposes, data on reliability, the main reasons for aircrafts failure,
engines and components.

In the studies, indicators of economic efficiency were compared with individual flight technical pa-
rameters.

With regard to newly created modifications, the method of their specific evaluation according to cost
indicators was first presented in paper [9] for short-haul passenger aircrafts.

Parameters that change in the processes of creation and operation of transport aircrafts modification
The classification of parameters characterizing the modification of a transport category aircraft is
given in papers [1, 2]. According to it, there are two large classes of variable parameters — PMD and PPO.
They differ in their impact on changes in the starting mass of modification and implementation at dif-
ferent stages of the life cycle:

—PMD - a group of control pa-
rameters (upper leveléz CP)I‘?), that are mo%i- oo INDICATORS OF INTEGRAL EFFICIENCY [
fied during design, the change of which ﬁ
leads to an increase in the starting mass _— Lfgfyﬁfa(f;ﬁ g%?) _—
compared to the mass of the base aircraft ) T T T
(m(’)n (PMD)> mg ); Rescarch Designing Flight fests Operation Utilization
—PPO — a group of control pa- N i i i i
rameters (lower level (CP),) that change at 1 1 il
the stages of production and operation and o - i !
do not lead to a change in the starting mass w85 ?gag g %Eﬂ "
(m3’ (PMD)=my).
Adequately to their status, a e 5 24 5 gpg‘ ¢ s é"% conditions
scheme of decision-making supporting 1 z e ST
criteria throughout the life cycle of the T T T
modiﬁcation, taking into account integral Modification changes of control parameters =
indicators of its effectiveness, has been (PMD) and (PPO) ‘
formed (Fig. 1). Fig. 1. Decision-making supporting criteria in the structure
of stages of the modifications life cycle
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From the data shown in the figure, it follows that decision making according to the criterion of specific
costs must be carried out at the design stage as calculation PMD parameters, such as life cycle cost, modifica-
tion performance and calendar resource, which are laid down for the main power elements, are obtained. This
approach will reduce the number of options that will be considered at the next stages.

For the stages of the modification production and operation (taking into account the change of the
PPO parameters, weight and cost equivalence models of parameters, which are used in the general scheme of
evaluation of the modification according to integral indicators of efficiency, are required.

Integral criterion of cost effectiveness of modification changes
As already mentioned, the integral indicators of a heavy aircraft are:
— the total useful work performed by the modification during the operational phase;
— full value costs for the modification life cycle.
In this case, their relation acquires the status of a criterion of integral efficiency:

= full life cycle coast

= . 1
" theentire operation of the aircraft during the operational stages M)
This criterion in parametric expression has the form:
- B
B, =—2—; 2
Ie mCl . L . N ( )
B, =4,T,, 3)

where T;, — declared resource in flight hours; N — the number of flights per life cycle with average flight
times; 4, is determined by the average costs per flight time, taking into account all phases of the life cycle.

A=A+ Ay + Ay, + Aoy + Ap + 4 + Bap, 4)

where A.4, Acq — aircraft and engine depreciation costs; A.y,, Ao — aircraft and engine maintenance costs;
Agel — fuel costs; A — crew salary expenses; By, — indirect (airport) costs.

The complete work performed by the modification during its life cycle at the stage of its operation is
estimated by the expression

W=m,-L-N, 5)

where m'L is the useful work done by the modification in one flight.

Thus, the decision-making supporting criterion for the implementation of modification changes of
the main parameters of the modification will be written in the form

E _Ah(Aad’Aed’Aam’A Afuel’As’Bap)'Th
o my-L-N '

Criterion (6) should be classified as an integral group. The dimensionality of the criterion
[UAH (USD)/kg x km/flight] fully confirms its integrality, since it includes the amount of commercial load
my, the distance of transportation L, that is, the main distinguishing feature of the modification (its flight per-
formance) and the declared resource 7. In addition, based on this criterion, it becomes possible to evaluate
the effectiveness of the first group of modifiable PMD parameters.

During the life cycle, there are also changes in the second group of parameters (PPO), which do not
lead to an increase in the take-off mass of the aircraft, but instead improve some parameters at the expense of
others, which is usually accompanied by an increase in labor costs AT, on the implementation of such proc-
esses and leads to a change in cost indicators: flight hours 4}, and cost of air transportation a.

Taking into account such circumstances, there is a need to develop models of the type

a', 4y = f(Amy,AT,). (7)

Naturally, the cost of air transportation a' and the cost of an aircraft hour A4; after such modification

em ?

(6)

changes significantly depend on the ratio of parameters in the right-hand side of the expression (7) Am. /AT,
at Am 70 and AT #0.

