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PE®EPAT

JurimomHa poOoTa «ABAHNPOEKT OJIMKHBOMATICTPAJIBLHOIO JiTAKA
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HaBaHTA>KEHb.

IIpakTuyHa  wiHHICTL  POOOTH:  BHU3HAYAETHCA  PO3LIMPEHHSAM  JIHIWKHU
OMM>KHBOMAriCTpaJIbHUX JIITaKiB MiABHUILEHOI BaHTakomiaioMHocTi. Pesynbsrat pobotu
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CIeliaJIbHOCTEMN.
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ABSTRACT

Bachelor thesis «Preliminary design of a cargo regional jet with a payload

capacity of 16 tons»
sheets, figures, tables, referencesand drawings

Object of study — design is a short-range aircraft with 16 tons of payload.

Subject of study — the conceptual design of the flaps.

Aim of bachelor thesis — preliminary design of a short-range cargo aircraft,
according to the prototypes, the layout of the cargo compartment, and the conceptual
design of the flaps.

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, strength analysis of
the structure elements of the wing flaps.

Novelty of the results — practical implementation is determined by the expansion of
the line of short-range cargo aircraft, conceptual design of the flaps structure.

Practical value — the results of the work can be implemented in the aviation

industry and in the educational process of aviation specialties.

PRELIMINARY DESIGN, CARGO CABIN LAYOUT, CENTER OF
GRAVITY POSITION, HIGH LIFT DEVICES, FLAPS
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INTRODUCTION

A transport cargo aircraft is an aircraft designed to carry cargo of various
types, dimensions and purposes. The major feature of a cargo aircraft is the
availability of a massive cargo compartment, special cargo doors and hatches, a
hardened floor, and cargo equipment that allows cargo to be loaded on the aircraft.
Nowadays, delivering certain types of cargo via cargo aircraft is by far the fastest
way to transport it. When it comes to delivery speed, cargo planes are many times
faster than trains and trucks. It is necessary to design a type of cargo aircraft that will
have a high level of reliability and flight regularity, which will be in high demand in
the global market.

One of the major tasks of aircraft design at the preliminary stage is to consider
all modern general requirements, like flight safety; low fuel consumption; low noise
level; low exhaust emissions; and reliability of operation. There is also a list of
specific requirements for cargo aircraft: maximum payload, ease of loading and
unloading, rational cargo cabin area, possibility of takeoff and landing on different
runways, use of aircraft in different weather situations, ease of maintenance, the
most advantageous ratio between price and effectiveness.

The aim of the thesis is to make a preliminary design of a short-haul cargo
aircraft with a maximum payload of 16 tons. The aircraft to be designed is also based
on these requirements in order to meet the requirements for a cargo aircraft. The
basic prototypes for the projected aircraft are An-148, An-178, CRJ-900. The main
flight and technical characteristics of the aircraft are cruising speed of 800 km/h,
range of 1300 km, operating altitude of 11 km.
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1. PRELIMINARY DESIGN OF A SHORT RANGE CARGO AIRCRAFT

1.1 The analysis of prototypes and choice of design parameters

The aim of the thesis is to complete a preliminary design, following by the

initial data of prototypes and market demands. The first stage of the work is the

choice of data from the analysis of the prototypes shown in table 1.1. The prototypes
for the aircraft to be designed are short-haul aircraft: An-148-100A, An-178 and

CRJ-900. In accordance with the thesis task, the designed aircraft must be a short-

haul, transport cargo aircraft with a cargo capacity of up to 16 tons.

Flight performance, statistics and geometric parameters of prototypes are

givenin tables 1.1 and 1.2.

Table 1.1 - Performance and technical data of the prototypes

Aircraft

Parameter AN 148-100A | CRJ-900 AN-178
Crew/flight attend. persons 2/2 2/2 2/2
Maximum payload, kg 9000 10319 18000
Cruise speed, km/h 820 848 830
Flight altitude, m 11000 12500 12200
Maximum range, km 1920 2955 5500
Thrust to weight ratio, N/kg 3,25 3,19 3,66
Take-off distance, m 1580 1779 2500
Landing distance, m 1600 1596 2300
Take-off weight, kg 38550 36514 51000
Type of engine 2TPII/] 2TPIJ1 2TPIJ1
Take of thrust kN, xVt 62,7 58,4 77,8
Pressure ratio 21 23,09 21
Bypass ratio 4.8 5,13 5,6
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Table 1.2 - Main geometrical parameters of prototypes

Aircraft
Parameter AN 148-100A |  CRJ-900 AN-178
Fuselage shape Circular Circular Circular
Fuselage diameter 3,35 2,69 3,55
Finenness ratio of fuselage 7,82 11,8 8,38
Sweep back angle 1/4 chord 25 24 25
Wing aspect ratio 9,5 9 10

The following design step is the first estimation of weight, optimisation of
wing loading and selection of engines. Having completed the first iteration, it is
possible to start preliminary design of the wing, fuselage, tail and landing gear
layout, determine the required wing area to support the payload, tail area to ensure
aircraft stability, and calculate the position of the aircraft's centre of gravity.

Based on the prototype configuration, the presented aircraft is a high-plane
with a T-shaped tail section, two turbojet engines mounted on pylons under the
wings, and tricycle landing gear retractable into the fuselage. Such a design ensures
high efficiency of lift devices; easy trim of the aircraft in flight; tail section location,
reduces destabilizing moment; areas of vertical and horizontal stabilizers are
reduced. Initial data of the designed aircraft are given in Appendix A, obtained by a

special computer program at the Department of Aircraft Design

1.2. Aircraft geometry calculation

1.2.1. Wing geometry

The geometrical characteristics of the wing are determined based on the take-
off weight my and specific load on the wing P,. These data were received by the
computer program, special designed at the aircraft design department.

First, the wing area can be estimated:

moxg 53122 - 9.8
P, 4223

S, = = 87.32m2.




Taking the aspect ratio and wing area, a wing span is calculated:

1= S, 2,=28,92m,

where A, — aspect ratio of the wing.

Root chord of the wing can be calculated by the following formula:

25, X1y,
T (1+1n,) X1

bo = 4,84m,

where 1 — taper ratio.
Tip chord:

bg
b, =— =1,19m
Mw

The relative position of the spars along the chord of a wing with two spars are
X:1=0,2; X.=0,6.

