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PE®EPAT
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MeTta po0OTH: aBaHIPOEKT NACAXUPCHKOTO JIiTaKa CEPeAHbOi AaTbHOCTI
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[MaCA)KUPCHKUX JBEPEU.
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ABSTRACT

Bachelor thesis «Preliminary design of a long-rang aircraft with 158 passenger

capacity»
66 sheets, 22 figures, 10 tables, 10 references and 3 drawings

Object of study — design is a middle-range aircraft with 227 passenger capacity.

Subject of study — the conceptual design of the passenger entry door with stress-
strain analysis of the passenger entry door.

Aim of bachelor thesis — preliminary design of a middle-range passenger aircraft,
according to the prototypes, the layout of the passenger compartment, and the conceptual
design of the passenger door.

Research and development methods — the design method is the analysis of
prototypes and selection of the most advanced technical solutions, evaluation of geometric
characteristics, the calculation of the center of gravity of the aircraft, analysis of the
elastic-deformed state of the passenger door under the overpressure loads in the
pressurized cabin, 3D model of passenger door design.

Novelty of the results — practical implementation is determined by the expansion of
the line of medium-range aircraft with increased passenger capacity, recommendations for
strengthening individual zones near the cutout for the door.

Practical value — the results of the work can be used in the aviation industry and in

the educational process of aviation specialties.

AIRCRAFT, PRELIMINARY DESIGN, PASSENGER CABIN LAYOUT,
CENTER OF GRAVITY POSITION, PASSENGER DOOR, STRESS-STRAIN
ANALYSIS
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INTRODUCTION

Aviation is a very important component for the development of a global
business, providing the only high-speed transport network around the world. It
promotes economic growth, creates jobs and generates international trade and
tourism. I'm tempted to quote the words of the great novelist Arthur Hailey from
the novel “Airport”: “Aviation was the only truly successful international
undertaking. It transcended ideological boundaries as well as the merely
geographic. Because it was a means of intermingling diverse populations at ever-
diminishing cost, it offered the most practical means to world understanding yet
devised by man.”

In this regard, the need arose for aircraft for short-distance transportation,
which, with a low load, allows avoiding financial losses, which in the future may
increase the demand for the development of aviation trade (air transportation). To
ensure the economical operation of aviation equipment with high reliability and
regularity of flights in a highly competitive world market, new civil aviation
aircraft are needed that meet the requirements of the international air transport
organization, namely: flight safety during flight; increased passenger comfort.

The projected aircraft must also meet the following requirements:

- Comfortable salon that meets the highest requirements;

- Perform takeoff and landing on unequipped unpaved runways;

- Work in a high-temperature range;

The aim of the diploma work is to create an aircraft designed to carry 227
passengers and luggage on middle-distance routes. Also, in a special part, to make
investigation of the design of the main passenger door to ensure the safety of

passengers during the flight from depressurization of the cabin.
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1. PRELIMINARY DESIGN OF MID-RANGE AIRCRAFT

1.1  Analysis of prototypes and short description of designing aircraft

The choice of the optimal design parameters of the aircraft is a
multidimensional optimization problem aimed at shaping the "look™ of a promising
aircraft. Its layout means the whole range of flight, technical, weight, geometric,
aerodynamic and economic characteristics. When informing “Airplane
appearance” at the first stage, statistical methods of transfers, approximate
aerodynamic and statistical dependencies are widely used. In the second stage, a
complete aerodynamic calculation is used; the formulas for calculating the mass of
aggregates, experimental data are refined.

The prototypes of the aircraft, accepted for design, were in the class of 204-
256 passengers. Aircraft such as B737 and Lockheed L-1011 Tristar, Tu-204 will
compete with the projected aircraft in this market segment. The statistics of

prototypes are presented in table 1.1.

Table 1.1 - Operational-technical data of prototypes

Name and dimensions L-1011 Tu-204 B737
Passenger's seat 256 210 204
Crew/flight attend, persons 3/4 3/4 214
Range of flight with mi max, km 5760 2700 7130
Cruising speed, Vkm/h 890 850 938
Wing span, m 47 42 35.8
Number and type of engines Rolls-Royce Rolls-Royce CFM
RB211-22 RB211- LEAP-1B
535E4B
Maximum flight altitude, km 125 12.1 125
Cruising thrust, KN 222 192 214
Maximum take off weight, kg 211374 110750 88300
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The scheme is determined by the relative position of the aircraft units, their
number and shape. The aerodynamic and operational characteristics of an airplane
depend on the layout of the airplane and its aerodynamic structure. Correctly
selected scheme increases the safety and regularity of flights, as well as the
economy of the aircraft.

1.2 Brief description of the general parts of the aircraft

The aircraft is a twin-engine, narrow-body, medium-range passenger aircraft
that is 80 percent more fuel efficient than the older B727s.

The aircraft is a cantilever monoplane with a low wing and a conventional
tail unit with one tail and rudder. The aircraft has good technical advances in
propulsion, aerodynamics, avionics and materials.

The aircraft has some new features including a redesigned wing, under-wing
engines and lighter materials, as well as a fuselage nose, cockpit layout and T-tail
configuration. The aircraft can deliver the lowest fuel consumption per passenger-
kilometer of any narrow-body airliner.

It has the ability to fly both transcontinental and transatlantic flights, with a
published range of up to 5,000 km. The twin-engine configuration was chosen for
better fuel economy. The aircraft is powered by a Rolls-Royce RB211 engine. The
aircraft has a supercritical wing to reduce aerodynamic drag and a conventional tail
unit with a two-seater glass cockpit.

The fuselage has an all-metal beam-stringer structure (like a semi-
monocoque). This type of construction is supported by stringers and frames and is
characterized by relatively thick skin. The cross-section of the fuselage has an
upper protrusion. This was mainly to reduce drag. The main structural elements of
the fuselage are frames, stringers, stiffeners, spars and skin.

The cockpit has space for the first and second pilots. The pilots are located
in the cockpit. In flight, the first pilot is on the left, the second pilot is on the right.

The following rooms and compartments are located under the sealed part of the




fuselage floor: front landing gear (non-sealed), front cargo compartment, rear cargo
compartment, technical compartment. The front and rear cargo compartments are
sealed, each has a hatch on the right side and is equipped with a container locking
system.

The aircraft is a cantilever low-wing aircraft. Each wing has a supercritical
cross-section and is equipped with five-panel leading edge slats, one- and two-
slotted flaps, an outboard aileron and six spoilers. The wing sweep is 25 degrees
and is optimized for a Mach 0.8 cruise speed. The reduced wing sweep eliminates
the need for airborne ailerons, but at the same time reduces drag on short and
medium routes, during which most of the flight is spent on climb or descent.

The shape, loaded aft, provided lift over most of the upper wing surface. The
more efficient wings had less drag and more fuel. The wider wingspan provided
less lift resistance, while the larger wing roots increased the storage space for the
landing gear and provided room for future extended versions of the aircraft.

To distribute the weight of the aircraft on the ground, the aircraft has a
retractable tricycle landing gear with four wheels on each main landing gear and
two wheels on the front landing gear.

The landing gear is robustly constructed of aluminum and magnesium to
withstand landing forces when fully loaded. The landing gear has been specially
designed to be taller than previous narrow-body aircraft in order to ensure ground
clearance for stretched models. This aircraft is a subsonic airliner with durable
carbon fiber brakes. The stretched aircraft has retractable support on the tail section
of the fuselage to avoid damage if the tail section touches the surface of the runway
during takeoff.

This tail is designed to prevent the risk of a deep stall and allow more
passengers to be carried in the less tapered aft fuselage. The tail section consists of
fixed surfaces (horizontal stabilizer and vertical stabilizer), which help stabilize the
aircraft, and movable surfaces (rudder and elevator), which help control the aircraft

during flight.




The cockpit uses six Rockwell Collins CRT screens to display on-board
equipment, as well as an Electronic Flight Instrument System (EFIS) and an
Engine Status Indication and Crew Alert System (EICAS). These systems enable
pilots to perform monitoring tasks. An advanced flight control system automates
navigation and other functions.

The cockpit has flight instruments on the dashboard and controls that allow
the pilot to fly the aircraft. Electronic flight instruments consist of multi-function
display, primary flight display, engine indicating and crew alerting system, flight
management system and redundant instruments.

The multifunction display, usually a long narrow panel centered in front of
the pilot, can be used to control course, speed, altitude, vertical speed, vertical
navigation, and lateral navigation. It can also be used to turn autopilot and
autothrottle on or off.

The navigation display, which may be next to the primary flight display,
shows route and information about the next waypoint, wind speed and direction.

