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B po6oTti Oyno BUKOPHCTaHO METOAM AHAIITUYHOTO PO3PAXYHKY, KOMIT FOTEPHOTO
npoektyBanHs 3a gomnomororo CAD/CAM/CAE cucrtem, ecki3HOTO MpPOEKTYBaHHS
IIIMTAHr0yTa 3 BAKOPUCTAHHIM TEXHIUHUX JIAHUX MOIIOHUX TIPHCTPOIB.
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ABSTRACT

Master degree thesis "Conceptual design of the frame for the passenger long range

aircraft"
pages,  figures,  tables, references

This master thesis is dedicated to preliminary design of long range passenger airplane
and the design of a typical frame for the rear section of a long range passenger aircraft.

The design methodology is based on prototype analysis to select the most advanced
technical decisions, engineering calculations to get the technical data of designed aircraft
and computer based design using CAD/CAM/CAE systems. In special part sketch design of
the frame is constructed using the technical data of such devices.

Practical value of the result of the master's thesis is the selection of the most
appropriate design and method of manufacturing a typical aircraft frame. The materials of
the master's diploma can be used in the aviation industry and in the educational process of

aviation specialties.

Master thesis, preliminary design, cabin layout, center of gravity calculation,

frame design, stress-strain calculation
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INTRODUCTION

The topic of the diploma thesis is the “Conceptual design of the frame for the passenger
long range aircraft”.

Nowadays, the long range flights have their own specific area at the aviation market. The
long-haul flights are demanded for transatlantic flights, for the flights from USA to Canada, to
the South America and East market, especially China market. Long-haul aircraft allows
transporting a great number of passengers and cargo at long distance without refueling. It helps
transport company to save money and time.

The subject of my investigation is the preliminary design of long-haul aircraft with the
460 passenger capacity for 11 000 km of flight range. For the long range aircraft, the number
of structure elements increases with the dimension of the fuselage cabin. So, the detail design
of the fuselage structure element will make a huge impact on the total mass of the structure,
but from other side the strength and stiffness of the airframe is the key requirement to any
aircraft element.

The object of the diploma work will be the frame design for wide-body aircraft with
sizing and stress-strain analysis of it. The design of main elements is based on the analysis of
the fuselage frame types and design, their loads in operation. The design of the fuselage formers
with optimal strength and mass parameters for a long-haul passenger aircraft, will give the
possibility to simplify manufacturing of fuselage structure with the cheapest and fastest

methods.



PART 1. THE FUSELAGE STRUCTURAL LAYOUT AS A COMPLEX TASK OF
AIRCRAFT DESIGN PROCESS

1.1. Design criteria in the fuselage structure

Aircraft design process generally comprises three main stages after the requirements
stage: conceptual, preliminary and detailed design phase. At my diploma paper | will consider
a preliminary phase of a long range passenger aircraft with the detail design of the fuselage
structure.

The main tasks of the presented fuselage design are accommodation of the crew,
passengers, baggage, equipment and systems.

When designing any aircraft, basic requirements must be met in order to ensure the
integrity of the structure and the safety of the flight. The following requirements are presented
to the aircraft fuselage, as to the main body [1]:

- to reduce the drag of the aircraft in flight, all the units of the aircraft should be smoothly
connected, there should be no sharp corners, irregular bends, there should be no open slots, and
the surface should also be smooth. Such requirements are called aerodynamic (Fig. 1.1).

- with the maximum weight and correctly positioned structural elements, the maximum
strength and integrity of the structure must be ensured. Such requirements are called structural
integrity requirements.

- the scale of production and general construction materials, which include the limiting
dimensions and materials of the workpieces, the general production requirements, the processes
required for production, the degree of standardization and technological characteristics of the
fuselage are determined by the manufacturing requirements.

- all requirements which are related to equipment, emergency and main exits, cockpit
visibility, passengers comfort airplane life-span are called operational requirements.

- all efficiency parameters of airplane manufacturing and operating related to technical
and operational requirements. It includes traffic handling cost, fuel efficiency ratio, the cost of

a flight hour and etc.



More detailed explanation of the main requirements are presented below [2]:

- low aerodynamic drag,

- to minimize aerodynamic instability,

- to provide the most comfortable design of passenger seats and places for storage

- to provide safety for passengers, crew and flight attendant during emergency
situations

- to provide safe cargo doors and hatches and to ease process of handling in loading
and unloading for personal

- to provide the structural stability under the action of wing and tail forces during
take off, flight and landing

- to provide weight normalization of the sytructure after anti-icing and anti-
corrosion procedures

- to prevent the crew fatigue and passenger intrusion by the way of flight deck
optimization

- comfortable placing of common areas, such as lavatories, galleys and coat racks

- to provide the safe environment by the way of control the level of noise and all
sounds

- to provide comfortable climate conditions for passengers and crew

to foresee the posibility of placing main and additional equipment and systems such as
air condition system, electrical system, ram air turbine, etc.

When the requirement stage finish, the conceptual phase will start. At this stage
(sometimes it is called external design), on the basis of parametric studies of promising aircraft
as elements of the transport system, analysis of their interaction with the components of the
complex in which they will operate, the required general characteristics of the future aircraft
are predicted. At the same time, multivariate calculations are carried out to determine and
optimize the technical and economic indicators of the operation of the proposed aircraft on the

planned network of air routes.



As a result of this work, the necessary technical, economic and tactical and technical
characteristics of the aircraft are determined, which make it possible to formulate the technical
task (TT). It should be emphasized that the reasonable assignment of requirements largely
determines the success of the program for the creation of a new aircraft [3].

After the requirement and conceptual stage it is possible to start the preliminary design
stage [4].

The purpose of this design stage, called the development of TT (preliminary design), is
to select a scheme and determine the most advantageous combination of the main parameters
of the aircraft and its systems that ensure the fulfillment of the specified requirements, or justify
the need to adjust them. At this stage, on the basis of the analysis of the technical task, the ideas
of the chief designer, the experience of the design bureau, the concept of the aircraft is formed,
and its preliminary design is developed. At the same time, in the first approximation, the main
geometric, weight and energy characteristics of the projected aircraft are determined, as well
as the laws of its control in various parts of the trajectory for various flight profiles provided
for by the requirements are formed. This is the stage of synthesis of the appearance and
determination of the basic dimensions of the aircraft, in the process of which various aspects
of aircraft design are linked together, concerning the study of its geometric, weight,
aerodynamic characteristics, altitude, speed and throttle characteristics of engines, structure of
equipment and equipment, flight technical data and flight trajectories.

The output information of this stage are drawings of general views of a rational version
of the aircraft, as well as documentation on its flight technical, economic and operational
characteristics. Based on these materials, the competent authorities decide on the feasibility of
further development of the project.

During the assembly process, the aircraft alignment is specified, the calculation of which
Is preceded by the compilation of a weight report based on the strength and weight calculations
of the airframe and power plant units, lists of equipment, equipment, cargo, etc. aircraft. Models
of an aircraft and its individual units are made and blown in wind tunnels. Based on the results

of these studies, aerodynamic calculations, stability and controllability calculations, as well as



aeroelasticity characteristics are defined. Based on these calculations, appropriate corrections
are made to the layout of the aircraft, and the weight calculations are specified. A mock-up of
the aircraft is being built, which makes it possible to make mutual spatial coordination of the
aircraft's units and systems, the placement of equipment, and to evaluate the convenience of
the accommodation of the crew and passengers.

The detailed design is the final stage of the design process [4]; it is aimed at the practical
implementation of the declared characteristics and parameters of the aircraft. Necessary for
manufacturing, assembling and installing technical documentation is issued at this stage.
Drawings of general types of aircraft units, assembly and detailing drawings of its individual
parts are being developed. Before this stage starts, all necessary researching works, dynamic
and static experiments, materials characteristics and equipment bench experiments are

conducted.

Fig. 1.1 - Airplane model streamlining test

The data of external loads, first iteration of geometry calculations and structure of the
aircraft give possibility to build the master-geometry of aircraft model and perform the stress-
strain analysis. CAD/CAM/CAE programs could perform the simulation of the loading of the
structure, to simulate the static and fatigue test, aerodynamic tests in the airflow. One of such

models is shown at Fig 1.1 [5].



The basic layout of the structure starts from the evaluation of loads, which act on the
structure during the operation of the aircraft according to its category and permissible regimes
of flight. The aircraft design process begins from the day when the idea of introducing a new
design appeared and continues until the moment when the aircraft receives all the

documentation approved by the civil aviation authority (FAA, ICAO, etc.)

1.2. Fuselage load cases

It is necessary to consider the options for loading the fuselage and the typical loads to
which the aircraft lends itself to the development of the fuselage. loads can be both concentrated
and distributed. They are also divided into static and dynamic loads (Fig. 1.2).

Nominal (static)
Dynamic: Maneuver and Gusts

Vertical Stabilizer
ll and Rudder (Yaw)

Y . Horizon?él Stabilizer
and Elevator (Pitch)

Side and yaw
acceleration
and body ¢

air loads / . r;\,l »

\\~ { Distributed weight / inertia

Nose landing gear

Fig. 1.2 - Fuselage primary loads

During flight and landing next forces acting on the fuselage [6]:

- aerodynamic forces of the air flow that acts directly on the;

- aerodynamic and mass loads from the wing, tail, landing gear and other units
attached to the fuselage (forces thrust of engines, launch boosters, brake parachutes, etc.);

- distributed over the surface aerodynamic forces;



- forces of overpressure in pressurized cabins, air channels of engines and fuselage
compartments included in its power circuit.

There are basic cases of fuselage loading: [6]

- flight cases (symmetric maneuver and gust loads, lateral gust, horizontal tail
elevator deflection, side slipping flight)

- ground cases (three-point landing, two-point landing, abrupt ground breaking)

- cabin pressurization (1.33 times normal pressurization)

In addition to the basic cases there are particular load cases, which are presented in the
Table 1.1

Table 1.1. — Unit load cases

Unit Load Cases (ULC) Load
ULC1 Cabin Pressurization Pressurization (no aerodynamic loads, no weights)
ULC2 1G Weight (no aerodynamic loads, no pressurization)
ULC3 Lateral Gust Vertical tail side gust (no weight, no pressurization)

ULC4 Symmetrical Horizontal Tail | 100-100% distribution downward (-) and upward (+)

Deflection (no weight, no pressurization)
ULC5 Side Slipping Flight Vertical tail reaction (no weight, no pressurization)
ULC6 Three-point Level Landing Weight, nose landing gear reaction (no aerodynamic

loads, no pressurization)

ULC7 Abrupt Ground Breaking Weight, nose landing gear reaction and horizontal
distributed acceleration (no aerodynamic loads, no

pressurization)

Considering the types of loads listed above, the following combinations of fuselage

loading can be distinguished (Table 1.2):



Table 1.2 Fuselage loading combinations

Combined Load Cases (CLC) ULC
CLC8 -1G Maneuver -ULC2
CLC9 -1G Maneuver + Cabin Pressurization -ULC2+ULC1
CLC10 2.5G Maneuver 2.5ULC2
CLC11 2.5G Maneuver + Cabin Pressurization 2.5ULC2+ULC1
CLC12 Lateral Gust + Cabin Pressurization ULC3+ULC1
CLC13 -Lateral Gust + Cabin Pressurization -ULC3+ULC1
CLC14 Horizontal Deflection Upward + Cabin Pressurization ULC4+ULC1
CLC15 1G Maneuver + Horizontal Deflection Upward ULC2+ULC4
CLC16 1G Maneuver + Horizontal Deflection Downward ULC2-ULC4
CLC17 1G Maneuver + Cabin Pressurization+ Horizontal Deflection | ULC1+ULC2-ULC4
Downward
CLC18 1.33 times Cabin Pressurization (1.33xAp) 1.33ULC1

All loads in the fuselage are fully balanced. From the structural mechanic’s point of view,
the fuselage is presented as a fixed to the wing beam loaded by the loads above. At any section

of this beam torque, bending moment and vertical and horizontal shear forces act. Forces from

the excessive internal pressure are added to these loads in the sealed compartment.

