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Axmyanviicmo npoeedenux oocaidycenv 06ymosnena
noNNUWeHHAM NATUBHOL epexmusHocmi aimaxa i, AK HACAi-
00K, 3IMEHUWEHHAM BAPMOCL HCUMMEBO20 UUKILY ABLAUTUNHOZ20
dsuzyna y ckaaoi cuno60i YcmamoeKu Hae1aIbHO-MpPeHy6alsb-
nozo nimaxa muny DART-450. Teopemuuno o6rpyumosano
JIbOMHO-MEXHIMHI MA eKOHOMIMHI XapaKmepucmuxu cy4ac-
HO020 JleeK020 imaxa 015 HAGUAHHS TbOMH020 cKaady. B oc-
HOB1 Memo0ie 00CNI0NHCEHHA BUKOPUCIOBYEMbCA HADIp napa-
Mempie, xapaxmepucmuk i NOKA3HUKIE, W0 6 yiaomy 6i0oopa-
HCAIOMD MEXHIKO-eKOHOMIMHY OOCKOHANICMb 08ULYHA CUNO60T
YCManoeKu mexHivHoi cucmemu <Cuni06a YCmanoeéxKa — nia-
Hep» J1e2Kk020 HABUAIbHO-MPEHYBATIbHOZ0 JIIMaKa.

Hayxosa nosusna odepicanux pe3yaomamieé nouszae
Y popmyeanti H06020 napamempurHozo 0opucy mypoozeun-
moeux 06UzYHI6 CUL060T YCMAHOBKYU 051 TIe2K020 HABHATlb-
Ho-mpenyeanviozo nimaxa muny DART-450 3 ypaxyean-
HAM M00EN08AHHS 3A0aH020 NOTLOMHOZ20 YUKIY JimaKa ma
HCUMMEBO20 UUKTY 08UZYHA.

Hucenvnumu 00CHIOHCEHHAMU BCMAHOBNEHO, WO MAKCU-
ManvHa 0aabHICMb NONTLOMY JIMAKA 3 PIZHUMU 0BULYHAMU
npu 00HaAK06ill 3NIMHIN MACT BUHAUAEMBCA, 8 OCHOBHOMY,
3anacom naaueéa, a He eKOHOMIMHICIIO SUMpPAMU NAIUBA.
Tomy dsueyn naiimenwoi nomyxcHocmi mae nepesazy y 6cix
xapaxmepucmuxax, Kpim 3aimnoi oucmanuii, axa Haimen-
wa y imaxa 3 06uUYHOM HAUGLILULOT nOMYIHCHOCI.

Pezynvmamamu 002pynmosano, wjo 0151 6UKOHAHHA 3a0ay
N0 HABYANLHOMY MPEHYBAHHIO JLOMHOZ20 CKIAACY O00UiNb-
no écmanogaenns dsuzyna AI-450CP, axuii maec naimenuy
sapmicmw scummeeo20 yuxay. Ouesudno, wo danuii Kimax i3
écmanogaeHuM 08uzyHom Gyode mamu HAHUNCHY BAPMICMb
JAbomnoi 200unu. O0Hax 0131 GUKOHAHHS PO3610YEAIbHUX MA
yoapnux 3aday na nimaxy muny DART-450 douinvro ecma-
Hognenns oeueyna AI-450CP-2. Jlns euxonanns minvku
yoapnux 3aday na nimaxy muny DART-450 douinvro écma-
noenenns dsuzyna MC-500B-C, axuii mae Ginvuy nomydnc-
HICMb, HINC PO32TAHYMI 08UYHU

Knrouosi crosa: nasuanvHo-mpenyeaivHuil Jimax, xcunt-
MeBUI YUK, TbOMHO-MEXHIMHI XapaKmepucmuxu, mypoo-
26UHMOBUI 08ULYH
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Earth’s surface, for business flights, etc. The capability to

land at an aerodrome of any class, easy flight operation and

At present, much attention is paid to the creation of light
aircraft, designed to perform training tasks, to monitor the

maintenance, elegance of interior design, make these light
aircraft a reasonable choice for business meetings, recreation,




as well as to train flight personnel. An important stage in the
creation of such an aircraft (AC) is a conceptual research
during which the aerodynamic and technical-economic cha-
racteristics of the aircraft are examined [1-3].

The relevance of studying the technical and economic
characteristics of light training aircraft (TAC) predetermines
the need to substantiate the required flight-technical and
economic characteristics of modern aircraft to train flight
personnel. The importance of the task on examining AC
operational characteristics is predetermined by the relevance
of the task to improve fuel efficiency and, consequently, to
reduce the cost of engine life cycle (LC) in the structure of
an aircraft powerplant (PP) [4—6].

Since of the greatest interest is the reduction of engine
fuel consumption (FC), at the forefront of research is a study
into improving the integrative properties of PP and AC air-
frame [7]. Exploiting aircraft with turboprop engines (TPE)
makes it possible to significantly reduce FC. When carrying
out the research, it is necessary to analyze the features of
AC PP with TPE, to evaluate the technical and economic
characteristics of TPE as part of an aircraft and to assess the
results obtained. Thus, this work reports such a study related
to light TAC.

2. Literature review and problem statement

Flight training is the most expensive of all types of training
of aviation specialists, which defines special responsibility of
approaching the choice of means of flight training, first and
foremost, TAC and training procedures [8—11]. Flight per-
sonnel training in different countries may typically vary in
the number of flying hours during training process, the con-
tent and programs of each particular stage of training, as well
as the types of TAC. A modern TAC must meet the highest
echnical and economic requirements and be of interest to
potential international customers.