The engine status indication and the crew warning system will allow the
pilot to monitor the following information: values of fuel temperature, fuel
consumption, electrical system, temperature and pressure in the cockpit, control
surfaces.

The passenger compartment comprises three classes. The first class includes
5 rows with a two-by-two seat configuration with sofa seats. The business class
includes 5 rows with a three-by-three seat configuration with seats offset fully flat.
And the economy class includes 30 rows with a three-by-three seat configuration
with seats of the full-featured slimline economy. The airplane has 5 comfortable
lavatories and 5 galleys with a varied delicious menu.

Each seat consists of an aviation-grade aluminum mainframe consisting of
high-strength front and rear beams, machined struts with support legs, individually
adjustable reclining backrests, armrests, full-width food tray table assemblies and

literature pockets.




1.3 Aircraft geometry calculations and fuselage layout

The layout of the aircraft consists of drawing up the relative position of its
parts and structures, as well as all types of cargo (passengers, baggage, cargo, fuel,
etc.).

The choice of the configuration of the composition and parameters of the

aircraft is aimed at maximum compliance with operational requirements.

1.3.1 Wing geometry calculation
Geometrical characteristics of the wing are determined from the take of
weight mg and specific wing load Py.

Full wing area with extensions is:

* 104398%9.8
Swiun = ml‘;og = ———=170.973 [m?] (1.1)
wing span: 1, =/S,, * 4,, = V162.42 x 8.30 = 36.72 [m] (1.2)

Relative wing extensions area is 0.050

Wing area is: S,, = 170.973*0.95 = 162.42 [m?] (1.3)

Root chord is:

_25,%1y _ 2+162.42+4.74 _ 1539.7416 _
07 (@4my)*ly  (1+4.74)+36.72 2107728 7.305 [m] (1.4)
) . _ by _ 7305 _
Tip chord is: b, = ey 1.541 [m] (1.5)

Maximum wing width is determined in the forehead i-section and by its span
itis equal:
C; = Cy*by = 0.112*1.541 = 0.173 [m] (1.6)




On board chord for trapezoidal shaped wing is:

1 (4.74-1)*4.54
4.74%36.72

by, = by* (1M) = 7.305*

— ) =659 [m] (1.7)

When choosing a wing power scheme, we determine the number of
longerons and their position and the places of wing portioning.

On an airplane, longerons prevent tension and compression from bending in
the fuselage. Our plane has three spars.

| used the geometrical method of mean aerodynamic chord determination

(figure 1.1). Mean aerodynamic chord is equal: by 4 = 5.049 [m].

Figure 1.1 — Determination of mean aerodynamic chord

After determining the geometric characteristics of the wing, it can proceed to
assess the geometry of the ailerons and high-Ilift devices.

Ailerons geometrical parameters are determined in next consequence:

36.72

Ailerons span: l;; = 0.38* = 0.38* 22 = 6.977 [m] (1.8)

162.42

Aileron area: Sq; = 0.07 * = = 0.07 * = 5.685 [m] (1.9)




It is not necessary and convenient to raise ls; and b, more than the
recommended values. With the increase of |, more than given value the increase
of the ailerons coefficient falls, and the high-lift devices span decreases. With b
increase, the xenon width decreases.

In aircraft of the third generation, there is a tendency towards a decrease in
the relative wing span and aileron area. So |l = 0.122. In this case, we use spoilers
together with ailerons for lateral control of the aircraft. Due to this, the span and
area of high-lift devices can be increased, which improves the takeoff and landing
characteristics of the aircraft.

Aerodynamic indemnification of the aileron.

Sovinair < (0.25...0.28)S,; = 0.26 x S,y = 0.26 % 5.685 = 1.478 [m]
(1.10)

Sinaxinain = (0.3...0.31)S,; = 0.3 %S,; = 0.3 %5.685 = 1.706 [m]
(1.11)

For two engine airplane the area of trim tab:
S, = (0.04..0.06)S,; = 0.05 * 5.685 = 0.284 [m] (1.12)
Range of aileron deflection are upward &’ > 25° and downward ¢” >

15°.

The preliminary drawing of the wing structure is represented in fig. 1.2.
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Figure 1.2 - wing structure drawing

1.3.2 Fuselage layout

During the choice of the shape and the size of fuselage cross section we need
to come from the aerodynamic demands (streamlining and cross section).

Applicable to the subsonic passenger and cargo aircrafts (V < 800 km/h)
wave resistance doesn’t affect it. So we need to choose from the conditions of the
list values friction resistance Cys and profile resistance Cyp.

During the transonic and subsonic flights, shape of fuselage nose part affects
the value of wave resistance Cyy. Application of circular shape of fuselage nose
part significantly diminishing its wave resistance.

For transonic airplanes fuselage nose part has to be:

lnfp = (2.3)D; = 2% Dy = 2 % 4.54 = 9.08 [m] (1.13)

Except aerodynamic requirements consideration during the choice of cross
section shape, we need to consider the strength and layout requirements.
For ensuring of the minimal weight, the most convenient fuselage cross

section shape is circular cross section. In this case we have the minimal fuselage




skin width. As the partial case we may use the combination of two or more vertical
or horizontal series of circles.

To geometrical parameters we concern: fuselage diameter Dy; fuselage

length I, ; fuselage aspect ratio 4; ; fuselage nose part aspect ratio 4., ; tail unit

aspect ratio Ar, . 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.

Fuselage nose part aspect ratio is equal:

_lfnp _ 9.08 _
Apny = D—f” =-==2 (1.14)

Length of the fuselage rear part is equal:

If the tail is too short, it will add extra drag. A longer tail has low drag, but
such a long tail will increase the operating mass of the empty vehicle and thus
increase drag.

When determining the length of the fuselage, we strive to approach the
minimum Sms amidships on the one hand and the layout requirements on the other.

For passenger and cargo aircraft, the middle part of the fuselage is
determined primarily by the dimensions of the passenger compartment or cargo
compartment. One of the main parameters that determine the middle section of a
passenger aircraft is the height of the passenger compartment.

For mid-range airplanes we may take the height as h1=1.8 m; passage width
b,=0.5...0.6 m; the distance from the window to the flour h,=1 m; luggage space
h;=0.9...1.3 m.




Cabin height is equal:

Hegp = 148+ 0.17 x By, = 1.48 4+ 0.17 x 4.54 = 2.25 [m]

(1.16)

In terms of design, it is convenient to have a circular cross-section, because

in this case, it will be the most durable and lightest. But for accommodating

passengers and cargo, this form is not always comfortable. In most cases, one of

the most suitable methods is to use a combination of the intersection of two circles

or an oval fuselage shape.

The windows are arranged in one light row. The shape of the window is

round, with a diameter of 300 ... 400 mm, or rectangular with rounded corners. The

step of the window corresponds to the step of the partition and is 500 ... 510 mm.

For an economy cabin with a single row (3 + 3) seating arrangement,

determine the appropriate cabin width.

Bcabin =2a+ Npiock * baisle + Ngisie * baisles

Bcabin(economy ClaSS)=2 * 250 + 2 % 1430 + 500 * 2 = 4360 [mm]

Beapin(business) = 2 * 250 + 2% 1520 + 500 * 2 = 4540 [mm]

Beapin(first class) = 250 * 2 + 2% 1200 + 500 * 2 = 3900 [mm]

(1.17)

(1.18)

(1.19)

(1.20)

The number of rows and passenger capacity in each class is represented in

table 1.2.

Table 1.2 — The split of passengers in each class

first class business class economy class
npas:20 npas:30 npas:l77
Nrows=5 Nrows=5 Nrows=30




The length of passanger cabin is equal:

Length (first class) = 1200 + (5—1) % 1000+ 300 =
5500 (mm) = = 7937 [mm] (1.22)

Length (business) = 1200 + (5—1) *870+ 300 = 4980 [mm] =
~ 8878 [mm] (1.22)

Length (economy first floor) = 1200 + (30 —1) * 810+ 300 =
= 24990 [mm] (1.23)

Loty = 46300 [mm] (1.24)

The placement of cargo and mail compartments is usually located under the
floor of the passenger compartment. The cargo accommodation depends on the
center of gravity of the fuselage. Therefore, in case of incorrect placing of cargo
and passengers, we can observe an emergency situation in flight.

Given the fact that the unit of load on floor K = 400... 600 [kg/m?]

The area of cargo compartment is determined:

__ Mpag | Mcargoandmail __ 20%227 15%227 2
Scargo = 0.4K 0.6K "~ 0.4%600 = 0.6%600 28.38 [m7] (1.25)
\Volume of the cargo compartment is equal:
Veargo =V * Npgss = 0.2 % 227 = 45.4 [m®] (1.26)

Luggage compartment design is similar to the prototype.