Fuselage loading from the aerodynamic forces, from the distributed mass forces of
structure, the engine thrust are not so excessive and are not the main loads for the full strength

analyses of the fuselage. The main types of loads are aerodynamic forces from the wing and

from the tail unit:

1. Aerodynamic forces from the wing act on the forward and aft spars of the wing center

section, and transmitted to the fuselage frames by the wing-fuselage attachments (by the

docking joints)

2. Aerodynamic balance forces and maneuvering forces from the tail unit.




Two special cases of fuselage loading from maneuvering forces from the tail unit are
presented in the Fig 1.3: 1) fuselage loading in horizontal plane due to deflection of rudder 2)

fuselage loading in vertical plane due to deflection of elevators.

Fig.1.3. - Loading of the fuselage rear part by the deflection of control surfaces:

a) fuselage loading in horizontal plane; b) fuselage loading in vertical plane.

Maneuvering side force Z, which is initiated by the deflection of rudder, is applied in the
center of pressure of vertical tail and tries to bend the rear part of the fuselage in horizontal
plane (M2 — bending moment) and it also tries to twist rear part of the fuselage by the twisting
moment Ms. Fuselage tail part is under the bending and under the torsion around longitudinal
axis due to the deflection of rudder.

The fuselage loading in vertical plane is explained by balance force of the stabilizer and
maneuvering force Y due to the deflection of elevators. Concentrated balance force of the
horizontal tail Y, distributed mass force Gi - mass of the fuselage structure, mass of payload,
mass of equipment.

The next step of the fuselage loading analysis is the distribution of shear force, bending
moment and torsion moment along the length of the aircraft. As example, at the Fig. 1.4 the

diagrams of Q, Myend, Miors are presented for the case of fuselage loading in horizontal plane.



a) b)
Fig. 1.4 - Diagrams of forces and moments for the fuselage loading in horizontal plane:
a) Q, IVlbend, b) Mtors

On the vertical tail, when the rudder is deflected, an aerodynamic force Y arises, directed
in the opposite direction of the rudder deflection. The aircraft is rotated about the vertical axis

Oy with angular acceleration &, under the maneuvering loads of vertical tail unit Z. Under the

action of side forces, in center of gravity we receive the side load factor n,, and in the other
points under the action of angular acceleration we receive increment of side load factor. Y
force also induces a bending moment and shear force, acting in the horizontal plane.

Since the aerodynamic force of the vertical tail is applied above the axis of symmetry of
the fuselage, in addition to the bending moment and the shear force, the fuselage is also affected
by the torsion moment tending to twist the fuselage.

As it seen from the diagrams, the most loaded part of the plane is the cross section of the
fuselage where wing is attached to the fuselage.

According to the analyzed information about loads can be pointed basic loads types

acting on certain elements of fuselage structure. It is presented on Fig. 1.5



Static ground
loads

Fig. 1.5 - The dominant load cases and design criteria in the fuselage structure

As a result, it is important to understand that loading variations of the fuselage, both
concentrated and distributed loads, help to form an overall picture of loading and scenarios of
structural damage. Based on (Fig. 1.5), we can conclude:

- the fuselage area near the landing gear is most susceptible to static ground loads, which
are insignificant for other areas.

- the upper part of the fuselage is subject to longitudinal tension, since the wing bends
the fuselage downward under its own weight. With increasing pressure and circumferential
stress, tensile and fatigue loads will be concentrated mainly on the top of the fuselage.

- as a result, the lower part of the fuselage is subjected to compression, which is the main
criterion for the stability of the aircraft.

- since the aft fuselage is connected to the tail, it will be most susceptible to lateral and
fatigue loads that arise as a result of loads created by the deflection of the control surfaces on
the tail [7].

1.3. Frame as a main beam of the fuselage
The fuselage of the aircraft being designed, which is a semi-monocoque structure, can

be conditionally divided into 6 sections. This is done for convenience in navigating the aircraft.



The sections are divided by frames (Fig. 1.6), this is one of their functions during the design

and maintenance phase.
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Fig. 1.6 - Schematic presentation of frames and section dividing

From a design point of view, the importance of using frames is that, firstly, it defines
and supports the shape of the fuselage (Fig. 1.7). For these purposes, typical frames (formers)
are used. They take on aerodynamic loads and internal pressure, so, it strengthens the skin.
Depending on the geometric and strength parameters of the fuselage, the pitch of installing

the frames is selected. The pitch of the frames is varied from 150 to 600 mm [8].



Fig. 1.7 - Real frame’s view

The second type of the frames is reinforced frames (bulkheads). It is intended for
concentrated forces perception. Zones of connection of heavy equipment (Fig. 1.8) or zone of
connection wing with the fuselage are zones of the aircraft with high level of concentrated

loads, so there bulkheads are installed.

Fig. 1.8 - Installed bulkhead



Bulkheads can be as prefabricated as monolithic. Such type of the frames help to
distribute the external loads along the skin, but itself works for bending and its cross section
works under a shear too. Therefore, bulkheads are installed at the areas of large cutouts and in

the role of the partitions at the pressurized compartments for excess pressure absorbing.

Conclusions to the part and the task for the research

This part contains general information about requirements to the aircraft design,
possible ways of optimal fuselage shape achieving and design procedure suggestions.

The purpose of the diploma is the selection of the frame parameters, the selection of
the most suitable manufacturing method for the frame, as well as the construction of the frame

in Catia, taking into account the obtained results.



PART 2. PRELIMINARY DESIGN OF A HIGH SEATING CAPACITY LONG
RANGE AIRCRAFT

2.1. Prototypes the designing airplane analysis and its description

Optimal design parameters choosing is the first step in idea of the airplane design
creation. It is equally important to take into account the geometric, aerodynamic, economic and
other technical characteristics. General view formation consists of two stages:

- at the first stage, information about the listed parameters is collected and analyzed. This
step is called the statistical method;

- at the second stage, a complete aerodynamic calculation is performed for the main units.

In my work, I will consider a long-haul passenger aircraft, and in my opinion, the most
successful options for prototypes are: Airbus A350-1000, Boeing 777-300 and Boeing 777-
300ER. The Table 2.1 shows the main technical characteristics of the prototypes.

Table 2.1 Statistic Data of prototypes

Name and dimensions Boeing 777-300 Boeing 777-300ER | Airbus A350-1000
Number of 450 479 412
passenger
Crew, numbers 2 2 2
Range of flight with 11000 14600 15600
Mk max, KM
Cruising speed, 905 905 903
Vkm/h
Wing span 60.9 64.8 64.8
Number and type of 2xR-R Trent 2xGeneral 2 XxR-R
engines 892 Electric GE9O- Trent XWB

115B
Maximum flight 13.1 13.1 13.15
altitude km
Cruising thrust, KN 440 513 411
Maximum take off 299.4 351.8 308
weight t




The characteristics of the prototypes have minor differences, so it is necessary to select
the optimal parameters for the designed aircraft.

So, the designed aircraft will have semi monocoque construction of the fuselage. The
cross section has the circular form. The aerodynamic scheme was chosen cantilever low-wing.
Since aerodynamics and weight balancing are important to the aircraft, | have chosen a double-
hinged rudder design, in which the upper part is controlled by the surfaces of the control system,
and the lower part is controlled by the pedal. Also, the rudder is equipped with trim and servo
tabs. If the landing gear hydraulic system fails, the landing gear will extend mechanically.

The fuselage of the designing airplane is wide body, and its length is equal 73.9 m. It
consists three parts, such as nose, main and tail part. The main task of the fuselage is to place
equipment, baggage, cargo, passengers etc. As fuselage is main body of all aircraft, wing is
attached to it.

The role of the wing in aircraft construction is so high. First of all it provides lift and
airplane stability. Fuel tanks are located in wing. Type of wing, which are typpicaly for Boeing
family, I have chosen for designed aircraft. It is sweepback wing with high aspect ratio. This
type of wing was chosen by me because it is easy to maintain and good for extending and
retracting the type of landing gear | have chosen.

For stabilization an airplane during flight the tail unit is used. It consists of vertical

(rudder) and horizontal (elevator) stabilizers.

2.2. Aircraft geometry calculations and fuselage layout
The goal of aircraft layout is selectin the best satisfying parameters and scheme of an

airplane. It is necessary to choose the relative disposition of all principal units of the aircraft.

2.2.1. Wing geometry calculation
For the preliminary design stage, we need the initial data. It is presented in Appendix A
and were obtained on the basis of statistical data of prototypes and calculated in a special

computer program of the department. Of course, the statistical factor for most of the aircraft



will be taken into account.
The ratio of the take off weight to the area of the wing determines wing loading. | take

necessary data from the Appendix A, so the wing area is [10]:

_ mg-g _ 335686-98 _ )
Sw = P - 5298 520.937 (m°)

Where

mo - take off weight;

Po — specific wing load.

Comparing the obtained values of the wing area and the wing area of the prototypes, it
can be understood that the resulting theoretical value is significantly exceeded in practice value,
so for my work | will use the wing area of 427.8 m2, based on the experience of the design
bureau.

Since now there is a value for the wing area, | can find the length of the wing, given that
the aspect ratio of the wing is 8.7 [10]:

| =+S 2= V427.8-8.7 = 61(m)

Where

S — area of the wing;

A — aspect ratio.

According to equation [4], we can find the root chord of the wing:

_ 25,'nm,  2-427.8-33
° (1+n,)-l (1+323) 61

= 10.76(m)

The value of the root chord is known, then tip chord is:
And then according to equation presented at method guide [4] the board chord is:

Wing consists of the skin, spars and ribs, so its type is called semi monocoque with two
b, 10.76
Nw 3,3
by = b - (1= =D D6 9960m)

w'lw

) = 3.26(m)




spars. Therefore, spars position nearer to the leading edge are located [10]:

X.

X, =—

ary

Where

X; — distance of i-spars to the leading edge of the wing in current cross- section;

b — chord of the wing in the current cross section.

Wing with two spars: X;=0,2; X, = 0,6 [10].

It is necessary to know, because the capacity of the fuel tanks and width of the torsion
box, correspondently, determines by distance between spars.

So, other important parameter for the wing is mean aerodynamic chord (MAC). It can
be determined in two ways, such as geometrical or with the help of formulas [30]. In our case

more appropriate to use geometrical method. It is presented on Fig. 2.1

[
mac

e A
a
|
&

12
Fig. 2.1 - Geometrical method of a mean aerodynamic chord

determination

The length of the mean aerodynamic chord, which is equal byac = 7.692 m.