The position of the spars in the root of a wing:

X, = X; Xby =02 x4,84=0968m
X,= X, Xby =06 xX4777 = 2,904 m.

The position of the spars in the tip of a wing:

X1:X_
X2=X_

X be = 0,2 X 1,19 = 0,238 m
X b =06 x1,18=0,714m

=

N

The mean aerodynamic chord of the wing (MAC) is determined by the
geometrical method (Fig. 1.1.).




3383

Bmac
Broot

1190

Btip

14460

Fig. 1.1 - Mean aerodynamic chord of the wing

The received value of mean aerodynamic chord is bmac = 3,341 m.

The thickness of airfoil is also taken from the experience of the companies,
which develop the wing for the prototypes, ¢i=0.118.

As a result, the airfoil thickness in the root and in the tip parts is:

Croot = Croot X bo =0,118x4,84 =0,571 m.

Ctip :Etip xbo = 0,118><1,19 = 0,14 m.

Double slotted flaps, spoilers and ailerons without aerodynamic balance are
used as extendable devices on the wing.

The principal task of high-lift devices is to provide extra lift during takeoff
and landing. The area of the slats can be calculated by the next equations:

Sstat = 0,1 X Swing

Saa: = 0,1 X 87,42 = 8,742m

The area of the flaps can be determined by the next formula:




Stiaps = 0,17 X Sying
Stiaps = 0,17 X 87,42 = 14,86m

The trailing edge of the wing tip is filled with ailerons.

The aileron’s span is:
L, 28,92
lait = 0,375 X —- = 0,375 X —— = 5,72m;

The aileron area is:

)

2

Sw
Sait = 0,065 X =~ = 0,065 = 2,83m?

The range of the aileron deflection is equal to upward deflection 8,; >20° and

downwards 84 > 10°.

1.2.2 Fuselage layout

Choosing the shape and dimensions of the fuselage cross-section, it is
necessary to proceed from the requirements of aerodynamics. For transport aircraft,
the speed of which is less than the speed of sound (V <800 km/h), the shock wave
drag has almost no effect. Therefore, the shape should be selected to provide the
lowest values of the corresponding friction resistance Cy and form drag Cy, are
ensured.

For transonic aircraft, the nose part of the fuselage should be found:
Lng=(2...3)fo,

where Dy - fuselage diameter.




In addition to the requirements of aerodynamics during the choosing of a
cross-section of the fuselage, it is necessary to take into account the layout conditions
(especially for cargo aircraft) and strength requirements.

To provide the minimum weight, the most appropriate shape for the cross-
section of the fuselage must be recognized as a circular cross-section. In this case,
the thickness of the fuselage skin will be minimum.

The geometric parameters of the fuselage include:

- the diameter of the fuselage Dr;

- the length of the fuselage L+

- fuselage fineness ratio:

f

- fineness ratio of the nose of the fuselage:

lns .

A= =
ns Df

- fineness ratio of the tail part of the fuselage:

_lw
tp Df

where Ins and Iy, - respectively, the lengthes of the nose section and tail part
of the fuselage.

The length of the fuselage is determined by the aircraft layout, features layout
and centering, as well as the landing angle of attack oan,

Determine the following fuselage parameters:
lr = ;foDf=8><3,35=26,8m;

lns = 4 % Dy =3,1x3,35=103m;




lep = Aep X Df =2,1x%3,35=7,035m;

It is also necessary to make the minimum mid-section of the fuselage. For
cargo aircraft, the mid-section of the fuselage is determined by the dimensions of

the cargo cabin.

1.2.3 Crew cabin

The length of the cockpit depends on the number and relative position of the
crew's workplaces. The average cockpit length is 2300 ... 3300 mm. The cockpit is
separated from other areas of the fuselage by the wall, equipped with a door with a
lock.

When designing the cockpit, it should be noticed that pilot must be able to
clearly see that part of the runways that allows him to control the flight path and
prevent any collisions of any part of the aircraft with other aircraft or obstacles. In
practice, this is ensured by the minimum angles of view during cruise flight, takeoff
run, run and taxiing.

For designing aircraft, the forward view during cruise flight from the pilot's
estimated eye position should be 17° down and 20" up. Therefore, to ensure the
correct inspection, areas are determined in which objects should be absent, for
example, the cockpit canopy racks, which limit the field of view, as well as areas in
which the size of these items should be limited. For the same purpose, the windows

of the cockpit canopy are made in a special form.

1.2.4 Landing gear design

The retractable tricycle landing gear is selected. This is the most frequently
used landing gear type for modern aircraft. During takeoff, the wheels take all the
weight of the airplane, and it also has better lateral stability on the ground.

At the initial design stage, when center of gravity has not been performed and
there are no general arrangement drawings of the aircraft, only a part of the landing

gear geometrical parameters can be determined.




The distance from the centre of gravity to the main landing gear strut:

e =0,2673 X by e = 0,2673 % 3,38 = 0,903m.

The landing gear base is found by the expression:

B =0,4526 x L = 0,4526 X 26,8 = 12,129m.

The nose landing gear can carry 6-10% of the aircraft's total weight, so the

nose landing can be estimated by the following formula:

dng =B-e= 11,226 m.

Wheel track is one of the main paremeters of the designing aircraft, it is

calculated using the formula:

T =0,6072x B =0,6072 x 12,129 = 7,36m

The tires of the wheels of the landing gear are selected from take-off weight
of the aircraft, the length of the runways needed for take off and landing, take off
spped and landing speed. For the selecting of the nose landing gear tires, dynamic
loads are taken into account also. The type of tires and the pressure in them are
determined by the surface of the runway for which the aircraft is intended to operate.
Brake wheels are installed on the main wheels, and shimmy depher is on the nose
landing gear support. Wheel loads are determined:

For the main landing gear wheels load is equal:

_ (981x (B—e)xmg) (9,81 x (12,129 — 0,903) X 53122)
MLG = BXnXz B (12,129 x 2 X 2)

= 219240,5N




For the nose landing gear the wheel load is equal:

(9,81 xexky;xmy) (9,81x0,903x1,8x53122)

= 71924,008N
Bxz (12,129 x 2)

NLG =

Ky4=1,5...2,0 - dynamic load factor.
The dimensions of tires for designing aircraft are shown in the table 1.3.