1.3.3 Tail unit design parameters

The selection of the correct location of the tail unit plays an important role in
the task of the aerodynamic layout. When it has overloading conditions, the center
of gravity of the tail must be located in front of the focus of the aircraft to ensure
longitudinal stability.

Consider the determination of the geometric parameters of the tail.

Area of vertical tail unit is calculated, using this formula:

Ly*Sw 36.72%162.42

SVTU = m * AVTU = 16.41 * 0.09 = 32.71 [mz] (127)

Area of horizontal tail unit is determined:

Lyry = 3.25 * 5.049 = 16.41 [m] (1.28)
LVTU = LHTU = 16.4‘1 [m]

b *Sy 5.049%162.42
SHTU == I\ZI:I(;U * AHTU == T * 07 - 3498 [mz] (129)

Values Lny and L depend on several factors. First of all, their value are
influenced by: the length of the nose part and tail part of the fuselage, sweptback
and wing location, as well as the conditions of stability and controllability of the
aircraft.

Determination of the area and direction of the elevator:

Altitude elevator area:

Se; = 0.33*Syry = 0.33*34.98 = 11.543 [m?] (1.30)

Rudder area:

Spud = 0.35*Sypy = 0.35 *32.71 = 11.449 [m?] (1.31)




Select the aerodynamic balance area. If the speed of the flight M>0.75, than

Sabeaz Sabed:(0.18..o.2)8e: 018 * 11543 = 2078 [mz]
(1.32)

To avoid excessive rudder balance, to consider the direction elevator area:

Sed=(0.2..0.22)Sytu= 0.2 * 32.71 = 6.542 [m?] (1.33)

The area of altitude elevator trim tab for directional elevator of the aircraft
with two engines Sia=(0.04..0.06)Se..

In the first approach we may count that Lyru = Lyru and we may find it
from the dependences:

Length of the horizontal tail unit can be calculated by the next formula:

Lyry = 3.25 * byac = 3.25 * 5.049 = 16.41 [m] (1.34)

Elevator balance area is equal:

Sep, = 0.276*Syry = 0.276*34.98 = 9.654 [m?] (1.35)

Rudder balance area is equal:

S,.p = 0.233 % Syry = 0.233 % 32.71 = 7.621 [m?] (1.36)

The area of altitude elevator trim tab:

S,. = 0.08 % S,; = 0.08 * 11.543 = 0.92344 [m?] (1.37)




Area of rudder trim tab is equal:

S = 0.06  S,,,5 = 0.06 x 6.542 = 0.39252 [m?]

Root chord of horizontal stabilizer is:

2Syru*NHTU __ 2*34.98%4.59

b — —
OHTU ™ (14npr)*lyry  (1+4.59)%16.41

Tip chord of horizontal stabilizer is:

Root chord of vertical stabilizer is:

2Syry*yTy __ 2*32.71%1.56

_ 3211164 _ 4 ch [m]
91.7319
_ 1020552 _ 5 4 (m]

bOVTU

Tip chord of vertical stabilizer is:

T Q4nyro)*lyry | (1+1.56)%16.41  42.0096

Tapper ratio of horizontal and vertical TU we need to choose:

For my airplane nutu=4.59  mvtu=1.56

Determination of TU chords beng, broot:

b 2SuTU _ 2%34.98

69.96

end = o+ Digry | (459+1)%16.41  91.7319

= 0.763 [m]

(1.38)

(1.39)

(1.40)

(1.41)

(1.42)

(1.43)




bT’OOt = bend * rlHTU = 0763 * 4‘59 = 3500 [m] (144)
Relative width of the profile:

For horizontal and vertical TU in the first approach, C_ITU ~ 0.85W.

For more accurate: for transonic Cw=0.07

If the stabilizations fixation is on the fin we need to use upper limit ofC_, , to

provide fixation base on the fin.
TU sweptback is taken in the range 3..5°, and not more than wing
sweptback. We do this to ensure control of the aircraft during impact stalls on the

wing.

1.3.4 Landing gear design

The landing gear is tricycle type, each main support has a four-wheeled
trolley, nose support has pair of wheels on the strut like in prototype B-757
(figure 1.3 and 1.4).




Figure 1.4 - Nose and main landing gears
At the initial design process stage, when the position of the center of gravity
of the aircraft is not determined and there is no general view of the aircraft, only
part of the landing gear parameters can be found.
According to the statistic data, the distance from center of gravity to main

strut is:

e = 0.236*byac = 0.236%5.049 = 1.19156 [m] (1.45)

With a big wheel base, it is difficult to take off the front landing gear and
with a short wheel base, the aircraft is subjected to overturn and subjected to strike
ground during the turn.

The wheelbase of the landing gear comes from the expression:

B = (0.3..0.4)l; =0.3834 % 58.155 = 22.297 [m] (1.46)

The last equation means that the nose support carries 6 ... 10% of the weight
of the aircraft.

The axial displacement of the front wheels will be equal to:

dpg =B —e =22297 —1.19156 = 21.105 [m] (2.47)

Wheel track is:

T = (0.7..1.2)B = 0.7801 * 22.297 = 17.394 [m] (1.48)

On a condition of the prevention of the side nose-over the value K should

be > 2H, where H — is the distance from runway to the center of gravity.
Wheels for the landing gear are selected according to the size and running




load on it from the take-off weight; for the front support we also take into account
the dynamic load.

The type of tires and the pressure in it is determined by the surface of the
runway to be used. We install breaks on the main wheel.

We may assume CG by height. For the low wing CG is placed relatively

lower than fuselage horizontal, on the distance:

Yo = 0.1831%d; = 0.1831 = 4.54 = 0.831274
(1.49)

The load on the wheel is determined: K4 = 1.5...2.0 — dynamics coefficient.

Nose wheel load is equal:

(9.81xexkgxmyg) _(9.81%1.19156%1.57604%104398) _ 1923288.07
(B*z) (22.297%2) 44.594

43128.853 [N] (1.50)

Py =

Main wheel load is equal:

p _ (981x(B-e)mg) _ (9.81+(22297-119156)+104398) _ 216150178 _
MLG (B*n+z) (22.297+2%4) 178.376

121176.715 [N] (1.51)
According to the loads on nose and main struts and also speed for takeoff

and landing, we choose the tires from the catalog (table 1.3).

Table 1.3 — Aviation tires for designing aircraft

Main gear
Wheel size Ply rating | Rated speed Rated load Maximum braking load
30x11.5-14.5 26 220K 26,600 Lbs 38570 Lbs

1.3.5 Engine selection and description




The power plant consists of two Rolls-Royce RB211-535C turbofan engines
suspended on pylons under the wing. The Rolls-Royce RB211 is a high-bypass
turbofan engine made by Rolls-Royce company (figure 1.5).

RB211-535E4 is a more reliable and quieter engine. The engines are capable
of delivering of thrust from 41,030 to 59,450 Ibf (182.5 to 264.4 kN). Visible
differences include a mixed exhaust nozzle and a bigger fan cone. The engine also
features a first for a wide chord fan, which improves efficiency, reduces noise and

provides additional protection against foreign object damage.

Figure 1.5 - RB211 structure

The advantages of the Rolls-Royce RB211 engine:
- 40,000 hours of autonomous work on the wing over nine years of operation;
- 69 million flying hours;
- 1250 engines delivered;

- 20000 overhaul repairs.

1.4 Airplane centre of gravity calculation

Keeping the aircraft within weight and balance is critical to flight safety.
Excessive weight reduces flight performance. During overloading, the aircraft may
have a longer take-off run, lower maximum altitude, higher takeoff speed,
reduction of maneuverability, longer landing roll, cruising speed decreasing,
excessive weight on the nose or tail wheel.

Therefore, in my work, | calculate the center of gravity to make sure that my




plane is not overloaded.

The center of gravity (CG) is the point about which the aircraft would
balance if it could be paused at that point. This is the center of mass of the aircraft,
or the theoretical point at which the entire weight of the aircraft is supposed to be
concentrated. The CG is a three-dimensional point with longitudinal, lateral and

vertical position in an airplane.

1.4.1 Trim sheet of equipped wing

There are several parameters, such as the mass of its structure, the mass of
the fuel, the mass of the equipment placed in the wing, which influence the total
mass of the equipped wing. The main landing gear are included in the weight of
the equipped wing, regardless of where they are attached. The trim sheet for wing
structure consists of equipment of systems, the mass of the wing structure, the
mass of the fuel, and their center of gravity coordinates.