At present, characteristics of prospective light TACs are
actively explored. Paper [12] shows that a light multipurpose
aircraft for general purpose should ensure flights at a distance
to 2.5 thousand kilometers. In this case, the composition of
equipment and the structure of an aircraft must enable smooth
operation at ambient air temperatures from —55 up to +40 °C,
with the mandatory practical possibility to take-off and land
from dirt, snow, and ice. Article [13] substantiated the rele-
vance of the task on estimating an aircraft’s flight-technical
and operational characteristics, with special focus on the cost
of its LC. However, the integrative properties of an aircraft
and its PP with a new engine are not examined.

Papers [14, 15] reveal basic directions in the develop-
ment of aviation science and technology, but they do not
specify particular means and approaches to reducing the cost
of engine’s LC as part of TAC. It is known that the high cost
of experimental studies into aircraft characteristics compli-
cates the stages of its design and production. The issue on
choosing optimum operational modes for key subsystems
requires solving the interrelated tasks of mathematical mo-
delling of PP working process and an aircraft flight cycle, the
optimization of aerodynamic characteristics and composition
of the equipment. The remaining unresolved issues include
defining the function of modeling objective as the problem is
a multiparameter one [16, 17].

Methodological and theoretical foundations of research
into the utilization of engines at AC were laid by leading

scientists in aviation science [18—23]. The authors widely
apply methods of systems analysis, scientific forecasting,
mathematical statistics, mathematics modeling of workflows.
However, the issues related to determining the integra-
tive properties of engine as part of the aircraft PP remain
unsolved. The papers do not describe procedures to create
a parametric profile of the engine with respect to the flight
cycle of TAC.

To substantiate the choice of TAC PP engine, different
techniques for agreeing on the characteristics of a airframe
and an engine for PP [24, 25] are used, based on the prin-
ciples of comparison of AC and engines characteristics, and
the developments by a series of research organizations are
applies. Underlying the calculations is the notion of the tie
parameters — specific load on the wing and the relative size
of PP. At present, these principles are developed and sup-
plemented, they form the basis of a procedure for choosing
parameters of GTE working process, to approve of PP and a
airframe, part of the systems for the automated design of PP
and AC airframe elements. However, most modern research
is not comprehensive and does not take into consideration
a change in the cost of development, production, and ope-
ration of PP and airframe. Such studies produce a one-way
effect and are not appropriate. First of all, this relates
to the comparative evaluation of AC using indicators for
technical perfection.

The most common approach to the assessment of tech-
nical-economic perfection of AC PP engine is to examine
the magnitude of AC LC cost [26], which also includes ope-
rational factors. The concept of LC cost was introduced to
account for all costs and includes expenditures on research
and development work, bringing a sample of aviation equip-
ment to production, investment in mass production, the cost
of operation, maintenance, withdrawal from production and
disposal of an object. However, most studies do not take into
consideration a change in the aircraft flight cycle during its
operation, which affects the resource and cost characteristics
of engine [27].

The leading aviation countries are intensively under-
taking research into advanced engines and airframes of air-
planes using such software as, for example, FLUENT [28],
ANSYS [29], CFX, FlowVision HPC, IOSO NM, CAMCTO,
ECOMI, CASE, Piano-X, APP, CAD/CAM/CAE, PDM,
STEP and others. However, the calculation and justification
of the magnitude of cost of an hour during engine or aircraft
airframe LC is not always carried out jointly and considering
a flight cycle of the aircraft, which complicates analysis of
influence of one subsystem to another at a predefined flight
cycle. Studying the integrative of properties of an aircraft
implies the assessment of mutual influence of characteristics
for PP engine and the elements of an aircraft airframe at
a certain flight cycle.

It is known that the leading engine-building firms spend
huge sums on the development and implementation of auto-
mated design systems adapted to their conditions [30]. The
basis of universal tool kits is Unigraphics, Euclid, Cimatron,
CATIA, CADDS 5, Pro/Engineer, and others. However,
studies into operational characteristics for a new-generation
engine prove ineffective without a joint research into cha-
racteristics of the object at which it is to be installed [31, 32].

Therefore, there is a need to solve a problem that relates
to determining the possibilities to reduce the cost of L.C
of PP and AC airframe based on the substantiation of a pa-
rametric profile to improve their integrative properties.



3. The aim and objectives of the study

The aim of this study is to analyze and select a parametric
profile of PP engine for light TAC, which is a relevant scien-
tific and technical task.

To accomplish the aim, the following tasks have been set:

— to select a light TAC among the world fleet of light
general-purpose aircraft, which has many modifications and
the prospect of development;

— to assess changes in TAC flight-technical characteris-
tics based on the mathematical modeling of its flight cycle.

To analyze the efficiency of application of an aircraft with
appropriate PP during a flight cycle, it is necessary to give
recommendations on selecting the type and parameters for
the engine as part of PP.

4. Materials and methods to examine PP
and AC characteristics

When conducting this study, we used methods of system
engineering, methods of statistical analysis, a retrospective
method, methods of mathematical modeling of a working
process, and numerical methods. It is known that capital
investments in AC are calculated now based on the price
of engine’s elements and an airframe for the aircraft of
a given type. However, it is problematic to obtain accurate
information related to these data. Therefore, taking into
consideration statistical information, estimation of PP LC is
carried out depending on the size of the engine, its purpose,
the level of technical sophistication, succession of design, and
structural-circuit layout of engine and its unification [20, 24].
It is believed that reducing AC operation cost requires the as-
sessment of LC as early as the first stage of design. The design
parameters of an aircraft or engine are chosen based on the
minimum cost of LC for all ACs of a given type.