Table 1.3 - Tires characteristcs

Main gear Nose gear
Tire size Ply rating Tire size Ply rating
1244x431 32 990x330 16

The airplane tires can withstand high pressure, near 13 bar (200 psi, 13 atm).
1.2.5 Tail unit parameters

One of the most important tasks of the aerodynamic layout is the choice of the
location of the horizontal tail. To provide the longitudinal static stability of the
aircraft in terms of overload, its centre of mass must be in front of the focus of the
aircraft and the distance between these points, referred to the value of the mean
aerodynamic chord (MAC) of the wing, and determines the moment of longitudinal

stability:

mfy :YT —YF <0

where m® - moment coefficient, X; and X respectively, the relative
coordinate of the centre of gravity and focus. If m® = 0, then the aircraft has neutral

longitudinal static stability.

Based on the analysis of statistical data of prototype aircrafts, we have:




Sury = AR 5 Ayygyy = 27T % 0,55 = 18,87m?,
Ly X S,y 28,92 x 87,32 ,
Syry = 25 X Aypy = g% 0,09 = 18,87m

where Lyru, Lyru —horizontal and vertical tail;

| and S — span and wing area;

Awru, Avtu — coefficients of static moments.

Values Lytu, Lvru depend on a number of factors. First of all, their value is
influenced by the length of the nose and tail parts of the fuselage; sweep angle and
wing location, as well as conditions to provide stability and controllability of the
aircraft. At the first iteration, we can assume that Lty = Lyru.

The elevator area is usually taken:

Sel = 0,2765 X SHTu = 5,21 m2.

The rudder area is usually taken:

Srug = 0,2337 x Syry= 4,94 m?,

Determination of the span of the horizontal tail.

The wing span and span of tail unit are connected by statistic data

Ly = (0,32...0,5)x1,, =0,323x28,95 = 9.3 m.

Vertical tail height hyry is determined by the placement of the wings due to
the fuselage. Taper ratio of the horizontal and vertical tail should be selected from
the range: nuru = 2...3 and nyry = 1...1,33. Based on the analysis of statistical

data of prototype aircrafts we take 7.ty = 2,51 and vty = 1,367.




The apect ratio for subsonic aircrafts: Ayry=0,8...1,5 and Ayru=3,5...4,5.
Based on the analysis of statistical data of prototype aircrafts we take Ayry= 0,95
and Autu = 4,5. Determination of the by, broot performs according to the formulas:

For horizontal tail unit:
bty B 2,89
HTU 2,51

2 X Syry X Nyry _ 2Xx1887x2,51

=1,15m

broot =

b, = = = 2,89
T W Ny X lurg (L + 2,51) X 9,32 m
For vertical tail unit:
bip 5,32
Droor = = = 3,89m
roo sy 1,367
2 X Syry X Mypy 2% 21,15% 1,367 5 32m

beip = A7 Nyroy X by (L+1,367) X459

Relative airfoil thickness: for horizontal or vertical tail as a first

approximation C. ~0,8-C.. If we attach a horizontal stabilizer to the fin, we assume

C.= (0,08...0,1). For the designing aircraft we take C.=0,1.
The sweep back angle of the tail is taken by 3...5° more than the wing sweep.

This is done to provide aircraft controll when the wave drag appears on the wing.

1.2.6 Engine selection for the designing aircraft

Taking into account the ratio of thrust to weight of the prototypes, the value
3.2 is chosen for the designed aircraft. Based on the required thrust and the engine
parameters selected earlier in the initial data, we select the bypass turbojet engine
D436T1, the characteristics of which are given in Table 1.4.

Table 1.4 — Characteristics of D436T1 engine

Ne Engine data Units of measurement Value
1 | Type of engine - turbojet
2 | Take-off power kN 73,57




3 | Power in cruise flight mode kN 14,71
4 | Specific fuel consumption kg/Nxhour 0,062
5 | Engine pressure ratio - 24

6 | Dry engine mass kg 1450
7 | Bypass ratio - 4,95

1.3 Aicraft centre of gravity calculation

At the pre-design stage, after the first calculation of geometric parameters,
after choosing the schemes of aircraft components, the following task is to determine
the weight of the main elements of the aircraft on the basis of statistical data. The
weight of the airplane is divided into the weight of an empty airplane and the weight
of a fully loaded airplane. It is common practice to mix aircraft equipment, different
components and systems.

General aircraft layout requirements are as follows: each component (cargo)
of the aircraft should be located so that it is most useful; the layout of the aircraft
should allow control and maintenance of systems and units, as well as allow repair
and mounting of parts and units; the layout should provide ease of overall assembly
of the aircraft structure; the structural layout should provide minimum weight with

maximum strength and durability.

1.3.1 Centre of gravity of equipped wing

The weight of the equipped wing includes the weight of its structure, weight
of the equipment and the weight of the fuel. The beggining of the coordinates of the
center of gravity is selected in the projection of the MAC to the plane.

Table 1.5 - Treem sheet of equipped wing

No Mass m; C.G. Moment
) Name Units | Total mass | coordinates m; Xi,
m;, kg Xi, M kgm

1. Wing (structure) 0,11993 | 6370,92 1,4196 9044,16

2. Fuel system 40% 0,00152 80,75 1,4196 114,62

3. Control system (30%) 0,00219 116,33 1,014 117,96
4. | Electrical equipment (10%) | 0,00208 110,49 0,338 37,34

5. | Anti-icing system (70%) | 0,01197 635,87 0,338 214,92

6. | Hydraulic system (70%) | 0,01358 721,39 2,028 1462,99




7. Power units 0,08915 | 4735,82 2,65 12549,93

8. Equipped wing without 0,24042 | 12771,59 1,8433 23541,95

fuel and LG
Q. Fuel 0,13088 | 6952,60 1,4534 10104,91
Equipped wing 0,3713 | 1972419 1,7058 33646,87

The coordinate of the center of gravity of the equipped wing is determined by
the formula:
% mj xf

/ X
X! = ;
xm;

w

1.3.2 Centre of gravity of equipped fuselage
All coordinates of the fuselage masses (table 1.6) are selected in the projection
of the fuselage on the horizontal axis with the origin in the nose part of the fuselage.