As the full wing area has already determined, it is possible to go to determining the
geometry of lifting devices and ailerons. according to the appendix, on the wing, there are
double-slotted flaps with a rigid deflector.

So, the length of the ailerons is equal to [10]:

i = (0,3...0,4)-1/2 = 10.675 m;

To calculate the aileron chord, | use recommendation [31], which is based on
statistical data:
bail = (0,22...0,26)-b;;
Where
b; - the current chord of a wing in a cross-section where we have ailerons

And after that we can find aileron's area:

Sait = (0,05...0,08)-Sw/2 = 12.834m2.

In modern aircraft of the same type as my prototype B777-300, designers tend to reduce
the relative area and span of the ailerons. The wingspan of the projected aircraft is 61 m, based
on this, we take the aileron span of 10.675 m. And as a result, not only ailerons, but also spoilers
will be used for lateral control of the aircraft.

For aerodynamic balance devices, the following expression is recommended [31]:

AXial Soxinair < (0.25...0.28) Sqi =0,26 - 12.834 = 3.34(m?).
Ailerons’ deflection range must meet next requirements [31]: upward J’a > 25°;

downward ¢ "4 > 15°.

2.2.2. Fuselage layout

Requirements for the streamlining of the aircraft, as well as for the aerodynamics of its
cross-section, play a key role in choosing the parameters of the fuselage.

Since the projected aircraft is subsonic, the friction resistance and profile resistance can

be selected based on statistical data:



lnjp = 2,1-D; =2,1-62=13(m)

Where

Ds — diameter of a fuselage.

After analyzing the requirements for aerodynamics, strength and layout, | came to the
conclusion that the most advantageous for the projected aircraft would be a circular cross-
section. This type of section will allow obtaining the smallest thickness of the fuselage skin,
thereby reducing weight, and also meeting the strength requirements. So, the length of the
fuselage can be obtained.

Usable geometrical parameters are: fuselage diameter Dy; fuselage length Is; fuselage
aspect ratio As; fuselage nose part aspect ratio Ay, tail unit aspect ratio Aw. Fuselage length is
determined considering the aircraft scheme, layout and airplane center-of-gravity position
peculiarities, and the conditions of landing angle of attack ayang €NSUriNg.

General fuselage length is equal:

lr = A Dr =119 6.2 = 73.9(m)
Where

D¢ — fuselage diameter;
A+ — fuselage aspect ratio.

Length of the fuselage nose part:

lfnp - ’a-fnp ' Df =1.7- 6.2 = 10.5(1‘1‘1

Length of the fuselage rear part:

lirp = Aprp* Dp = 1.77 - 6.2 = 10.974(m).

For passenger aircraft, when determining the parameters of the middle part of the
fuselage, it is first of all necessary to take into account the parameters of the passenger cabin.

For long range airplanes correspondingly [10]:

the height as: h1=1.9m;



passage width bp=0.6m;
the distance from the window to the flour h2=1m;
luggage space h3=0.9...1.3m.

For the chosen parameters of cabin, its height is equal:

Heap=1.48 + 0.17Bcop = 1.48 +0.17-5.84 = 2.473m

Since windows are stress concentrators on the aircraft, their shape and size are essential
for strength. The windows are always placed in one row, and in my case, as in all prototypes,
they are rectangular with rounded corners. When choosing the pitch of the windows, the pitch
of the frames is taken into account and it is equal to 500 - 510 mm[10].

For the economical cabin with a seating arrangement in the same row (3+3+3), the
corresponding cabin width is determined:

Bcab=n3block'b3b/ock + Zbais/e+2 o
B=3-1650 +2-500+2-50=6050 mm

For business class we take the accommodation of the seats in one row like 2+2+2
accomodation.

So, the width of business class cabin is [10]:

Bcab=N2biock*B3biock + 2baisie+26= 3-1200 +2-600+2-250=5300 mm.
The length of passanger cabin is equal:
Leap= 11+ (Nrows— 1) * Lseatpiteh + L2= 52.2m
The length of passenger cabin is equal:
Leab=11 + (Nrows— 1) * Lseatpiteh + L2= 52.2m
Typically, in passenger airplanes cargo compratment places under the floor of passenger
cabin. Placement of the cargo influences on the airplane center of gravity position. So, wrong
cargo or passengers placing can lead to emergency situations and in Ssome cases even to injuries.

Before every flight special teams calculate methods of cargo placing. And for my work | will



use formal method of calculating using data of the prototypes and statistical data. Units of floor
loading | will take K=400 ... 600 kg / m2 [4]. Based on the data from the prototype, we assume
the maximum possible mail weight is 636 kg and the cargo weight is 7385 kg.

So, then the cargo compartment’s area can be defined:

M m 2
Scargo - 04K + D,TIK = 129.5 (m");

Where,

m¢and m; - the mass of cargo mail and luggage.

And volume of the cargo compartment:

V. =V, Nyas = 0,23 460 = 105.8(m>)

Luggage compartment design is similar to the prototype design.

2.2.3. Parameters for empennage design
Next step on the preliminary design stage is the tail unit designing. So, the statistic data
can be used again for approximately calculations of the empennage area. And the tail unit is
divided into two parts - horizontal and vertical. Lets start calculations from the vertical part
then the area of vertical tail unit is equal:
Spey = (0,12...0,2) - S,

And area of horizontal tail unit is equal:

Spew = (0,18...0,25) - S,,,

Much better could be calculated like [4]:

10.32-427.8

b -5
Shiu = Sptu = - 64.17 =51.336 m?;
Lty 18.5
-5 73.9-427.8

Soeu =1 Sutu= ~ g5 6417 =77.004m?,



There are the several principal factors that affect on the length of the empennage (Lnw
and L.w). To these factors the length of the nose and rear parts of the fuselage, conditions of
airplane stability and wing’s location and sweepback are included.

In the first approach we may take Lnw =~ Lwwy = 18.5m. Determination of the elevator area:

S,q = 0,345 Sy, = 0.345 - 51.336 = 17.71 (m?)

Rudder area:

S.qg = 0,4-Syty = 0,4-77.004 = 30.8(m?)
Elevator balance tabs area is equal:
Sev=(0,22...0,25)% Sea = 0.23 - 17.71 = 3.896(m?)
Rudder balance tab area is equal:
Siv=(0,2...0,22)xSy = 0.2 - 30.8 = 6.78 (m?)
The area of elevator trim tab:
Ste = 0,1+ Sy =0,1-17.1 = 1.71(m?)

And for rudder of the aircraft with two engines:

Ser = 0,05 S,,,4 = 0.05 - 30.8 = 1.54(m?)

The height of the vertical tail unit hy, is determined:

lorg = 0,2+ I, = 0.2 - 30.47 = 12.2 (m)

Tapper ratio of horizontal and vertical tail unit we need to choose: #nw = 2...3; v =

1...3.3. Tail unit aspect ratio we may recommend: Aw, = 0.8...1.5; Ay =3.5..4.5 [4].



Determination of tail unit chords bend, bvac, broot:

Horizontal tail unit tip chord:

2-Situ __ 2-51.336
(Matut1) Uity (2+1)-185

brchru =

Vertical tail unit tip chord:

_ 2Sptw 277084
(MotutDlpgu  (3+1)-1272
Horizontal and vertical tail unit root chord:

btcvtu. -

(m)

brchtu = btchtu “Thtu = 1.59-2 = 3'975(111)
brcvm = btcvtu' Nvtu = 2.1-3= 6'3(111)

Horizontal tail unit mean aerodynamic chord:

2+7}I‘htu+1 22+2+1

Mhtu
b'MAuChtu = 0,66 = +1 ) b?cQtQG 241

Mhtu

- £9984(m)

Vertical tail unit mean aerodynamic chord:

' Notu’ + Nty + 1 ' _ 324+3+1
Doty + 1 tevtu 341

bMACvtu = 0,66 2.1 = 13.5(”1)

Empennage sweepback angle can't be higher than wing's. It is important condition for
aircraft stability. And in our case the sweepback angle of the horizontal tail is 35, for vertical
tail is 40 [10].

2.2.4. Landing gear design

At the stage of preliminary design, it is possible to find only a small fraction of the
parameters necessary for the design of the chassis.

The wheelbase of the projected aircraft can be precisely found. It is determined by the
distance between the main landing gear and the front landing gear. And if, when landing, the

front wheels touch the ground first, then when the aircraft is on the ground, the main landing



gear takes on the bulk of the load.
Since the main landing gear is close to the centers of gravity of the aircraft, they affect
its position and at the stage of preliminary design it is necessary to calculate the displacement

of the axis of the main wheel using the formula:

e, = 0,18 by 4c = 0,18 -7.695 = 1.39(m)

Landing gear wheel base can be calculated by the equation:

By = (0,3...0,4) - [ = 0.35 - 73.9 = 29.56(m)

According to the equation, it is necessary to say that the nose landing gear carries only
6...10% of aircraft weight.

Nose wheel axial offset will be equal:

d B

) — ey = 29.56 — 1.39 = 28.17 (m)

ng =
Wheel track is:

Ky: = 0,42 - B, = 0,42+ 29.56 = 12.42 (m)

The value of K should be higher than 2H in order to prevent the side stall of the aircraft.
Tires are selected based on takeoff loads and landing gear wheel sizes. The dynamic load on
the front tires is Kg = 1.5...2.0, that is, it is practically advisable to install the brake discs on the
main wheel.

Therefore, load of the nose wheel is equal:

p _ g mo-gKg _ 1393356869816
nlg B 29.56-2

g Znlg

Main wheel load is equal:

(Bg—eg) -mp- g (29.56—1.39)-33568619.8|130759.6(N)

Y9 By zmig Mg 20.56-12:2

By



Tires should be selected taking into account the loads acting on the wheels during
takeoff and landing. For the designed aircraft, the maximum take-off speed is 305 km/ h, and
the maximum landing speed is 247 km / h. The prototypes are equipped with high-pressure

tires (Fig. 2.2), which is also suitable for our case.

Fig. 2.2 - Main landing gear of prototype Boeing 777-300

Taking into account the maximum loads on the wheels and the speed of the aircraft
during take off (305 km/h) and during the landing (247 km/h), we choose the tires: 44 x 16
Type VII (DC-8-55 main gear tires) or 44.5 x 16.5 — 18 Type

VII. Also the next type could be installed on the aircraft: 52xR22.36 PR.

2.2.5. Description of the engines

The power plant of a designed aircraft includes two Rolls-Roys Trent 892 engines and
auxiliary power unit (APU). This is an axial flow, high bypass turbofan with three coaxial
shafts. Rolls Royce 800 (Figure 1.3) series has the next principle of operation: the fan is driven

by a 5-stage low-pressure turbine, and the 8-stage and 6-stage compressors are driven by a



single-stage turbine. This type of engine is characterized by an annular combustion chamber
with 24 fuel injectors and is controlled by EEP. The compression ratio is 6.4:1 in cruise mode.
The take off thrust of the engine depending on the aircraft varies from 340 to 413 kN. Fan has
26 diffusion bonded, wide chord titanium fan blades and its diameter is equal 280 cm [11].

The examples of application of Rolls Royce turbofan engine, bypass engine types you

can see ina Table 2.2.