Specifying the project data for an aviation training com-
plex at different stages over its life cycle opens up a possi-
bility for a detailed enough consideration of all the features
in the operation of existing TAC. That involves the conside-
ration of the degree of AC use during predefined flight tasks,
such as flying in a circle, the flight to perform aerobatics,
flying at a distance, and others.

For a comprehensive assessment of the TAC technical-
economic excellence, an indicator was proposed [6, 33],
which includes the flight-technical and economic com-
ponents:

m
2 (k_ﬂighL cycle kulil AC)
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new
CLC

basic
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where m is the number of typical flight tasks performed
by AC; ki ac is the AC utilization factor over LC at a specific

distribution of share of flight tasks, such that Y k,, ac, =1.0;

S new i=1
R ighe cyete :H(AE“““ l is the characteristic coefficient of AC
flight cycle; A/ is the value for a parameter or a characte-
ristic for new AC (weight and size parameter, the flight-
technical or techno-economic characteristic); A,f”“""” is the
value for a parameter or a characteristic for basic AC (weight
and size parameter, the flight-technical or techno-economic

characteristic); s is the number of parameters or charac-
teristics for AC; C;¢ is the magnitude of the value for the
cost of LC of new AC; C/““ is the magnitude of the cost
of LC of basic AC.

For a research, the input data are the structural, weight,
technical, resource, and economic data on AC and on PP
propulsion engine. Estimation of technical and economic
excellence of existing and new aircraft engines employs
methods based on short-term and long-term forecasts taking
into consideration the actual parameters and characteristics.

In papers [6, 33], the proposed indicator is used to
study the flight-technical and technical-economic characte-
ristics of a prospective training-combat aircraft with turbojet
two-circuit engines. The authors investigated variants of
existing training and training-combat aircraft, as well as
variants for prospective training-combat aircraft with new
two-circuit engines. However, a given work improved the
existing procedure taking into consideration the application
of TPE as part of PP. To simulate a flight cycle of an aircraft,
they used a system of differential equations of motion of the
center of mass of TAC in the form of projections of forces
onto the axis of the trajectory coordinate system [7]. Pa-
pers [6, 19] applied a node-based mathematical model of
PP with TPE, which is built mainly on the aviation TPE
working process, using a base of static characteristics for
nodes, which makes it possible to employ experimental data.

To account for peculiarities of air that flows around AC
with TPE, it is necessary to know the geometry of the air
propeller, nacelle, wing, and empennage, as well as throttle
characteristics for TPE. Improving the aerodynamic cha-
racteristics for aircraft at the expense of air blowing from the
propeller adjusts certain aircraft parameters, for example: the
speed of separation reduces by 15...20 %, the length of run —
by 25..30 % [22].

An increase in the flight speed reduces the gain of aero-
dynamic forces. The more powerful the PP the greater an
increase in aerodynamic forces. To account for the influence
of air blow over an air propeller on the aerodynamic forces
and their coefficients, one performs their recalculation for the
most characteristic operational modes of PP engine.

In TPE, an increase in airspeed leads to an increase
in reactive power. In addition, a decrease in the degree of
throttling, along with an increase in full power, leads to an
increase in the engine efficiency coefficient and reduces fuel
consumption. An analysis of dependences of kilometer FC
on flight speed at different altitudes [6, 21, 22] reveals that
an increase in the flight altitude leads to a decrease in the
kilometer FC. An increase in flight speed leads to an increase
in the magnitude for kilometer fuel consumption.

When conducting a research, determining the required
amount of fuel is substantiated for the two recommen-
ded modes of flight. In the case of short runs, when the
required amount of fuel is small and does not reduce the
payload, it is recommended that maximum cruising mode
should be applied. At longer runs, when such amount of
fuel is needed that it is required that a payload should be
reduced, it is appropriate to use an economy flight mode.
In this case, the cruising speed is lower, while the weight
of a payload is greater than in the case when a maximum
cruising mode is employed. To improve the efficiency of
a cruising flight, it is advisable to perform it under the
operational mode of engines up to 80 % of maximum long
mode. In the range of altitude of 2.300...3.200 m, an indicated
airspeed is 190...230 km/h. In special cases during cruising



flight, it is allowed to use the emergency operational mode
of PP engine.

Based on the developed procedure, the existing mo-
dular software system for the evaluation of technical and
economic characteristics of TPE as part of light TAC was

improved [35]. The structure of

flight cycle. Application of an indicator for the technical-
economic excellence of TAC makes it possible to evaluate
the technical and economic perfection of a new AC or its
upgraded variant taking into consideration the utilization
factor of AC, which is very important for TAC.

a modular software system to con-
duct parametric studies into the

Carrying out researches on creation or updating of a powerplant of the AC

performance of engine for AC po-
werplant is shown in Fig. 1. The
designed modular software system
has been logically built based on

a given type

Analysis of directions

in the development of
aeronautical engineering of| <:>

Examination of financial
feasibility and export
potential

Analysis of technical
requirements to
a prospective project

the procedure for estimation of life
cycle of an aircraft engine in the
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system of the aircraft and includes DATABASE ON AC WEB PORTAL DATABASE
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ic indicators [7, 35]. All estimation COMPOANIES

units are interconnected, thereby

making it possible to study cha- Modular software system

racteristics of aircraft at both sub-
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sonic and supersonic flight speed.
At systemic designing and re-
finement of aviation engines, it is

