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ABSTRACT

Explanatory note to the diploma work «Preliminary design of middle range

aircraft with a capacity of up to 190 passengers»

42 sheets, 9 figures, 10 tables, 9 references and 3 drawings

Object of the design is development a medium-range passenger aircraft with
the possibility to accommodate up to 190 passengers or relayout of passenger cabin

to the cargo solution.

The aim of the diploma work is the preliminary design of the aircraft and its

design characteristic estimation.

The method of design is analysis of the prototypes and selections of the most

advanced technical decisions, analysis of center of gravity position.

The diploma work contains drawings of the middle-range aircraft with
capacity up to 190 passengers, calculations and drawings of the aircraft layout and

re-equipment for cargo cabin transportation.

The practical significance of the result of the bachelor's thesis project is to
increase the reliability and efficiency of passenger and cargo air transportation. The
materials of the bachelor's thesis project can be used in the educational process and

In the practical activities of designers of specialized design institutions.

PASSENGER AIRCRAFT, NARROW-BODY AIRCRAFT, LAYOUT, CENTER OF
GRAVITY POSITION, RE-EQUIPMENT CARGO CABIN



INTRODUCTION

The family of narrow-body aircraft makes the largest number of flights, both
from point to point on the medium range, and with the possibility of refueling to
perform flights over longer distances. For the diploma work there were selected
prototypes: Boeing 737-800, Airbus 319 and Airbus 320. This airplanes are the
most popular aircraft in the world, namely due to their high reliability and
efficiency. Those aircrafts incorporating the latest technologies in the field of
avionics and composite materials, due to their small empty weight, its allow
transporting more passengers and cargo on board. Namely, purpose of a designed
aircraft is to be able to carry passengers, cargo, total take-off mass up to 90,000 kg
on the middle-range passenger traffic. Therefore, it is on these types of narrow-
body aircraft and their performance data will be developed and further calculations
during diploma work.

Due to the situation in the world, with the Covid-19, airlines are considering
the possibility of re-equipment passenger aircraft into cargo and narrow-body
aircraft are no exception. Therefore, in the diploma work considered the possibility
of re-equipment the passenger compartment into a so called cargo cabin,
namely the possibility of transporting cargo on passenger seats in
accordance with the requirements and calculations for strength.

Diploma work presented a preliminary design of the aircraft, designed for
operation on the passenger and medium-range routes. Preliminary design
performed with the airworthiness requirements of large aircrafts (CS-25),

Calculation of the characteristics of the aircraft was carried out in the
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computer laboratory room of the department with the help of the developed at the
department computer program.
Calculation of the re-equipment of the aircraft was carried out on the guidelines

“Transport of cargo in passenger compartment” and airworthiness requirements of
large aircrafts (CS-25).
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1. PROJECT PART

1.1 Analysis of prototypes and short description of designing aircraft
The aircraft is designed to carry passengers, cargo baggage, mail, on main
international airlines with a middle range passenger traffic. The main aim markets
are: Europe and the CIS countries, Africa, Asia, Latin America, Middle East and

some countries in the Far East.

1.1.1. Choise of the projected data

The selecting of the optimum design parameters of the aircraft is the
multidimensional optimization task, aimed at forming a "look" promising aircratft.
In its configuration mean the whole complex flight-technical, weight, geometrical,
aerodynamic and economic characteristics. In forming the "Appearance of the
plane” in the first stage is widely used statistics methods transfers, approximate
aerodynamic and statistical dependence. The second stage uses a full aerodynamic
calculation; aircraft specified formulas of aggregates weight calculations,
experimental data.

Prototypes of the aircraft, taking for aircraft designing were in class 160-190
passengers. Such aircraft like Boeing 737-800, Airbus 320 and Airbus 319 will
compete with projected aircraft in this market segment. Statistic data of prototypes

are presented in table 1.1.
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Table 1.1 — Operational-technical data of prototypes

PARAMETER PLANES

B 737-800 | A320 A319
The purpose of airplane Passenger | Passenger | Passenger
Crew/flight attend. persons 2/4 2/4 2/3
Maximum take-off weight, miw, kg 78245 77000 75 500
Most pay-load, My max, Kg 18260 18000 15000
Passenger's seat 189 180 156
The height of the flight Vi e, M 12400 12000 11900
Range My max, KM 6050 6100 6800
Take off distance L, m 2307 2090 1950
Number and type of engines 2XCFM56 | 2xCFM56 | 2xCFM56
The form of the cross-section fuselage | circular circular circular
Extension of the fuselage 9,4 9,2 8,38
Extending the nose and tail unit part 5,64 5.62 4,2
Sweepback on 1/4 chord, ° 25 25 25

The scheme is determined by the relative position of the aircraft units, their
numbers and shape. Aerodynamic and operational characteristics of the aircraft
depends on the aircraft layout and aerodynamic scheme of the aircraft. Chosen
scheme allows to increase the safety and regularity of flights, and economic

efficiency of the aircraft.

1.1.2 Brief description of the main parts of the aircraft

Designed plane is twin-engine narrow-body low-winged aircraft with straight

angle wing and classical type of the empennage.

Engines provide the thrust needed to fly, correspond to the weight and needed
thrust the designed aicraft has 2 engines installed under the wing. Today, there are
many different types of engines, but all perform the same basic function of taking

the air that’s in front of the aircraft, pushing and give the accelerating out behind
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the aircraft. It’s performed by compressing the air using turbines, with help of fan

or propeller.

The fuselage has a circular cross section, a semi-monocoque construction.
Accommodates a pressurized cabin for the crew and passengers. The fuselage
combine advantages of parts shape and its elongation, has a minimum resistance
and a high critical value of the number M. Fuselage interior includes: passenger
cabin, flight compartment, galleys, lavatories, cargo compartment, electronic
compartment.

The wing provides lift required for flight. Its shape is specifically designed
for the aircraft to which it is attached. Design aircraft has sweepback wing for
better aerodynamic characteristics and high durability and mechanization of the
wing are presented of Krueger flaps in comparing with slats. Inside the wing
located the fuel tank.

The rudder controls the flight attitude of the airplane about the vertical axis.
The rudder hinges installed at the aft of the rear spar of the vertical stabilizer.

The elevators control the pitch attitude of the airplane about the lateral axis.
The elevators are on the trailing edge of the horizontal stabilizer.

The flight controls systems keep the airplane at the necessary attitude
during flight. They have movable surfaces on the wing and the empennage.
Primary flight control system moves the airplane about three axes: lateral,
longitudinal, and vertical, which include ailerons, elevator, rodder. Secondary
flight controls improve the lift and handling properties of the airplane, includes
leading edge devices , trailing edge flaps, spoilers and speedbrakes, horizontal
stabilizer

The landing gear provides support for the airplane static and ground
maneuvering conditions. The landing gear also reacts to airplane load forces that
are generated during airplane movement. A designed airplane has two main gear

and single nose gear.
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1.1.3. Technical description of the aircraft

The aircraft will be a sample of the Boeing 737 which will consist of 189
passengers.
The aircraft has a "normal® design or “classic”, i.e. the horizontal stabilizer is

located behind the wing.
Designed a 2-engine aircraft according to the task and some analogues.

As a design scheme of the aircraft taken low-wing airplane with swept-back

wings and two engines on pylons under the wings.

Applicable classic tail unit does not require additional mounting points,

except directly to the fuselage.

This configuration provides a high aerodynamic efficiency, the required
lifting efficiency of the wing for the standardized characteristics of stability and

controllability under all anticipated operating conditions.

Were used the tricycle landing gear with nose wheel and two main bearings,

located under the wing, and retractable into the fuselage.

The applicable chassis with three main bearings allows to operate the aircraft
with a runway capable of accepting a light aircraft. It does not require any

reconstruction of the runway of the airfield.

The wing with a sweep of 25 degrees combined with the fuselage diameter of
almost 4 meters, is characterized by high aerodynamic perfection, provides high
aerodynamic quality of the aircraft at cruising speed, the corresponding value of M

= 0.75, as well as on the takeoff and landing.

The designed model of the aircraft will embody a high level of flights safety,

their comfort, high operational efficiency and adaptability in production.

Sheet

NAU 20 12 S 00 00 00 39 EN

Ch.

Sheet] Document No | Signed | Date




1.1.4. Selection and justification of the scheme of the aircraft
Chosen the scheme "low-wing airplane™ because it is the most common passenger

aircraft:

o it provides a higher security in emergency landing on the ground and
water;

o under this scheme the mass of the structure will be the lowest since the

main landing gear is connected with the wing and its size and weight is lower than
a " high-wing airplane."

Chosen the standard (classical) scheme with the aerodynamic configuration of the
horizontal stabilizer located behind the wing because:

o it easily provides the balance with lowered flaps;

o this scheme allows you to make the nose of the fuselage shorter, which
improves the view of the pilots, reduces the square of vertical unit as a shortened
nose of the fuselage causes less destabilizing yawing moment;

o it gives the opportunity to reduce the square and horizontal and vertical

units, as their shoulders are much farther than in other designs.