The recommendation was taken into account for the position of the center of
mass according to the leading edge of the MAC (mean aerodynamic chord),
positive aft direction or (tail direction), and negative direction from the leading
edge of the MAC towards the nose of the aircraft. All wing masses of the projected
aircraft are presented in Table 1.4. To calculate the coordinates of the center of

gravity of the equipped wing, we use the formula:

! zm/x!

w /
2m, (1.52)

Table 1.4 - Trim sheet of equipped wing

Object name Mass C.G coordinates Xi, | Moment of
units total mass m(i) M mass
Wing 0,09799 10229,96 0,45 Cmac=2.17 22199,0132
Fuel system 0.0080 835,184 0,45 Cwmac 1812,34928
=2.17
Flight control system, 30% | 0,00177 184,78446 0,6 Cmac=3.0294 | 559,786043




4 Electrical equipment, 10% 0,00313 326,77 0,1 Cmac=0.5049 | 164,984022
5 Anti-ice system , 50% 0,0117 1221,46 0,1 Cmac=0.5049 | 616,713437
Ending of the table 1.4 — Trim sheet of equipped wing
6 Hydraulic systems , 70% 0,01162 1213,10476 0,6 Cmac 3674,97956
=3.0294
7 Engines (-fuel system) 0,08959 9353,01682 -4,5 37412,0672
Equipped wing without 0,2238 23364,2724 2,843 66439,8928
landing gear and fuel
8 Nose landing gear 0,00595 621.168 XwmLc-B=-19,2676 | 11968,4166
(10-15%)
9 Main landing gear 0,03370 3518,21 XML 10658,065
(85-90%) =0,5....0,6Cwmac
=3,0294
10 Fuel 0,26892 28074,71 0,42....0,45 Cvac | 60922,1207
=2,17
Equipped wing with landing | 0,53237 | 55578,36326 3,0294 149988,487
gear and fuel

1.4.2 Trim sheet of equipped fuselage

The origin of coordinates is chosen in the projection of the fuselage nose on

the horizontal axis. The X-axis shows the constructional part of the fuselage. An
approximate list of objects for aircraft, the engines of which are installed under the
wing, are given in Table 1.5.

The CG coordinates of the FEF are calculated using formulas:
_EmiX{

zm; (1.53)
After we found the C.G. of the fully equipped wing and fuselage, we create

Xy

the moment equilibrium equation relatively in reference to the fuselage nose:

/
mgX¢ +mw(xMAC +xw) =m, (xMAC +C)

(1.54)

From here we made the calculation of the wing MAC leading edge position

relative to fuselage, which means Xwuac value by formula:




/
mix; +m, -x, —m,C

mo —m, (1.55)

X MAC

where mq — aircraft takeoff mass, kg; m; — mass of fully equipped fuselage,
kg; my— mass of fully equipped wing, kg; C — distance from MAC leading edge
to the C.G. point, determined by the designer.

C =(0,22...0,25) Buac — for low wing

For swept wings at X = 30°...40° C = (0,28...0,32) Bmac

The values trim sheet of the equipped fuselage is represented in table 1.5.

Table 1.5 - Trim sheet of equipped fuselage

N Objects names Mass C.G coordinates
units total mass Xi, m Moment of
mass
1 fuselage 0.09573 9994.021 29.0775 290601,1323
2 horizontal tail 0.00941 982.385 55 54031,1849
3 vertical tail 0.00929 969.857 53 51347,11232
4 navigation equipment 0,003 313,194 3.5 1096,179
5 radio equipment 0.0022 229.6756 1.3 298.57828
6 radar 0.0030 313.194 3.5 1096,179
7 instrument panel 0.0052 542.8696 1.3 705.73048
8 Flight control system 70% 0.00413 431.16374 29.0775 12537.1636
9 hydraulic system 30% 0.00498 519.90204 40.7085 21164.4322
10 anti ice system, 25% 0.00585 610.7283 46.524 28413.5234
airconditioning system, 25% | 0.00585 610.7283 29.0775 17758.4521
11 | electrical equipment, 90% 0.02817 | 2940.89166 29.0775 85513,77724
12 lining and insulation 0,00284 | 296,1426747 29.0775 8611,088622
13 Not typical equipment 0.0028 292.3144 29,0775 8499,771966
14 Additional equipment 0,01146 | 1196,40108 29,0775 34788,3524
(emergency equipment)
15 Operational items 0,02099 | 2191,31402 20 43826,2804
16 Furnishing:
lavatoryl, 20% 0,00091 | 94,98860826 15,905 1510,793814
lavatory 2, 8% 0,00091 | 94,98860826 27,117 2575,80609




lavatory 3, 8%

0,00091

94,9886082

27,117

2575,80609

lavatory 4, 8%

0,00091

94,98860826

47,965

4556,12859

Ending of the table 1.5 - Trim sheet of equipped fuselage

lavatory 5, 8% 0,00091 | 94,98860826 47,965 4556,128595
galley 1, 30% 0,00114 | 118,7349773 16,5 1959,127126
galley 2, 30% 0,00114 | 118,7349773 25,589 3038,309335
galley 3, 10% 0,00114 | 118,7349773 25,589 3038,309335
galley 4, 10% 0,00114 | 118,7349773 46,145 5479,025529
galley 5, 10% 0,00114 118,7349773 46,61 5534,237294
galley 6, 10% 0,00114 | 118,7349773 46,61 5534,237294
Passenger equipment:
passenger seats (economy 0,00335 350 37,235 13032,25
class) block of 3
passenger seats (economy
class) block of 5 0,00718 750 37,235 27926,25
passenger seats (business class) | 0,00383 400 20,126 8050,4
1 seat/block of 2/block of 3
8-10kg/14-18kg/20-25kg
First class 0,003132 327 11,906 3893,262
1 seat/block of 2
10-12kg/18-22 kg
seats of flight attendances 0,0003 32 4 128
seats of pilots 0,0003 30 2,5 75
equipped fuselage without 0,24574 25656,24868 47,965 754033,884
payload
Baggage, cargo, mail nose 0,03985 4160,2603 9 37442,3427
Baggage, cargo, mail tail 0,03985 4160,2603 9 37442,3427
Passengers 0,14133 14755 28,155 415427,025
crew 0,00143 150 7,5 1125
TOTAL 0,468196 | 48881,76928 47,965 1245470,594
1,000566

1.4.3 Calculation of center of gravity positioning variants

The list of masses of objects for calculating the center of gravity option,

given in Table 1.6, and the options for calculating the center of gravity, given in

Table 1.7, are completed on the basis of both previous tables.




Table 1.6 - Calculation of C.G. positioning variants

Name Mass, Kg Coordinate Mass moment
Object mi C.G, M Kg.m
equipped wing (without fuel 23364,3 33,0294 771707,8988
and landing gear)
Nose landing gear (extended) 621,1681 10,7324 6666,624516
main landing gear (extended) 3518,213 33,0294 116204,4513
fuel/fuel reserve 28074,71 32,17 903163,4258
equipped fuselage (without 25655,2 47,965 754033,884
payload)
passenger seats (economy 350 37,235 13032,25
class) block of 3
passenger seats (economy 750 37,235 27926,25
class) block of 5
passenger seats 400 20,126 8050,4
(business class)

First class 327 11,906 3893,262
Baggage, cargo, mail nose 4160,26 9 37442,3427
Baggage, cargo, mail tail 4160,26 9 37442,3427

crew 150 7,5 1125
nose landing gear (retracted) 621,1681 2,5 1552,92025
main landing gear (retracted) 3518,213 25 87955,315
reserve fuel 28074,71 28 786091,8845
Table 1.7 - Airplanes C.G. position variants
Variants of the Moment of the Center of .
Ne loading Mass, kg mass, kg*m mass, m Centering




take off mass (L.G.

104398 3259660,513 31,2234 0,338891967
extended)
take off mass (L.G. 104398 | 3248061,895 31,1123 | 0,308116343
retracted)
Ending of the Table 1.7 - Airplanes C.G. position variants
landing weight (LG 91532,1 281774347 30,7842 0,2172
extended)
ferry version 81384,6 2519538,44 30,9584 0,2654
parking version 52159,2 1648612,85 31,6073 0,3183




Conclusions to the part

In the preliminary design process, the next results have been received:
- preliminary design of the mid-range aircraft with 227 passengers;
- the fuselage layout of the middle range aircraft with 227 passengers;
- calculation of the center of gravity of the aircraft;
- the calculation of the basic geometric parameters of the landing gear;
- selection of wheels that meet the requirements;
- nose landing gear design.