Bypass Dry weight o
Model Thrust (kN) ratio Length (m) (ka) Applications
) _ Airbus 350
Series 800 413 6.4:1 4.6 6078 Boeing 777
Series 700 315 51 5.6 6160 Airbus 330
. Airbus 380
Series 900 374 8.6 55 6246 Boeing 747

Table 2.2 - The examples of application of Rolls Royce Trent turbofan engine

The manufacturer notes that this series of engines is the lightest among engines suitable
for such aircraft. The Rolls Royce engine weighs 6.1 tonnes, 3.6 tonnes less than its main
competitor, the GE9O0.

2.3. Airplane center of gravity calculation

2.3.1. Trim sheet of equipped wing

The value of the total mass of the wing is influenced by many factors, such as the position
of the center of mass, the mass of the equipment that is located in the wing, the mass of the
fuel, the mass of the wing structure itself, and even if the main landing gear strut is not attached
to the wing, it is also taken into account when calculating the mass. equipped wing. The trim
sheet (Table 2.3) contains the values of the masses and their coefficients for the main factors

affecting the weight of the equipped wing.



The coordinates of the centers of gravity of the equipped wing are calculated according
to recommendations [10]. The center of gravity is located relative to the front edge of the MAC
of the wing with a positive direction to the rear and a positive direction to the nose. And in

order to calculate the coordinates of the center of mass, the next formula is used:

rm' X/
X, :Trlnl’_l ;
Table 2.3 - Trim sheet of equipped wing
Mass C.G. Moment
N Name Units tortril(%i)ss g;(:)é)nr](;mates, mi xi (kgm)
1| Wing (structure) 0,11 37663,97 3,46 130317,33
2| Fuel system, 40% 0,01 1711,99 3,23 5531,47
3| Control system, 30% 0,001 372,61 4,62 1721,47
4| Electrical equip. 10% 0,002 681,44 0,77 524,17
5| Anti-icing system 70% 0,01 3887,24 0,77 2990,07
6 | Hydraulic system, 70% 0,01 2762,69 4,62 12763,65
7 | Power units 0,07 24367,45 2,92 71152,9
8 Equipped wing without fuel and
LG 0,21 71447,41 3,15 225001,1
9 | Nose landing gear 0,003 887,55 -8,59 -7624,09
10 | Main landing gear 0,03 10206,87 3,93 40143,61
11 | Fuel 0,36 | 121417,63 3,23 392300,35
Equipped wing 0,61 203959,46 3,19 649820,98

2.3.2. Trim sheet of equipped fuselage

To find the center of mass of the fuselage, it is important to remember that the origin is
located on the projection of the aircraft nose onto the horizontal axis of the aircraft. Trim sheet
of equipped fuselage masses is presented at Table 2.4. And to find the coordinates of the center

of mass of the fuselage, we use the formula:

rm' X/
_ ] [
ToEm

i

X



As soon as the coordinates of the centers of gravity for both the wing and the fuselage
are determined, we can proceed to the equation of equilibrium of the moments [12] relative to

the nose of the aircraft:

mx +m (x  +x)=m (x +0C)
f f w - MAC w 0 " MmAC

Table 2.4 - Trim sheet of equipped fuselage masses

Mass Coordinates of

Ne Objects Units Total (kg) | C.G., m Moment (kgm)
1 Fuselage 0,08 25807,54 36,95 953588,59
2 Horizontal TU 0,01 3467,64 2,19 7594,12
3 Vertical tail unit 0,01 3434,07 2,73 9375,01
4 Anti-icing system,15% 0,003 926,49 59,2 54848,41
5 | Air-conditioning 15% 0,002 520,31 36,95 19225,58
6 Heat and sound

isolation 0,004 1409,88 36,95 52095,11
7 Control syst 70% 0,003 869,43 36,95 32125,32
8 Hydraulic sys30% 0,003 1097,69 51,73 56783,67
9 Electrical eq, 90% 0,02 5461,61 36,95 201806,53
10 | Radar 0,002 537,1 2,1 1127,90
11 | Air-navig. System 0,002 772,08 6,3 4864,09
12 | Radio equipment 0,001 436,39 2,2 960,06
13 | Instrument panel 0,002 671,37 3,4 2282,67

Passenger aircraft

14 Seats of'pass.

economical class 0,01 2641,85 42,2 111486,02
15 Seats of pass. business

class 0,003 872,78 19,68 17172,02
16 | Seats of crew 0,0003 | 100,71 12,16 1224,18
17 Seats of flight

attendance 0,001 449,82 7,39 3324,16
18 | common equipment 0,001 449,82 7,39 3324,16
19 | additional equipment 0,001 375,97 17,39 6538,09
20 | Mail/Cargo 0,12 38536,75 14,03 540574,3
21 | Flight Attendance 0,002 772,08 12,43 9593,84
22 | Baggage 0,02 7385,1 36,95 272879,15
23 | Meals 0,0008 268,55 61,4 16488,9
24 | Passangers 0,1 34239,97 26,21 897532,39
25 | Crew 0,0004 134,27 3 402,82

Total 0,39 335686 9,77 3281090,03




Only after the calculations for the wing and fuselage are completed, and they are

combined, can we begin to calculate the position of a fully equipped wing with a starting point

at the nose of the fuselage (Table 2.5).

Table 2.5 - Center of gravity position of the aircraft

Name Mass, kg Coordinates Moment
Object mi C.G.M Kgm
Equiped wing
withoutfuel and 71447,41 12,44 225001,09
L.G.
Nose landing
gear 887,56 36,95 -7624,09
(retracted)
Main landing
gear 10206,87 26,21 40143,61
(retracted)
Fuel 121417,63 61,4 392300,35
Equiped fuselage 50389,83 7,39 1543618,64
Seats of
economical 2641,85 19,68 111486,02
class
Seats of bussines 872,78 42,2 17172,02
class
Meals 268,55 61.42 16488,89
Baggage 7385,09 36.95 272879,15
Cargo 38536,75 14.03 540574,29
Crew 134,27 3 402,82
Attendants 772,08 12.43 9593,84
Nose landing
gear 887,55 -8.59 -7624,09
(opened)
Main landing
gear 10206,87 3.93 40143,61
(opened)

The position of the center of gravity of the aircraft relative to the leading edge of the

MAC is called the centering. It is expressed as a percentage.




Optimization of the calculations involves entering the corresponding values for the
centers of mass from Table 2.5, and the final results of the calculations are the positions of the

centers of gravity of the aircraft under different operating conditions. The results are presented

in Table 2.

X

xr="T""2100%

b,

Table 2.6 - Airplane’s center of gravity position variants

fuel and payload)

Moment of the | Centre of the
Ne | Variants of the loading | Mass, kg Centering
mass, kg*m mass, m

1 Take-off mass (L.G. 335686 2654336 7,91 0.23
opened)

2 Take-off mass (L.G. 335686 2734417 8,15 0.22
retracted)

3 Landing variant (L.G. 227514 2342181 10,29 0.2
opened)

4 Transportation variant 145996 1810751 12,4 0.17
(without payload)

5 Parking variant (without 136446 1801209 13,2 0.16

So, the most forward center of gravity is located on the 16% from the leading edge of

the mean aerodynamic chord, and the most aft center of gravity on the 23%.




Conclusions to the part

The goal of this part of my diploma project was developing a preliminary design for a
long-range passenger aircraft. According to this part calculations, the designed aircraft can
accommodate 460 passengers in a single-class layout, as well as baggage and mail. Optimal
parameters were selected for the airplane, geometrical characteristics were calculated for the
main units. Rolls-Roys Trent 892 engines were selected for the power plant. 52 x R22.36 PR
tires were selected for the chassis wheels.

Also the most forward and backward centers of gravity positions were calculated
correctly and their values are within the acceptable range for the selected type of aircraft and

are equal 16% and 23% correspondently.



PART 3. FUSELAGE FRAME SIZING AND DESIGN

3.1. The main aspects in the aircraft frame design

We have noted that structure elements of the fuselage take a wide range of external and
internal loads. The main structure elements of the fuselage are frames: 1) normal (typical) frame
or former and 2) reinforced frame or bulkhead and pressure bulkheads.

The transverse structure elements of the fuselage are normal frames or just formers,
installed along the length of the fuselage with special pitch, which depends on the fuselage
dimension and positions of windows and concentrated loads from masses. The fuselage frames
transfer all loads to the fuselage body and provide circumferential support for the longitudinal
elements, stringers and longerons. The normal frames are manufactured in the form of open
rings. They are connected with the fuselage shell and usually are symmetrical about a vertical
axis [28].

The main tasks of normal frames are: to support skin and stringers, to prevent loos of
stability (buckling) of the stringers and skin, to withstand tension-compression loads from
differential pressure in a cabin, to take loads (bending and torsion) from the deflection of
control surfaces at the tail unit. Fuselage frames are in equilibrium under the action of any
external loads and shear force flows generated in their structure have to withstand all loads.
They are closed of an annular or similar shape.

At the preliminary design stage of the fuselage structure, the reduced forms of frames to
the round or oval type make it possible to simplify their design and calculation.

In the general case, the external forces loading the frames are balanced on the skin by
the flow of distributed shear forces. In the sections of the frames, in this case, internal bending
moment, transverse and axial forces (Figure 3.1) arise, the value of which is found according
to the classical method for circular frames. The known moment and forces can be used to
determine the normal stresses in the chords and tangential stresses in the walls of the frame
[13].



d - frame's thickness;
h — cross-section high
The strength of frames and their parameters, as a rule, are determined from the condition

of loading them with a bending moment.

Sp==tY

Fig. 3.1 - Internal forces arising in the frame

Skin always works in the tandem with frames and its bending stiffness in comparison
with frame is almost equal zero. The lower the stiffness of the frames, the more carefully their
parameters should be chosen, the less mass can be obtained for the structure of the connection
with the skin.

3.2. Fuselage frame sizing

The parameters of normal frames of the most common sections - z-shaped, channel and
I-beams - can be selected based on the following recommendations established in design
practice:

- the height of the frame wall for small fuselages (Ds =1.5 m) is taken hs; = 0.02 Dy, and
for fuselages Ds > 2 m hg = (0.025 ... 0.03) Dy,

- the width of the shelves of the frames b, < 0.5hg. In composite frames with a rim and a

compensator, the width of the shelves is reduced to 0.3hg;



- the thickness of the shelf 6, is chosen taking into account the type of panel and the type
of its connection with the frame. So, if the sheathing is made of sheet dsx <2.5 mm, then it is
advisable, without excessively increasing the rigidity of the belts, to maintain the ratio &p / dsk
=1.0....1.3.

If it is necessary to determine the parameters by calculation, then first of all it is necessary
to know the loads acting in the considered sections. During bending, external loads are

determined by well-known methods [14] by the formula:

M. =023q.,R?
where
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R - is the radius of the fuselage;

Omax - IS the maximum distributed load;

dsk- sheathing thickness;

a - the step of the frames;

Mmax - maximum bending moment;

E is the modulus of elasticity of the material;

J - moment of inertia of the frame with attached skin.

The type of loading, a typical diagram of the bending moment, and design sections are

shown in Fig. 3.2.



Fig. 3.2 - Loading and bending moment diagram of a normal frame.

In the general case, from the available values of Mg, Q and N for the frame, using
formulas, it is possible to determine the normal stresses in the chords and shear stresses in the
wall.