The horizontal line of the fuselage is taken as the X-axis.

Y = D m{ xi/
f 3 m{
After the centre of gravity calculations of the fuselage masses, we need to find

a point at wich we can attach the wing. It is necessary to calculate Xmac:

mexe + My, (Xyac + x0,) = mo(xmac + C).

where x4 - position of the front part of the MAC relative to the nose of the

fuselage.
The value x,, 4 can be calculated by next formula:

/
mexe +m, X x., —mqyC
sikadil w w 0
Xpmac = My — m == 10,9
w

where: m; - mass of equipped fuselage,

m,, - mass of equipped wing.




¢ — distance from the front of MAC to the center of mass of the aircraft.

Cc = (0,28 0,32) X bMAC
The values of center of masses of equipped fuselage shown in table.

Table 1.6 - Centre of gravity of equipped fuselage

Weight m; .
No : Coordinate Mass
Object name Units Tit;" of C.G., m | moment, kgm
Airframe
1. | Fuselage 0,12476 | 6627,5 13,41 88881,41
2. | Horizontal Tail Unit 0,0174 928,04 0,91 844,51
3. | Vertical Tail Unit 0,02031 | 1078,9 2,07 2233,33
Equipment
4. | Anti-lIce System, (15%) | 0,00256 | 135,99 21,45 2917,03
5. | Air-cond. system(15%) | 0,00256 | 135,99 13,41 1823,79
6. | 1hermal and sound 0,0062 | 329,35 13,41 1823,79
isolation
7. | Control system, (70%) | 0,00511 | 271,45 13,41 3640,46
Hydraulic system,
8. (30%) 0,0058 308,1 18,77 5783,17
9. | Electrical equip.(90%) 0,0187 993,38 13,41 13322,23
10. | Location equipment 0,0059 313,41 1,081 338,8
11. | Navigation equipment 0,0088 | 467,4736 1,88 878,85
1p, | Radio communication |  y514 | 53373 | 1,081 252,66
equipment
13. | Dashboard 0,0103 547,15 2,58 1411,66
14. | Seats of crew 0,00056 29,96 2,78 83,29
15. | Seats for ac.person 0,00037 19,97 3,6 71,9
16. | Cabin equipment 0,0006 31,87 6,26 199,52
17. | Cargo equipment 0,02845 | 1511,32 23,59 35655,08
18. | Atypical equipment 0,0037 196,55 896 1761,1
19. | Service equipment 0,01594 | 846,76 6,99 5918,88
20. | Nose landing gear 0,00297 | 157,77 2,78 438,6
21. | Main landing gear 0,04153 | 2206,15 12,4 27356,34
Equipped fuselage with | o6o06 | 1396304 | 11,65 | 162754,77
no payload
22. | Cargo 0,295 | 15670,99 13,6 213125,46
23. | Crew 0,00564 299,6 2,78 832,91
Total 0,999 53122 18,25 608589,72




1.3.3 Centre of gravity for different types of loading

At this step of the aircraft preliminary design we have already the location of

the wing in relation to the fuselage of the aircraft on the drawing we have designed.

We have already calculated the centers of gravity of the fuselage and the wing.

Therefore, we need to calculate the centers of gravity for various types of aircraft

loading and flight modes. The center of gravity of an airplane is the relative position

of the CG in relation to the MAC, and this ratio is shown as a percentage. The center

of gravity calculations of the masses are shown in Tables 1.7 and 1.8.

Table 1.7 - Summary list of centers of gravity

Ne Object name Weight m, Coordinates, m Static moment
kg of mass, kgm
Equipped wing
1. (without fuel and LG) 12771,59 13,84 176867,3
2. | Removed nose LG 157,77 1,78 280,83
3. | Removed main LG 2206,15 12,4 27356,34
4. | Fuel 6952,6 12,37 86003,75
5. | Equipped fuselage 13963,64 11,65 162754,77
6. | Cargo 15670,99 13,6 213125,46
7. | Crew 299,6 2,78 832,91
8. | Opened nose LG 157,77 2,78 438,6
9. | Opened main LG 2206,15 12,4 27356,34
Table 1.8 Center of gravity for different aircraft modes
Ne Loading ontions Weight, | Static moment | Center of | Centering,
gop kg of mass, kgm | the mass, m %
1, | Takeoffweight | no0) | 66415015 12,76 2253
(opened LG)
g | Takeoffweight | nop5) | 664121 38 12,76 2251
(removed LG)
g | Landingoption | a1555 | 60338224 12,46 15,48
(opened LG)




4, | Transportation | gpan) 4 454095 91 12,49 16,39
option (no payload)

5 Parking option (no | 29099,1 367417,02 12,62 18.37
fuel and payload) 6

Conclusion to the part

In this part, a preliminary design of a short-haul cargo aircraft with a capacity

of up to 16 tons was developed. The main parts and elements of the designed airplane

were considered.

So, as a result of this part of the bachelor thesis we have a preliminary design

of the aircraft with a wingspan of 28.92 m, the estimated fuselage length of 26.8 m

with a fuselage diameter of 3.35 m. The D436T1 engine was chosen to provide thrust

in all flight modes because of its low fuel consumption, low weight to thrust ratio

and low emissions and noise. Center of gravity positions were also calculated. The

most forward center of gravity position is at 15.48% of the leading edge of the mean

aerodynamic chord, and the most rearward center of gravity position is at 22.53%

for takeoff mode. Through these calculations, we can confirm that all the masses of

the airplane are in equilibrium.




2. CONCEPTUAL DESIGN OF FLAPS

2.1 Brief description of the flaps design

The flaps are the main high lift devices of modern aircraft, which correspond
to the structural, aerodynamic and strength requirements.

Experience of the high lift device operation indicates the necessity of double
flaps implementation for this class of aircraft. The inner wing flap is double flap
retractable with a fixed position of the deflector relative to the main link. The flap
profile is formed by the tip part of the wing airfoil.

