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The analysis of aircraft design methods reported here
has revealed that building a competitive aircraft necessi-
tates devising a scientifically based concept of integrat-
ed aircraft design employing CAD/CAM/CAE/PLM soft-
ware suites.

A generalized concept of integrated design and three-
dimensional computer modeling of aircraft involving the
CAD/CAM/CAE/PLM systems has been developed. Based
on the proposed concept, the principles of integrated design
of aircraft were devised. The features of designing the
training and training-combat aircraft, transport-category
aircraft, light civilian aircraft have been described.

A method for determining the take-off weight, design
parameters, and formation of the general appearance of
aircraft has been improved. The method is intended to form
the appearance of the aircraft at the stages of preliminary
design, the purpose of which is reduced to determining the
permissible version of the aircraft project. The project must
meet the predefined requirements and restrictions in the
selected aircraft scheme and the assigned set of parameters
that characterize its airframe and power plant.

A method of parametric modeling of aircraft has been
improved, which includes the stages of creating a master
geometry of the aircraft and a model of space distribution.
Parametric models of master geometry and models of space
distribution, training and training-combat aircraft, trans-
port-category aircraft, light civilian aircraft have been
constructed.

Methods of integrated design of aircraft main units
have been devised and theoretically substantiated. Para-
metric models of master geometry of the wing for a train-
ing aircraft, the wings, appendage, and fuselage of a light
civilian aircraft were built, taking into consideration the
design features of aircraft units of various categories
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1. Introduction

The process of aircraft design includes the preparation
of technical documentation that ensures the possibility of
industrial production of a new competitive aircraft and its
modifications, which meets the specified requirements and
allows its reliable operation under the predefined conditions.

Design methods evolved from copying methods and
statistical methods to optimal and system design methods.
As the experience of solving various problems of optimiza-
tion of individual elements of the aircraft is accumulated,
given the wider use of computers to solve such problems,
the number of parameters involved in the process of simul-
taneous optimization gradually increased. At the same time,
the general theory of designing large systems has developed,
based on which the theory and practice of designing aircraft
gradually acquire logical completion. This provided a truly
scientific approach to predicting the parameters and charac-
teristics of a would-be aircraft [1, 2]. Significant results have
been achieved in solving such a complex problem as auto-
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mation of project and design work. In the second half of the
twentieth century, computer-aided design (CAD) systems
were created, developed, and widely implemented in research
institutes and design bureaus. Their advent became possible
due to the development of theoretical foundations of design,
success in the field of computational mathematics, program-
ming, and computing equipment [3, 4].

However, the development of these methods did not
fully apply modern research-intensive computer integra-
ted systems CAD/CAM/CAE. Introducing them into the
design practice required devising a new methodology for
design, modeling, engineering analysis, and preparation of
the production of prefabricated thin-walled aircraft struc-
tures. Lack of experience in achieving the specified perfor-
mance characteristics of aircraft structures with the help of
CAD/CAM/CAE systems inhibits the integration of esti-
mation, experimental design methods with computer mo-
deling methods. It does not allow for high-quality integrated
design of prefabricated aircraft structures, which ensures
their life cycle.




It is quite relevant to devise the concept of integrated
design and computer modeling of aircraft structures. The
practical application of constructed methods for achieving
the characteristics of the aircraft design while minimizing
the mass at the early stages of design would reduce the cost
of designing and ensure regulated characteristics of the re-
source and reliability.

2. Literature review and problem statement

According to data published in [5, 6], the use of CAD
allowed, at the end of the twentieth century, to two to three
times reduce the design and adjustment time of aircraft, three
to five times — the time of preparation of their production. At
the same time, development costs are reduced by 50-80 %.
However, in this case, as in the application of analytical
design methods, the result of the general design included
drawings of the general appearance of the aircraft, theoretical
drawings of aircraft units, a diagram of technological joints,
etc., made by the drawing geometry methods.

However, at the same time, the design of aircraft using CAD
was based on two-dimensional models and did not take into
consideration some design features. Those features included
new types of connections, fasteners, new technologies for their
installation, assembly methods, the effect of preloading on the
characteristics of the local stressed-strained state (SSS) and fa-
tigue resistance. That did not make it possible to design prefab-
ricated structures and their connections, providing an optimal
ratio of mass, resource, aerodynamic, and aesthetic characteris-
tics of aircraft structures. Aviation technical documentation was
compiled by drawing geometry methods and was submitted for
the production of aircraft on paper. The structure was adjusted
on design plazas, which did not always make it possible to iden-
tify errors caused by the imperfection of the design method and
embedded in the design documentation [7].