Additionally, by the value of Mmay, it is possible to approximately determine the radial
stresses o in the wall of the frame, which arise in it as a result of the work on the bending of
the frame as a curved beam

a=Ni/(R9),

where
Nn:M/hfr;

N, — axial force in the chord.
The value of the permissible stresses in the wall should be clarified from the condition
of preventing its loss of stability
Tip=8,670,
Where
70=0,95E/(b/ 9)?;
b is the distance along the wall between the axis of the stringers (if ribs or reinforcing

posts are assumed on the wall, then the distance between them is taken as b).



Knowing the axial force Ny, it is possible to select the appropriate parameters of the
frame belts.

In cases where increasing air loads are decisive, as a result of the increasing distance
between the frames, the parameters of normal frames are symmetrical along the entire bypass
and the calculated value of surface pressure p'"=p”-f.0,3-10°1,5=0,45-10° Pa. Then the load
will act on the frame:

Qminzpthaa

and the voltage is determined by the formula

_ QunR
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where Fs is the cross-sectional area of the frame.

As the size of the fuselage increases, so does the size of its individual elements, including
the heights of the walls of the frames. With a wall height of 120 ... .150 mm [10] and above, it
Is more expedient to make the frames composite: from the rim and the compensator - it is easier
in technological (it is easier to ensure the exact shape of the elements and to compensate for
assembly errors) and in constructive terms (possibly more flexible variation in thickness, shape

of elements, their rigidity, etc.) (Fig. 3.3).
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Fig. 3.3 - Frame’s examples
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Figure 3.4 shows cross-sectional diagrams of four frames. Comparison of the results of

fatigue tests of the frames of these schemes shows that the limiters (see Fig. 3.4, b, c) and
especially symmetrical (see Fig. 3.4, d)

:’JI' &

Fig. 3.4 - Cross-sectional diagrams of frames with mcreased durability.

Significantly increase the durability of the frame with a slight increase in its weight. The
weakening by notches can cause an undesirable wrinkling effect in the upper part of the wall,
springing it and wave formation in the skin near the frames. All this taken together leads to a
decrease in the resource of the structure. To avoid this, it is advisable not to overestimate the
permissible critical stresses in the elements weakened by cutouts when choosing the parameters
of the panel and frames. The graph in Fig. 3.5 allows you to select the parameters of the
allowable stress cuts for cases of double-sided wall reinforcement with a profile and for a
composite wall. The use of traps in the form of shaped patches can also be considered an
effective means of combating cracks, but provided that the probable direction of their

propagation is correctly det ermined (Fig. 3.6).

Fig. 3.5 - Graph for selection of cut parameters
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Fig. 3.6 - Shaped linings - in frames for permissible stresses. Crack traps

3.3. Normal frame design

The improvement in fatigue characteristics entails an increase in mass and a more
complex manufacturing technology, and this primarily applies to composite frames. Therefore,
it is extremely important in the development of this type of structure to implement the most
fully rational design principles. We list a number of measures, the usefulness of which is
confirmed by practice [15]:

a) stresses over the section are evenly distributed if the rim is made of a profile, and the
compensator is made of sheet material of approximately the same thickness with the skin. In
this case, the compensator performs not only a technological function, but also, being an elastic
element, restrains an excessive increase in rigidity;

b) it is better not to make relief holes in the rim, since the crack that occurs in the
compensator always goes to the relief hole. In addition, obtaining holes with simultaneous
bending along Rsand flanging is extremely difficult from a technological point of view. At the
same time, punching the hole when bending the wall sheet along R+ causes uneven stretching

of the material in the upper (to the rim) and lower (inner) parts of the wall;



c) the radius at the top of the cutouts for stringers should preferably be at least 8 mm
(Figure 3.6). Small radii are always potential sources of cracking;

d) rivets should be installed at a distance of 0.5t from the axis of the notch (see Figure
3.6). This prevents directional crack propagation;

e) excessive height of the compensator requires additional measures to ensure its rigidity,
leads to irrational use of the material, therefore it is advisable to limit h, < (0.3... 0.4) hy. It is

quite possible to assume that a high expansion joint height reduces the stability of the wall;
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Fig. 3.6 - Cutouts in frames
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f) if it is necessary to reduce the mass of the frame, change its rigidity, then this should
be done on the rims; Naturally, if the expansion joint is made of a profile, then after a
comprehensive assessment of the result, taking into account the pitch of the stringers, the type

of panels and other factors, the expansion joint can also be modified.
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Fig. 3.7 - Reinforcing pads

Lining tapes are installed under the skin (often with glue), while observing certain
parameter ratios. If the tape, sheathing and frame are made of the same material, i.e. E« = E| =
Ex, then the thickness of the tape is 8> ds and at the same time b / b, = 4 ... 5. In this case,
stringers are undercut or milled. For 6; <1 mm, this operation is not necessary. If E; > Eg, then
31 <dsk (2..3 times) and by / bp = 3 ... 4. In some cases, the tape is made curly, with scallops, the
protrusions of which fall against the rivets, which significantly reduces the concentration of
stresses. It is interesting to note that the installation of spacer strips can significantly reduce the
local stress level, for example, from 80 ... 90 MPa in the middle of the span between the frames
to 40 ... 45 MPa directly at the belt and up to 30 MPa on the frame itself. Knowing this stress
distribution, you can simplify the approach to identifying weak points and increase the strength

of the structure.

3.4. Cross-section selection
With a general bending of the fuselage, stringers and skin load standard (ordinary)

frames with a linear vertical load determined by the formula [16]:

Where M; — bending moment acting on the fuselage;

J2 _ moment of inertia of the fuselage section;



d,. frame pitch;

E — modulus of elasticity of material D16T;

+Y — distance from the neutral axis (passing through the center of gravity) Oz

_E+n-F
s
where F, _ sheathing cross-sectional area, mm?;
F

¢ —sectional area of the stringer, mm?;
I — number of stringers;
S — fuselage section perimeter, mm;

~3,14-2,9-0,0024+36-0,002023

h
v 3,14-2,9

=0,0102m

,5-1,45=449 —

y

(3835000 | 0,01028,
0,0586 | 72-10%

The greatest bending moment in the fuselage section can be determined by the formula:

MC = O’ 23 'qmax ’ R2

max

where R — fuselage radius in a given section, mm;

+9max — maximum linear vertical load.

2
M R
qﬁmxoﬁ_ﬁqd 2" [er] 'E’

z

2
qum_\ = 0’ 0024 0,5[3835000 ] 1, 45H_105

0,0586 | 72-10M

Determine the greatest bending moment in the fuselage section:

M¢  =0,23-105-1,45" = 50Hm

max



The maximum stresses in the frame section are calculated by the formula:

MC
max __ c
dmn - { Juri]:x . YL[T

— moment of inertia of the frame section.

LI
JX

where

Fig. 3.8 shows a cross-section of a typical frame. Let's take the following parameters for

this section:
Hs =100 mm
B2=39 mm
Bs =28 mm
d=25mm
R1=8mm
R2 = 5.5 mm

B4
Ay R:
f—_
> X
Hs 0
&x{ Yfr
. =/
d
Bs

Fig. 3.8 - Frame cross section



Find the position of the center of gravity of the frame section [17]:

X :F] .XI+F2.X2+‘“+FH .Xn
Cg
F+F,+..+F,

Fl ) Y1+F2 : Y2+"-+Fn "V
E+F,+...+F,

Yee =

where F1, F,, F,, — area of section elements, mm?;

Y1, Y2, Yn; X1, X2, X, — coordinates of the center of gravity of the section elements, mm.

~50-3-25+144-3-1,5+30-3-15

X ce =8,55 mm
50-3+144-3+30-3
y. = 50-3-148,5+144-3-75+30-3-1,5 — 81,56 mm
50-3+144-3+30-3

Determine the moment of inertia of the frame section:
fr 2
J, . = ch 'y
where Fs — cross-sectional area of the frame, mm?;

+Yur _ coordinates of the center of gravity of the frame section along the y-axis, mm.

J* =672.81,56° = 4470167 mm*,

O’fnlzlaK = (i_a ] 0, 08156 = 0,91 MPa.
447 -10

Critical buckling stresses of the frame:

Jfr vl
g =1.2.E| ——=
" =h R?-d,-d

where R — radii of the frame, m.

1078 2
44710 J A

1,45%-0,5-0,003

of =1,2-72-10"-(



dax

Kp m
Sun > Oun | then the parameters of the section and the pitch of the frames

We see that

are selected correctly.

3.5. Frame’s creation according to calculations
First of all, for frame’s creation is necessary to construct nominal surface of the aircraft

skin (Fig. 3.5). According to appendix A skin diameter Dg = 6.2m.
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Figure 3.5 - Skin surface construction

The diameter of the skin remains unchanged along the entire length, since for my thesis
I chose the section of the aircraft, which is located at the rear.

Along the entire length of the aircraft, the frames are located at a distance of 254 mm
from each other, and in my work | consider the design of a typical frame at the beginning of
the section.

The integral frame consists of four parts - two lateral parts, a crown and a lower one. The
parts are connected to each other with special overlays, and in my work | will build a crown.

First, we will postpone a line at a distance of 254 mm, which will be a reference point

for building the frame, but since we have a semi-monocoque fuselage structure, it is necessary



to build the frame at a distance from the skin, since they are attached to it with the help of

expansion joints. And as a consequence, the outer diameter of the frame is 3048 mm (Fig. 3.6).
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Fig. 3.6 - Outer surface of the frame construction

According to the calculations at the paragraph 3.4 let’s construct surfaces for the frame.
If the high of the frame is equal to 100 mm, then the inner diameter will construct by offset
from the outer surface on 100 mm. And we will have upper and lower surfaces of frame (Fig
3.7).



1 @ @ )‘ ":E g @ - & = Construction geometry v

- - o b
a y7 plane
« 7x plane

) Construction geometry
r, sonstruction geometry

Point.1

2AELSIA |0
Blazlp|s:

I Circle.1

|
I

E Line.1
Lo

=508 Extrude.1 ;

i‘ @ Extract.1 N\
¢~ 4 parallel.1

‘I‘—‘_'_' Offset1
L=

(DS WL

POEHED O >3m0\ -

i  Offset Surface Definition ?

[5]- Offset
Surface: [ Offset.1 E—

i-:‘E PartBody | one: [EEE @

\ ) A Parameters lsub»ﬂmmmmm |
Smoothing: [None -
Maximum Devistion [T [Z]ig)
] Both sides
(] Repeat object after OK

NEEE), B0 @ He BE0Y wEénAQsB00E8E 8 288 @ 5E = L 0 0o e
ﬁu

Enter an off [epernan sasaan je offset direction

Fig. 3.7 - Surfaces of frame

Then I will cut surfaces by planes and curve for comfortable continuing of construction
(Fig 3.8). As skin surface is equal 6200 mm, then the length of the circle C we will find by the
formula:

C=2nR =nD

C =6200m = 19477.87 mm

And  frame  consists of  four equal parts with the length
L = 19477.87/4 = 4869,5 mm
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Fig. 3.8 - Surfaces cutting

Then | constructed cross-section profile with the help of sketch future. If all geometry is

created correct, sketch analyze will show iso-constrained and geometry will green (Fig. 3.9).
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Fig. 3.9 - Well-constructed sketch




Next step after profile creation will be solid creation. A solid body must be created, since
work with the constructed frame in the future is only possible on the condition that it is a solid
body, and not a surface. | did it by Rib operation (Fig 3.10). For rib necessary to have guide

curve and profile.
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Figure 3.10 - Frame’s solid creation

Considering that the whole frame consists of four parts, and | built only one, it is
necessary to build coordination holes in order to connect all the parts later when assembling

the aircraft (Fig 3.11). In the same way | created hole on the other side.
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Fig. 3.11 - Coordination hole creation

The coordination holes are needed when assembling parts into an assembly. According
to them, mechanics can determine whether it is possible to assemble parts and install them
correctly.