Chosen sweep-shaped wing as the aircraft speed exceeds the number of M> 0,6.
It’s provide better aerodynamic characteristics and high durability for designed
aircraft speed.

Chosen turbofan engine on the designed plane because we deal with a high-
speed passenger plane and this type of the engine provides needed thrust and high

fuel efficiency. The engines are placed under the wing.

1.2. Geometry calculations for the main parts of the aircraft

Layout of the aircraft consists from composing the relative disposition of its
parts and constructions, and all types of the loads (passengers, luggage, cargo, fuel,

and so on).
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Choosing the scheme of the composition and aircraft parameters is directed by

the best conformity to the operational requirements.

1.2.1. Wing geometry calculation
Geometrical characteristics of the wing are determined from the take of weight

mo and specific wing load Py.

Full wing area with extensions is:

S _Mo-9 =(90759 - 9.8)/6425.6 = 138.42 [mz]'
wiull P ' ' ' ’

0
Relative wing extensions area is 0.1
Wing area is:

S, =124.58 [m?];
Wing span is:

= /S, A, = V9.45 - 124.58 = 34.31 [m];
Root chord is:
_ 2-Sy'my 2 -124.58-0.15

o (1+ ny )l B (1+0.15)-34.31 = 7.87 [m]1
Tip chord is:
b = == g5 = 125 [m];

Maximum wing width is determined in the forehead i-section and by its span
equal:

¢ =¢,-b=0.11"1.25=0.137 [m];

The a geometrical method of mean aerodynamic chord determination was used
(figure 2.1):
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~
& 3.96m

7,87m
Ve

17.15m

Figure 2.1. — Determination of mean aerodynamic chord

Mean aerodynamic chord is equal:
Byac =3.96 [m];

Estimation of the ailerons geometrics and high-lift devices:
Ailerons span:

| :0,375-'% ~0.375 - (34.31/2) = 6.433 [m];

ai
Aileron area:

SW
Sa =0.065-=5=0,065 - (124.52/2) = 4.05 [m*];

Aerodynamic balance of the aileron.

Hinge balance:
Saxinail < (0.25...0.28) Sail

Sail =0,26-4.05 = 1.053 [m?];

1.25m
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Area of ailerons trim tab.
For two engine airplane:
Swi =0,05...0,06-S,, =0,05-4.05 = 0.162 [m?];
Range of aileron deflection:

e Upward &41>20°;

e Downward &4 > 10°.
The aim of determination of wing high-lift devices geometrical parameters is the
providing of take of and landing coefficients of wing lifting force, assumed in the
previous calculations with the chosen rate of high-lift devices and the type of the
airfoil profile.
Before doing following calculations it is necessary to choose the type of airfoil due

to the airfoil catalog, specify the value of lift coefficient C and determine

y maxbw

necessary increase for this coefficient C __for the high-lift devices outlet by the

ymax

formula: AC,,,, =(="").
Cymaxbw
Where C,.., Iis necessary coefficient of the lifting force in the landing

configuration of the wing by the aircraft landing insuring (it is determined during
the choice is the aircraft parameters).

br = 0.3..0.4 — for three slotted flaps and Krueger flaps;

1.2.2 Fuselage layout
For transonic airplanes fuselage nose part has to be:
lp =2.1-D; =2.1-4.02 = 8.442 [m];
To geometrical parameters we concern: fuselage diameter Ds; fuselage

length | ; fuselage aspect ratio 4, ; fuselage nose part aspect ratio 4,,; tail unit

aspect ratio A . Fuselage length is determined considering the aircraft scheme,

layout and airplane center-of-gravity position peculiarities, and the conditions of

landing angle of attack oyang €nsuring.
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Fuselage length is equal:
If = ﬂ'f ) Df =9.45-4.02 = 38.02 [m],
Fuselage nose part aspect ratio is equal:

Ll _ 8442
™ D 402

Length of the fuselage rear part is equal:
lip = A4y "Dy = 2.11 - 4.02 = 8.442 [m]

Cabin height is equal:
H.,, = 148+ 0.17B.,, = 1.48 + 0.17 - 3.54 = 2.2 [m];

For economic salon with the scheme of allocation of seats in the one row (3 + 3)
determine the appropriate width of the cabin:
Beab = Nacrtock *Dacnbtock T Paigie 26 =2:1500+450+2-50 = 3.5 [m]-

cab

The length of passanger cabin is equal:

Lcab = Ll + (nraws _1) ) Lseatpitch + I‘2 = 30.02 [m]

1.2.3 Luggage compartment

Given the fact that the unit of load on floor K = 400... 600 kg/m?[2];

The area of cargo compartment is defined:

Myag  Meargo _ 20-189 15-189

S = = + = 23.6 [m?];
carge  04-K 06K 04-600 0.6-600 [m]
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Cargo compartment volume is equal:
Veargo =V " Npass. = 0.2 - 189 = 37.8 [m*];

1.2.4 Galleys and buffets

International standards provide that if the plane made a mixed layout, be sure
to make two dishes. If flight duration less than 3 hours at this time of food to
passengers not issued in this case provided cupboards for water and tea. Tickets to

the flight time less than one hour buffets and toilets can not be done.[CS-25]

Volume of buffets(galleys) is equal:

Voatiey = 0.1 * Nyass = 0.1 - 189 = 18.9 [m’];

Area of buffets(galleys) is equal:

Vyalley 189
Soalley = —2 = = 8.59 [m?];
garey  H_ap 2.2

1.2.5 Lavatories
Number of toilet facilities is determined by the number of passengers and flight
duration: with t> 4:00 one toilet for 40 passengers, at t = 2 ... 4 hours and 50
passengers t <2 hours to 60 passengers [2].

nIav = 3 .

Area of lavatory:

S,., =1.5m*:

lav

Width of lavatory: 1m.
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1.2.6 Layout and calculation of basic parameters of tail unit

One of the most important tasks of the aerodynamic layout is the choice of tail
unit placing. For ensuring longitudinal stability during overloading its center of
gravity should be placed in front of the aircraft focus and the distance between
these points, related to the mean value of wing aerodynamic chord, determines the
rate of longitudinal stability.

C
X

Where m®y —is the moment coefficient; xr. Xe- center of gravity and focus

m? =X, —X; <0
coordinates. If m®%=0, than the plane has the neutral longitudinal static stability, if
m,>0, than the plane is statically instable. In the normal aircraft scheme (tail unit
is behind the wing), focus of the combination wing — fuselage during the install of
the tail unit of moved back.

Static range of static moment coefficient: horizontal Ay, vertical Ay given in
the table with typical arm Htu and Vtu correlations. Using table we may find the

first approach of geometrical parameters determination.

Determination of the tail unit geometrical parameters:

Area of vertical stabilizer is equal:
Ly S
Syry = ———* Ayry = 26.44 [m*];
Lyry

Area o horizontal stabilizer is equal:
b - S
Suty = 7Mfc = Apry = 32.78 [m?];
HTU

Determination of the elevator area and direction:
0.3<M<0.6, Sep=(0.22..0.28)Sea, S1p=(0.2..0.24)S(q
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Altitude elevator area:

S, =0.2765-S,,,, =9.07 [m?];

Rudder area:

S, =0.2337-S;, = 6.18 [m?];

The area of altitude elevator trim tab:

S;e = 0.08 - 5,; = 0.72 [m?];

Area of rudder trim tab is equal:
S, =0.06-S,,, =0.3708 m?
Root chord of horizontal stabilizer is:

25yTy *Mutv

b = = 1.948 [m];
OHTU (1 + Nurv) " lury
Tip chord of horizontal stabilizer is:
bOHTU
bDHTU - = (.79 [m];
Nutu
Root chord of vertical stabilizer is:
2S5yry “Mvru
b = = 5.82 [m];
oTY (1 + Nvru) * lvru
Tip chord of vertical stabilizer is:
bOVTU
bOVTU - = 2.97 [m]
VTuU
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1.2.7 Landing gear design

In the primary stage of design, when the airplane center-of-gravity position is

defined and there is no drawing of airplane general view, only the part of landing

gear parameters may be determined.
Main wheel axial offset is:
e=0.2673-b,,. = 0.2673 - 3.96 = 1.0585 [m];

Landing gear wheel is:
B=0.4526-L, = 0.4526- 34.46 = 15.6 [m];

The last equation means that the nose support carries 6...10% of aircraft weight.
Front wheel axial offset will be equal:
d,, =B-e= 14.542 [m];
Wheel track is:
T =0.6072-B=0.6072- 15.6 = 5.71 [m];
The load on the wheel is determined:
Ky = 1.5...2.0 — dynamics coefficient.
Nose wheel load is equal:

o _ (9.81-e-k -m;)  981-1.05851.75-90759
NLG — (B-2) N 15.6-2

= 52781.86 [N];