MODULE OF INTIAL DATA ON AC AIRFRAME POWERPLANT,

AVIATION WEAPONS
(geometry, mass, resource, maintenance, cost)

expedient to use a unified research
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algorithm based on the approach
to forming a multilevel model
of the system «aircraft — power-

v

(AC flight conditions, operational mode and characteristics of engines)

MODULE OF AC FLIGHT PROFILES

plant». The initial projects of an
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aircraft and PP engine are either
formed from a database built on
the basis of statistical informa-

MODULE OF AERODYNAMIC CALCULATION OF AC CHARACTERISTICS

(lifting force, AC elements drag, AC drag polar)

tion or downloaded as a finished

- L

technical object. After the end of
project examination, each object is

MODULE OF ENGINEERING CALCULATION OF FLIGHT DATA AND
DETERMINATION OF AC FLIGHT-TECHNICAL CHARACTERISTICS

formed, structured, and submitted
to the library of objects, separate-
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ly for an aircraft airframe and an
engine.

The module of initial data on
AC airframe, PP engine, aviation

MODULE OF CALCULATION OF AC TECHNICAL-ECONOMIC

(hour cost of life cycle of engine and airframe, specific and absolute indicators for technical-
economic efficiency of AC based on different strategies for technical support of subsystems)

CHARACTERISTICS

weapons (geometry, mass, resour-
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ce, maintenance, cost) is built by
the user based on the targeted

INTEGRATED ASSESSMENT OF AC TECHICAL-ECONOMIC CHARACTERISTICS
(parametric profile, criteria and indicators for AC and powerplant)

tasks for aircraft. There, one can
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assign predictive values for para-
meters and characteristics similar
to those for the objects examined

TECHNICAL REPORTS
AND PROPOSALS

CONSTRUCTION OF DEPENDENCES,
CHARTS (NOMOGRAMS)

EXPERT SYSTEM
DESIGN OFFICE
(ENTERPRISE)

by world companies. A great ad-
vantage of this software system is
a possibility for the user to assign
a profile of the aircraft flight.

For military AC, this is the compulsory research phase
when investigating new tactical techniques applying existing
weapons and equipment. The integrated evaluation of AC
flight-technical and technical-economic characteristics can
be supplemented with a module of expert assessment if it is
necessary for the organization.

Thus, the improved procedure and the improved soft-
ware system make it possible to conduct comprehensive
parametric study into characteristics of light TAC with
TPE. The novelty of the improved procedure is in obtaining
a methodological tool, using which has made it possible
to conduct comprehensive research into characteristics of
existing and prospective TAC with TPE considering their

Fig. 1. Structure of modular software system

5. Results of studying the flight-technical
characteristics of TAC at various flight tasks
with different TPE as part of PP

It is known that a modern aircraft must be sufficiently
agile and possess reasonable thrust-to-weight ratio, have
low landing and takeoff speed, be equipped with on-board
radio-electronic equipment for flights during day and night.
An analysis of existing world fleet of light aircraft for general
purpose [7] makes it possible to draw a conclusion on that
of great interest are the aircraft made by company Diamond
Aircraft Industries, which have many modifications and
the prospect of development. Research into prospective



structural-assembly schemes should be conducted taking
into consideration a comprehensive evaluation of the para-
meters and characteristics of PP and AC.

To conduct a research into the formation of TAC PP
parametric profile, it is necessary to know features of flight
tasks (typical flights) of AC, the scope and content of these
tasks. Such features of a flight task indicate the duration of
the engine operation mode (resource characteristics) and
aircraft maneuverability (speed and overload). Therefore,
in this work we analyzed and investigated 5 main types of
flight tasks:

— flying in a circle;

— a flight to perform aerobatics;

— flying at a distance;

— flight to duration;

— a strike task (simulation of bomb dropping).

To construct and study a flight profile over a flight cycle,
we shall consider particularities of programs related to
basic training at TAC and a training program to perform
certain combat tasks. It is known that a flight task includes
a graphical model of the flight, respective information and
calculations, represented textually or in tables (charts). Con-
sider the basic flight tasks at TAC for further modeling of an
aircraft flight and an engine operation.

Flying aerobatics in the zone and in a circle is performed
under simple meteorological conditions at a range of altitudes
from 1,000 m to 5,000 m. The following aerobatics figures
must be performed: turns with different angles of roll (45°
or 60°); diving at angle 30°; slide at angle 30°; combat turn-
around; downward spiral at roll 45°; approach (from the line).

Flying aerobatics in the zone at low altitudes is performed
under simple meteorological conditions in a range of altitudes
from 200 m to 2,500 m with the mandatory performance
of aerobatics: turns at different angles of roll (45° or 60°);
the acceleration of an aircraft to the maximum instrument
speed Vipsgrum max at altitude 200 m; the

Thus, taking into consideration the basic requirements to
the content of flight cycles, we have developed typical flight
profiles for TAC, based on which the mathematical modeling
of AC flight is carried out.

We report part of the research results and show basic
conditions to perform the estimation. For example, a flight
to range and duration was calculated under two conditions:

a) fuel consumption Grc=const and maximum take-off
weight of the aircraft Mac 7o =var;

b) fuel consumption Gpc=var and maximum take-off
weight of the aircraft Mc 7o = const.