Modern AC of any purpose is a complex technical system,
which consists of a series of subsystems to ensure its opera-
tion. Designing each subsystem requires large expenditures
of intellectual, financial, material, labor, and other resources.
However, even in the case of high costs, there is no guarantee
that the submitted project would fully meet the requirements
of tactical-technical characteristics (TTCs) and could meet
tactical-technical requirements (TTRs) [8, 9].

The considerable duration of the creation of modern
and promising AC predetermines the need to predict the
flight-technical, economic, and operational characteristics of
AC and their systems. Research in the field of forecasting the
level of technical excellence of AC makes it possible to avoid
mistakes in determining the concepts of their development.
Given the extremely high cost of scientific and technical
programs, the duration of the cycle of

Papers [11, 12] report the processes of conceptual design
of aircraft. Methods of optimal design and choice of optimal
parameters of aircraft using automated design systems are
described. However, the issues of ensuring the resource and
survivability of the design and the peculiarities of the use of
computer integrated systems in the design process are not
considered.

Article [13] reports a method for designing, parametric
modeling, and optimizing the structure of a wing using the
integrated use of CAD\CAE systems. However, only the
regular wing zone is investigated without taking into con-
sideration the peculiarities of designing irregular zones and
fatigue resistance.

Study [14] presents the design and selection of parameters
of the aircraft and its assembly units but does not cover the
use of computer integrated systems in the design of aircraft.

The introduction of computer-aided integrated systems
into the practice of designing and manufacturing aircraft
requires the development and improvement of the metho-
dology for designing aircraft. Leading aviation firms have
developed and implemented their methodology for inte-
grated design but this information is not disclosed. Main-
taining competitiveness in the market of modern aviation
equipment requires reducing the design time and launching
new aircraft in mass production, reducing the cost of their
development and operation. To this end, it is necessary to
devise new and improve the existing principles and methods
of designing aviation equipment using computer integrated
systems, which are part of the concept of integrated aircraft
design [15, 16].

The review of aircraft design methods has shown that in
order to create Ukrainian aircraft, it is necessary to devise an
authentic scientifically-based concept, principles, and me-
thods of integrated aircraft design (Fig. 1) [15, 16] using the
CAD\CAM\CAE\PLM computer systems.

The methods of integrated design should be based on the
development of three-dimensional analytical standards of the
aircraft surface, its assembly units, prefabricated components
and systems [7, 16, 17].

One of the first steps in tackling this issue is the con-
struction of methods for the integrated design and three-
dimensional parametric modeling of an aircraft with the help
of modern information technologies. To ensure competi-
tiveness, the proposed concept of integrated design should
provide the specified characteristics of the projected article
at the predefined time spent on design. The design concept
should include methods for ensuring the minimal mass of
a structure, methods for analyzing and ensuring the resource
and survivability of the structure, improved methods of
three-dimensional parametric modeling of aircraft design and
full integration of these models into the design process.

development, and the value of aviation

Principles of sequential approximations (iterations)

equipment (AE), such errors can lead to

Non-direct methods

Direct methods

irreversible consequences [10]. Analysis

of the aircraft creation process shows Copying method

Statistical method Analytical methods

that in the initial stages of designing,
costs are only 5-10 % of the total costs.
At the same time, at this stage, up to
70-80 % of decisions are made that
ensure the further effective operation
of the designed aircraft. It is this stage
of the project life cycle that is most im-
portant for research.

| Optimal design methods

| Computer-aided design methods

| Systemic design methods

Integrated design
methods

Fig. 1. Evolution of aircraft design methods



3. The aim and objectives of the study

The purpose of this work is to devise the concept of inte-
grated design and modeling of aircraft using computer systems,
which could shorten the time and reduce the cost of design.

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

— to devise the principles of integrated design of aircraft
of different categories with the help of CADN\CAM\CAE
systems, taking into consideration the resource and the pres-
ence of irregular structural zones at the early stages of design;

— to improve the method of forming the general appearance
of the aircraft and calculating the take-off weight of aircraft;

— to improve the methods for constructing the master
geometry, models of space distribution, and design standards
of aircraft of different categories using the CAD/CAM/CAE
Siemens NX, Catia, ANSYS systems;

— to determine the components of integrated aircraft design.