Main wheel load is equal:

_(9.81-(B-€)-m))  (9.81(15.6-1.058)-90759) _ )
MG = (Bn-2) = o7 =207461.98 [N];

Table 1.2 — Aviation tires for designing aircraft [10];

Speed Main Gear Nose Gear
(MPH) Tire Size Ply Tire Size Ply Rating
Rating
225 H40*14.5-19 26 27*7.75-15 12

225 H42*14.5-19 26
225 H40*16.0-21 24 27*7.75-15 12
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1.2.8 Choice of power plant
Needed thrust for designed aircraft is 90kN. Compared with the CFM56-7, it

has greater durability, 8% fuel burn improvement and a 15% reduction in
maintenance costs. So, according to the requirements was chosen engine with

following parameters in table 1.3

Table 1.3 — Parameters of chosen engine

Model Thrust Bypass ratio Dry weight
20,600 Ibf
CFM56-7B20 (91.6 kN) 5.34 2370 kg

1.3 Center of gravity calculation

1.3.1 Trim-sheet of the equipped wing
Mass of the equipped wing contains the mass of its structure, mass of the

equipment placed in the wing and mass of the fuel. Regardless of the place of
mounting (to the wing or to the fuselage), the main landing gear and the front gear
are included in the mass register of the equipped wing. The mass register includes
names of the objects, mass themselves and their center of gravity coordinates. The
origin of the given coordinates of the mass centers is chosen by the projection of
the nose point of the mean aerodynamic chord (MAC) for the surface XOY. The
positive meanings of the coordinates of the mass centers are accepted for the end
part of the aircraft.

The example list of the mass objects for the aircraft, where the engines are
located under the wing, included the names given in the table 1.4.The example list
of the mass objects for the aircraft, where the engines are located in the wing,

included the names given in the table 1.5. The mass of designed aircraft is 90759
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kg. Coordinates of the center of power for the equipped wing are defined by the

formulas:

X

= -

>m/x/

>m’

Table 1.4 - Trim sheet of equipped wing

Mass C.G. Moment
N Name coordinates | m; X;
Units tortril (rkrgss Xi (M) (kgm)
1 | Wing (structure) 0,0991 8994,2 1,7 15290,16
2 | Fuel system, 40% 0,0088 798,6 1,98 1581,38
3 | Control system, 30% 0,02 1815,18 2,376 4312,86
4 | Electrical equip. 10% 0,009 816,8 0,396 323,46
5 | Anti-icing system 70% 0,016 1452,1 -0,396 -575,04
6 | Hydraulic system, 70% 0,011 998,3 2,376 2372,07
7 | Power units 0,09366 | 8500,48 0,8 6800,39
g | EQuipped wingwithout | »o756 | 9337518 | 1,28787 | 30105,30
fuel and LG
9 | Nose landing gear 0,00648 588,3 -13,55 -7972,48
10 | Main landing gear 0,03299 1994,7 2,178 4344,52
11 | Fuel 0,296 26864,6 1,65 44326,69
Equipped wing 0,58202 | 52823,6 1,34038 70804,03

1.3.2 Trim-sheet of the equipped fuselage
Origin of the coordinates is chosen in the projection of the nose of the fuselage on

the horizontal axis. For the axis X the construction part of the fuselage is given.

The example list of the objects for the aircraft, which engines are mounted under

the wing, is given in table 1.5.

The CG coordinates of the FEF are determined by formulas:

X

_EmiX/
>m’

1
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After we determined the C.G. of fully equipped wing and fuselage, we construct

the moment equilibrium equation relatively to the fuselage nose:
/
mex¢ +my, (X0 +x,) =mg (X, +C)
From here we determined the wing MAC leading edge position relative to

fuselage, means Xwac Vvalue by formula:

/
mex; +m,, -x, —m,C

XMAC =
my —m,,

where mo — aircraft takeoff mass, kg; ms — mass of fully equipped fuselage, kg; mw
— 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) Bmac —low wing [2];

For swept wings; at X = 25°...40° C = (0,28...0,32) Bmac [2]

Table 1.5 — Trim sheet of equipped fuselage

Ne Mass Coordinat | Moment
-~ | Objects Units Total (kg) |[esof C.G. | (kgm)

1 ]2 3 4 5 6

1 | Fuselage 0,0884 8023 19,01 152519,04

2 | Horizontal TU 0,0097 880,3 0,85 748,30

3 | Vertical tail unit 0,00958 869,4 1,6 1391,15

Equipment

4 | Radar 0,0031 281,3 0,3 84,40

5 | Radar equipment 0,0023 208,7 1,1 229,62

6 | Instrument panel 0,0053 481 3,4 1635,47

7 | Alr-navigation 0,0046 | 417.4 5,02 2095,80
system

8 | Radio equipment 0,0023 208,7 2,32 484,29

9 |Toiletl 0,00146 133,1 4,09 544,44

10 | Toilet 2 and 3 0,00293 266,2 30,99 8250,27
Cargo

11 | compartment 0,003 272,2 23,592 6423,55
equipment

13 | Buffet 1 0,00146 133,1 5,25 698,85
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Continuing of table 1.5

1 |2 3 4 5 6
14 | Buffet 2 0,00293 266,2 32,5 8652,27
15 | Control system, 0,00857 | 777.8 1901 | 14786,06
70%
16 | Electrical 0,0255 2314,3 19,01 43995,87
equipment, 70%
17 ?gf)ira“"c System, | 5 036 3267,3 26,614 | 86956,56
18 | Water 1 0,00065 58,99 | 4,4652848 | 263,42
19 | Water 2 0,001299 | 117,9 | 17,652247 | 2082,70
20 | Oxygen equipment | 0,002484 225,5 20,9 4713,01
21 3A0r};')"°'”9 SYSI®M, | 004536 | 411,6 30,464 | 12541,50
22 | Rescue equipment 0,001 90,7 6,058 549,81
g3 | Seats of pass. 0,01051 | 954,3 20,9 19946,20
economical class
24 | Rescue equipment 0,001 90,7 29,431 2671,12
25 | Seats of crew 0,000367 33,3 2,67 89,11
gp | Seatofattendants |4 ) 20,8 4,26 88,92
1land 2
Seat of attendants
27 | 5o 4wl & 0,00059 53,5 31,48 1685,68
28 | Fuel system, 60% | 0,0048 435,6 17,95 7819,79
30 | Equiped fuselage
without comercial | 0,239623 | 21748,010 18,1 390573,991
loads
31 | Passangers of 0,06875 | 10190 20,9 212971
economical class
32 | Passangers of 0,07933 | 1115 7,39 8239,85
business class
33 | Food 1 0,00072 | 655586 | 4,465284 | 292,73809
34 | Food 2 and 3 0,00144 | 131,1173 | 32,6411 | 4279,8209
35 | Baggage of 0,017188 | 1560 | 11,481828 | 17911,651
passanger 1
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End of the table 1.5

1 2 3 4 5 6

36 | Baggage of 0.01983 1800 24.9 44820
passanger 2

37 | Cargo 0.00832 756 29.86 2257416

38 | Crew 0.00264 240 267 640.8

39 | Attendants 1 and 2 | 0,001762 120 4,26 511,2

40 | Attendants 3.4 5 | 0,001762 180 17.11042 | 3079.8764
Total 041765 | 37905686 | 1862240 | 705895 089
Checking 099967 | 90729,343

1.3.3 Calculation of center of gravity positioning variants

The list of mass objects for center of gravity variant calculation given in Table 1.6

and Center of gravity calculation options given in table 1.7, completes on the base

of both previous tables.

Table 1.6 — Calculation of C.G. positioning variants

Name Mass, kg Coordinates Moment
Object mi C.G.M kgm

1 2 3 4

Equiped wing

without fuel and 23375,88 18,2 425441,16
L.G.