Modification changes of PPO parameters include:

— unification of the design of the modification and the base aircraft;
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— commercial conversion of the aircraft for seasonal air transportation;
— reducing the number of failures and increasing the reliability of the modified design, etc.
Fig. 2 shows the scheme for obtaining weight equivalents of the expediency of modification changes
in PPO parameters.
At the same time, all modification changes are recognized as appropriate in the economic sense, if
they lead to a decrease in the cost of an aircraft hour
Ah =Aa-m Vcruisc ° (8)

cl’
or life cycle cost
B.=a"-m,-V.

cruise Baf : Th > (9)
where V.. — cruise speed; B, — annual flight in hours; 7;, — calendar (declared) resource in hours.

Thus, the expediency of modification changes of the PVE is determined by the angle of inclination a
of the dependence Am(AT,)

arctgo. — max , (10)
which, in turn, determines the decision-making supporting criteria in the form of equivalents:
- Armg (a' < a) — 1- advisable to change (11)
Am,, AT, AT,
B, Amg .
——=(a' > a) > Il —not advisable to change (12)

0

The specificity of criteria (11) and (12) is that the decision is made regarding Am,,, that is, according
to those parameters that the designer can influence under the conditions a'<a and thereby economically jus-
tify the effectiveness of the decisions made.

Amcl

® Reduction of failures,
increase in reliability

® [ncrease of resources
of some designs

/

PPO ———>]

Ensurance of the
annual flight hours

N

Commercial conversion

of the modification

® Unification of the designs
of the modification
and the base aircraft

Fig. 2. Graphic representation of the limits of expediency of modification changes by condition Am (AT,):
AT, — additional labor costs;
a, a' — the cost of air transportation of 1 ton of cargo per 1 km of the route before and after changes in PPO

a, A

USD / (ton-km) a,\.\ a’(Amcl’ATO) >a
‘~. .

m — const
Cjc — min
MK — (CP)] — AT() — (AmclL)

-« AAy<— @’

S~
a’(Am,ATy) <a

— G =G, -
L, km

Fig. 3. Scheme of the influence of the main parameters on the change in the cost of air transportation
(USD/tonkm) of the basic option and additional labor costs AT, on a' (USD/tonkm) when changing PPO
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In addition, the "more/less" sign defines the limits of possible solutions, equivalently suitable for evalu-
ating the effectiveness of changing parameters regardless of their category and for aircrafts of different purposes.

The implementation of criteria (11) and (12) is associated with specific modification changes and for
specific aircrafts with different indicators of labor costs AT, and commercial load Am,. Based on this, effi-
ciency equivalents must be developed for each specific type of aircraft and conditions of its production.

The most generalized (which reflects all combinations of modification changes) is the criterion of

specific costs for the full life cycle of the modification B, . It describes the monetary costs incurred per unit
of useful work performed by the modification at the stage of its operation.
Values of B,, were determined on the basis of passport data of domestic aircrafts, declared at the

time of their commissioning.

Its index score is given as a parameter [USD / (mL-N)], where m. — mass of the commercial load
transported (in tons); L — transportation distance (in km); N— number of flights per life cycle. The results of
the numerical evaluation are given in the table. The most effective ones are modifications with a minimum

value Em .
When comparing regional passenger and transport aircrafts, it should be recognized that aircrafts modi-

fications have a criterion of specific costs l_i'lc that is slightly worse than the modifications of the An-148-100
aircraft.

Table. Results of a numerical evaluation of the criterion of specific costs for the full life cycle of aircrafts modification

Aircraft type An-26|An-32|An-132U|An-124-175|An-124-200|An-124-355|An-148-100|An-148|An-148-100M

B,.,[USD/(myL-N)]| 0.62| 0.61| 0.51 0.59 0.63 0.62 0.50 0.48 0.85

At the same time, it should be noted that the value of such indicators of transport aircrafts as An-32
and An-132U is somewhat worse than that of modifications of the heavy transport aircraft An-132. This is
explained by the insufficiently high resource and short length of the airlines on which they are operated.

Conclusions

1. A criterion base for decision-making support based on the cost integral indicator of the effective-
ness of the implementation of modification changes of PMD parameters that change at the general design
stage and PPO parameters that change at the production and operation stages, i.e. by the sum of all stages of
the life cycle, has been formed.

2. The structure of decision-making supporting criteria is formed by:

— indicators of transport efficiency of heavy aircraft modifications;

— criteria for the integral efficiency of the modification, taking into account the value and additional
labor costs AT at the main stages of the life cycle.

3. New decision-making supporting criteria in the procedure for evaluating the effectiveness of
modification changes are proposed:

— for the stage of modifications development — the criterion of specific costs for the life cycle B,,,

which is based on the ratio of all types of costs to all useful work, performed by the modification at the stage
of its operation;
— for the stage of production and subsequent improvements - criteria for the expediency of modifica-

tion changes, taking into account the labor costs for their implementation ( ATIC (a < a)J ;
0

— for the stage of operation of transport aircraft modifications - a method of information presentation
of commercial flights in the form of competitiveness indicators [7].