To conduct further research, we have selected, as the
object of research, the aircraft DART-450 [36], which is de-
signed as a training aircraft, as well as an intelligence and
surveillance aircraft. The PP composition of the aircraft
DART-450 is set as follows:

— with engine AI-450CP [37] equipped with air propeller
MTV-5-1/210-56 (5 blades, diameter of 2.1 m);

— with engines AI-450CP-2, MS-500-C [38] equipped with
air propeller MTV-27/210-58D (5 blades, diameter of 2.1 m).

The aircraft’s maximum flight range is obtained under
the following assumptions: cruising speed of the aircraft
with engine AI-450CP at an altitude of 3.200 m — 352 km /h.
An increase in the power of the applied engine led to an in-
crease in the cruising speed. Cruising speed of the aircraft with
engine AI-450CP-2 at an altitude of 3.200 m — 410 km/h,
cruising speed of the aircraft with engine MC-500B-C at
an altitude of 3.200 m — 434 km/h. The guaranteed fuel mar-
gin in calculating amounted to 3 % of the total fuel capacity.
The results of research obtained under various conditions of
aircraft flight with different engines are given in Table 1.

The flight of TAC to perform a strike task was calculated
under two conditions:

a) tactical radius Ry, =const, Gpe=var, Myc 70 = var;

b) tactical radius Ry, = var, Grc= const, Mac 1o =var.

acceleration of an aircraft and the exe- Table 1

cution of the Nesterov loop; a sighting Characteristics of AC during flight to range and duration

dive; slide at angle 30°; combat turna- : :

round; visual approach to landing at AC take- TOtsl %"C"?gzlglggewr Hourly bH/ngpF C Tmfle to

an altitude of 200 m. Engine type | off mass, |, O4¢ y AL PPN po e ac | Y P un-| perform
A flight to drob bombs fr hori- K " | length, | der cruising mode, PP kg /h der cruising | a task,

l,g 0 drop bombs 1rom a hort 8 km kg/km K8 mode, kg/h min.

zontal flight is performed under simple .

meteorological conditions in a range Flight to range (Gre=const; Mac ro=var)

of altitudes from 300m to 500 m. AI-450CP 1,600 1,220 0.2243 74.63 78.90 233

A maneuver and bomb dropping from "y socp g [ 1633 | 945 0.2733 107.32 112.17 162

a horizontal flight is performed from

an altitude of 300-500m under the |MC-500B-C | 1715 | 803 03107 127555 136.61 134

automated mode of sighting complex Flight to range (Gpe=var and Mc ro=const)

operation. , ) AI-450CP | 1,600 | 1,220 0.2243 74.63 78.90 233
A demonstration flight of combat

maneuvering at overcoming air de- AI-450CP-2 1,600 820 0.2730 106.62 112.04 151

fense on the route, using the means MC-500B-C 1,600 460 0.3012 119.26 131.03 107

of radlo-elegtromc warfare, is perfor- Flight to duration (Gre=const and My ro=var)

med under simple meteorological con-

ditions in a range of altitudes from AI-450CP 1,600 1,174 0.2218 51.15 51.48 324

200 m to 5,000 m. The following aero- AI-450CP-2 1,633 1,050 0.2285 69.27 69.30 238

batics figures are performed: an anti-  I'njes00p-c | 1715 | 828 0.2021 9351 94.16 176

missile «snake» with a roll of 60° o -

using the individual means of active Flight to duration (Gre=var and Myco=const)

interference; a maneuver to escape AI-450CP 1,600 1,174 0.2218 51.15 51.48 324

from the 1ssued mlssﬂe Of the «earth— AI-450CP-2 1,600 910 0.2276 69.46 66.00 209

air» class, which comes from the front

hemi . . MC-500B-C 1,600 441 0.2891 92.35 93.20 104

emisphere, or follows in pursuit.




The results from simulation of performing a strike task
were received under the following assumptions: flying at
a limit of low altitude, which is necessary to ensure the hiding
of an aircraft that does not have a complex of defense. We
considered a bombarding variant with bombs OFAB-100M
on two nodes of a suspension, since this variant is most
often used to simulate the performance of a strike task at
TAC the type of L 1-39. Take-off mass of the aircraft was
increased by the weight of bombs (2% 125 kg), underwing
holders (2x 17 kg), starters (2x21kg). When modifying
the aircraft into a strike one, in addition to increasing the
aircraft take-off mass by the mass of bomb load, pylons and
launching devices, it is necessary to strengthen the structure
of the wing and an aircraft fuselage, and to install sighting
equipment. We took into account an increase in the aircraft
take-off mass carried out in accordance with the condition
for the existence of the aircraft [20, 21]. A weaponry suspen-
sion increases the aircraft drag by about 20 %, which leads to
increased kilometer and hourly fuel consumption. A change
in the aircraft balancing and a change in the wing bearing
capacity were not taken into consideration. A guaranteed
fuel margin during calculation is a 30-minute flight without
external components.

An analysis of the flight data of TAC the type of
DART-450 suggests that the action tactical radius Ry is
approximately 250 km. Uniformity of the tactical radius R,
was ensured by decreasing the reserve of fuel at aircraft with
engines AI-450CP and AI-450CP-2 (DP »Ivchenko-Prog-
ress», Ukraine). Characteristics of AC when performing
a strike task with different engines at R,,.=const are summa-
rized in Table 2, at R;,.=var — in Table 3.