4. The study materials and methods

The object of our research is the design of aircraft with
gas turbine engines.

The main hypothesis of the study is to reduce the cost
and time of designing aircraft with the fuller implementation
of integrated design systems using advanced methods for
forming the overall appearance of the aircraft and building
three-dimensional models.

To form the general appearance of the aircraft project, we
applied statistical and analytical methods for determining
the take-off mass and geometric parameters, mass-centering,
aerodynamic, and energy characteristics of the aircraft. To de-
termine the geometrical characteristics of power elements in
assembled units and build their three-dimensional models, the
methods of three-dimensional parametric modeling and design
of aircraft assembled units and systems were used employing
the CAD/CAM/CAE/PLM Siemens NX, Catia suites.

5. Devising a concept of the integrated design
and parametric modeling of aircraft

5. 1. Principles of integrated aircraft design

To devise the concept of integrated aircraft formation, the
principles of integrated aircraft design have been compiled:

1. The principle of building analytical standards for pre-
fabricated aircraft structures.

Three-dimensional computer models of master geometry,
space distribution, analytical references of elements of pre-
fabricated aircraft structures are constructed by methods of
analytic geometry using the integrated systems CAD/CAM/
CAE/PLM Siemens NX, CATIA in a single information en-
vironment to maintain the life cycle of aircraft.

2. The principle of constructing the master geometry of
an aircraft.

The parameters for the appearance of the new aircraft of
minimum mass and regulated durability should meet the spe-
cified promising technical requirements, aviation rules, the con-
cept of designing a new aircraft and be determined from the ra-
tio of the design parameters of the aircraft to its take-off weight.

3. The principle of designing regular zones of prefabrica-
ted aircraft structures.

The structural parameters and fabrication technology of
regular zones of aircraft structures should ensure the percep-

tion of estimated destructive loads, regulated durability at
loads equivalent to loads of typical flight in the operational
environment. In addition, it is necessary to ensure the pre-
defined coefficient of fatigue quality, the specified quality of
the outer surface, the degree of air tightness.

4. The principle of designing irregular zones of prefabri-
cated aircraft structures.

The structural parameters and fabrication technology
of irregular zones should ensure the perception of estimated
efforts at static load, regulated durability, quality of the outer
surface, and air tightness at the level of characteristics of the
regular zone or exceed them.

5. The principles of aircraft systems design:

1) development of automated multi-channel aircraft con-
trol systems that provide the required level of reliability and
flight safety with a low degree of static stability;

2) development and creation of multi-channel and re-
liable systems of power supply, hydraulics, mechanization
control, air conditioning and supercharging of cabins and
other systems;

3) development of on-board equipment complexes that
meet the specified requirements for pilot, navigation charac-
teristics.

6. The principle of maintaining and achieving the surviv-
ability of prefabricated aircraft structures with fatigue cracks.

The structural parameters of the aircraft design, which
meets the requirements for safe destruction, should provide
for the ability to control critical sites, identify fatigue cracks,
and to use progressive ways to delay their growth, to restore
bearing capacity and air tightness of the damaged structure.

5. 2. Method to form the general appearance of an
aircraft

At the stage of development of the master geometry of
the aircraft, the parameters of the aircraft, its weight and
geometrical characteristics need to be defined. Therefore,
existing methods have been improved to use in the process
of integrated design. The method of choosing the optimal
parameters, calculating the take-off weight, and determining
the geometric characteristics in order to form the general ap-
pearance on the example of a training aircraft (TAC) at the
stage of preliminary design is illustrated in Fig. 2. The method
involves the formation of initial data, determining the take-
off mass and geometric parameters in zero approximation.
Then there are the stages of determining the impact of
project parameters on the takeoff weight of the aircraft in
the first and second approximation, the choice of optimal
parameters, the calculation of the takeoff mass in the third
approximation. After determining the take-off mass, one
checks if the specified TTRs are met, the layout and center-
ing of the aircraft, the determination of geometric parame-
ters, the development of a drawing of general appearance,
and master geometry.