Nose landing gear 588,3 26,7 15709,6
(retracted)

Main landing gear 1994,73 452 90161,7
(retracted)

Fuel 26864,6 2,1 56415,7
Equiped fuselage 21748 18,1 393638,9
Passangers of 10190 20,9 212971
economical class 1
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End of the table 1.6

1 2 3 4
Passangers of 1115 7,39 8239,85
economical class 2
Food 1 65,5 5 327,7
Food 2 131,1 31 4064,6
Baggage of 1560 11,5 17940
passanger 1
Baggage of 1800 24.9 44820
passanger 2
Cargo 756 27,86 21062,16
Crew 240 2,67 640,8
Attendants 1 120 4,26 511,2
Attendants 2 180 31,46 5662,8
Nose landing gear 588,3 24,6922826 14528,3
(opened)
Main landing gear 1994.7 43,9 87568,6
(opened)
Table 1.7— Airplanes C.G. position variants
Moment of
_ ) Centre of the )
Neo | Variants of the loading | Mass, kg the mass, Centering
mass, m
Kg*m
1 | Take-off mass 90729,3 1297607,6 19,3 23,03
(L.G. opened)
Take-off mass
2 (L.G. retracted) 90729,3 1293833,1 19,26 21,97
g | Landing variant 86932,49 1285654,8 19,7 29,28
(L.G. opened)
Transportation
4 | variant (without 75111,6 984407,71 18,9 20,09
payload)
Parking variant
5 | (without fuel and 47707 924951,5 19,3 25,20
payload)
Sheet
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1.4 Conclusions to the Project Part
During this designing work were obtained next results:

- preliminary design of the middle range aircraft with 189 passengers;

- the cabin layout of the middle range aircraft with 189 passengers;

-the center of gravity of the airplane calculations for five different load
schemes of projected aircraft in the range from 20,09 up to 29.28, given in table
1.7,

-the choose of the wheels, which satisfy the theoretic loads during speed 225
MPH: tire size for main wheel H40*14.5-19 and for nose wheel 27*7.75-15 ;

The chosen design of narrow-body aircraft powered by two engines CFM56-
7B20, which are located under wing, makes it possible to increase aerodynamic
characteristics of the wing, to reduce the aerodynamic effects from engines jet
stream and to decrease the noise level in passenger cabin.

Provides the maximum level of passenger comfort by using rational layout and
convenient service facilities, ergonomic optimization of common and individual
space, modern interior design, insulation blankets, which provide low noise in the
passenger cabin;

Installation of turbofan engines type, CFM56-7B20 provides high cruise speed

and good thrust-to weight ratio.
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2. CARGO FASTENING SYSTEM

2.1 Problem statement

Currently, according to the situation in the world, airlines are looking for
opportunities to reduce losses by converting passenger cabins into cargo . Thus,
more and more companies are looking for a compact and smart solution for such
transportation. And most importantly, that this solution was safe and profitable. To

do this, following idea to convert the passenger compartment into a cargo.
2.2 Overview of cargo transportation in the cabon of passenger aircraft

HAECO company propose to carry the baggage on the top of passenger seats.
Simply installed frame-mounted strapping, with no reconfiguration. Similarly to
the seat stowage, sees boxes stored on the cabin floor in the row of passenger seat.
Its solutions can be quickly reversed as changes. All stowage device optimized by

frame and tie-down system both above and below the airline existing seat track.

“Fig. 2.1 - Example of cargo solution on the passenger seat and floor”’[6]
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“The palletized version can hold 1000lbs, the all-in-one seat frame can hold
500lbs, and the seat and floor storage systems can hold 240Ibs. This gives airlines
specific load permissions and the ability to carry heavier cargo. Instead of smaller
packages, carriers can now carry larger items in the cabin. which they would have

loaded in the belly, with the exception of hazardous materials.” [6]

“Fig. 2.2 - Example of cargo on the block of seats.” [6]

The maximum allowed capacity of reconfigured passenger cabin in the Boeing
737-800 is up to 19 000 kg.

Operational aspects of cargo transportation in passenger compartment
according EASA.

Procedures of the cargo transportation in the passenger cabin

“a) A risk assessment shall be performed in order to identify hazards related to
operating cargo flights using cabin configurations which have been approved for
transporting only passengers.

b) Checks shall be made before take-off, before landing and whenever requested
by the captain to ensure that cargo is properly stowed and secured.

c¢) Operators shall establish procedures to manage emergencies in the cabin.

d) Operators shall publish temporary revisions to the OM to include the new type

of operations and the related procedures.” [7]
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Loading for transport of cargo in passenger compartment including on

passenger seats

“a) Exact cargo weight and position in the cabin and in the cargo hold shall be
reflected in the mass and balance documentation (load sheet).

b) The pilot-in-command shall be provided with information on the content of all
the cargo such as through provision of the cargo manifest or other appropriate
documentation.

c¢) The operator shall load the aircraft considering the different levels of available
fire protections of the loading areas (i.e. passenger cabin and lower deck cargo
compartments).

d) For the bulkheads that have a placard indicating maximum capacity, the cargo
items stowed in aft of these bulkheads shall not exceed the maximum capacity
indicated in the placard.

e) The maximum capacity limitations in the required safety placards (on or
adjacent to the cargo approved stowage locations) shall not be exceeded. All
stowage instructions specified in the placards apply.

f) The mass of the cargo shall not exceed the structural loading limits of the
aircraft. Compliance with CS-25.

g) The cargo placed in enclosed stowage areas shall not be of such size that they
prevent latched doors from being closed securely.

h) The cargo items shall be stowed only in a location that is capable of restraining
it.

1) The cargo stowage location shall be such that, in the event of an emergency
evacuation, it will not hinder aisle access and egress.

J) The cargo shall not be placed where it can impede access to emergency

equipment.
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k) The cargo shall be checked to ensure proper stowage in the following instances
(at the minimum):

- Before take-off,

- Before landing,

- Under orders of the Pilot in Command (PIC).

[) The aisle(s) shall remain free of cargo to enable access to the seats and the
goods in case of smoke or fire.

m) Any smoke/ fire within the cabin must be easily detected and effectively fought
using the existing emergency equipment. Thoroughly briefed crew members (not
part of the flight crew) shall be on-board to survey and access all areas of the cabin
during all flight phases. There must be an adequate number of trained crew
members acting as fire-fighter with sufficient amount of firefighting equipment.
This equipment may be stowed in the cabin using existing stowage provisions
(overhead bins, stowage’s) provided that the location is identifiable for the crew.
Specific details must be coordinated with local regulatory authorities.

n) Crew members in the cabin should use existing cabin crew seats and must not
share seat rows with cargo. There must be a clear separation of areas occupied by
cabin occupants and those fitted with cargo during taxi, take-off and landing. At
least one empty seat row between cargo and reserved occupant seats must be
established.

o) ‘Under seat stowage’ is allowed only if the seat is equipped with a restraint bar
system and the cargo items can be placed fully underneath the seat. The loading of
the cargo under each seat should not exceed 9 kg (20 Ibs).

p) The cargo packaging shall be able to equalize the pressure so that it can handle
the Delta Pressure (DP) during the flight, as applicable.

g) All smoke and fire detectors shall be maintained as per Maintenance Manual
Instructions.

r) The Air Conditioning system shall be set taking into account the nature of the

cargo transported in the cabin and the number and distribution of cabin occupants.
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V) If nets are used to restrain cargo items, these nets should be (E)TSO approved
and any load limitations of these nets including their attachment means should be
adhered to. Any deformation of these nets due to the mass of the cargo items
restrained under emergency landing, flight or ground loads should be evaluated for
contact to other objects in the cabin and be shown not to block emergency

evacuation paths nor access to emergency equipment.” [7]

Example for loading cargo on seats :

- Cargo carriage on seat for 3 boxes maximum 22.5kg.

Maximum cargo height is top of seat backrest;

N - Seat should be

|| ] E locked in upright

‘ [ (TTL) position
[

| [ 50 Ibs 50 Ibs. 50 Ibs.

Under seat cargo Under seat cargo Under seat cargo
20 Ibs 20 Ibs 20 Ibs.

Under seat cargo
20 Ibs.

“Fig. 2.3 - Example of cargo on the seats for 3 boxes.” [8]

- Cargo carriage on seat for 1 box maximum 50kg .

Maximum cargo height is top of seat backrest;

Sheet

NAU 20 12 S 00 00 00 39 EN 27

Ch. |Sheet] Document No | Signed | Date




Seat should be . ,

| locked in upright
(TTL) position

110|Ibs.

Under seat cargo
20 Ibs

Under seat cargo
20 Ibs.

Under seat cargo
20 Ibs

Under seat cargo
20 Ibs.

“Fig. 2.4 - Example of cargo on the block of seat.” [

Procedures for loading and unloading

“Sequence for loading:
- First, load the lower forward cargo compartment
- Next, load the main deck from the front to the back

8]

- Last, load the lower centre/aft cargo compartments (lower cargo
compartment aft of the wing)
Sequence for unloading:
- reverse order from loading sequence.” [9]
Minimum required tie down points.
Minimum required tie down points
Cargo 737 &757 Serles passenger deck seat tracks
Weight,
LBS Fwd Aft Side right Side left up
880 8 2 4 4 4
660 6 2 4 4 4
400 - 2 2 2 -1
200 2 2 2 2 4
Table. 2.1 — Minimum required tie down points;
Note: One strap has two tie down points engaged in the tracks.
Sheet
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Examples of fittings

2.3 Re-equipment of passenger cabin:

Fig. 2.6 - Example of a double stud fittings

- _Installation of the passenger seats in following order 2, 4, 6, 8, 10, 12, 14,

16, 18, 20, 22, 24, 26, 28, 30.
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Fig.2.7 Re-layout of passenger cabin

—a

o0 L)

- Loading cargo on seats:

a) Install the cargo carriage on seat for 3 boxes maximum 50 kg.