The selected design is a low-wing aircraft with two engines suspended on
pylons under the wing, which makes the possibility to provide the wing
aerodynamic characteristics, and reduce the passenger cabin noise level.

The installation of high-bypass turbofan engines guarantees high cruising
speed, increases efficiency, reduces noise, and provides additional protection

against damage from foreign objects.




2. CONCEPTUAL DESIGN OF THE PASSENGER DOOR

2.1 General requirements for the passenger doors
During aircraft designing it is necessary to solve some tasks:
- to provide required geometrical parameters of passenger door;
- to provide required strength characteristics;
- provide safety characteristics to prevent the door from being opening
during flight.
- to determine if my design can withstand load 1335 N, using von
Mises stress as failure criterion.

According to CS 25.783 airworthiness standards, the main requirements for
a fuselage door are:

(1) Each door must have a way of protection against opening in flight as a
result of mechanical failure or the failure of any individual structural member.

(2) Each door that could pose a hazard when opened must be constructed so
that unlocking during flight under pressure and without pressure from a fully
closed, latched, and locked state is extremely unlikely. This must be confirmed by
a safety analysis.

(3) Each element of each door operating system must be designed or, if not
possible, clearly and permanently marked to minimize the possibility of improper
assembly and adjustment that could lead to malfunction.

(@) For doors in pressurized compartments: it should generally not be
possible to open the door when the pressure drop across the compartment exceeds
13.8 kPa (2 psi). The ability to open the door will depend on the operating
mechanism of the door, the handle design, its position, and the operating force.
Working force in excess of 136 kg (300 pounds) is enough to prevent the door

from opening. It is recognized that during the approach, takeoff, and landing, when
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the pressure drop in the compartment is lower, the deliberate opening is possible;
however, these stages are short and all passengers are expected to be seated with

their seat belts fastened.

2.2 Cutouts as the stress concentrator in the fuselage airframe

Fuselages of modern aircraft most often have a thin-walled shell, riveted by
a discrete power set. Therefore, the formation of various cutouts, which are often
impossible to do without in structures, leads to significant changes in the loading
and operation of the power elements of the fuselage.

The most characteristic zones where cutouts are formed on the fuselage of
transport aircraft are entrance, service and emergency doors, hatches, window
panels in passenger compartments, hatches for luggage, cargo, technical
compartments, wheel well for placing the landing gear in the retracted position
(figure 2.1).

Emergency exit

Service door

Service opening Passenger door

Figure 2.1 - Main cutouts of the fuselage

One of the disadvantages of the cutouts is the weakening of the strength of
the fuselage shell, which, as a result, requires force compensation. For example,
the installation of power hatches, which are included in the operation of the frame
of the fuselage using power locks. However, if the hatches are to be opened in
flight, then they are forced to perform non-power. Non-power hatches include

landing gear doors and cargo hatches for transport aircraft. In the places of the




cutout, the load-bearing shell of the fuselage is reinforced with the load-bearing
elements of the transverse set (reinforced frames along the cutout borders) and
longitudinal beams (beams and spars).

Cutouts in the fuselage structure lead to a significant redistribution of loads
not only in its sections, but also in the areas adjacent to it.

Although the cutout holes are required, they should be as small as possible

to meet the minimum standard requirements for commercial airplanes (figure 2.2).

Figure 2.2 - Commencial standarts of main door sizing

Depending on the small, large, short and long dimensions of the cutout,
different methods of analyzing the operation of the fuselage elements in the cutout
area are used.

Doors refer to large cutouts and relatively short ones ((I < df), where [ is

beam length), which lead to a change in the main structure scheme and the nature
of the fuselage, especially during torsion. In short cuts, shear plays a major role,
and normal stresses are concomitant.

According to the requirements of CS 25.783 and on base of statistic data of
the prototype about dimensions of passenger entry doors we consider the next
geometry of doors for designing aircraft. The figure 2.3 shows the main

dimensions of the passenger entry doors.
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Figure 2.3 — The main dimensions of the designed door

After the choice of geometrical parameters of the door and taking into
account the value of differential pressure at the altitude 10 km, we can perform the
stress analysis of the passenger entry door.

One of the factors that influence the door cutout is the load caused by the
pressure in the fuselage cabin. Since the door is located between the main fuselage
frames, the fuselage tensile loads between the cutout are transferred to the edge
frames through shear flow in the panels between primary and secondary structure
elements as shown in fig. 2.4.
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Figure 2.4 - Hoop loads during pressurization




The fuselage tensile loads between the cutout can be calculated by the next

formula:
w = pr = 0,0593 * 2270 = 134.6 —— (2.1)

where w is a hoop tension running load, p is cabin pressurization and r is a radius.

wl  prl

q, = 0, on the top panel but the center changes to q,, = So = o at the edge
frame and it’s equal:
R e 22

q. = 0, on the bottom panel and the center changes to q, = > = 2~ at the

edge frame and it equals:

Pyr = wl_ 1346850 _ copoc

N
2 2 mm?2

(2.3)

Calculation for determining the redistributed internal load in structures
surrounding the cutout for a cutout from an aluminum alloy with dimensions 1800
mm X 850 mm with a radius, r = 2270 [mm] (figure 2.5).

Considering the load conditions along the centerline of the cutting surface:

1) Constant shear flow, go= 204,1 [kg]
2) The axial loads on the stringer are shown in the figure, caused by the

bending moment of the fuselage (figure 2.6).

3) Cabin pressurization, p = 59,3 kPa
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Figure 2.6 - Stringer axial load due to the fuselage bending moment

Designing process:

- Suppose there are two stringer bays between the primary and secondary sills.
- Suppose there is one frame compartment on each side of the cutout (between
the edge frame and the adjacent frame).

With a shear flow qo = 204.1 kg. (assume that there is a constant shear flow
in the cutout):

a1 =(1+-2) 0= (1+ o) +204.1 = 6353 [k] (2.4)

a+b 445+407

a0z = (1+5) a0 = (1 + =) * 204.1 = 366.8 [kg] (2.5)




43 = [(ﬁ) (ﬁ) B 1] Qo = [(ssziisz) (441583207) B 1] *2041=1396 [ke]  (2.6)

Using the results of the cutout shear flows calculation and how they are
redistributed on the cutout’s zone, we can do the next conclusions: on the forward
and aft edge frame the shear flow will be greater near areas that are closer to the

cut zones (q1).

2.3 Conceptual design of the passenger entry door for designing
airplane

My plane has three passenger doors No 1, 2 and 4 on each side of the
fuselage. Usually the doors on the left side of the fuselage are for the entry of
passengers and crew. The doors on the right side of the fuselage are for service

personnel (figure 2.7).
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Figure 2.7 - Passenger doors Ne 1,2 and 4 overview

Passenger door is an assembly drawing. It consists of upper lining, mode
selector lever, interior handle, exterior handle, assist handle, window, retractable

door, cover (door-mounted escape system behind) (figure 2.8).
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Figure 2.8 - Door construction

The passenger doors are hinged, open outward and sealed. The doors open
from the inside or outside of the aircraft.

Doors have upper and lower gates that open when the doors are closed and
locked. When the door is unlocked, the gate folds inward so that the door can pass
through the doorway. The bolt pushers connect the bolt to the latch torque tube.
The gate opens when any handle is turned to lock / unlock the door.

The doors have a torsion tube mounted on the door. The door torsion tube
opens the door to the cocked position when any handle is turned to unlock the
door.

The doors are locked by closed four roller latches. The latch roller cranks are
mounted on the latch torsion tubes. The latch torsion tubes are connected to the
handle box by latch pushers. Either handle operates the latch torque tube to
lock/unlock the door.

The door has a lining that covers the mechanisms and the evacuation system.
An auxiliary handle is installed on the lining which helps to close the door from the

inside. A window in the lower lining provides visual access to the pressure gauge
of the inflatable bladder.




The handle mechanism is installed on the door which consists of the handle

box assembly and the interior and exterior operating handles (figure 2.9 and 2.10).
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Figure 2.9 - Interior door Figure 2.10 - Exterior door

The box handle mechanisms operate the latch mechanism and door cocking
movement. When the door is opened with an outside handle, the handle box
mechanism will automatically disarm the system. The outside handle does not
work when the door is opened with the inside handle. The interior handle is
connected directly to the control cam via a stub shaft. Using the inner handle will
not deactivate the evacuation system.

The step-by-step mechanism for opening the door from the inside.

Before opening the door, you should disable the door emergency systems.
The retractable door above the inner handle is retracted into the door trim. Then
you should make the rotation of the interior handle and push the handle in order to
help the door being opened.