To select the optimal parameters for a training aircraft,
functional dependences are established between the selected
optimization criterion, tactical-technical requirements, and
TAC parameters. When using the take-off mass as a criterion
for optimization, the following dependence is established:

m, :f(p,to,n,X,?pfu_x_,cx,cy,TTR...)—>min.
Project parameters are also subject to restrictions. For

example, the specific load on the wing is limited by overload
when flying in a turbulent atmosphere and in landing speed.



Integrated information environment
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Fig. 2. Method for selecting the parameters of a training aircraft

The takeoff weight of the aircraft is calculated in three
approximations. In zero approximation, the relative com-
ponents of the takeoff mass are determined by statistical
data, and the takeoff mass is determined from the follow-
ing formula:

m

0 payload +m

serviceload 1

When determining the takeoff mass in the first appro-
ximation, the influence of design parameters on the relative
mass of the structure, the relative mass of fuel, the required
thrust, and the relative mass of the power plant and the take-
off mass in general are examined:

m payload + msenrinelaad

my = — — — — my =
1—(m FMpp + M,y + 1M

structure equipment )

1_(msﬂuclure (p7?\”X"")+mPP (p’cx7t0"")+ mfuel (p’cx7cy7[‘"")+mequipmenz).



In the second approximation, the mass of the structure is
refined by the components: wing, fuselage, appendage, chassis.

The takeoff weight of an aircraft in the second appro-
ximation:

bis m payload + msemife load + mequipmem

+m

wing

A+ Mg T

chassis

3. 3. Methods for constructing the master geometry,
models of space distribution, and aircraft design standards
The model of the geometry of a part in a computer form
(hereinafter, the analytical standard of a part) is the basic,
primary element of the structure in the computer design
of the new machine. It contains the reference coordinates

0

1=(p(P, .o tyrn) 1 (P.CoC o L))

Here, the wing masses Mqing, Mappend, Mpp and m,,, are
the functions of specific load on the wing and design parame-
ters A, , C, ..., therefore the takeoff weight of the aircraft in
the second approximation is the function B = f(p,A,c...).

Solving the problem m;' (x°n,A, p)— min, they find the
optimal values for the wing parameters of the projected air-
craft, the takeoff mass in the second approximation.

In the third approximation, they specify the masses of
fuel, they check whether the selected engine satisfies the
specified TTRs, specify the mass of the power plant, and de-
termine the takeoff mass:

m

My =M 00 + M, +m

sericeloar

q Tm

payloa equipment wing

My Mg T My 1M

appen chassis

After calculating the take-off weight of the aircraft in the
third approximation, they find its geometric parameters, con-
duct aerodynamic, volumetric-weight and structural-force
layout, create drawings of general appearance and master
geometry.

To verify the method, we determined the design para-
meters for a TAC aircraft being designed and for the train-
ing-combat aircraft Yak-130. Optimization was carried out
simultaneously according to four parameters: specific load
on the wing, wing elongation, narrowing of the wing, and
the angles of the arrow-shaped wings. The basic flight and
technical data for Yak-130 and the calculation results are
given in Table 1.

of all points of the surface of the part in the predefined
coordinate system and is the basis of a computer project
of aircraft geometry.
The computer project means the system of design, estima-
tion, and technological models, as well as data for certifica-
tion, quality management, maintenance in operation, disposal,
that is, the management of the life cycle of the aircraft [13].

The aircraft’s computer project includes the following
models:

— model No. 1. Master geometry of the aircraft (or a mo-
del of the surface of the aircraft, which determines the geo-
metry of the surface of the aircraft);

—model No. 2. Model of space allocation of the aircraft;

—model No. 3. Models of joints, connections, and struc-
tural and technological connectors;

—model No. 4. Geometry model of the whole pro-
duct (analytical standards of all parts, components, assem-
bled units, and aircraft in general), that is, a model of com-
plete computer definition of the aircraft.

Below we consider the process of building each of the
listed models of the aircraft.

Model No. 1. Master geometry of the aircraft.

The process of constructing model No. 1 can be divided
into the following stages:

1) build a mathematical model of the aircraft;

2) devise the theoretical drawings of units;

3) construct models of the surface of assembled units,
combining them into the model of the aircraft surface;

4) build the frame (applying traces of the basic surfaces
of the structural-force set (SFS) in the volume of theoretical
drawing (TD) and the structural-force diagram (SFD)).