For it maximum cargo height will be not higher than seat backrest .
b)  Other variant, install interim cargo carriage on seat for 1 box maximum 200
kg.

For it maximum cargo height will be not higher than seat backrest .

c)  Boxes must be fasten by 4 fittings and 2 ropes. Minimum required tie down
points: fwd-2; aft-2; side left-2; side right- 2.

- Element of cargo fastening system:

Fittings - a device with which luggage is attached to the point of attachment,

namely the seat track, for safe transportation.

Ropes — a device for secure attachment around luggage.

Lanyards - a device for creating tension or eliminating the relaxation of tension.

Note: Make sure that all fittings, ropes, lanyards, all load securing will withstand
any load. The weakest element of the system is the ropes. The belt and fitting
determines the holding capacity of the fasteners. We take into account the angle

between the actual direction of the force and the belt. If the angle between the
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actual direction of force and the belt is 0 °, so the maximum holding capacity of

the rope or belt will be applied. And larger this angle, the belt's ability to hold is

more reduced. At an angle of 45 ° between the actual direction of force and the belt

should be done for cargo snapping.

- Maximum holding capacity and minimum required number of ropes and

fittings of the load securing system

Table 2.2 - Maximum holding capacity of load securing system;

Restraint equipment

Holding capacity

Braided multilayer rope

Up to 300 kg

Fittings for light loads (with rings)

Up to 900 kg

Fittings for heavy loads (solid)

Up to 2250 kg

Table 2.3 - Minimum required number of ropes and fittings;

Cargo weight Up Other direction
kg Ropes Fittings Ropes Fittings
Upto199%g |1 2 1 2
200-399 2 2 1 2
400-599 3 2 2 2
600-799 4 4 2 2
800-999 5 4 3 2

Note: table refers for lightweight cargo fittings and for tying loads around from

one fixture to another.

- All fittings and ropes of any type must be approved by the airline;

- Minimum interval for installation fittings, between each other, must be 50 cm;

- Ropes must be attached to the product;
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- To one fitting or mounting device we can attached maximum 3 ropes in the same

directions.

2.4  Calculations of a cargo mounts
Cargo boxes located on the passenger seat with height not more, than top of seat
backrest. Tie-down points located on seat track and for luggage fastening are used

double fittings and ropes.

Fig. 2.7 — Luggage fastening

Reliable fastening should provide against displacement during transportation from
overloads ((forward, backward, sideways)
In case of cargo less than 1000kg, overloads will be:

- Forward n7=9

- Backward nf)=2

- Sideways n=1.5

If the weight fits up to 17 frames, then n)=3

x; = a; =100 vy = hy =102 Zy =by -by, =112
X, = a, =100 v, = h; =102 Zp = by - by =112
x3 = f; =100 y3 = hy =102 Za =b; - by =112
x4 = f, =100 vy = hy =102 Zy =b; -by =112

Calculate the direction cosines for the respective directions for each mooring

element:

Ch.

Sheet] Document No

Signed

Date

NAU 20 12 S 00 00 00 39 EN

Sheet

32




[ =x2+ y2 + 22

[; =181.515 cos x;=0.551
I, =181.515 cos x,=0.551
I3 =181.515 cos x3=0.551
l, =181.515 cos x,=0.551

Determine the stiffness coefficient:

cos y; =0.562
cos y,=0.562
cos y3=0.562
cos y,=0.562

cos z;=0.617
cos z;=0.617
cos z3=0.617
cos z,=0.617

C,1=0.0016 C,y1=0.0017
C,,=0.0016 ¢,,=0.0017
C,2=0.0016 €,3=0.0017
C,.,=0.0016 €,4=0.0017

Determine the coefficients of effort:

=25 g 0 0
,,=0.003 a,,1=0.0031
,,=0.003 t,,,=0.0031
,5=0.003 t,,3=0.0031
a,,=0.003 t,,4=0.0031

_cos?(z;)
l

C,,=0.0021
C,,=0.0021
C,3=0.0021
C,,=0.0021

CZ

a,,=0.0034
a,,=0.0034
a,3=0.0034
a,,=0.0034

Determine inertial forces acting on the load:

Qx=nf;-G

=9 x 200 = 1800

Q,=n - G =2 x 200 = 400

Q.= nﬁ -G

=1.5x 200 =300

If the weight fits up to 17 frames: Q,=n,, - G =3 x 200 = 600
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Determine the forces in any mooring element from the action of external forces:

- From forces Q.. :

Qpttyy _ 1800-0.003 _
le — sz — ng — Sx4 — EC L= 0.0064 - 84375

- From forces Q,, :

_ Qyay; _ 400-0.0031

Syl — Syz — Syg — Sy4 — EC 0.0068 = 18235
; .
- From forces @, :
Q,az; _ 300-0.0034 _
Sz1= Sz2 = S;3= Sz = zczl = ooar - 121.43
S = S, = S5 =S,,= Qzaz _ 6000.0034 _ 24286

47 ¥c, = o0.0084

Compare the destructive forces of the mooring belt with the strength

calculations and determine the safety factor:

Sm =5 +5, +S5, =843.75 + 182.35+ 121.43 = 1147.53

= 2999 _3487>1.5

m

Based on the calculations, the safety factor is more than 1.5, which means that the
load is securely fastened and able to withstand overloads that occur during
transportation.

2.5 Calculations of eyelet of fittings for static strength

Eyelets are critical structural elements. They usually work on repeated loads,
so fatigue life should be checked for the eyes.

1)  Design and calculate a eyelet from D16T for a force Pq = 400 kg, acting
along the axis of symmetry of the eyelet. The diameter of the bolt is d = 20mm.
Manufacturing tolerance equal 0.5mm.
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Set the relation % =24

D=2cm, b=2.4%x2=4.8[cm];
_b_48_ .
R_z- ; = 2.4 [cm];

_b-d_48-2_ )
X=——=—— = 1.4 [cm];

Set the relation z = % =1.4

y =1.4x0.7 = 1.94 ~ 2 [cm];

Eccentricity:
e=y—x=2-14=0.6 [cm];

The thickness of the eyelet is chosen from the conditions of collapse:

§ = P — 400 -03
kl-d-o, 1-2:727
So got the eyelet.
x=1.4 R=2.4
/—

B=4.8

X

=2

Fig. 2.8 — designed eyelet of fittings

2)  Calculation of eyes loaded with force and bending moment.
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The strength of such eyes must be checked for normal and tangential stresses.

Verification of strength under normal stresses.

Maximum normal stresses:

_P M 2
7= + [kg/cm?]
Where a - maximum tensile stress in the eyelet;

Fp=2"x-6=2-14-0.3=0.84
Where Fp - weakened cross-sectional area;
x82  1.4-03°

W = =————=0.02
3 3

Where W - moment of resistance over a weakened section;

P=ky-d -6 0,=1-2-03-730=438[N]

Where P — external force; M - external bending moment.

_ 438 _

Safety margin for normal stresses:

.“p:_

a

Where o, - tensile strength of the material [kg / cm?].

73

0
pp = =1175>1

NAU 20 12 S 00 00 00 39 EN

Ch.

Sheet] Document No | Signed | Date

Sheet

36




Maximum tangential stresses:
rmﬁ%+%?mmmﬁ]

Where t,,, - maximum shear stress [kg / cm?];

c=2=143

X

438 2
Tm 2@4— E: 531 [kg/cmz]

E, - the area over which the slice of the eyelet occurs;

8- ¢ 0.3-1.432
Wy, === 222202

“Where Wm - moment of resistance along the cut planes; P is the external force;

M - external bending moment.

Shear safety factor:

0.9 - g, 0.9 -730 124 1
— — — . :}
Hm T 531

The strength of the eye is provided if the minimum of safety factors is greater
than or equal to 1.
Based on the calculations minimum coefficient is greater than 1 and therefore

the strength of the eye is provided.