Taking into consideration the available data on the air-
craft DART-450, PP engine and propellers characteristics,
which can be found from open sources, errors in the reliabili-
ty of determining the basic flight-technical characteristics of
the aircraft do not exceed 5 %. However, in some cases, eva-
luation of the technical or economic excellence of TAC may
be limited to the consideration of separate partial criteria or
even its functional properties [7, 25]. In other cases, for un-
ambiguous evaluation, it is possible to use a comprehensive
criterion, which combines values for individual partial crite-

ria. This is typically the criterion of «cost-efficiency», which
combines individual values for the criteria of cost and tactical
capabilities of an aircraft.

Refining the project data on an aviation training complex
at different stages of AC LC opens up a possibility for a suffi-
ciently detailed consideration of all the features of operation
of existing TAC. First of all, that refers to the comparative
assessment of AC when using indicators for technical and
economic excellence. To this end, we examined the degree of
utilizing the AC during 11 flight tasks.

A comprehensive assessment of the perfection of an
aviation training complex is based on the indicator for the
technical-economic excellence of AC, which was reported
earlier [7, 36]. We selected, as a standard variant of the
basic aircraft, the airplane DART-450 equipped with en-
gine AI-450CP. The following two assembly schemes of
TAC include:

— aircraft DART-450 with engine AI-450CP-2;

— aircraft DART-450 equipped with engine MC-500B-C
(AT «Motor Sich», Ukraine) and its modernized airframe.

An analysis of formula (1) reveals that at the same air-
craft utilization factor we obtained different coefficients for
an aircraft flight cycle, and assigning the aircraft utilization
factor affects the total magnitude of TAC excellence indica-
tor. An analysis of results shows that the magnitude of the
indicator for TAC technical-economic excellence depends
on the cost indicators and characteristics of aircraft LC with
the selected engine. Formula (1) demonstrates that it is
appropriate to install at TAC that perform most of the tasks
on training or intelligence engines the type of AI-450CP, be-
cause they have the highest indicator for technical-economic
excellence. However, only a significant increase in the AC
utilization factor to perform strike tasks will lead to the im-
provement in the magnitude of excellence indicator for air-
craft equipped with engines AI-450CP-2 and MC-500B-C.

In further studies, we carried out calculation of quan-
titative characteristics of such dependences. To calculate
an indicator for the technical-economic excellence of TAC,
the prototype taken was the aircraft DART-450 equipped
with engine AI-450CP. The crew includes 2 people; PP is
composed of a single engine, a propeller, and related systems.

Table 2
Characteristics of AC when performing a strike task (R, = const, Grc = var, Muc ro = var)
AC take- | Total length of the | Average kilometer FC | Hourly FC | Hourly FCby AC | Required | Time to per-
Engine type | off mass, | route in astraight | by AC PP under cruis- | by ACPP, | PP under cruising run dis- form a task,
kg line, km ing mode, kg/km kg/h mode, kg/h tance, m min
AI-450CP 2,231 500 0.3331 92.6 103.5 801 130
AI-450CP-2 | 2,361 500 0.4026 132.8 144.6 554 116
MC-500B-C | 2,559 500 0.4378 152.5 166.8 525 111
Table 3
Characteristics of AC when performing a strike task (R, = var, Ggc = const, Muc 7o = var)
AC take- Total route Average kilometer FC | Hourly-FC | Hourly FC by AC | Required | Take-off | Time to per-
Engine type | off mass, leneth. ki by AC PP under cruising | by AC PP, | PP under cruising | rundis- | distance, | form a task,
kg sth, mode, kg/km kg/h mode, kg/h tance, m m min
AI-450CP 2,316 789 0.3355 96.15 91.48 831 1205 177
AI-450CP-2 | 2,386 618 0.4030 133.86 140.00 560 812 127
MC-500B-C | 2,559 552 0.4378 152.50 153.75 525 761 111




We calculated economic characteristics of the aircraft
equipped with different engines for the following initial data:
designated resource of airplane airframe is 20,000 hours;
inter-repair resource of airplane airframe is 4,000 hours; an-
nual average flight time is 1,600 hours; initial price of the air-
craft DART-450 equipped with engine AI-450CP (catalogue
price) is USD =3.1 million.

The following initial data were taken for the engine:
designated resource is 12,000 hours; inter-repair resource is
3,000 hours; mean time per 1 failure for all reasons that led to
the premature removal of the engine is 3,000 hours; the cost
of 1 kg of fuel is USD 1.3 per kg; the cost of 1 kg of oil is USD
14.2 per kg; the average price of 1 kW is USD 661. Calcula-
tion of the magnitude of maintenance and repair (MR) was
adopted for the same number of hours of LC for all AC.

It should be noted that the conducted research im-
plied installing engines in a different range of power. The
derived magnitudes are preliminary results of the study;
upon refining the technical and economical data on the
aircraft and engines, the resulting magnitudes will be more
accurate.

We report results of research into technical and economic
characteristics of aircraft with different engines as part of PP
at various flight tasks (Tables 4—6).

Comparison of the indicator for AC technical-economic
excellence is given in Table 7.

Table 8 shows results from the calculation of AC tech-
nical-economic excellence indicator for the case of change
in the AC utilization factor provided other values for LC
parameters are stable.