Table 1
Results of determining the design parameters for the projected aircraft and the Yak-130 aircraft
Spec}ﬁ;?:;;ixg desien InFi,tri(z)jle((i:Zta Calculljart(?oenC tr.esults Yak-130 Calctjl{zlt(i_(}f ?t;:sults Error, %
Payload, kg 2,500 2,500 3,000 3,000 -
Takeoff weight, kg - 8,447 9,000 9,180 2
Maximal speed, km/h 1,020 1,020 1,050 1,050 -
Flight range, km 875 875 540 750 -
Run length, m 600 450 380 380 -
Lift near the ground, m/s 120 120 100 100 -
Maximal overload +8, —4g +8, —4g +8, —4g +8, —4g -
Start thrust capacity - 0.6 0.56 0.556 0.7
Wing spread, m - 9.2 9.72 9.96 2.5
Specific load on a wing, daN,/m? - 397.6 380 368 3.2
Wing elongation - 3.9 4.017 3.97 1.2
Wing narrowing - 5.6 3.99 4.06 1.75
Wing sweep, degrees - 22 32 31 3.22




We implemented the devised methods for building the
master geometry (surface models) of aircraft when designing
a training-combat aircraft (Fig. 3), a training aircraft (Fig. 4),
the transport category aircraft [18] (Fig. 5-7), a light civilian
aircraft (Fig. 8). The models of the surfaces of the aircraft be-
ing projected were built using the Siemens NX system.

Fig. 5. An-140 master geometry model

g

Fig. 6. An-74TK300 master geometry model

Fig. 8. Civilian light aircraft master geometry model

Model No. 2. Model of aircraft space allocation.

The process of building model No. 2 can be divided into
the following stages:

1) design structural-technological joints;

2) draw panels;

3) form a structural-force set;

4) construct structural elements;

5) arrange equipment, devices, purchased articles, etc.;

6) prepare the layout of systems;

7) prepare a crew cabin layout;

8) prepare the layout of a passenger cabin (cargo cabin);

9) join the units and systems;

10) devise an aircraft project tree.

In the process of building a model of space allocation, the
layout of the aircraft is prepared — mutual spatial arrange-
ment of aircraft parts, their external shapes, and the struc-
tural-force scheme with the placement of crew, armament,
cargo, equipment, fuel, and engines. At this stage, the project
based on the selected scheme, the selected parameters of the
aircraft, and the determined weight characteristics takes the
completed form. Completed is the external design, the layout
of the main cargoes and volumes inside the aircraft, the struc-
tural-force scheme of all parts of the aircraft.

Given this, the layout arrangement combines three inter-
related processes that proceed simultaneously and in parallel:
aerodynamic layout, volume-weight layout, and structural-
force layout. Fig. 9, 10 show fragments of the models of aircraft
space allocation, developed using the CAD\CAM\CAE
Siemens NX system.

Fig. 9. Fragment of the model of space allocation
in a training aircraft

Fig. 10. Fragment of the fuselage space allocation model
in a light civilian aircraft



Model No. 3. Models of assembled units, their joints.

Building model No. 3 includes the following stages:

1) Determine the complete design of units, joints, and
connections.

2) Set the interrelated system of tolerances for the ele-
ments of the joint.

Fig. 11 shows an element of the docking unit of the
transport category aircraft; Fig. 12—14 — fragments of the
analytical standards of elements of the design of a light civi-
lian aircraft frame; Fig. 15 — wing models with two and three
longerons of a training aircraft with a wing of reverse sweep.

Fig. 11. Element of the docking unit in a transport
category aircraft

ol ot

I

Fig. 12. Fragments of analytical standards of wing ribs
in a light civilian aircraft

\

Fig. 13. Fragments of analytical standards of the elements
in a wing’s longerons of a light civilian aircraft

Fig. 14. Fragments of analytical standards of risers and
brackets of nodes of hanging the steering rod of height

Fig. 15. Fragments of analytical standards of design elements
of the wing in a training aircraft: a — two-longeron;
b — three-longeron

Model No. 4. Model of the entire article geometry.

Building model No. 4 includes the following stages:

1) zone modeling:

— exact components of the structure with all joints and
connections;

— systems with structural fastening elements;

— outlines of units and devices with precise binding of
fasteners, as well as checking structural elements in order to
detect interpenetration and gaps, assembly;

2) sectional modeling:

— analytical standards of all structural elements;

— drawing databases;

— filling with attribute information;

3) assembled unit modeling:

— systems passing through units without technological dis-
membering;

— collecting and controlling all information about the project.