2.8 Conclusion to the Special Part

In this part were obtained next results:
- the variant of re-layout of the passenger cabin for cargo transportation are
considered,
- the requirements for luggage fastening and cargo transportation

conditions in the passenger cabin are considered;
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- the strength of the luggage fastening is calculated and the safety factor is
determined m = 3.487 > 1,5, its allows to withstand the load during the
flight;

- developed an earlet of a fitting from D16T on fastening of a weight of up
to 400 Kkg;

- the tensile strength of the earlet of fitting material is calculated np =
1.175> 1, the earlet will not break during tensile stresses;

- the shear safety factor is calculated nm = 1.24 > 1, the earlet will not
break during shear stresses;

- proves that the earlet of fitting can provide safe and reliable fastening of

a load weighting 220kg.
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GENERAL CONCLUSION

During this designing work were analyzed the flight characteristics data of
middle-range narrow-body prototypes B737-800, A320, A319 and were selected
the most effective data for the design aircraft. Was analyzed and selected the
comfortable layout of passenger cabin for 189 seats. There were performed
calculation of the center of gravity of the airplane for five different load schemes
of projected aircraft in the range from 20,09 up to 29,28, that are satisfies the range
for narrow-body aircraft. Selected turbofan engines CFM56-7B20 type for low-
wing aircraft according to the calculated thrust, which provides high cruise speed
and good thrust-to weight ratio. Provides the maximum level of passenger comfort
by using rational layout and convenient service facilities, ergonomic optimization
of common and individual space, modern interior design, insulation blankets,
which provide low noise in the passenger cabin. Were analyzed the possibility of
re-equipment the passenger compartment for cargo transportation, considered all
requirements for the cargo carriage on the passenger seats and according to this
selected an effective layout of passenger seats. There were calculated and

developed reliable and safe system for fastening cargo on a passenger seat.
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HCKXOIHEHE DAHHHNE M EHEPAHHHE I[TAPAMETEH
KOMUUYeCTRO MacCaxmuposR
KONMMYecTBO 4YISHOB DEUMIAXA
KonudecTso SOPTNPOBCOHMKOB WAM CONPOBOXKIACWML
Macca CHapAXSHMA M CUIYVNeDHONO rpy=a
Macca ROMMEPUECKOW Harpyseu

Kpeficepckas CHEOPOCTE TOI&TA

Hucro "MY nojieva npM KpeRceporRol CROPOCTH

PacueTHad BHCOTA HaYana peaJUBSalMy NOJISTOB C Kpedcepcroi
OKOHOMUUYESCKON CROPOCTRIO

JanpHOCTE MOJeTa C MAKCHUMAJLHONW KOMMEPUYECKON HarpysSko#d
OnuHa NeTHOH NONCCH aspolpoMa DasupOoBRaHMA

KonmuuecTBro OBHrarTelneH

ClUeHKa Mo CTATHCOTHRE THNOBOODYXEHHGOTHM B H/RD
CrerneHb MMOBRIISHKA IARJSHMA

IIpuHATaAA CTeleHb OBYXKOHTYPHOCTM IBHIATSIS
OnTuManbHAA CTENeHb IABRVIXKOHTYPHOCTM HBUDATENS
OTHOCUTENRHAA MAaCCa TOMNMBA IO CTATUSTHUKS

YONMHEeHUEe RpPRUIA

CyweHHe KpPHIIAa

CpenHdas OTHOCHUTENbHAS TOMIMHA KPEIA

CrpenoBMAHOCTE KpHNa no 0.25 xopxg

CrerneHh MEeXaHUIUPOBAHHOCTHM KDHEUIA

OTHOCHTENLHAA NAOMAanb NPUKCOPHERRX HATIHEOB
Ipoduae xprnia — CynepypuTUYecKuH
Maits VUTKOMEBA - YCTaHOBJISHE
CrofJsiepsl - YCTAHORJISHE

InameTp PuISITANA

YonuHeHne QOBEITARA

CTpelloBMOIHOCTE DOPMBOHTANILHONC ONSepeHMd
CTpelIOBUOHOC T BEPTUKANLHONS ONSpPeHHUA

PEESVRERTRNTEH: PACYETA
H A Y, A KM KACENPA e HoAT
JHaYeHHe COINTHMANLHONC KooddbMUMeHTA
KpeRCcepCcroro pexmuMa nosaera Cy 0.45315
CX . MHT . 0.00915

3HaueHMEe KOoBIIULHeHTA

COIPEIEIEHWE KO2OOPMITMEHTA Dm = Mrpur - Mrpedc

Yucno Maxa kpelcepcroe Mrpeiic 0.76587
Uncono Maxa BOJMHOBOMO KPHSBMCA ‘Mrpum 0.71517
BHUMCIISHHOS SHaYSHHUES D 0.00820

169.

2

5.
1840.85 mp.

18711.00 gr.

820. kM/u
.7660

0.2200

B.21
3.60
0.120
25.0 rpan.
1.050
0.090

3.91 m.
10.50

30.0 rpan.
~-35.0 nrpan.

NOOBEMHONR CHMIE B pacuyeTHOW TouKe

JHAYeHUA VIASNbHHX HArpysok HR kpewio 8 rIA (Mo nonaHoH naocmanu) :

IpK BRISTES ; 5.274
B cepeiuHe Xpejdcepcroro ydacTra 4.458
B Hauale KpelcepCKoro VHACTKAa 5.082



SHaAUSHUE KOSGPUUMEHTA CONPOTURISHUA QOBLIARa U POHIOON 0.00870
SHadeHue ko30d. NMpodWib. CONPOTURISHWUA RPHIa M ONSpPeHHS 0.00922

3HaueHKHSe KOSOPUUMEHTa COMNPOTHBISHHA CaMONSTa:

B HayaJle KpeHcepcrono pexmuMa 0.02951
B CEepenMHe KpeHCepCronsc pexuMa 0.02822
CpenHee =HadYeHHe CY NpM YCJIOBHOM MOJAEeTE NO MNOTOJKAM 0.45315
CpenHee KpeRCcepCcroe KAYeCTBO CaMoJierTa 16.05745
SHadeHue rondduuueHTa Cy.nocC. 1.665
3uduenue koodduumenra {( npuM cropocTH cBanMpaHua ) Cy.noc.marc. 2.497
3HaueHue koSddUMuMeHTa { NpM CROPOCTM CBanMBaHuaA ) Cy.msn.makc. 2.060.
3HaveHue xosdduimenta Cy.oTp. 1.504
TAMOROOPYXRSHHOCTE B Hadalle KpedcepCronro pexuMa DL.572
CrapTosas TAMOBOOPYREHHOCTh MO VCIAOBMSAM Kpeic. pexmma RO.Kp. 2.318
CrapToBas TArOROOPYX. MO YCNOBMAM BesonacHoro ssjaera Ro.esul. 2915
PacyeTHAada TANOBOODPYMEHHOCTh camoneTa Ro  3.032
OTHOWEHUE Dr = Ro.rp / Ro.ea=x Dr g.785
VIOEJIBHHE PACXOIH TOIIMBA ( B Kr/rkH*q )3
. BSESTHRA 0 0 — — - —36+25kk
Kpencepcrui (xapaxmepucmuna nnuramena) 57.809%
CpeOHu# xpedcepCrMil NpM SalaHHOA HAJALHOCTH nosnera 61.8878
OTHOCUTEIILHHE MACCE TOILIMBA:
ABPOHABHN AUNGHHBENA Banac 0.03469
pacxogyeMada Macca TOIJIMBA 0.26135
SHAUEHMA OTHOCHTEIBHEX MACC OCHOBHRIKX I'PVILI:
o P g 0,08911
MOPUBOHTANBHONO ONEepPEeHUA 0.00970
BEPTURAILHOTC ONepeHus 0.00958
WaccH 0.03842
CUIIOBOM VCTAHOBKH 0.05366
dozenaxa 0.08848
OBOPYROBAHUA ¥ YNpPAaBASHUA U.13238
OOMONHUTENBHOND OCHANMEHUHA 0.005098
CIAyReGHON HarpysSkH 0.02139
TOnMAMBRA npu . Lpacu. 0.29603
KOMMEpYECKOR HArpyB=KHU 0.20616
BznerHas Macca camonera "M.o" = (90759, KP:)
IorpeBHaa BRAETHAA TAra oaHoro asurartens 137, H
OTHOCUTENbHAA MAaCcCa BHCOTHONO ODOPYHROBAHMA M
IPOTUBOOOIIS IEHM TEIbHOA CHCTEME CamMolieTa 0.0228
OTHOCUTENLHAA Macca Naccaxupcroro oBopynoBaHUA
(MM oBOPYHOBAHMA KaOMH PpYyBOBONO CaMoaeTa) 4.0168
OTHOCUTENBHAA MACCa OeKOPATHRHOW ofmuBku ¥ T3U 90011
OTHOCHTESBHAA Macca OHTOBONC (MaM rpy=cporo) obopynoBaHMA 0.0140
OTHOCUTENBHAR MacCa yhpabBleHUA ’ 0.0060
OTHOCUTENBEHAA Macca IMOPOCHCTEM 0.0168



OTHOCHTENbHAA MACCA BIIeKR TPoOBOpPYROBAHKS 0.031%

OTHOCHTENRHAA Macca JOKAUMOHHOIO OfOPYAOEaHUA 0.0031
OTHOCHTENBHAA MACCA HABMIALMOHHOIG OBCPYHOBAHUS 0.0046
OTHOCHTENBHAR MAcCa PAafgUOCBAZHONO OBOPYAOBAHKA 0.0023
OTHOCHTENbHAA Macca NPUBOPHOPO OBOPYAORAHHA 0.0053
OTHOCHTENEHAA MAcca TOIUVIMBHOM CHCTEMH (BXOOMT B MaCCy i % 0.0088
JONONHUTENLEHOS CCHALSHHEe & :
OTHOCUTENbHAA MACCa KOHTEHHEPHOPC OBOpYNOBAaHUA - 0.0000
OTHOCHTENBHAA MAacCa HeTUNMYHOrO OBOPYIOBAHKA 0.0051

[acmpoeﬂﬂue CHCTeMbl OMACHOCTHRM M KOHTPOJA {iapaMeTpos,
AOMOMHUTENbHOS OCHAWEeHMe CANOHOB M np.]