3.6. Frame assembly construction

The bulkhead members and stringers provide support for the aircraft skin which is
formed of a series of separate pieces applied over the various members and joined together
with skin splice plates. The skin and splice plates fasten to the bulkhead members via shear ties
which transfer load from the aircraft skin into the aircraft body frame. The areas where the skin
splice plates are joined to the skin and the shear ties are critical fatigue points subject to
potential failure (Fig. 3.12).
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Fig. 3.12 - Progressive Load vs. Displacement for Frame

Shear ties reduce loads acting on frames. Due to this, the lifespan of the frame is
increased.

So, for my frame assembly | uses shear ties.

After all construction steps | did the structural analysis for frame assembly (Fig. 3.13)

u.un
+1.928e+00
<7.921e-01

Fig. 3.13 - Load cases

As you can see on the picture every structural element has so high importance for
construction strength. If any detail is deleted, the loads will change. It can lead to fatigue cracks,

and critically accelerate the wear of the structure.



3.7. Methods of manufacture of the frames

Quite high requirements are imposed on the frames in terms of the accuracy of the shapes
and sizes that determine the body contour, and especially to the docking surfaces and docking
holes. High requirements for frames are also imposed on the quality and roughness of the
surface, as well as other indicators (the location of the cutouts for the stringers, the offset of the
edge of the shelves, the bulging of the material at the bottom of the profile, etc.).

The technology for manufacturing frames depends on the design and technological
characteristics. The manufacturing scheme at the initial stage is associated with the type of
workpieces. For simple frames, consisting of one profile in cross-section, rolled sheets,
standard profiles are used as blanks. The presence of one or more welded joints, when the
frames consist of a number of segment elements, has a significant impact on the fabrication
scheme of frames.

If the frame blank is a rolled sheet, the manufacturing scheme consists in marking and
cutting the sheet according to templates or calculated dimensions, bending these sheets into a
ring with their simultaneous profiling on special profile bending machines, welding at the joints
of the profiles. After welding, annealing and stripping of the seams, it is necessary to carry out
the final calibration, after which the grooves are cut out and their plumbing work is done. If
there are holes in the structure, then it is advisable to make them before bending, in sheet
blanks. Frames of significant diameters (more than 1500 mm) usually consist of several
segmented sections. In this case, the segments, in addition to bending them on roller machines,
can be made by stamping (Fig. 3.14), when simultaneously with the shaping of the profile, the
corrugations on the shelves are cut off. The assembly and welding of the segments is carried
out after annealing and cleaning the edges in special simple devices that provide the basing,

the necessary joining of the segments and the possibility of their reliable welding into an



annular frame. After annealing and cleaning the seams, the finished frame goes to the

operations of coating and final control.

Fig. 3.14 - stmping machine

A productive method for calibrating frames after welding is stretching on presses PK.D-
3 (Fig. 3.14) type with the help of expanding sectors that move apart under the action of a
wedge of the movable crosshead of the press. Mechanical processing of grooves, holes, seating

(butting) surfaces must be carried out prior to calibration.

Fig. 3.14 - Type PK.D-3 press



Ina number of cases, for frames, circular blanks are used, obtained by flexible into a ring
of strip blanks of square or rectangular cross section, followed by welding and hot stamping of
a square cross section into a profile one. Annular blanks of rectangular or partially profiled
cross-sections are intended in most cases for power and docking frames, often having complex
profile sections. The technology for the manufacture of such frames consists in machining on
a rotary machine in order to obtain the required profile and on milling and drilling machines in

order to manufacture local complications of the shape.



Conclusion to the part

At this chapter | have considered the conceptual design of the typical frame at rear part
of the aircraft (46 section) of passenger long range aircraft. Typical frames are only used to
ensure the shape of the fuselage. They are made in the form of a bent rim made of metal sheet,
the shape of which corresponds to the contour of the skin. Divided into reinforcing (cladding
Is attached only to the stringer), distributive (cladding is attached to the frame and stringer).

Since the frame being developed is simple and has one cross-sectional profile, it is
advisable to make a blank from rolled sheet, which is standard. In this case, it would be most
expedient to manufacture frame segments by stamping. With this method, it is possible to trim

the corrugations on the caps, which greatly facilitates and accelerate manufacturing.



PART 4. ENVIRONMENTAL PROTECTION

4.1. Icing. General information

Any ice formation that can appear on aircraft systems and surfaces in general is
called icing. The weather conditions in which ice formations can appear are among the
most dangerous for aircraft. Ice formations are komuletive, that is, the longer they
accumulate, the greater the danger they pose to the aircraft.

Since icing often leads to accidents, de-icing procedures are an important step in
preparing an aircraft for flight.

The most dangerous from the point of view of ice formation are such parts of the
aircraft as the leading edge of the wing, engine air intakes and leading edges of the tail.

When ice appears on the control surfaces of the wing and tail surfaces,
controllability of the aircraft is partially or completely lost.

ice on the edges of the wing and empennage leads to a breakdown of the flow,
that is, to a deterioration in the aerodynamic characteristics of the airfoils. If ice appears
on the rudder drives, then there is a possibility that they will jam, which will lead to a
poster of stability.

The windshield of the cab can also be covered with ice, which will lead to a
decrease in visibility. Also, icing of the aircraft nose, in which the speed and direction

sensors are located, which is fraught with the loss of their readings [18].
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Fig. 4.1 - Wing’s profile characteristics changes in the case of icing

There are two types of icing - ground and icing in the air.

4.2. Ground icing

Aircraft operating experience, as well as research in this area, show that for
modern aviation, ground icing is still a significant problem and often leads to disasters,
despite the fact that the procedures to improve the effectiveness of anti-icing
procedures. The surface of the aircraft cools more than the environment in freezing
temperatures and clear weather. As a result, the steam turns into a thin layer of ice on
the plane.

If the air humidity is increased, and the temperatures are near-zero, then the vapor
settles on the surfaces of the aircraft. If the temperature is below zero, then the ice will
be dull, and if it is higher, then it will be transparent.

When snow freezes, ice forms on the aircraft not only due to precipitation, but
also when slush and snow hit the aircraft body from the ground. An examination of the

data obtained from the analysis of incidents associated with icing [19] shows:



- most incidents associated with icing occurred due to poorly performed anti-
icing procedures, that is, snow-ice deposits were partially or completely not removed
from the aircraft body;

- most incidents due to icing occur during take-off or climb;

- ice on the hull, which has appeared on the ground, can remain on the surface of
the aircraft for up to several hours, which complicates the process of lowering the

altitude and landing as a whole (Fig. 4.2).

ig. 4.2 -

All ground icing types can be divided into three groups:
The first group includes such ice formation as frost, crystalline frost and hard
deposits. Such formations are formed when steam passes into ice, bypassing the liquid

phase.



The second group of ice formation includes crystallized supercooled drops of
rain, fog and other types of water in the atmosphere.

The most dangerous is the third group of ice formation, which includes ground
and fuel icing. The condition for the appearance of fuel icing is the presence of ordinary
drops at high humidity and positive temperatures (up to +15° C). ICE forms on the
surfaces of fully sealed fuel tanks that have the highest negative temperatures. The
thickness of such layers of ice formations can reach 15 mm, and ice appears
Immediately over a large area.

The danger of this type of icing lies in the difficulty of detecting it, since ice is

often transparent and in the fact that it appears at positive temperatures [20].

4.3. Icing during the flight

In-flight icing occurs in flight conditions when atmospheric precipitation such as
cold rain, fog, sleet, etc. The rate of formation of ice deposits on the surface of an
aircraft during icing in flight depends on both weather conditions and the characteristics
of the aircraft. History knows cases when the ice formation rate reached 25 mm / min.
It is important to take into account the fact that aircraft speed does not play a key role
in ice formation. So, the higher the speed, the more the surface of the aircraft heats up
due to the friction of the body against the air, and the speed of ice creation decreases.

In-flight icing often occurs at low altitudes up to 5000 m, but at high altitudes it

Is also possible.



4.4. Anti-icing techniques

The introduction of special hydrophobic materials into the design of potentially
hazardous aircraft units is the most effective and modern means of deicing. Such
materials are in themselves water-repellent 21.

Today, research is being actively carried out on methods for efficient and fast
surface treatment to remove ice formation. Different types of procedures are
responsible for these stages, that is, the processing of the aircraft before the flight is
carried out in two stages. To carry out anti-icing procedures, four types of reagents are
used to remove ice (Fig. 4.3).

The first type of reagents is intended for the first stage of removing ice from the
surface, and reagents of types Il, Il and IV are used to ensure the protection of the

aircraft body for a certain period.

Type | Type ll Type Il Type IV

Fig. 4.3 - Types of reagents for anti-icing treatment

The use of the first type of reagent is only possible if the concentrate is diluted
with hot water at 60-80 ° C (Fig 4.4). The ratio of reagent and water is selected based
on weather conditions. For the convenience of the service personnel, as well as to

control the application, dyes are added to the mixture.



ey o A R e R - PrES LA DeEE SE At

Fig. 4.4 - Aircraft treatment with type I anti-icing liquid

The use of the fourth type of reagents is carried out at the second stage of anti-
icing procedures. The general composition of the fourth type of reagents differs from
the second only the use of more modern components.

The third type of reagent is often used on local airlines because it can provide
short-term protection.

The application of a liquid of the fourth type (Fig. 4.5) to the surface of the
aircraft takes a longer time in comparison with the first type. This is done in order to

provide protection against freezing of water on the surface of the aircraft.



When reacting with precipitation in flight, the applied protective words gradually

"melt", therefore, the developers are actively conducting research to increase the service
life of the protective layers. At the same time, it is also necessary to ensure the least
impact on the environment. In any case, today, the most effective means of protecting

aircraft from icing are anti-icing fluids.

4.5. Anti-icing systems
Since anti-icing liquids tend to dissolve after a certain period of time in flight,
anti-icing systems are also installed on airplanes. With the help of system sensors,

aircraft components that are prone to icing are monitored. And in situations where it is



necessary, the sensors give a signal to turn on the anti-icing systems, which can be
divided into mechanical, thermal and chemical.

The method of removing ice from mechanical de-icing systems consists in
artificially deforming the surfaces of the aircraft body in order to break ice formations.
And the fragments are then blown away by the oncoming air stream. Mechanical
systems can be applied to wing and tail surfaces. When the icing process is started, with
the help of rubber protectors, which have a system of air chambers inside, the ice is first
broken with the help of compressed air, and then, by pressurizing the inner chambers,
it is thrown off the surfaces.