3. 4. Determining components in the integrated air-
craft design

Integrated aircraft design includes the following components:

1. Integrated information environment, the set of techni-
cal and software tools for building an aircraft project.

2. Devising a concept for constructing a new aircraft and
the tactical-technical requirements for the design object.
The concept of designing a new aircraft is a defining idea on
which the requirements for the aircraft are based: in terms of
aerodynamics, weight perfection, strength, power plant, etc.

3. Selection of aircraft scheme, determining mass and
geometric parameters, the aerodynamic, volume-weight, and
structural-force layout. Development of master geometry for
the aircraft using the CAD\CAM\CAE\PLM systems.

4. Determining estimated loads acting on aircraft units,
permissible stresses in regular and irregular zones to ensure
strength and regulated durability. Development of a model
for the allocation of aircraft space.

5 Integrated design and construction of aircraft units.

6. Formation of analytical standards for aircraft frame
design elements.

7. Compiling design, technological, and operational docu-
mentation.

Based on the devised principles and improved methods,
we have built a flowchart to form the concept of integrated
aircraft design (Fig. 16).

6. Discussion of results of constructing a method
for the integrated design and parametric modeling
of a training aircraft

The devised principles of integrated design could make it possi-
ble to ensure more complete use of the CAD\CAM\CAE systems
in the process of aircraft design. Implementing the devised princi-
ples in the design process would make it possible to take into con-
sideration the issues of designing irregular zones, ensuring the re-
source and survivability of aircraft design at earlier stages of design.

The improved method to form the general appearance and
calculate the take-off weight of the aircraft, in contrast to the me-
thods reported in [2, 15], allows the optimization to be performed
simultaneously according to several parameters of the designed
aircraft. Our algorithm for calculating the take-off weight and
determining geometric parameters could be used for aircraft of
different categories and could be automated, which would make it
possible to consider more project options at the pre-design stage.



Integrated information environment, set of technical
and software tools to build an aircraft project,
industrial and experimental equipment,

and information support for the aircraft life cycle

a team of professionals certified in the field of aircraft engineering

much simplified. When compiling drawing
documentation, construction errors are prac-
tically excluded, since all schemes are exe-
cuted using one primary source (a model of

v

the part, node, etc.). To compile operational

Devise a concept for designing a new aircraft
and its modifications usin,

g
the integrated computer systems CAD/CAM/CAE/PLM

and repair documentation, it is necessary to
carry out the process of «disassembling» the
received units into components. The process

in the market of aviation services

at the scientific-technical level of perfection and efficiency
in terms of aerodynamic characteristics, stability, manageability,
| weight response, materials, the structure's weight, power plant, |
strength and resource, control, avionics, manufacturability,
reliability, flight safety, which exceed the current world level
for a given type of aircraft and ensures its competitiveness

will be significantly simplified due to the fact
that simultaneously with the formation of
models, the process of devising specifications
and the necessary design documentation is
also underway.

Thus, using the CAD/CAM/CAE sys-

Design an aircraft master geometry

tems makes it possible to design aircraft

and geometric parameters of an aircraft that meet

Design and construct the master geometry
of an aircraft using the integrated computer systems

Choose an aircraft scheme, the type of PP, determine the weight

L the predefined TTR, AP, the concept of aircraft design, the ISO 9000 H
requirements, optimization criteria. Arrange and center.
Determine the aerodynamic and take-off-landing characteristics.

airframe units with significantly greater effi-
ciency due to the following advantages:

— the built models are the primary source
of information for other modules and systems
or external software products used;

— all structures produced can be used in

Determine the estimated loads acting on

stresses to ensure the strength and rated durability

assembled units, as well as loads in a regular flight, permissible

the future to compile design, technological,
operational, and repair documentation;

!
Design and technological databases
I

Build a model of aircraft space allocation
and the scheme of its technological splitting.

Determine the geometric characteristics of the force elements
in assembled units based on the conditions of static strength,
rated durability, survivability at their mass minimization.
Design new structural-technological solutions to reach the rated
durability of bolted and riveted joints of assembled structures,
as well as techniques to inhibit the evolution of fatigue cracks.