XAPAKTEPMCTUMKY BSIETHOM TWCTAHIM

CROPOCTE OTpHEA CaMoaeTa | 269,56 xM/u
YCKopeHue npu pasbere : 2.34 M/c*e
Inuea pasBera camonera 1194. M.
IvcranuMA Hadopa $eB0NacHOH BHCOTH 578. M.
BaneTHas OMCTaHUMA 1112, R,

XAPAKTEPMCTHKY B3NETHOK TUCTAHIIOM
TIPONOITEEHHOIC BRIIETA : .
CROpOCTE NPHHATHA DEUSHUA 256.08 wm/u
Cpennee ycropeHse NMpu NPONOKSHHOM BBJeTe Ha MOKpo# BIM  0.28 m/c*c
fuuHa pasfera npu NpOROIXSHHOM BSJeTe Ha Mokpodt BINI 2044.65 m.

BaneTHad NMCTAHUMA NPORCIKEHHOTO BSAeTa 2623.03 m.
TorpefiHad OAMHA JeTHOR NONOCH 10 YCIOBKAM
NPEpBaHHOrO B3JeTd : 2411 .31 &,

KAPAKTEPMCTUKY IIOCAJOUHON IUCTAHIIM

MakcuManbHad MOCANOUHAA MACCAa CaMoNera 11176, KD,
BpeMsA CHIREHMA ¢ BHCOTH BIEJOHA OO BHCOTH MOJETa Mo xpynry 21.5 muH.
IuMCTaHIMA CHMXSHUA : 48.87 kM.
CrROpOCTE Baxoga Ha NOCAOKRY , 243.97 xm/y.
CpenHAA BEePTUKaNbHAA CHROPOCTE CHUXSHMA 1,98 m/c
IucTaHuMa BOSOVEHONC YYACTKA ‘ 515, M.
locanoyHa’ CROPOCTh 228.97 wwm/u.
fnuna npofera 18, W
TocagodHas OUCTAHUKMA 1229. - M,
HorpefiHasd MMvHA JeTHOW nosock (BIM + KIOB) gad

OCHOBHOPO aspoapoMa : 2083 m,
[oTpefHan AAMHA JETHOH MONOCH HNA BanaCHONO aBpoNpoMa 1145, M.

TIOKASATEIY 3OPEKTUBHOCTH CAMONETA
OTHOWEHUE MAcCH CHAapPAREHHOPO CamolerTa K

Macce KOMMepYeCKOH HArpysKu 2.3900

Macca nycTorc CHapAXEHHOrO C-7a NPMXON. Ha 1 naccaxupa 236.61 kr/nac.
OTHOCMTENbHAA NPOMBBOOMTENLHOCTE MO MONHOM HAarpyske 411.80 rM/uy
IIpoMSBOAMTENBHOCTL C-Ta NpPU MAKC. KOMMepd. Harpyske 14697.4 kr*rm/u
Cpenuuii 4acoBOW PAcXom TONIAMBA 3327.069 xr/y
CpemnHui KUNOMETDPOBHM PACXON TOMIMBA 4,24 gr/xM
CpenHWi pacxol TOMIMBA HA TOHHORMIIOMETD 226.372 v/ {n*KM)
CpemHuil pacxom TONNIMBa Ha NacCaXUPOKMIIOMETD 19.7742 r/ (nac.*xkm)

OpueHTHPOBOYHAA OUEHKA NMpHBEeNeH. 3aTpaT Ha TOHHOKMaoMemp 0.3803 5/ (rrkm)
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Format| Ne Designation Name Quantity] Notes
General documents
A4 1 NAU 2012 S TP Task of work 1
Middle-range passenger aircraft 2
a1 |2 NAU 20 12 S 00 00 00 39 General View
GV
Al |3 NAU 20 12 S 00 00 00 39 Aircraft layout
AL
A4 | 3 INAU 2012 S 0000 00 81 ENJ Explanatory note 37
Special part documentation
Al |aINau2012s25220081cH — C@r90 Fastening System 1

Construction
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Appendix C

I POEKT
CAMOJIETA C TPJII
HAY, kapempa K JI A
[IPOEKT OUIIJIOMHBIN PacueT BHIIOJIHEH 04.03.2020

UcnonHuTens HoeOHA AHacTacusa BukToporBHa PykoromuTesb Macijaxk T.II.

VCXOIHHE IHAHHEE J BHEPAHHHE I[TAPAMETPH

KonmmuecTBO mnaccaxmpos 460.
KonmmuecTBO UJIEHOB 3KMIIaXa 2.
KommuecTBO OOPTHPOBOOHUKOB MJIM CONPOBOXIAW0IMX 12.

Macca CHapsaXeHUS U CJIyXeDHOT'O Tpy3a 6335.65 k1.
Macca kKOMMEPUeCKOM HaTpPy3KU 48617.80 xr.
Kpericepckas CKOPOCTH IoJjleTa 905. &M/u
Upcsio "M" nosieTa OpM KPEMCEPCKOM CKOPOCTU 0.8510

PacueTHas BBICOTA Hadajla peajiM3aluM IIOJIETOB C KPeMCepCKOM

SKOHOMMUUECKOM CKOPOCTHIO 13.10 M
JalpHOCTH [OJIeTa C MaKCMMAaJIbBHOM KOMMEPUECKOM HaTpy3KOM 11000. M.
[rHa JIEeTHOM IIOJIOCH aspolpoMa OasupoBaHUS 3.30 M.
KommuecTBO IBUTaTeEJeN 2.
OLeHKa IO CTATHUCTUKE TATOBOOPYXKEHHOCTM B H/KD 2.3400
CTerneHb MOBHIIEHMS IaBJIEHUS 34.00
[IpuHATas CTENeHb IOBYXKOHTYPHOCTM IOBUI'ATEJIS 3.50
OnTmMasibHasgs CTEeleHb IBYXKOHTYPHOCTM OBMI'@TEJIS 3.50
OTHOCHUTEJIbHAsA Macca TOIJIMBA [0 CTATUCTUKE 0.4500

YOnuHeHMe KpbUla 8.70
CyXeHmue Kpbula 3.30
CpenHsas OTHOCHTEJIbHAS TOJIIMHA KpbUIa 0.110
CrpenoBunHOCTh kpeuia o 0.25 xopn 35.0 rpanm.
CreneHb MEeXaHMBMPOBAHHOCTM KpPBUIA 0.800
OTHOCUTEJNIbHASA IIJIOWAalb NPUKOPHEBHX HAIJIEIBOB 0.000
Ipodune kpeia — CyHepKpUTUUECKUMN

Marter YUTKOMBA - He NOPUMEHSITCSH

CromJiepel — yCTaHOBJIEHEL

InameTtp Ooo3enaxa 6.20 M.
YonruHeHre Oo3esaxa 11.90
CTpeJIOBMIHOCTE TOPMBOHTAJBHOTO OIEepPeHUd 35.0 rpan.

CTpeJIOBMIHOCTE BEPTMKAJBHOTO OIEpPEeHUHd 40.0 rpan.



PE3VYJIJbBTATH PACUYETA

HAY, KAGEIIPA "K JI A"
3HaueHre ONTMMAaJIbHOTO KO3bduiimeHTa MNOOBEMHOM CUJIBI B PACUETHOM TOUKE
KpPEeMCepCKOTO pexyMma [oJjieTa Cy 0.50390
BHaueHMe ko3dbuLIMeHTa Cx.uHI. 0.00886

OINPENEJIEHVE KOS0OUMUVMEHTA DM = MxpuT - Mxpelc

Upcyio Maxa kpelcepckoe Mxperic 0.85104
Uyciio Maxa BOJIHOBOT'O KpHU3MCa MxpuT 0.85693
BLIUMCJIEHHOE 3HaueHUue DM 0.00589

3HadyeHusd YHOEJIBHEIX Harpys3O0OK Ha KPBJIO B KHA(HO MOJIHOM Ijiomanonm

Ipy B3JIeTe 5.298
B CepelMHe KpPeMCepCKOT'Oo ydacTka 4.179
B HauajJle KpeMCepCKOoI'o ydacTKa 5.078

BHaueHMe KOBQOULMEHTa CONPOTUBJIIEHUA OQio3eJiaXxa M T'OHOOJI
BHaueHMre kO030d. Npodmiib. CONPOTUBIIEHMA KpbBUJIA M OIEpPEeHUS
BHaueHMe KOBQOULMEHTa CONPOTUBIIEHMA CcaMoJieTa:
B HauaJle KpPeMCepCKOI'o pexuMma 0.
B CepelMHe KPEeMCEePCKOTO pexXuma 0.
CpenHee 3HaueHMe Cy NpM yYyCJIOBHOM IIOJIETE IO IIOTOJIKAM 0.
CpenHee Kpelcepckoe KadueCTBO caMoJieTa 20.
3HaueHre ko3d@duimeHTa Cy.IocC.
BHaueHMe kosbdmuMeHTa ( OpPM CKOPOCTM cBanmBaHusa ) Cy.Noc.MakcC.
BHaueHMe Ko3bomMuMeHTa ( OpM CKOpPOCTM cBanmBaHusa ) Cy.B3J.MakKC.
BHaueHMe kosddmuumeHta Cy.oTp.
TATOBOOPYXEHHOCTb B Hauajle KPEeMCepCKOIO pexuMma
CrapToBasd TATOBOOPYXEHHOCTHL IO YCJIOBMAM KpPEMC. pexuMa Ro.Kp.
CrapToBad TATOBOOPYX. IIO yCJOBMAM Oe30IacHOI'O B3JjleTa RoO.B3II.