The flap is used to change the aerodynamic shape of the wing, to encrese the
camber of airfoil at take off and landing flight modes. The increment of lift force at
flap deflection is provided by changing not only the wing profile, it also increas the
area, which ensures the stall safety to large angles of attack.

Structurally, the flap has the same structure as the wing. A new trands of the
composite materials implementation for the structure of falps are also embedded for
designing aircraft — in the leading edge and trailitng adge of flaps.

The part between spars (more loaded part) of the flaps are made from
aluminum alloys.

The spars are longitudinal structural elements in the form of i-beams riveted
by the caps to the skin structure. The transverse structure elements are made up of
the flap ribs, which are spaced at 450 mm. The ribs are thin-walled panels, which
are divided by the webs of the spars into three parts: the nose, tail and middle part.

At the Iposition of the flap hinge assemblies, reinforced ribs are installed to
take the loads and transmit them to the spars.

The nose part of flaps is made in the form of a separate unit with a composite

materials. Attachment of the nose part to the middle part is carried out by screws.
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The middle part of the main flap is made of D16AT alloy cladded by pure
alluminum, it connected with the longitudinal and transverse sets by riveted joints.

The tail part of the flap is structurally similar to the nose and made of
composite material. The retraction and extension of the high lift devices are

hydraulically operated by the flap control box using two screw lifters.

2.2 Strength analysis of the flaps. Diagrams of Q, Muend, Mtors
The internal flaps sections are located between the engine pylons and the
fuselage, they are shown in fig. 2.1.
It is necessary to:
- determine the design operationg loads and its distribution over the flaps;
- find the total force of the control mechanisms, the total reaction in the
hinges;

- determine the forces Q, Myend, Miors and build their diagrams.

7

Mech. control axis 1Y

rail

Fig.2.1- Flap scheme
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Fig.2.1 - Flap rail diagram
Initial data:

- minimal flight speed Vs, = 226

- normal force coefficient ¢,, = 4,5;

- relative center of pressure x; = 0,42;

- safety factor f = 2;

- flap span [y = 5,72 m;

- flap chord by = 1,2m.

Dimensions: d = 1,1m; ¢ = 1,3m;-x,, = 0,6m; a = 0,62m; b = 0,47m;
e =0,3m; h=0,12m.

1. Determination of the }}p. For this, first it is necessary to find the value of

qf and S:

2 2
e PoXVE, 0125202 kg
qf =3,56——""" = 3,56———

3,6

S¢ = by X I = 1,2 X 5,72 = 6,86m?




Then
pfp =f><cn><5f><q}’§ =2X45x%x6,86x7005=43248 kg

This force is perpendicular to the flap chord and is applied from its nose at a

distance of x,:
Xp = Xp X b =0,42%1,2=10,5m

Determination of the distributed load of the flap.
The linear air load on the flap is proportional to the chords:

Since the chords are constant along the span, then

q; =

P’ 43248
1 = 7561kg/m?
f

~ 5,72

The distribution of the specific air load along the chord could be found from
the given equations:
- the chord load (Fig.2.2) is:

_P1f+P2f
=Tz <hr

s

- the coordinate of its attachment is:

bf  Pif+2P __ bf _ Pif+2P

3 P1f+P2f P1f+P2f




2f

bf

Fig.2.2 - Load distribution over the flap span

Solving these two equations, we determine the values of P:

2q7 . 2x7561 5

Piyp =5 X (2-3x %) =T(2—3x0,42) =9325kg/m
f )

2q7 - 2 X 7561 5

Paf =?x (B3x x;—1) =T(3x0,42—1) = 3276 kg/m

Correctness of the definition checked by the condition of equality of the two

expressions of the average specific load

Pif T Doy
— 5 - f X cp X q]é-:
9325 + 3276
> =2 %X4,5x%x700,5

The condition is satisfied: 6302 = 6302




2. Determination of the total force T in the control mechanisms and the total
reaction ); R of the carriages.

On the flap, which is in equilibrium, there are three forces pr, T and )R,
which lie in the plane normal to the plane of the flap. The magnitude and direction
of the load pr Is known. The direction of force T coincides with the axis direction
of the control mechanism. The total reaction of the carriages ), R passes through
point O, since the carriage rollers are arranged on an arc of a circle with center O.

To determine the magnitude of the unknown forces T, )} R and ) R direction,
use the three-force theorem: If a solid body is in equilibrium under the action of three
forces, the lines of action of these forces intersect at one point, and the triangle of
forces is closed.

Draw the side projection of the flap (fig. 2.3) and draw the lines of action of

forces I-}p and T. The lines of action of these forces cross at point €. The total reaction

Y. R of the carriages must also pass through this point.

S

Mechanical E line of action [

control axis
7

o
<
g
(ﬂ‘
o
(/]
£

R

Fig.2.3 - Schematic diagram of the lines along which the loads act




Knowing the magnitude and direction of one force pr and the lines of action

of the other two forces, we construct a force triangle of equilibrium. As a result of

the construction we obtain:
T =17034 kg; Z R = 46480 kg.

3. Determination of the rollers' reactions. The reaction of each carriage due to
the symmetry of the structure and the load is 0,5 X ) R.

The total reaction of each carriage is the resultant reaction of the rollers,
whose lines of action pass through the axes of the rollers and point O, which is the
center of the arc of the guideway. Decompose the value 0,5 X ); R by the indicated
directions and obtain:

- total reaction of the front support rollers of each carriage R, = 31446 kg

- total reaction of the rear support rollers of each carriage R, = 52535 kg

Determination of forces Q, Myend, Miors @and construction of epiures by the flap
span.

Fig.2.1. shows axes t and n - the main central axes of the flap section. The t
axis is parallel to the chord and lies in the plane of maximum rigidity, the n axis is
parallel to this plane.

The forces acting on the flap are distributed along these axes.

The components of the reactions of the front rollers along the t and n axes are

equal:

Rita = Ryp = 6079 kg
RlnA == RlnB == 30853 kg

Taking into account the symmetry of the flap design and load, the calculation
of forces Q, Myend, Miors Will be given at the specific points only to the middle of the

flap.




We limit ourselves to the consideration of Q, Mpeng from the action of forces
parallel to the axis n.