Table 4

Comparative characteristics of aircraft at different flight tasks

Aircraft DART-450, engine AI-450CP, designated engine resource — 12,000 hours,
inter-repair resource of engine — 3,000 hours
Title and condition of flight task Average cost of an | Cost of PP Cost of Cost of Cost of | Expenditures
hour of operation | LCpera | flyinghour |flyinghour| LCpera | on MR over
per a fleet of single AC, | for AC PP, for AC, | single AC, | an entire LC,
engines, a.u. a.u. au./h a.u./h a.u. a.u.
Maximal range (Gpc=const, Mac ro=var) 155 3,147,857 163 511 7,752,110 1,502,303
Maximal range (Muc ro=const, Ggc=var) 155 3,147,857 163 511 7,752,110 1,502,303
Maximal duration (Gpe=const, Mac to=var) 122 2,480,786 129 476 7,085,038 1,494,451
Maximal duration (Gpe=var, Myc 7o=const) 122 2,480,786 129 476 7,085,038 1,494,451
Strike task (Rye=const, Gre=var, Mc ro=var) 182 3,705,837 190 535 8,316,886 1,522,754
Strike task (Ry=var, Grc=const, Mc ro=var) 185 3,762,545 193 550 8,374,411 1,510,012
In a circle (Gpe=const, Myc ro=var) 168 3,420,922 176 516 8,025,167 1,505,747
Maneuverability while flying near the ground 136 2,769,189 144 453 7,371,668 1,529,604
Flying (0.5Grc=const, Mac To=var, H=1,500 m) 167 3,403,189 175 517 8,005,687 1,502,539
Flying at maximum speed (mode «Take-Off>) 186 3,791,731 195 536 8,395,978 1,511,287
Flying at minimum speed (a strike task) 124 2,524,601 132 453 7,135,628 1,519,945
Table 5
Comparative characteristics of aircraft at different flight tasks
Aircraft DART-450, engine AI-450CP-2, designated engine resource — 12,000 hours,
inter-repair resource of engine — 3,000 hours
Title and condition of flight task Average cost of an | Cost of PP Cost of Cost of Cost of | Expenditures
hour of operation LCpera | flyinghour [flyinghour| LCpera | on MR over
per a fleet of en- single AC, | for AC PP, for AC, | single AC, | an entire LC,
gines, a.u. a.u. au./h a.u./h a.u. a.u.
Maximal range (Gpc=const, Mac ro=var) 214 4,346,068 224 565 8,950,716 1,928,892
Maximal range (Muc ro=const, Ggc=var) 213 4,335,310 223 560 8,939,551 1,933,773
Maximal duration (Gre=const, Msc ro=var) 160 3,246,355 169 514 7,851,005 1,916,156
Maximal duration (Gpe=var, My to=const) 160 3,245,375 169 508 7,849,619 | 1,919,727
Strike task (Rye=const, Gge=var, Mc ro=var) 251 5104937 262 609 9717206 1942567
Strike task (Ryc=var, Gre=const, Mc ro=var) 252 5,119,653 262 614 9,732,153 1,938,041
In a circle (Gre=const, Mc to=var) 234 4,754,636 244 580 9,359,278 | 1,933,327
Maneuverability while flying near the ground 141 2,861,081 150 461 7,464,066 1,957,294
Flying (0.5Grc=const, M ¢ to=var, H=1,500 m) 222 4,511,065 232 543 9,114,050 1,959,325
Flying at maximum speed (mode «Take-Off>) 258 5,258,755 269 606 9,863,398 1,939,494
Flying at minimum speed (strike task) 246 5,002,305 257 598 9,614,566 | 1,920,243




Table 6

Comparative characteristics of aircraft at different flight tasks

Aircraft DART-450, engine MC-500B-C, designated engine resource — 12,000 hours,
inter-repair resource of engine — 4,000 hours
Title and condition of flight task Average cost of an | Cost of PP | Cost of Cost of Cost of | Expenditures
hour of operation LCpera |flyinghour| flying LCpera | on MR over
per a fleet of en- single AC, | for ACPP, | hourfor | single AC, | an entire LC,
gines, a.u. au. au./h AC,a.u./h a.u. a.u.
Maximal range (Grc=const, Mac ro=var) 268 5,451,151 276 619 10,160,438 2,661,798
Maximal range (Myc 7o=const, Grc=var) 258 5,251,937 266 583 9,959,825 2,689,342
Maximal duration (Gre=const, Mac ro=var) 211 4,288,270 219 563 8,997,559 2,647,846
Maximal duration (Gpe=var, M ro=const) 209 4,261,177 217 534 8,969,064 2,671,685
Strike task (Rye=const, Gge=var, Mc ro=var) 295 6,012,762 304 661 10,730,465 2,668,010
Strike task (Ry.=var, Gre=const, Myc 7o=var) 295 6,012,762 304 661 10,730,465 | 2,668,010
In a circle (Gre=const, Muc ro=var) 283 5,753,776 291 631 10,463,059 | 2,663,038
Maneuverability while flying near the ground 169 3,435,896 176 493 8,143,636 2,686,245
Flying (0.5Grc=const, Mc to=var, H=1,500 m) 261 5,319,717 270 586 10,027,456 | 2,686,947
Flight at maximum speed (mode «Take-Off») 303 6,169,102 312 652 10,878,386 | 2,671,267
Flight at minimum speed (a strike task) 213 4,334,592 221 552 9,052,269 2,662,717
Table 7
Comparison of the indicator for AC technical-economic excellence
No. of Variant of AC compared to base Designa‘Fed resource Inter—repair resource | Indicator f(.)r aircraft technical-
entry of engine, hours of engine, hours economic excellence ¢
1 DART-450 equipped with engine AI-450CP 12,000 3,000 1.0
2 DART-450 equipped with engine AI-450CP2 12,000 3,000 0.8041
3 DART-450 equipped with engine MC-500B-C 12,000 4,000 0.7683
4 DART-450 equipped with engine MC-500B-C 15,000 5,000 0.7909
Table 8
Comparison of the indicator for AC technical-economic excellence
DART-450 equipped with DART-450 equipped with DART-450 equipped with
I;I;r(;f Type and condition of flight task engine AI-450CP-2 engine MC-500B-C engine MC-500B-C
Rutit ac Hac Rutit ac Hac Rutit ac Hac
1 In a circle (Gre=const, My¢c ro=var) 0.3 0.3 0.1
2 Range (Gpe=const, Msc ro=var) 0.1 0.1 0.1
3 Range (M4c ro=const, Gpc=var) 0.1 0.1 0.2
4 Duration (Grc=const, Mac ro=var) 0.05 0.80405 0.05 0.76833 0.1 1.20
5 Duration (Gpe=var, M¢ ro=const) 0.05 0.05 0.1
6 |Flying 0.3 0.3 0.1
7 Strike task 0.1 0.1 0.3