To use chemical anti-icing systems, it is necessary at the production stage to
cover the required surfaces with a special porous material through which mixtures of
reagents and water with a low freezing point can be supplied to the surface. Nowadays,
such systems are not widely used and are mainly used as an additional system for
cleaning the windshields of the cab.

Thermal de-icing systems use hot exhaust gases from engines or electricity. The
principle of operation of this system is to periodically blow hot air over the surfaces.
That is, during the operation of this system, a certain amount of ice is still allowed to

freeze, and the frozen water is carried away by the oncoming stream.

Conclusions to the part
As a result, anti-icing procedures are an important step in preparing an aircraft
for flight. Failure to comply with the norms for the application of anti-icing fluids with

a high probability can lead to a plane crash.



PART 5. LABOUR PROTECTION

5.1. Introduction

My diploma project includes calculations for frame’s construction. One of the main tasks
of any enterprise is to ensure proper working conditions. The main tasks of labor protection
include the implementation of special processes in various aspects of the enterprise and its staff,
which affect the safety of production, life and health.

In this chapter will be consider the working conditions for design engineers in the office

room.

5.2. Analysis of working conditions

The workplace of the design engineer is a small room (office), which is part of a large
design bureau. This office is designed for two persons, as inside there are two similar
workplaces. The geometric parameters of the office are equal 3 mx 4 m x 3 m (length x width
X height). These parameters correspond to the law of Ukraine on requirements for a working
room [22]. Based on geometric parameters, the area of the room is 22 m2, and the volume of
the room is 36 m3. According to [23] the parameters are typical for this type of office. The
choice of parameters depends on the type of the room, as it can be not only an office, as in our

CaSe, aS an open space.

5.2.1. Harmful and dangerous factors analysis

Since the work of an engineer is mainly done on a computer, it is the employer's
responsibility to provide good lighting in the office to preserve the worker's vision. Therefore,
first of all, I will research the lighting in the office.

The light sources in this office are natural light and fluorescent lamps. The natural light
sources are two rectangular windows measuring 2m x 1.5m. As a consequence, the daylight

ratio is =~1.7%, and the practical value of light is 200-250 IX.



The sources of artificial lighting are lamps with high efficiency and are placed in the
shape of a rectangle. The greatest efficiency for the office in question can be given by LED
lamps, since the value of practical value and light is 300-350 Ix, which meets the requirements
of [24].

The advantage of using LED bulbs is that they can directly convert electricity into light
without wasting huge amounts of energy. And another advantage over fluorescent lamps is
their service life. The lifespan of LED lamps can reach 100,000 hours, which is 5 times the
lifespan of fluorescent lamps.

Also, given that the design engineer spends his working day mainly at the computer, it
IS necessary to take breaks every two hours. This rule is established by the norms of legislation
[25]. The duration of the break must be at least 15 minutes. And by the [25] standards, it is
recommended to do eye exercises during the break to avoid overexertion.

Another important condition for working in an office is to maintain constant air
circulation in the room. There are [26] standards regulating the requirements for humidity, air
speed and temperature. All of these requirements are based on the type of work carried out in
the office. The job of an engineer is classified as light physical. Table 5.1 provides examples

of some of the office climate requirements.

Table 5.1- Actual values of temperature, relative humidity and air speed

Category of ] Relative

Season Air temperature, o Speed, m/s
works Ce humidity, %

Cold Easy-1b 18 35 0.25

In rooms where computers are installed, considerable attention should be paid to the
microclimate, in particular the humidity of the air. The simplest way to increase the humidity
in the room is to use a humidifier, but keep in mind that for them to work correctly, you need

to fill in distilled water every day.



To ensure air circulation in the room, modern high-tech ventilation systems are installed
in the office in question. These systems are controlled both automatically and mechanically.
To ensure the purity of the circulated air in the ventilation system, special filters are installed
that “catch" debris and biological particles. Circulation of clean air stimulates the brain of

engineers, based on this microclimate requirement and must be met.

5.2.2. The Artificial lighting calculation

To determine the overall luminous flux in the office, it should be borne in mind that
normal lighting is determined by the level of visual work (Emin) carried out in the office.
According to standard [22], the minimum artificial lightning of a room must be at least 400 Ix,

and the actual illumination is 200-250 Ix. Therefore, the total luminous flux is:
E,-S-ki ko

Egen = v
Where
En — normalized illumination (E,=400IXx);
S — area of application;
ki — Coefficient taking into account the aging of lamps and lighting pollution(ki=1.2);
k, — Coefficient taking into account the uneven illumination space (k= 1.1);
V — Ratio of luminous flux, defined according to the reflection coefficient ofwalls,
work surfaces, ceilings, room geometry and types of lamps.

Roomsize up: A=3m,B=4m, H=3m.

S=AB=3-4=12 m?

Choose the table using the light flux ratios:
1.Reflection coefficient of whitewashed ceiling (Reeiling = 70%);2.Index of refraction of
white walls (Rwan = 55%);

3. Reflection coefficient from the dark hardwood floors (Rsicor= 10%);

4. Index space (i = hp(A+B))



Where

hn— work surface height over the floor (h,=0.7 m).

Defining the room rate:

hp=3 - 0.7=2.3 m
The utilization of light flux:
' —&3 - 0.75
Tz @y

Now we define the value of the total luminous flux: (V=0.7)

400-12-12- 1.1
Egen — = 9051 Im

To ensure total artificial lighting, selected LED bulbs LED-T8SE-180 and replace

fluorescent lamps 18W 990 Im. Luminous flux of one lamp LED-T8SE-180 (20W.). Thus,
E;=1650 Im.

Now we define the number of lamps required to illuminate the room:

Egen 9051

N= ——  7g50 = 6lamps
E;

Thus, to provide light Ege,=9051Im output the 6 LED lamps must be used instead 0f10
fluorescent lamps. Put in 2 rows.

Power of 10 fluorescent lamps:
Wgen:WN' N:18 10 = 180W

Savings from the use of LED lamps.

N = Wgen / (NLED'PLED):180/(6' 20): 15

Analyzing the calculation results, we can conclude that the use of LED lamps is the most



appropriate.

5.2.3. General requirements for ensuring safety at the design stage of equipment

- the equipment must be used correctly and for its intended purpose;

- where necessary, protective equipment should be used,;

- in case of emergencies, inform the employee responsible for safety at work;

- periodically take a break from work

- place the object in the workplace so that they cannot fall;- it is necessary to keep
emergency exits always open;

- avoid creating situations in which a fire can occur;

- when cleaning up messes and using equipment, make sure you wear the proper safety
equipment

- prevent Slips and Trips

- avoid Tracking Hazardous Materials

- use Correct Posture when Lifting

5.2.4. Safety requirements before starting work

- if provided, all employees must wear protective clothing at the place of work;

- when working with double-bending mechanisms, employees should avoid loose
clothing, ornaments, hair should be collected;

- after work, all tools used by employees must be put in their places in which they are
stored,

- all working tools must be kept clean and in working order;

- instructions for their use should be posted in prominent places near the equipment;

- all equipment must be in working order, kept in the conditions specified by the
manufacturer;

- employees do not have the right to make modifications to the design of working

elements;



- all equipment that is not in use should be turned off.

5.2.5. Requirements for actions of employees in emergency situations
Any manufacturing company must have a clear plan of action for all employees in the
event of an emergency. When hiring, employees should be familiar with this manual, as well

as the evacuation plan from the premises. Evacuation plans should also be posted on the
premises where company employees work. (Fig. 5.1).
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Fig. 5.1 — Evacuation plan

The emergency plan should include:

- options for all possible emergency situations that may arise, the consequences of these
situations, written procedures for action;

- contact lists of employees who are responsible for safety at work;

- floor layouts with marked path options to leave the premises in case of emergencies;

-In production, a person should be appointed who will be responsible for coordinating



employees in cases of emergencies.

Conclusion to the part

Providing lighting, both natural and artificial, is a production necessity for the effective
work of engineers, as well as their safety.

Also, to ensure the safety of engineers in case of emergency, it is necessary to take into

account the safety requirements when equipping the workplaces of engineers.






GENERAL CONCLUSION

The presented master diploma is performed according to the task and with the
direction of my speciality: 134 "Aviation and Rocket-Space Engineering”. The goals
and aims have been accomplished in time.

The task of the diploma is the selection of the frame parameters, the selection
of the most suitable manufacturing method for the frame, as well as the construction
of the frame in Catia, taking into account the obtained results.

The first stage of diploma work was to design a long range passenger aircraft
with a high number of passengers. The base prototypes was Boeing 777-300, Boeing
777-300ER and Airbus A350-1000. The analysis of prototypes, the statistic data of
general aviation and the first iteration of the initial data by the special computer
program give the possibility to perform the task of the work. At the main part of the
diploma the preliminary design of the aircraft was presented and also the passenger
cabin layout and flight cabin layout are shown. The approximate calculations of the
main geometrical dimensions of the designing aircraft have been finished. Rolls
Royce Trent 892 engine is taken for designed aircraft.

One of the task of the diploma work was to provide stability and control of the
aircraft by the correct center of gravity position of the aircraft for different flight and
during standing on the ground. This task also was performed, and the center of gravity
position is in correct range from the mean aerodynamic chord. To demonstrate the
results of calculation the general view and layout of the aircraft was shown on the
drawings.

At the second stage of the diploma work the conceptual design of the frame was
developed. First of all I analyzed the different types of frame’s construction. For my
work | decided to use Z-formed type. The best material for construction is D16T. Also
as frame consists of frame segment the best solution for cross-section blank is rolled

sheet and type of manufacture — stamping.
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Appendix A

I POEZ KT

CAMOIIJETA C T P IO IO
HAY, xkabenopa K J A
[IPOEKT IOMIITIOMHEBIN PacueT BHIIOJHEH

Vcnonuurens HoBOHS AHacTacusa BUKTOPOBHA

MCXOIOHHE IIAHHHE U BHBPAHHHE I[TAPAMETPH
KommuecTBO naccaxmpoBn
KommuecTBO WJIEHOB 3KMIIaXa
KonmnuecTBO OOPTHNPOBOIHUKOB MJIM COIIPOBOXIAOUMX
Macca cHapsxeHUS U CJYyXeOHOTO Ipys3a
Macca kKOMMeEpPUYeCKOM HaTpy3KM

Kpericepckas CKOPOCTBH IIoJIeTa
Umcigio "M" noJjieTa npm Kpemcepckoy CKOPOCTU

PacueTHasd BEICOTA Haudajla peaM3alMM [IOJIETOB C KPeMCepCKOU

BDKOHOMMUECKOM CKOPOCTHIO
JaJIbHOCTE IOJIeTa C MaKCMMaJIbHOM KOMMEPUYECKOM Harpys3KOM
IOIMHa JIETHOM IIOJIOCH aspolpoMa DasrpoBaHUSa

KonmmuecTBO IOBUT'ATEJIEN

OueHKa 110 CTaTUCTUKE TATOBOOPYXEHHOCTNM B H/KI‘
CTereHb IOBHIUEHMSA OaBJIEHUS

HpMHH’I‘aH CTelleHb OBYXKOHTYPHOCTM OBMUI'ATEJIA
OnTuMaJibHagd CTEIEeHb ABYXKOHTYPHOCTHM OBMI'QATEJIA
OTHOCUTEJIbHASg Macca TOIUJIMBA 10 CTAaTUCTUKE