PacueTHas TATOBOOPYXEHHOCTH CaMoJjieTa Ro 3.100

OrHOWeHMrE Dr = Ro.xp / Ro.B3xn Dr 0.797

) e

0.006
0.008

02701
02511
50390

07011

NN O R

80
88

.259
.889
.612
177
.441
.352
.953



B3JI€ THEI

KpeMc

epCKuUM

YIEJIBHHE PACXOIH TOIUIMBA ( B xI'/xH*u ):

(xapakTepuCTUKa OBUT'ATeJIS)

CpelHUM KPEeMCepCKUM INpM 3aZaHHOM HOaJIbHOCTM IoJjieTa

OTHOCUTEJIBHHE MACCH TOIJIMBA:

a®POHABUTALIMOHHEI 3arac 0.02964

pacxomyemas Macca TOIJIMBa 0.36506

SHAUEHVA OTHOCUTEJIBHEIX MACC OCHOBHEX TI'PYIIII:

KpPBLIa 0.11261
TOPU30HTAJILHOTO OllepeHUs 0.01053
BEPTUKAJILHOTO OllepeHus 0.01043
maccu 0.03305
CUJIOBOM YCTaHOBKU 0.09259
brozenaxa 0.07888
oBOpPYynOBaHUSA U yNpaBJIeHUS 0.09598
IOOIIOJIHUTEJILHOT'O OCHAalleHWU s 0.00749
CITyXeBOHOM HaTpPy3KU 0.01887
TOnNIMBa IpM Lpacu. 0.39470
KOMMEPUECKOV HaTPy3KMU 0.14483
B3nerHas Macca camojera "M.o" = 335686. kI.

[loTpebHas B3JIeTHAs TAT'a oOnHOTO nBuraress 520.34 kH

OTHOCHUTEJIbHas Macca BEICOTHOTO O@OpyﬂOBaHMH "

OPOTUBOOOJIENEHUTEJIBHOM CHUCTEMB CaMoJieTa

OTHOCKTEJsIbHAS MaccCa [IacCaxyrMpCKOTro O000pPyHOBaHMUS

(nmm obopynoBaHMS KabMH I'Py30BOT'O CaMoOJieTa)

OTHOCUTEJIbHAA
OTHOCUTEJIbHAA
OTHOCUTEJIbHAA

OTHOCUTEJIbHAA

OTHOCHUTEJNIbHAada
OTHOCHUTEJNIbHAada
OTHOCHUTEJIbHAada
OTHOCHUTEJNIbHAada
OTHOCHUTEJNIbHasa

OTHOCUTEJIbHAA

Macca

Macca

Macca

Macca

Macca

Macca

Macca

Macca

Macca

Macca

OEeKOPaTMBHOM OoOmmMBKM 1 T3U
OBEITOBOTO (MJIM I'Py30BOI0O) OOOPYHOBAHUSI
YIIpPaBJIEHUS

TUOPOCUCTEM

BJIEKTPOODBOPYyNOBAHMSA
JIOKALUVOHHOTO OOOpPYyNOBaHUA
HaBUT'allMOHHOT'O O60pyHOBaHMH
PaInoOCBA3HOTO ODOPYHOOBaHUA
NpruOOPHOTO ODOPYyHOBAaHMUA

TOIJIMBHOM CHUCTEMBl (BXomomuT B Maccy "CY¥")

HONMOJIHUTEJIbHOE OCHAlleHMEe :

OTHOCHUTEJIbHasA MaccCa KOHTEMHEPHOTO OOOpyHNOoBaHMUA

40.0184
60.9254
66.1026

o O o o o

o O O o o O

.0184

.0108
.0055
.0154
.0037
.0119

.0203
.0017
.0026
.0013
.0030
.0135

.0054



OTHOCHUTENIbHasa MacCa HEeTUIMUHOTO O60pyHOBaHMH

[BCTpoeHHHe CrUCTEMBl OVMAarl'HOCTUMKM VM KOHTPOJIA IIapaMeTpoB,

JOOIIOJIHMTEJIbBHOE OCHalleHMe CaJIOHOB U’ np.]

XAPAKTEPUCTUKY B3JIETHOM IUCTAHLIVNA

0.0021

.43 xM/u
.52 M/c*c
M.
M.

M.

.16 xM/u
.45 M/c*c
.28 M.
.66 M.

.77 M.

CKOpPOCTL OTpHIBaA CaMmoJieTa 305
YckopeHue npm pasbere 2
InrHa pasbera camojeTa 1422.
IOucranuusa Habopa 0e30MacHOM BBICOTH 578.
BajieTHas OMCTaHLUA 2001.
XAPAKTEPUCTHMKM B3JIETHOW IUCTAHINMU
IIPOIOOJIXEHHOT'O B3JIETA
CKOPOCTE MNPUHATUA pPeleHMI 290
CpenHee yCKOPEHME IIPU MNPOINOJIKEHHOM B3JlIeTe Ha MOKpol BIIII 0
Inuua pas3bera npu NPOIOJIKEHHOM BaJleTe Ha Mokpoi BIIII 2053
BayleTHas IMCTaHUMA NPOIOJIKEHHOTO B3JleTa 2631
[loTpebHasa OJMHA JIETHOM IIOJIOCH IO YCJIOBUAM
IPEePBaHHOTO B3JeTa 2725
XAPAKTEPUCTVKN TIOCAIIOUYHOM OVICTAHLNNA
MaxkcuMasibHasa [ocamoyHas Macca camoJieTa 23

BpeMH CHMXEHMA C BBICOTEI SIEJIOHA IO BEICOTH IIOJIETA 10 KPYyITY

IucTaHUMSa CHUXEHUS

CxkopoCTh 3axola Ha [nocanky

CpenHsada

BEepPTMKaJIbHAAd CKOPOCTB CHMXEHNMA

OvicTaHUMa BOSOYMHOTO ydacCTKa

[locamouHas CKOPOCTb

InuHa npobera

I[locanmouHad OucCcTaHUMA

[lorTpebHas namHa JeTHOM nojocel (BIII + KIIB) nns

OCHOBHOTI'O asponpoma

[loTpefHas OJMHA JIETHOM IOJIOCH IJIs 3aMNacCHOTO asponpoMa

[IOKASATEJIM 3SOPEKTVBHOCTNU CAMOJIETA

OTHOWEHME MaCCH CHapAXeHHOT'O CcaMoJieTa K

Macce KOMMEPUECKONM HAaTIPy3KU

Macca myCcToro CHapAaXeHHOTO C-Ta NIPUXOn.

OTHOCHUTEJIbHAada IIPOM3BOOUTEJIBHOCTE IIO IOJIHOM Harpyske

HpOMBBOHMTeﬂbHOCTb C—Ta IpM MaKC. KOMMEpPU.

CpenHum
CpenHum
CpenHum

CpenHum

YaCOBOM pacxol TOIJMBa
KMHOMeTpOBHﬁ pracxon ToIJMBa
Pacxon TOIUIMBA Ha TOHHOKMUIIOMETP

pacxon TOoIlJiMBa Ha I[MaCCaXMpPOKMIIOMETP

3.

Ha 1 naccaxwupa 337.

488.
42939.
9839.
11.
229.
21.7958

0007. KT.
24.3 MuH.
60.99 xwM.
262.82 xMm/4.
2.10 Mm/c
522. M.
247.82 xm/u.
857. M.
1379. M.

2303.
1958.

S

1274

14 xr/mac.
28 xM/u

3 kr*xMm/u
361 xr/u

14 xr/xMm
146 v/ (T*xM)

v/ (rnac.*xwm)

OpMEeHTUPOBOUHASA OlleHKa MNpMBEIeH. 3aTpaT Ha ToHHOKmioMmeTp0.4368 $/ (T*xM)
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