An analysis of the data reveals that changing the target
purpose of AC equipped with engine MS-500B-C to a light
striker results in that its efficiency is better than other va-
riants of AC.

By using the indicator for AC technical-economic execel-
lence it is possible to esimate the perfection of new AC or its
modernization taking into consideration the economic and
flight-technical characteristics. An aircraft utilization factor
takes into consideration the resource expenses of the engine,
which is important for training and combat aircraft.

6. Discussion of results of studying the technical
and economic characteristics of PP and AC

The choice of a variant for the structurally-assembly
solution to a project of the aircraft with the best LC cha-
racteristics implies the features of scientific and methodical
nature, which emphasize the importance and relevance of
technical solutions at the stage of preliminary predictions.
The received preliminary results on the choice of a paramet-
ric profile for PP engine for light TAC the type of DART-450



are given in Tables 1-3. The reported reseach results allow
us to assert that the maximum range of the aircraft flight
with different engines at the same take-off mass is deter-
mined mostly by a fuel reserve, rather than the efficiency
of FC (Tables 4—6). Thus, the engine AI-450CP has the ad-
vantage in all characteristics except for the take-off distance,
which is the shortest for the aircraft equipped with engine
MC-500B-C.

It was established that the maximum range of the aircraft
flight at the same fuel stock is the largest for the aircraft
equipped with engine AI-450CP, it is shorter for the air-
craft equipped with engine AI-450CP-2 (Table 5), and the
shortest for the aircraft equipped with engine MC-500B-C.

The maximum flight speed is the largest for the aircraft
equipped with engine MC-500B-C, which is explained by its
greatest power under a take-off mode and the maximum take-
off mode at the assigned altitude at a slightly larger take-off
mass of the aircraft (Table 6).

The maximum flight duration is demonstrated by the
aircraft equipped with the least powerful engine AI-450CP,
which is predetermined by the lowest hourly consumption of
fuel by this engine at its throttling.

When simulating the performance of a strike task, the
advantage in the flight range was shown by the aircraft
equipped with engine AI-450CP; the advantage in the
takeoff performance and flight speed were demonstrated
by the aircraft equipped with engines AI-450CP-2 and
MC-500B-C.

When simulating a flight in a circle, the advantage in
terms of distance and duration of flight was shown by the air-
craft equipped with engine AI-450CP, capable of performing
18 complete 10-minute circles at full fueling. However, the
aircraft equipped with engines AI-450CP-2 and MC-500B-C
would show better speed and takeoff performance.

Preliminary evaluation of energy fast-lift capacity of
the strike variant of the aircraft when performing a strike
task at equal tactical radius made it possible to demonstrate
a significant advantage of the aircraft equipped with engines
AT-450CP-2 and MC-500B-C over the the aircraft equipped
with engine AI-450CP.

A problem situation when using the software system
could occur while determining the cost of LC for a prospec-
tive TAC, since those companies that design aircraft compo-
nents do not reveal accurate technical and economic informa-
tion. In this case, it is advisable to use statistical information.

In the further research, we plan to assess the impact of
increasing the number of weapons and equipment at AC on
AC utilization factor.

7. Conclusions

1. An analysis of existing world fleet of light aircraft for
general purposes reveals that characteristics of aircraft the
type of DART-450 are promising for its modification.

2. Based on the improved procedure for evaluating the
technical-economic characteristics of TPE as part of light
TAC, we performed a study into the flight-technical charac-
teristics of the aircraft DART-450 at various flight tasks with
different TPE as part of PP. The results of studying a para-
metric profile of PP in the system of TAC showed the feasi-
bility of expanding the range of altitudes and speeds of AC.

3. Numerical calculation of the project for the aircraft
DART-450 with different engines suggests that in order
to fulfill tasks on training flight personnel it is advisable to
install the engine AI-450CP, which has the lowest life-cycle
cost. It is obvious that a given aircraft with the installed
engine will have the lowest cost per flight hour. To per-
form intelligence and strike tasks by aircraft the type of
DART-450, it is advisable to install the engine AI-450CP-2.
To perform strike tasks only, an aircraft the type of DART-450
should be equipped with engine MC-500B-C, which has
more power than the considered engines. However, when
modifying TAC to a strike aircraft, in addition to increasing
the take-off mass of the aircraft in proportion to the mass of
a bomb load, pylons and starters, it is necessary to enhance
the structure of the aircraft wings and fuselage, and to install
sighting equipment. In addition, it is necessary to conduct
a research into reduction of FC by the engine when inte-
grating it to a TAC airframe.
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