Force Q:

To the left of base A:

Qa=4qf xd=7561x11=8317kg
To the right of base A:

Q4 = Q4 + Rypg — Rypa = 8317 + 30853 — 52535 = —13364 kg
In the cross section in the middle of the flap:

, p l 5,72
Q= QA+qf (E_d> = —13364+7561( >~ 1,1) =0
Force Mpend:
To the left of base A:
» d? 1,12
Mbend = qf X7= 7561)(7: 4574kg Xm

To the right of base A:
Mpona = Ipena = 4574 kg X m

In the cross section in the middle part of the flap:

lr1 l
Mpena = quz = %Zf - (RZnA - RlnA) X <Ef - d> =

572 5,72 572
= 7561 x T X T — (52535 — 30853) X (T — 1,1) =

= —7237 kg xm




Force Myors :
To the left of base A:

Miorsa = qr X d X (% —x,) = 7561 x 1,1 x 0,1 =832kg xm
To the right of base A:
MéorsA = MtorsA + RlnA Xb— RZnA Xa-— thA(e - h) =
= 832+ 30853 x 0,62 — 52535 % 0,47 — 6079 x 0,18
= —5825kg Xxm

To the left of base C:

Meorsc = Miors 4 + qf(c — d) X (2 — x,) = —5825 + 7561 x 0,2 X 0,1 =
= —5674kg x m

To the right of base A:

T 4
M, c =Mtorsc+§><€ = —5674 + X 0,3 =-3118kg X m

In the cross section in the middle of the flap:

l
/ f
Miors = Miorsc + q]e X <E - C> X (xxc - xﬂ) =

5,72
= —3118 + 7561 (T — 1,3) X 0,1=-1939kg xXm

Analyzing the character of changes in the forces Q, Mpend, Miwors 0N the flap

span and taking into account the found values of the forces, we construct the

diagrams of QP, Mpeng and M?__ (Fig.2.4).
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Fig. 2.4 — Diagrams of shear forces, bending and torsional moments along the

flap span




2.3 Determination of the flaps structural element

Proceeding from the force diagrams acting in the section of the flap main link
(fig.2.5), we have that the maximum Mpeng acts in the middle of the spars length, and
the maximum transverse force Q and Myys act in the section along the bearings A
and B. In the first approximation, we use the method of the combined section, that
is, we will assume that all the maximum loads act in the section where Myeng IS
maximum.

Figure 2.5 shows the cross section of the flap, which is formed by the nose,

interspar and tail parts of the main part of the flap.

B

Fig.2.5 - Flap cross-section
Let's assume that all the loads acting on the main link will be taken by the
inter-spar part, which is formed by the 1st and 2nd spars and the power cladding,
upper and lower. Thus, the 1st and 2nd spars together with the upper and lower
cladding form a beam of trapezoidal cross-section type, which works for transverse
bending and torsion.
As a first approximation, we will assume that the transverse bending is taken

by the spar chords together with the cladding attached to the chords. Normal
tensile 0 and compression stresses arise from the action of Mpeng in the ribs and

adjacent skin.
So we will distribute the Myeng between the spars and the cladding in the ratio:
- 0.7 Myeng Tor the spars
- on the cladding 0.3 Myeng




The calculated loading forces have the following values:

- Q = 13364 kg;

- Mpeona = 7237 kg X m;

- M;o,rs = 5825 kg X m.

The material of all power elements of the section is D16T.

E =7x10%kg/cm? o = 4400 kg/cm?. Spar height H; = 8,4 cm and
H, = 7,6 cm, spacing between spars B = 18 cm.

1. Determination of the dimensions of the top panel elements.

a) Reduction area of the top panel

Mbend

Fred.up = Axo

The working height H of the section of the monoblock flap with two spars is
determined by the formula:

Y HeitC 8,5+7,5+9,5_8
+1 2+1 o

H = 0,95 1cm

Then

7237 x 100

Fred.up. = H % 2400 = 37,43 cm?

b) Total area of the upper chords of the spars
Fup. = k X Frequp. = 0,7 X 37,23 = 25,88 cm?

The area of the caps is distributed between the spars in proportion to their
height:

Hf X F,y, _ 8,57 x25,88

Fup1 = = = 14,55 cm?
1T H2 4 HZ ~ 8,52 + 7,52 o




HZ X F,y, B 7,52 x 25,88

Fppo = = = 11,33 cm?
2T H2 4 HZ ~ 8,52 + 7,52 o
c) Thickness of the compressed skin.
The reduced thickness of the upper skin
11,55
6up. = fred.up. = = 0,642 cm

B 18
Where

freaup. = Freaup. — Fup. = 37,05 — 25,88 = 11,55 cm?
Thickness of the top skin
Oskup. = 0,6 X 6y, = 0,6 X 0,642 = 0,39 cm

2. Dimensioning the elements of the bottom panel

a) Reduction area of the bottom panel

Mpong 7237 x 100
F, = -
red.bot. Hxkxo 81x0,9x2400

= 41 cm?

The panel attenuation coefficient is taken k = 0,9.
b) The total area of the bottom chords of the spars and the area of each spar
are equal:
Fpor = k X Frogpor. = 0,7 X 41 = 28,7 cm?

The area of the caps is distributed between the spars in proportion to their
height:




H? X Fpo; 8,52 % 28,7

F, = = = 16,14 cm?
bot.1 Hf +H22 8,52 n 7,52 cm
H? X Fp,y  7,5% % 28,7
Fyot2 = HZ + H2 =817 12,56 cm?
c) Thickness of the bottom skin.
The reduced thickness of the bottom skin
12,3
5bot. _ fred.bot. _ — 0,68 cm

B 18
Where

freapot. = Freavot. — Fpor. = 41 — 28,7 = 12,3 cm?