— the processes of work on the design
and technology of the unit can be carried out
almost in parallel;

— using information management sim-
plifies work with the whole nomenclature of
documentation;

Unified database on an article

(]

— there is a significantly higher accuracy

Build the analytical standards for an aircraft structure

of the indicators of the projected nodes;

its assembled units, systems, component units,

computer model of an aircraft

Design and approve the analytical standards for an aircraft surface,

joints and connections, structural parts that make up a complete

— technological problems are detected
in the early stages of the design of the unit,
and not in the production process, and are

Y

promptly eliminated,;

Compile the design, technological,

operational documentation for an aircraft and its systems

L — it is possible to design equally strong
structures with continuous change of geo-

metrical parameters;

Fig. 16. Flowchart illustrating the concept of integrated aircraft design

We have improved aircraft modeling techniques with
the CAD/CAM/CAE Siemens NX systems. According to
the devised concept, an aircraft project should be built
in a computer form and contain three-dimensional design
models to be used at all stages of design and production.
The main ones among these models are the master geometry
of an aircraft (Fig. 3—-8); a model of space allocation in an
aircraft (Fig. 9, 10); the models of joints, connections, and
structural-technological connectors (Fig. 11); a model of the
geometry of the entire article (Fig. 12—15). The advanced
modeling methods allow for a more complete paramete-
rization of models, which makes it possible to make adjust-
ments in a shorter time, reduce labor costs when designing
aircraft modification.

The geometry of the obtained elements is the primary
source of information for the Siemens NX CAM module.
This module is used to write programs for CNC machines
and design other technological processes. The module makes
it possible to organize the design in automatic mode of the
processes of stamping, cutting, casting, etc.

In addition, the resulting models are used to form tech-
nological equipment and compile design and technological
documentation. Such a process in computer systems is

— there is a significant reduction in the
time intensity of the design and manufacture
of parts and assemblies of the unit.

The concept of integrated design and modeling was
devised and tested during the construction of projects for
the training, training-combat aircraft, transport category air-
craft, light civilian aircraft. The applicability of the concept
to other categories of aircraft was not investigated.

Each specific project of an aircraft, when using the de-
vised concept, requires the application of a specific efficiency
criterion. In this study, the takeoff mass was used as a crite-
rion for optimization.

Further development of the reported concept of inte-
grated aircraft design implies covering more categories of
aircraft as each of these categories has specific characteristics
in constructing three-dimensional models, specific efficiency
criteria to be used in the design.

7. Conclusions

1. The devised principles of integrated design are the
basis of the proposed concept the observance of which en-
sures more complete use of computer integrated systems at
all stages of the design process. The principles of taking into
consideration the presence of irregular design zones, ensuring



the resource and survivability of aircraft in the early stages
of design are ensured using methods to ensure regulated du-
rability in the design of the structure.

2. We have improved the methods for calculating the take-
off mass and determining the geometrical parameters of air-
craft of different categories at the stage of preliminary design.
This allowed us, at the stage of determining the geometrical
characteristics and take-off weight of aircraft, to perform op-
timization for several parameters according to the predefined
efficiency criterion. The methods were implemented in soft-
ware packages that make it possible, at the pre-design stage,
to conduct a parametric analysis of more project options in
a short time and develop the general appearance of the aircraft.

3. We have improved the methods of master geometry,
a space allocation model, as well as parametric analytical
standards of aircraft structures. The method has been tested
and implemented in computer modeling of structures for the
training, combat-training, light civilian aircraft. The models
of master geometry and the allocation of aircraft space make it
possible to carry out volumetric-weight and structural-force

arrangement; they could be used for calculating the aero-
dynamic characteristics and strength using a finite element
method. The use of computer integrated systems during the
aerodynamic, volume-weight, and structural-power layout
process makes it possible to reduce costs and consider more
structural options.

4. The concept of integrated aircraft design has been de-
vised, the principles of whose application imply a widespread
use of the CAD\CAM\CAE systems, methods for ensuring
regulated durability in the design of a structure in the early
stages of design. The concept involves the development of
a preliminary project with the help of the reported method
to form the general appearance, the result of which should be
a model of master geometry of the aircraft, on the basis of
which further development of the design and systems of the
aircraft is carried out, the design, technological, and operatio-
nal documentation is compiled. Implementing the concept in
the processes of design and production of aircraft could reduce
the design and launch period of new aircraft for industrial pro-
duction, reduce the cost of their development and operation.
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