The use of such a set of criteria in relation to modification changes on domestic aircrafts showed that
their application significantly reduces the options for modification changes that are considered and reduces
the level of subjectivity in their implementation.
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KpurepianbHi ocHOBH oniHIOBaHHsI Mogudikaiid TPaHCIOPHHUX JiTaKiB 3a BAPTiICHUMHU MOKAa3HUKAMH

JI. B. Kaniranoga, /I. C. Kipnocos, B. 1. PsiokoB

HamionansHuii aepokocMiunuii yHiBepeuTeT iM. M. €. )KykoBcbkoro «XapKiBChbKHH aBiallitHUN iHCTHTYT»,
61070, Ykpaina, Xapkis, Bysa. Ukanosa, 17

Ilpeomemom docrioscensy y cmammi 06pano npoyec GopmMysanHs KpumepiaibHoi 0a3u 015 OYIHKU epeKkmue-
HOCMI NPOGeOeH s MOOUDIKAYIIHUX 3MIH Y TIMAaKy mpancnopmuoi kamezopii. Memoto € po3pobka kpumepiie niompu-
MKU RPUUHAMMA HA KONCHOMY 3 emanie HCummeso2o Yukiy H08020 Nimaxka mpaHCnOpmHOL Kame2opii piuieHb ujo0o
OoyinbHOCmMi MOOUPIKAYIUHUX 3MiH, A came: NPU NPOEKMYBAHHI, NPU GUPOOHUYMET Mma HA emani 1lo2o eKCHIyamayii.
Ckraounicms 3a0a4i noigeae 6 HeoOXiOHoCmi po3pooKU OISl KOHCHO20 emany OKpemo MoOeli OYiHKU HACAIOKI6 3MIHEeHHS
aimaxa, wo y CyKynHocmi @usnauania 0 inmeepanvhy egexmuenicms tio2o mooudikayii. /na oyinku eghexmusnocmi
6a306uX 1IMAKiG, WO 3HAX0OAMbC 8 eKCHIYyamayii, iCHyE psd eKOHOMIUHUX NOKA3HUKIE IX eheKmusHocmi, 30Kkpema,
sapmicmy imaxo-200UHYU i nepeseseHts OOHICT MOHHU BAHIMANCY HA OOUH KLIOMemp, W0 Tuue YacmKko8o 6epymocst 00
yeazu npu aHanizi ecpekmueHoCmi MoOU@IiKayii 1imaka, xoua y eunaoxy 3 JimaKamy mpaHcnopmuoi kameeopii nompi-
OHI Kpumepii NUMOMUX BUMPAM 3 8€Cb HCUMMEGUL YUK SIK 0151 OA3068020 JIMaKa, max i 0s 1o2o moougixayii. /s ix
PO3POOKU NPONOHYEMBCA MEMOO OYIHKU 8APIMOCHL YCbO20 HCUMMEBO20 YUKTY JIMAKA, 4 MAKONC Memoo0 NoOiLy MOOU-
Qikayivinux 3min 3a napamempamu eepxuvoeo pisHs (IIMII), sxuil 3acmocogyemspcsi Ha emani NPOEKMYBAHHI AnApa-
mis, I HUJCHbo20 pigHs O0na emany excnayamayii (IIBE). Ha ocnogi il 3 ypaxysanusm cneyu@iku 6Ka3aHux mMemooie
PO3p0o6IEHO NOKAZHUKU 000AMKOBUX MPyoosumpam, Ki 6UHUKAIOMb NpU peanizayii MoOu@ikayiinux 3min 6 ymosax
8UPOOHUYMBA Ul Ha emani ekxcnayamayii 1imaka. Y 3anpononosanux Kpumepisax paxo8ano NOKAHUKYU MPAHCNOPMHOT
eghexmugrnocmi Moougpixayill 6ax)cko2o nimaxa i iHmespaibhoi egpekmusHocmi Moougixayii 3 ypaxysauHsam 8apmicHux
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BUMPAM HA YCIX OCHOBHUX eMAanax HCUMmmego20 Yuxkay moougixkayii. Hayxoea Hosusna ompumanux pe3yiemamis nois-
20€ 8 HACMYNHOMY: 3ANPONOHOBAHO KpUmepii NiOMpUMKYU NPUITHAMMSA HA KOXCHOMY 3 emanie dCUmme8o20 Yyukiy Hogo-
20 AIMaxa mpancnopmuoi Kamezopii piutenv w000 OOYLTbHOCHE MOOUPDIKAYTUHUX 3MIH, MOOMO NPU NPOEKMYBAHHI, 6
yMmosax supoonuymea i Ha emani ii excnayamayii. Taxi kpumepii 3abe3neuams iHmespaivbiy epexmusHicms Moougi-
Kayii mpaHcnopmHoz2o iimaxa.

Kniouosi cnosa: mpancnopmuuii nimax, 6azosuil aimak, moougikayii 1imaxa, mooeni oyinku epexmuernocmi

Jimaka.
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