Thickness of the bottom skin

Ssipor. = 0,6 X 8por. = 0,6 X 0,68 = 0,41 cm

To take into account the work of the upper and lower skin on the shear stresses

from M,,,, and on the stress from local bending in the transfer of air load, its

thickness, defined in the calculation of the normal stresses from M, ,,;, IS hecessary

to increase by 20-30%, therefore:

! ! _
skup.Ysk.bot. — 5mm

3. Determination of wall thickness and step of the stiffenners of the front spar,

in which the directions of the tangential loads g4, and gy, are the same.

a) The reduced shear force Q,,, in the calculated section is equal:




7237 x 100

Q,,=0Q _Myena | _ 13 7237X100 gk
np = Yen T T 81 x 10 g

b) Shear force, which act on the wall of the spar and is determined by the ratio:

H?
Q1 = Qnp X Z_le
Then
H? 8,52
Q1 = Qnyp xm= 4429Xm= 2490 kg
H? 7,5%
Q2 = Qnp sz 4429xm= 1939 kg
c) The linear forces:
0, 2490
901 =g = 00585 Sookg/em
Q, 1939
902 =q, =095 x 7,5 2 2kg/em
o = Miors  _ 5825 x 100 _ 19kg/em
ors 22X Fowr oy 8,5 + 7é5 +9,5 % 18

The total shear force in the wall of the front spar is equal:

dw.1 = do1 + qm,,,, = 306+ 19 =325kg/cm

d) The wall thickness of the front spar.
When designing the wall, we accept the condition that the wall must not lose

stability to PP. Therefore, the condition must be fulfilled 7% < t,.

Ifwesett? = 0,3 %X 0 =0,3 X 4400 = 1320 C':n—gz, then the calculation of the

wall can be done as follows:




P _ Aw.a _ 325
Wl ™, T 1320

=0,24cm

The resulting thickness is rounded to the standard thickness of 2.5 mm.
e) Step of the spar stiffeners.

The step of the stiffeners on the wall is found by the formula:

504 %X E 5,04 x 7 x 105

85,1\
TP — 3,4 X E(Ll) 1320 — 3.4 x 7 x 105 (—)

The required number of stiffeners between the two ribs:

by = tn _45-175
t, 175 7

Take a number of intermediate stiffeners n = 2.

n=

Therefore, the step of the stiffeners is as follows:

) Calculation of the riveted attachment of the wall of the front spar to the cap.

The force acting on one rivet is equal:

qwiXt, 325%3

T,
r n 2

= 467 kg

where n - is the number of rivets in the joint.
Rivet with diameter d,, = 5 mm, the maximum shear force, T,,, = 480 kg,
material D16T.




2.4 Flaps maintenance

During maintenance of flaps, special attention is paid to the most stressed
places, namely:

- riveted joints;

- surfaces that are exposed to exhaust gases;

- Seam joints.

These areas may include:

- cracks and chips;

- scratches and deformations;

- paintwork damage;

- loose rivets and bolts.

Scratches are measured with a spring indicator (up to 1 mm - cleaned and
coated with paintwork, more than 1 mm - repaired). If the length of the scratch is up
to 4 mm, then this place is drilled out and a rivet is installed, more than 4 mm -
overlay is put on.

Signs of loose rivets:

- formation of dark marks around them;

- bending of the edges of the blind rivets;

- peeling of the paintwork.

Constant control of fatigue cracks is performed, which are recorded in the
special form.

Main works during maintenance of flaps:

1. Check the condition of skins, fairings, hinges, carriage, gears, screw
elevators, rails, bearings, electromechanisms (corrosion, cracks, dents, condition of
paintwork, reliability of mounting).

2. Inspection of flap retracting and releasing systems from one position to
another. This controls the release and retraction time, smoothness of movement,
travel reserve to the stops, matching the deflection angles.

Preparatory work:




- connect a ground source of electricity;

- create pressure in the hydraulic system from the hydraulic unit;

- establish communication with the ground;

- make sure that there are no people under the means of mechanization;

- hang a sign "Aircraft under electric power".

During maintenance or after replacement of individual elements of the system,
the flaps are checked for failure to reach the stops.

Methods of verification:

1. Checking with feeler gaps between the stop and the flap structure element.

2. With a special key release the hydraulic clutch. Another special key through
the reducer bring the flap to the mechanical stop.

3. Checking the clearances between the rails and rollers in the support nodes
with feelers.

4. Checking the flaps rocking in released position. To do this, the force is

applied with a dynamometer and the backlash is measured.




Conclusion to the part

In a special part of the thesis the design of the wing flap is performed, as well
as its strength calculation, the definition of the geometry of the structural parts of
the flap are alculated. The construction materials for the manufacture of the flap are
defined. The maintenance procedure of the flaps is described in the part of work.




aircraft were performed;

operation of the aircraft.

GENERAL CONCLUSION

During the diploma thesis the following results were obtained:

- the preliminary design of the short-range cargo aircraft is performed;

- calculations of center of gravity and flight technical characteristics of the

- developed a structure of the flap, which ensures its strength and provide safe

The chosen scheme of the aircraft - high-wing monoplane with two engines

located under the wing, increases the protection of engines and wing structures from

damage during take off and landing.

The installation of modern D436T1 engines on the designed aircraft, which

meet all ICAO standards for noise and emissions into the atmosphere, allows

customers to perform international flights.
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I POEKT
CAMOIETA C T P IOIO
HAY, AKYZOY, xabempa K JI A
IIPOEKT IOMIIJIOMHEIM PacueT BmmosHedn 16.10.2020
VicnonHuTesnbr Ber3 C. PykoromouTesib Macisiak T.II.

VCXOIHHE IHOAHHHE V BHBPAHHHE I[TAPAMETPH

KonmuecTBO naccaxmpos 0.
KoMueCcTBO UJIEHOB 3KUIAXa 2.
KommuecTBO OOPTHPOBOOHMKOB MJIM CONPOBOXIANUMX 2.

Macca CHapsaXeHUs U CJIyxeBHOTO Ipy3a 896.66 xr.
Macca KOMMEPUYECKOM HaTpPy3KU 16000.00 xr.
Kpelicepckasda CKOPOCTHL MOJieTa 800. xm/u
Yuciyo "M" mojieTa NpU KPEeMCepCKOM CKOPOCTHU 0.7491
PacuerTHasa BEICOTa Hadajla peanm3aluy NOJIETOB C KPEeMCEPCKOM

3KOHOMMUECKOM CKOPOCTLIO 11.000 xm
INaJlbHOCTEL [OJIeTa C MaKCMMAJIbHOM KOMMEPUYeCKOM HaI'Py3KOi 1300. xwMm.
InuHa JIETHOM MOJIOCH aspoIpoMa 0as3upoBaHMUS 2.55 xwm.
KommuecTBO IOBUTAaTEJEN 2.