The process of opening the door from the outside.

Firstly, you should press down on the handle latch, take the ends of the two
outer handles, and pull the outer handles out of the handle recess to the fully
unfolded (depressed) position. Continue to slowly rotate the outer handles no more
than 30 degrees and then on the additional 60 degrees. And after finishing this
rotation, turn the outer door to the closed position.




2.4 Stress analysis of the passenger door

Passenger door designing process contains several stages such as:

Door’s construction development in accordance with requirement
geometrical parameters and safety requirements;
Experimental door’s static strength testing performed by the

simulation program.

Stress-strain analysis of the passenger door is based on the linear stress

analysis presented in Solidworks. Solidworks Simulation linear stress analysis

enables designers and engineers to verify product quality performance and safety

throughout the design creation process. Solidworks Simulation integrates easily

with the design process, allowing to run linear stress analysis directly from your

Solidworks CAD model resulting in fewer expesive prototypes, decreased rework

and delays and more time and cost efficiency.

Using linear stress analysis, we can calculate geometry stress and strains

with three basic assumptions:

The selected part or assembly will deform under load with small
rotations and displacements.

Any product load will remain static (neglecting inertia) and remain
constant over time.

The material has a constant stress / strain ratio (Hooke's law).

For a more detailed analysis of the door strength the next data are taken for

the static stress test:

static strength of the door frame in the longitudinal direction (figure
2.11) where the inner part of the door frame was fixed (figure 2.13)
and on the external part of the door frame,

the force of 1335 N (300 pounds) was applied (figure 2.14).

aluminum alloy 2024 was used for the testing object (table 2.1 and
figure 2.12).




Using this operating force we can practically validate and ascertain that such
loading on the door will prevent the door from opening during flight. Aluminum
alloy 2024 is widely used in aircraft structures, especially wing and fuselage
primary structure elements subjected to tension, due to its high strength and fatigue
resistance.

The next figure 2.11 shows stress distribution of the door structure under the
action of loads in longitudinal direction and scale of equivalent stresses at

different points of the door, estimated by the von Mises formula.
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Figure 2.11 - Stress distribution of the door structure under the action of

loads in longitudinal direction

The main properties of the Aluminum alloy 2024, which is taken for the

door structure, are presented in table 2.1.




Table 2.1 - Material properties

Model Reference Properties Components
Name: 2024 Alloy SolidBody 1 (Cut-Extrude3 -
Model type: Linear Elastic static stress test)
Isotropic
Default failure  Max von Mises Stress
criterion:

Yield strength: 75.82 MPa
Tensile strength: 186.126 MPa
Elastic modulus: 73000 MPa

Poisson's ratio:  0.33

Mass density: 2,800 kg/m?
Figure 2.12 - material properties Shear madulus: 28000 MPa
Thermal expansion 2.3 10° /Kelvin

coefficient:

Curve Data:N/A

A

Operating force 1335 N can be presented as the main force in the z-direction

and other x and y directions.

Table 2.2 - Loads and fixtures

Fixture name Fixture Image Fixture Details
Entities: 1 face(s)
Type: Fixed Geometry
Fixed-1
s
Figure 2.13 — Fixed plane
Resultant Forces
Components X Y Z Resultant
Reaction force(N) 2.48235e-05 | 0.000444725 1,335 1,335
Reaction
Moment(N.m) 0 0 0 0




Ending the table 2.2 - Loads and fixtures

Load name Load Image Load Details
. Entities: 1 face(s)
Eon Type: Apply normal
zf ;" force
”’»,‘; Value: 1,335 N
Force-1 ;’»,;
s
i e
Figure 2.14 — Inner door part
with normal force applying

The main mesh information which make possibility to obtain more detailed

values for static strain analysis, are presented in table 2.3.

Table 2.3 — Mesh information

Total Nodes 14032
Total Elements 8135
Maximum Aspect Ratio | 11.733
% of elements with 98.7
Aspect Ratio <3

Percentage of elements | 0.0369
with Aspect Ratio > 10

Resultant summing values of the x, y and z directions with operating force
1335 N are represented in table 2.4.

Table 2.4 — Resultant forces

Reaction forces

Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N 2.48235e-05 0.000444725 1,335 1,335
Reaction Moments
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N.m 0 0 0 0
Free body forces
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N -0.000584864 -0.000453325 0.0038461 0.00391664
Free body moments
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N.m 0 0 0 1e-33




The design has to be strong enough to withstand the daily stresses or it
won't make it to production. So how do calculate the possibility of the structure
to withstand designing loads?

For solving this problem in SolidWorks, the most common failure
criteria used for static stress are von Mises.

The von Mises stress is a quantity used to determine whether a given
material will deform or fail. It is basically used for ductile metals like aluminum.
The von Mises yield criterion approves that if the material von Mises stress
under the action of the load will be equal to or greater than the yield strength of
the same material under tension, then the material will make possibility to yield.

The equation for von Mises stress is shown below.

o= \/0.5[(0x — ay)z + (0y — 0,)% + (0, — ax)z] + 3(t%y + 15, + 1)

2.7)

Where the o is the normal stress value and the 7 is the shear stress value.

Using the linear stress analysis it has been determined the von Mises
stresses, resultant displacement values and equivalent strain.

Figure 2.15 and table 2.5 are represented the maximum, medium, and

minimum von Mises stress values.
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Figure 2.15 - Static stress test — von Mises stress values

Table 2.5 — The values of von Mises stress

Name Type Min Max
Stress 1 von Mises Stress 0,00008389 MPa 0,001386 MPa
Node: 7153 Node: 13572

It can be observed that the max applied value (0,001386 MPa) is located
on the edge of the door surface but this value is not critical, so it can't lead to
actually strong deformation.

The minimum value (0,00008389 MPa) of von Mises stress is represented
in the internal side of the door frame, where the mode selector lever takes place.
And mid-values are shown along the entire length of the door excluding edges.

Having considered the effect of stress on the tested door and using the
max, mid, and min values of von Mises stress, it can make the conclusion that
the door was analyzed successfully on the static stress analysis and it can

withstand the normal force applied.
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Figure 2.16 - static stress test — Resultant displacement values

Table 2.6 — Resultant displacement values

Name Type Min Max
Displacement 1 URES: Resultant 0,001385 MPa 1.46 MPa
Displacement Node: 8 Node: 11904

Figure 2.16 and table 2.6 is shown the maximum, medium, and minimum
URES: Resultant Displacement values. URES shows how many millimeters the
object was displaced during linear stress analysis and is calculated by squaring

each of the terms adding them and taking the square root.

URES = |U| = (U2 + (U)Z+ (U)% =

= \/(U2.4823Se—05)2 + (Uo.000444725)2 + (U1,335)2 = 1,335 (2.8)

Where U is strain energy dencity.
The minimum value of URES displacement is located along the entire

length of the door surface and in the figure 2.17 it is indicated in blue color. The




middle value is represented along the edge of the part and is shown in the figure
in green and yellow color. The maximum URES displacement value occupies a
small area at the very edge of the part and is shown in the figure in red.

Summing up the results of URES displacement test, it can conclude that

the data from this test are allowable and the max displacement value is very low.
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Figure 2.17 — Static stress test — Equivalent Strain values

Table 2.7 - Equivalent Strain values

Name Type Min Max

Strain 1 ESTRN: Equivalent Strain 1.327 MPa 1.41 MPa
Element: 2186 Element: 3918

ESTRN: Equivalent Strain is a scalar quantity which also called equivalent
von Mises strain is often used to describe the state of deformation in solids.

After examining the effect of the strain state of solids on the testing door
and using the maximum, average, and minimum ESTRN: Equivalent Strain
values (table 2.7), it can conclude that the door has successfully passed the static

stress analysis and can withstand the normal applied force.




To sum up, the obtained maximum stress along the edge of the door
structure is less than allowable yield strength (75.82 MPa) and allowable tensile
strength (186.126 MPa) which was set as material properties by Solidworks for
aluminum alloy 2024.

The stress analysis of the passenger door confirms that the most stressed
sections of the cutout are the places found along the edges of the cut, and it proves

the calculation for the determination of redistribution shear flow in the cutout.




Conclusions to the part

In the special part of the diploma work, the preliminary design of the main
passenger door is presented. A brief description of the main parts of the fuselage
door and their operational functions has been described.

The static strength tests of the experimental door were carried out using
Solidworks. The material used for testing was 2024 aluminum alloy. This material
has several advantages such as high strength and excellent fatigue resistance. After
examining the effect of stress on the tested door and using the maximum, average
and minimum von Mises stresses, URES: Resultant Displacement and ESTRN:
Equivalent Strain, it can conclude that the door has successfully passed the static
stress analysis and can withstand a normal force of 1335 N.