YOImMHeHMe KphJla

CyXeHMre KpbeUla

CpeznHsasg OTHOCUTEJIbHASA TOJIIMHA KPEBLJIa
CrpenoBumHOCTb Kpbewia 1o 0.25 xopn

CTeneHb MEeXaHM3MPOBAHHOCTHM KpPHIJIA
OTHOCHUTEJIbHASA [JIOWAanb NPMKOPHEBBIX HAIJIEIBOB
[Ipodurnp xpelia — CyHNepKPUTUUECKUN

Mlanber YUTKOMBA - He HNPUMEHSITCS

Crionjiepsl — yCTaHOBJIEHH

IrnamMeTp OQro3eraxa

YaonuHeHre Qro3esaxa

CTpPEeJIOBMIOHOCTEL T'OPM30HTAJIbBHOT'O OIEepPEeHUS
CTpPeJyIOBMIOHOCTL BEPTUKAJILHOTO OIEPEeHUS

04.03.2020
Pyxkoromuresir Maciyaxk T.II.

460
2
12

6335.65 xr
48617.80 xr

905.xM/u

0.8510

13.10 xMm
11000.xmM
3.30 kM

2.3400
34.00
3.50
3.50
0.4500

8.70
3.30
0.110
35.0 rpan
0.800
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PE3IYIJJbBTATH PACUYUETA
HAY, KADEIIPA "K J A"
3HaueHMe ONTUMAJIbHOTO KO30dHUlIMeHTa NOOBEMHOY CUJIEL B PACUETHOM TOUKE
KPENCEPCKOTO pexmuMa IoJjieTa Cy 0.50390

3HaueHMe KODQOULIMEHTa Cx.VHI. 0.00886

OINPEIEJIEHVE KOJ3OOUMIVEHTA DM = MxpuT - Mkpenc

Upcyo Maxa kpeMcepckoe Mxperic 0.85104
Upycyo Maxa BOJHOBOTIO KpMsaMUCa MxpuT 0.85693
BelUuMCIIeHHOE 3HadueHMe DM 0.00589

3HaueHMsa YIOEeJIbHEIX HATPys30K Ha KPBUIO B KIIA (IO MOJIHOM IJjoWanu) :

Ipu B3JIEeTe 5.298
B CepelMHEe KPEeMCepCKOTO ydYacTka 4.179
B HauaJle KPeMCepCKOIo ydacTKa 5.078
3HaueHMe KOo2dbMLIMeHTa CONPOTURIIEHUS Q03eJiaXa U I"OHIOJ 0.00680

3HaueHMe k050d. NpPodmib. CONPOTUBRIIEHMS Kpblia M ornepenmsa (0.00888

3HaueHMe KOS(D(DMLLM@HTS. COIIPOTHUBIIEHMA CaMOJIeTa:

B HadaJle KpeMCepCKOTO pexuMma 0.02701

B CepenOMHe KPEeMCEePCKOT'O pPexmuMa 0.02511

CpenHee 3HaueHMe Cy IpM YCJIOBHOM IIOJIETE IO IIOTOJIKAM 0.50390

CpenHee KpelcepckKoe KaueCTBO CaMOJIeETa 20.07011
3HaueHMue kos3pdmumeHTa Cy.IocC. 1.259

3HaueHMe kKondbuLMeHTa (IPU CKOPOCTM CcBaJluMBaHusa) Cy.noc.makc. 1.889
B3HaueHMe kondbduLIMeHTa ( IIPU CKOPOCTHM cBaJmMBaHusa )Cy.B3JI.Makc. 1.612
3HaueHMe kosdduumeHTa Cy.O0oTp. 1.177
TATOBOOPYXEHHOCTb B Haudajle KPEeMCepPCKOI'O pexuMma 0.441
CrapToBas TATOBOOPYXEHHOCTbL I10 YCJIOBMAM Kpelc. pexuMma Ro.Kp. 2.352
CrapToBas TATOBOOPYX. IO YCJOBMAM 0e30MnacHOTO B3JeTa Ro.B3J. 2.953

PacueTHasa TATOBOOPYXEHHOCTHL cCaMoJieTa Ro 3.100
OTHOWEHUE Dr = Ro.xp / Ro.B3J Dr 0.797

YIOEJIEHHE PACXOJIH TOIUJIMBA ( B xr/xH*uy ):
B3JIE THEIV 40.0184
KpeMCcepCkul (XapakKTepUCTUKA OBUTATEJIS) 60.9254
CpeIHUM KpeMrCcepCKuUy Npu 3alaHHOM OaJlbHOCTHU IojieTa 66.1026



OTHOCUTEJIBEHHE MACCH TOIJIVBA:
aPPOHABUTALIMOHHEINM 3alac 0.02964
pacxomyeMas Macca TOIJIMBa 0.36506

SHAUYEHVA OTHOCUTEJIBHEX MACC OCHOBHHX T'PYIIII:

KpPELIa 0.11261
TOPMBOHTAJIEHOTO OIEPEHUS 0.01053
BEPTUKAJILHOTO OIIePEHMS 0.01043
maccu 0.03305
CUJIOBOM YyCTaHOBKMU 0.09259
drozesaxa 0.07888
oB0OpyInOoBaHUA U yIpaBJIeHUS 0.09598
OOIIOJIHUTEJIBHOT'O OCHAleHUS 0.00749
CcIyxeOHOM HaTpy3KU 0.01887
TONJNIMBa NIpM Lpacd. 0.39470
KOMMEPUYECKOM Harpy3KU 0.14483
BajieTHas Macca camojeta "M.o" = 335686. kI.

[lorpebHasa BBJeTHas TAara onHoro neurartena 520.34 kH

OTHOCHUTEJIbHAA MacCa BEICOTHOT'O ODOPYyIOOBaHUSA U

IPOTUBOOBIIENEHUTEJILHOM CUCTEME CaMoJieTa 0.0184
OTHOCHTEJIbHasg Macca IaCCaXMpPCKOTo 0oDopyInoBaHUS 0.0108
OTHOCHTEJIbHAA Macca NeKOopaTMBHOM OoOmMBKY 1 T3U 0.0055
OTHOCHTEJIbHAA Macca OETOBOTO (MM I'Py30BOT0) OO0OPYHOBAHUA 0.0154
OTHOCHTeJIbHasgs Macca ylpaBJIeHUS 0.0037
OTHOCHTEJIbHasA Macca I'MIOPOCUCTEM 0.0119
OTHOCHTEJIbHas Macca DJIeKTPpooDopyInoBaHUS 0.0203
OTHOCHUTEeJIbHAsA Macca JIOKALUMOHHOTO ODOpPYyHOBaHMS 0.0017
OTHOCHTEJIbHAsSA Macca HaBUT'AUMOHHOTO ODOPYIOOBaHUS 0.0026
OTHOCHTEJIbHASA Macca PalIMOCBSA3HOTO ODOpPYyINOBaHUSA 0.0013
OTHOCHTEJIbHAA Macca NpubopHOTO 000PYINOBaHMUA 0.0030
OTHOCUTEJIbHAS Macca TOIIJIMBHOM CUCTEMH (BXOoOUT B mMaccy "CY") 0.0135
JONOJIHUTEJIbHOE OCHAalleHUE :
OTHOCHTEJIbHAaA MacCa KOHTEMHEPHOTO ODOPyNOBaHUSA 0.0054
OTHOCHTEJIbHAA MacCa HeTUIMUHOTO OD0OpPYyLOBaHUS 0.0021
[BCTPOEHHBIE CUCTEMEl OMATHOCTUKM M KOHTPOJIA [IapaMeTpoR,
IOOIOJIHUTEJIbHOE OCHAlleHMe CaJIOHOB U Ip. |
XAPAKTEPUCTHUKM B3JIETHOM IMCTAHUINVU

CKOPOCTBL OTPHIBA CamMmojieTa 305.43 xkMm/u
YckopeHue npu pazbere 2.52 m/c*c
InvHa pazbera camoJeTa 1422. wm.
IucTaHuusa Habopa ©e30IaCcHOM BEICOTE 578. M.

BaJjileTHas OMCTAaHLUA 2001. M.



XAPAKTEPUCTUKY B3JIETHOV IOVCTAHINYU
[IPOIOJIXEHHOT'O B3JIETA

CKOPOCTb NPUHATUSA PEUEHNS 290.16 xM/u
CpenHee yCKOpPEHME IPU NPONOJDKEHHOM B3JIeTe Ha MOKpoM BIIII 0.45 m/c*c
OnrHa pasbera nOpu NPOIOOJIKEHHOM B3JIeTe Ha MOkpoy BIIII 2053.28 ™M
BajneTHas OIMCTAaHUMA NPOIOJDKEHHOTO B3JIeTa 2631.66 M

[loTpebHasg OJMHA JIETHOM IIOJIOCH 10 YCJIOBUAM
IIPEPBAHHOT'O B3JIeTa 2725.77 M

XAPAKTEPUCTUKU HOCAEOQHOﬁ IVICTAHIIVN
MaxkcuMaJibHad IocaIouHasa Macca caMojieTa 230007 xr
BpeMsa CHMXEHMSA C BHICOTHl BlIIeJIOHA IO BHICOTHL IIOJIeTa IO Kpyry 24.3 MUMH

IMCcTaHLUMS CHMXEHUS 60.99 kM
CKOPOCTHL 3axoma Ha IOoCalKy 262.82 xm/u
CpenHsad BEPTUKAJIBHAA CKOPOCTH CHWXEHUSA 2.10 m/c
IvcTaHuMsa BO3IOYUHOI'O ydacTKa 522. ™
[locamouyHasa CKOPOCThH 247.82 wxMm/u
OnuHa npobera 857 M
[lTocamouHasa OUCTaHUUA 1379 M

[lorpebHaga nnmHa JeTHOM noJioce (BII + KIB) #nsa
OCHOBHOT'O aspolpoMa 2303 M
[loTpeBHasa IJiMHa JIETHOM IIOJIOCH IJIS 3allaCHOT'O a’polpoMa 1958 M

[IOKABATEJIM 20OEKTMBHOCTU CAMOJIETA
OTHOWIEHVE MaCChl CHAPAXEHHOTO caMojieTa K
Macce KOMMEPUECKOV HaTpy3KHU 3.1274
Macca nycToTo CHAPSXeHHOTO C-Ta Npuxon. Ha 1 maccaxwupa 337.14 xr/nac
OTHOCUTEJIbHAS [POM3BOIUTEJILHOCTL IO I[IOJIHOM Harpyske 488.28 wm/u
[IPOU3BOOUTESILHOCTL C—Ta IPY Makc.KOMMepu. Harpys3ke 42939.3 kr*xkm/u

CpenHMulM 4acoBOV pacxol TOILJIMBa 9839.361 x1r/u
CpenHulM KMJIOMETPOREIM pPAaCcXOl TOIJIMBA 11.14 xr/xMm
CpenHulM pacxol TOIJIMBA Ha TOHHOKMIIOMETP 229.146 v/ (T*xM)

CpenHuii pacxom TOIJIMBA Ha [accaxmpokmiomerp 21.7958 1/ (nac.*xwm)
OpPMEHTUPOBOUHASA OlLIEHKa IPMBEOEeH. 3aTpaT Ha ToHHOkuJomeTp 0.4368

$/ (T*KM)
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