Based on calculations of shear flow in the door cutout, it was found that due
to the fact that the weak areas are areas that are closer to the cut zones, these more
loaded places require reinforcing elements such as the strap. A fail-safe strap
(doubler) is attached to the cap of the frame edges around the cutout to give the
necessary outer layer to redistribute extreme loads in addition to ensuring a fail-
safe load path.

French company Latécoere was chosen as the company that will
manufacture our passenger door which perfectly machining large parts, mastering

part distortion, simulation crack propagation.




GENERAL CONCLUSIONS

The main task of the diploma was the preliminary design of a medium-range
airplane with a larger passenger capacity than in the main prototypes: B737,
Lockheed L-1011 Tristar and Tu-204.

All geometrical parameters have been calculated such as wing geometry
calculation, fuselage layout, tail unit design, landing gear design. The general view
of the designed plane has been conducted. It was based on the geometry
calculations and on the results of centre of gravity position with correct attachment
of the wing to the fuselage.

The airplane center of gravity calculation was presented in the main part,
and the result of this computation showed that the aircraft has a uniformly loaded
cabin without overloading.

In the special part of the bachelor's work, the preliminary design of the main
passenger door was constructed. A brief description of the main parts of the
fuselage door are presented. Design and sizing of the passenger enter door as a
cutout in the fuselage airframe has been designed and tested for the action of
differential pressure in cabin. For the structure of the door aluminum alloy 2024
was taken. The analysis carried out in Solidworks. The application of 1335 N to
the door structure showed that the door frame has successfully passed the strength
analysis and the material is able to withstand normal working loads. During the
stress strain analysis, the von Mises method was taken for the equivalent stress
evaluation. Resultant displacement and equivalent strain values were presented.

Video simulation in Solidworks shows the action of von Mises stress on the door.
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Appendix A

I POEIKT
CAMOIIETA C
HAY, xabempa K JI A
[IPOEKT
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Macca CHapsXeHMs M CJyXeOHOTO Ipysa

Macca KOMMEepUeCKOM HaTpy3KM

Kpelicepckass CKOPOCTL IOJIeTa

Upciio "M" noJsieTa OpU KPEMCepCKOM CKOPOCTHU

TPOO

15.10.2020
Maslak
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5KOHOMUYECKOM CKOPOCTEIO
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PE3SYJIJBTATH PACUYETA

0.44790

HAY, KAGEIIPA "K J A"
3HaueHMe OINTMMAJIbHOTO KO2QdMIMeHTa [NOIBEMHOM CUJIBI B PAacCuUeTHOM TOUKe
KPENCEPCKOTO pexMMa IoJieTa Cy
3HaueHMre kosdQduULMEeHTa Cx.mHI.

ONIPEIEJIEHVE KOJOOUMUIVEHTA DM = Mxpur - Mxpenc

Upcio Maxa Kpeycepckoe Mxpenc
Umcio Maxa BOJIHOBOTO KpM3MCa MxpuT
BriunciieHHOe 3HaudueHue DM

3HaueHMsa yIOEeJIbHEIX Harpy30K Ha KPeUIO B KIIA (IO MOJIHOM IHJjowann) :

npM B3JeTe
B CepeIMHe KPeMCepCKOTO ydacTKa

B HaudarJle erﬁcepcxoro yd4acCTKa

3HaueHMe KO30OMLMEHTa CONPOTUMBIIEHUS OQ3essaxa M T'OHIOJ
SHadeHMe KoO30d. MNpodMiib. CONPOTUBJIEHUA KPEUIA M OINEPEeHUA
3HaueHMe KO30OMULMEeHTa CONPOTMBIIEHUSA CaMojieTa:

B HauajJle KPEeMCEPCKOI'0 pexuMa

B CepellMHe KPEeMCEePCKOI'O pPexyuMa
CpenHee 3HaueHue Cy MNpM YCJOBHOM IIOJIeTEe II0 [IOTOJIKaM
CpenHee KpelCepCKOoe KadeCTBO caMojieTa

3HaueHMe kO3OQdmuMeHTa Cy.IOC.
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3HaueHMre KO3OQPMuMeHTa Cy.OoTp.
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CrapToBasd TATOBOOPYX. IO YCJIIOBMAM 0Oe30MNacHOTO B3jieTa RO.B3II.
PacueTHasa TATOBOOPYXEHHOCTHL caMoJjieTa Ro

OTHOWeHKe Dr = Ro.xp / Ro.B3J Dr

YIEJIBHHE PACXOIH TOIUIMBA ( B xr/xH*u ):
B3JIE THEIM
KpEeNCePCKUY (XapaKTepMUCTHUKa OBUT'ATEIS)

CpelHUM KPEMCEPCKUY IPU 3aldaHHOM HaJIbHOCTU I[oJieTa

OTHOCUTEJIbBHHE MACCH TOIIJIVMBA:
ADPOHABUTALMOHHEN 3amnac

pacxonyemMad MacCcCa TOIlJMBa
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SHAUEHNVA OTHOCUTEJIBEHHX MACC OCHOBHHX I'PYIIII:
KpBLIa
TOPMBOHTAJIBHOTO OIIEPEHUS
BEPTUKAJILHOT'O OIepeHus
maccu
CUJIOBOM YCTAHOBKMU
drozessaxa
OOOpPYyIOOBAHMA U yIPaBJIEHUA
OOIOJIHUTEJILHOT'O OCHAUeHM S
CIIyxeBHOM HaTpPy3KU
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KOMMEPUYECKOM Harpy3Ku

BzyieTrHas macca camoJjera '"M.o" = 104398. «I'.
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OTHOCHTEJIbHasA Macca OBTOBOIO (MM I'PYy30BOI0O) ODOPYIOOBaHMUA

OTHOCHTEJNIbHASA Macca yIpaBJIeHUS

OTHOCHTEJIbHASA Macca I'MOAPOCUCTEM

OTHOCHUTEJIbHadA MaccCa 3JIeKTPOODOpPYyHNOBaHMUA

OTHOCHUTeJIbHasA MaccCa JIOKALMOHHOI'O OOOpyIOBaHMA

OTHOCUTEeJIbHasd MaccCa HaBUIalLMOHHOTO ODOpyIOBaHUS

OTHOCHUTEeJIbHasd Macca pPalMOCBSA3HOTO ODOpPyIOBaHUS

OTHOCHUTeJIbHasA Macca NpuOOPHOTO ODOpyHnOBaHMUSA

OTHOCHUTEJIbHAS Macca TOIIJIMBHOM CUCTEeMH (BXoIMT B Mmaccy "CY")
HonoJIHUTEJNIbHOE OCHAlIeHUE :

OTHOCHUTEJIbHAS MacCa KOHTEeMHEPHOT'O oDOopyIdOBaHUSA

OTHOCUTEJIbHASA MacCa HEeTUIMUHOTO ODOpyHOoBaHMUS

[BCTpOEHHBIE CUCTEMB OMATHOCTUKM M KOHTPOJIS [IapaMeTpoB,

OOIIOJIHUTEJIbHOE OCHAalleHMEe CaJIOHOB U ,le.]

XAPAKTEPUCTVKN B3JIETHON IVNCTAHUIUN
CKOpPOCTBL OTPEIBaA CaMoJieTa
YckopeHue npu paz3bere
InuHa pasbera cawmojeTa
OucTaHluusa Habopa Oe30IaCHOM BEICOTEHL

BaiieTHasa mucTaHUumMA

XAPAKTEPUCTHKM B3JIETHOW IOVICTAHINM
[IPOOOJIXEHHOT'O B3JIETA
CKOPOCTL NPUHATUS PEUEeHUS

CpenHee yCKOPEHME NpM NPONOJDKEHHOM B3JIeTe Ha MOkpown BIIII

0.09799
0.00940
0.00928
0.03964
0.08959
0.09572
0.13451
0.01146
0.02099
0.26891
0.22244

0.0234

0.0175
0.0058
0.0173
0.0059
0.0166
0.0313
0.0030
0.0044
0.0022
0.0052
0.0080

0.0087
0.0028

292.68 xM/u
2.21 m/c*c
1489. M.
578. M.
2067. M.

278.05 xMm/u
0.23 M/c*c



InmuHa pasbera npM IPOIOJDKEHHOM B3JIeTe Ha MOkpom BIIII 2724.85 M.
BajleTHas IOMCTAHUMA IPOIOJDKEHHOT'O B3JIeTa 3303.23 wm.
[loTpebHas IJjMHAa JIETHOM I[OJIOCH 10 YCJIOBMAM

IPEePBAHHOTO B3JleTa 3423.06 M.

XAPAKTEPUCTVKM TIOCAINOUHOM OVCTAHLVNU

MakcuMasibHasa IocaImodHas Macca camoJjieTa

BpemMa CHMXeHMA C BBICOTH 3lI€JIOHA OO BBICOTH [OJIeTa IO KPyTy 19.9 wMwuH.
IcTaHUMsa CHMWXEeHUS 47.00 M.
CKOPOCTL 3axola Ha [IocankKy 269.48 xm/u.
CpenHasd BepTHUKAJIbHASA CKOPOCTH CHUXEHUA 2.14 Mm/c
OICcTaHUMsA BO3IOYWHOTO ydacTKa 525. M.
[locamouyHass CKOPOCTHb 254.48 kMm/u.
IOnuHa npobera 871. M.
llocamouHas IMUCTAHUUSL 1396. M.
lloTpebHas IOJaMHaA JIeTHOM noJiock (BII + KIB) nmisa

OCHOBHOT'O aspoIpoMa 2331. M.
lloTpebHasa InOJaMHaA JIETHOM IIOJIOCH IJIS 3alaCHOT'O aspolpoMa 1982. M.

[IOKASATEJIM S®PEKTVMBHOCTU CAMOJIETA

OTHOUWEHME MaCCEHL CHAPAXEeHHOI'O CaMoJleTa K

84726. KI'.

2.2349

Macca MmyCcTOTrO CHApSXeHHOTO C—Ta NPMXOX. Ha 1 naccaxupa 228.63 kr/nac.
417.64 xM/u
18781.0 xr*xmMm/u
3949.879 xr/u

4.88 kr/xM

210.313 ©/ (T*xM)
18.9838 r/ (mac.*xM)
0.2517 $/ (T*xmM)

Macce KOMMEePUeCKOM HaTpy3KM

OTHOCHUTEJIbHAA NPOMU3BOOUTEJIBHOCTE IO IOJIHOM Harpys3Ke
[IpoMB3BOOMTEJILHOCTE C—Ta IIPpM MaKC. koMMepu. Harpyske
CpenHull YacoOBOM pPacXxXOX TOIIMBA

CpenHull KMUJIOMETPOBEI pPacxon TOIIMBa

CpenHull pacxon TOINJMBa Ha TOHHOKMUIJIOMETPD

CpenHuM pacxol TONJMBa Ha NaCCaXUPOKUIIOMETP

OpMeHTMpOBOqHaH OLleHKa IpMBeIOeH. 3aTpaT Ha TOHHOKMIIOMETP



INITIAL DATA AND SELECTED PARAMETERS

Passenger Number
Flight Crew Number
Flight Attendant or Load Master Number
Mass of Operational Items
Payload Mass
Cruising Speed
Cruising Mach Number
Design Altitude
Flight Range with Maximum Payload
Runway Length for the Base Aerodrome
Engine Number
Thrust-to-weight Ratio in N/kg
Pressure Ratio
Assumed Bypass Ratio
Optimal Bypass Ratio
Fuel-to-weight Ratio
Aspect Ratio
Taper Ratio
Mean Thickness Ratio
Wing Sweepback at Quarter Chord
High-l1ift Device Coefficient
Relative Area of Wing Extensions

Wing Airfoil Type

Winglets

Spoilers
Fuselage Diameter
Finess Ratio
Horizontal Tail Sweep Angle
Vertical Tail Sweep Angle

1. CALCULATION RESULTS
Optimal Lift Coefficient in the Design Cruising Flight Point
Cy
Induce Drag Coefficient
Cx.ind
ESTIMATION OF THE COEFFICIENT Dn = Mcriticat — Mcruise

Cruising Mach Number Mcruise
Wave Drag Mach Number Mcrit
Calculated Parameter Dy Dm

227.

2.

6.

2191.72 kg
23222.10 kg
850. Km/h
0.7870
10.00 km
5000. km
3.30 km

2.

3.1100
32.50

4.50

.50

-3600

-30

.74

112

27.0 degree
1.050

0.050
Supercritical
Installed
Installed

O b~ 0 O b

3.54 m.
12.00

30.0 degree
35.0 degree

0.44790

0.00907

0.78701
0.79591
0.00890



Wing Loading in kPa (for Gross Wing Area):
At Takeoff

At Middle of Cruising Flight

At the Beginning of Cruising Flight

Drag Coefficient of the Fuselage and Nacelles
Drag Coefficient of the Wing and Tail Unit

Drag Coefficient of the Airplane:

At the Beginning of Cruising Flight

At Middle of Cruising Flight

Mean Lift Coefficient for the Ceiling Flight

Mean Lift-to-drag Ratio

Landing Lift Coefficient
Landing Lift Coefficient (at Stall Speed)
Takeoff Lift Coefficient (at Stall Speed)
Lift-off Lift Coefficient

Thrust-to-weight Ratio at the Beginning of Cruising Flight

Start Thrust-to-weight Ratio for Cruising Flight

Start Thrust-to-weight Ratio for Safe Takeoff

Design Thrust-to-weight Ratio Ro
Ratio Dy = Rcruise / Rtakeofr Dr

SPECIFIC FUEL CONSUMPTIONS (in kg/kN=h):

Takeoff
Cruising Flight
Mean cruising for Given Range

FUEL WEIGHT FRACTIONS:

Fuel Reserve
Block Fuel

WEIGHT FRACTIONS FOR PRINCIPAL

Wing

Horizontal Tail
Vertical Tail
Landing Gear

Power Plant

Fuselage

Equipment and Flight Control
Additional Equipment
Operational Items
Fuel

Payload

ITEMS:

5.984
5.160
5.782

0.00821
0.00910

0.02843
.02734
0.44790

o

16.38382

.602
-403
-983
-447
-567
.122
.767

NN O FP P N P

2.906
0.767

37.5179
59.9968
63.7136

0.03500
0.23391

-09799
-00941
-00929
-03965
-08959
-09573
-13451
-01146
-02099
.26892
.22246

O O O O O O O o o o o



Airplane Takeoff Weight
Takeoff Thrust Required of the Engine

"M.o" =

Air Conditioning and Anti-icing Equipment Weight Fraction
Passenger Equipment Weight Fraction
(or Cargo Cabin Equipment)
Interior Panels and Thermal/Acoustic Blanketing Weight Fraction
Furnishing Equipment Weight Fraction
Flight Control Weight Fraction
Hydraulic System Weight Fraction
Electrical Equipment Weight Fraction
Radar Weight Fraction
Navigation Equipment Weight Fraction
Radio Communication Equipment Weight Fraction
Instrument Equipment Weight Fraction
Fuel System Weight Fraction
Additional Equipment:
Equipment for Container Loading
No typical Equipment Weight Fraction
(Build-in Test Equipment for Fault Diagnosis,
Additional Equipment of Passenger Cabin)

11. TAKEOFF DISTANCE PARAMETERS
1. Airplane Lift-off Speed
Acceleration during Takeoff Run
Airplane Takeoff Run Distance
Airborne Takeoff Distance
Takeoff Distance

IV. CONTINUED TAKEOFF DISTANCE PARAMETERS

V. Decision Speed
Mean Acceleration for Continued Takeoff on Wet Runway
Takeoff Run Distance for Continued Takeoff on Wet Runway
Continued Takeoff Distance
Runway Length Required for Rejected Takeoff

VI. LANDING DISTANCE PARAMETERS
VII. Airplane Maximum Landing Weight
Time for Descent from Flight Level till
Aerodrome Traffic Circuit Flight
Descent Distance
Approach Speed
Mean Vertical Speed
Airborne Landing Distance
Landing Speed
Landing run distance
Landing Distance
Runway Length Required for Regular Aerodrome
Runway Length Required for Alternate Aerodrome

104398. Kg.
151.66 kN

o

.0234
.0175

o

.0058
.0173
-0059
.0166
.0313
-0030
.0044
.0022
.0052
.0080

O O O OO o o o oo

o

.0000
.0028

o

292.68 km/h
2.21 m/s*s
1489. m.
578. m.
2067. m.

278.05 km/h
0.23 m/s*s
2724.85 m.
3303.23 m.
3423.06 m.

84726. kg.
19.9 min.

47.00 km.
269.48 km/h.
2.14 m/s
525. m.
254.48 km/h.
871. m.
1396. m.
2331. m.
1982. m.



Appendix B

Centering drawing of the wing
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Appendix C

Centering drawing of the fuselage
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