OLueHKa IO CTATUCTUKE BSHEPTOBOOPYXEHHOCTM B KBT/KT 3.2000
CTemneHb IMOBHIIEHUS IaBJIEHUS 5.50
OTHOCMTEJIbHAsS Macca TOIUIMBa IO CTaTUCTUKE 0.3100
YOIuHEeHue Kpeia 9.58
CyxeHMue KpbUIia 4.05
CpenHsss OTHOCUTEJIbHAsS TOJIIMHA KPBLIa 0.118
CTpeJlIoBMOHOCTL kphla 1o 0.25 xopn 24.0 rpan.
CTemneHb MEeXaHM3UMPOBAHHOCTM KpPHUIA 0.970
OTHOCUTENbHAS MJIONAIb MNPUKOPHEBHX HATJIHBOB 0.000
[Ipodwuiib kpblla - CyHnepKpuTUueCKUM

Mlanter YUTKOMBA - He NPUMEHAKNTCH
CrnionJyiepsl — YCTaHOBJIEHH

Inamverp obo3emaxa 3.35 m.
YonvHeHue oGo3eaxa 8.00
CTpPEeJIOBUIOHOCTL TOPMBOHTAJIBHOT'O OllepeHUs 32.0 rpan.
CTPEeJIOBUIHOCTL BEPTUKAJILHOTO OlEepeHUs 40.0 rpaxm.
PE3VYJIIBLTATH PACUYUETA
HAYVY, AK O, KAGEIIPA "K JI A"
BHaueHMe ONTUMMaJIbHOTO KO2(0OMUMEeHTa [OI'eMHOM CMJIEL B PaCyeTHOM TOoukKe
KPercepcKoTo pexmuma IojeTa Cy 0.43976
BHaueHue KO3pPMLIUEHTA Cx.MHI. 0.00916

OIIPEIEJIEHVE KOSOOMIMEHTA DM = MxpuT - Mxpemc

Yucyo Maxa Kpelcepckoe Mkperic 0.74974
Unpcyio Maxa BOJIHOBOTO KpuM3Muca MxputT 0.76808
BLIUMCJIEHHOE 3HaueHue Dm 0.01833

3HaYEeHUA YINEeJIbHHX HATPY30K Ha KPBUIO B KIIA (IO [HOJIHOM MNJIOWANM) :
npu B3JEeTe 4.223
B CepelMrHEe KpeMrCcepcKOoTro yudyacTka 3.937
B Hauajle KPeMCepCKOTOo yJacTKa 4.068



BHaueHMe kKO3hPMIIMEHTa COMPOTUBIIEHUS OGO3EJ9XKa UM TOHIOJ 0.00847

BHauenme ko3bd. NpodMIib. CONPOTUBIIEHMS KPBUIA M OMNepeHusd 0.000917
BHaueHMre KO30dMLIMEHTa CONPOTUBIIEHMS CaMOJIETA:
B Hauajle KPeMCepCKOTo pexuMma 0.02820
B CepelyHe KpPeMCepCKOTO pexyrMa 0.02789
CpenHee 3HaueHue Cy MOPM YCJOBHOM IIOJIETE IO IOTOJIKAM 0.43976
CpenHee KpeMCcepCcKoe KauyeCTBO CaMoJieTa 15.76555
BHaueHue koxdpduumueHTa Cy.moc. 1.631
3HaueHme kosbduureHTa ( npm CKopocTM cBasmBaumsa ) Cy.noc.maxkc. 2.447
3HaueHMe KODbduUMeHTa ( OpU CKOpoCTM cBasueaHus ) Cy.B3sa.makc. 2.039
3HaueHnme kosbduumenta Cy.oTp. 1.488
SHEPTOBOOPYXEHHOCTL B Haudalle KPEeMCepCKOI'o pexXmuMa 0.621
CrapToBasd THATOBOPYXKEHHOCTL. IO YyCJOBMAM Kpeic. pexuMa Ro.kxp. 2.608
CrapToBas TATOBOPYX. IO YCJOBUAM Oe30MacHOTO B3jeTa Ro.B3i. 2.487
PacueTHas TATOBOPYXEHHOCTL CaMoJieTa No 2.713
OTHOWEeHME Dn = Ro.xp / Ro.B3xn Dr 1.049
YIEJIbHHE PACXOIH TOIUIMBA ( B KI'/KBT*u ) :
B3JIE THEIA 37.1755
KpeMCcepCcKuil (xXapaKTepucTuKa OBUIATEeJId) 58.1239
CpenmHul KpeMucepCKul NpyY BamaHHOM IaJIbHOCTM HoJeTa 58.6662
OTHOCUTEJILHHE MACCH TOILJIMBA:
Ad’pPOHABUIALIMOHHEI 3arnac 0.03349
pacxomyemas Macca TOIIMBA 0.09739
3HAUEHMA OTHOCUTEJIBHHX MACC:
KpBIJIa 0.11993
TOPMBOHTAJILHOTO ONEpPEeHUs 0.01747
BEPTUKAJLHOTO ONEPEeHUs 0.02031
maccu 0.04959
CUJIOBOM yCTAHOBKMU 0.08915
bozenaxa 0.12476
00OpYyIOBaHUA M YIPAaBJIEHUS 0.12984
CIIyXeBHOM HATPYy3KU 0.01688
TOmIMBA Npu Lpacu. 0.13088
KOMMEPUECKON HaTrpy3KU 0.30120
BsjeTHas Macca camoJjera "M.o" = 53122. «rT.
lloTpebHaa B3JIeTHAS TATa OBUTATEJS 72.05 kH
OTHOCHUTEJIbHAsA MaccCa BEICOTHOT'O ODOPYyINOBaHMUA U
NPOTHBOOBIIENEHUTEJILHOM CUCTEME CaMoJieTa 0.0171
OTHOCUTEJIbHAS Macca MNaCCaXkupCKoOTo OBOpYyINOBaHUSA
(i ofopyInoBaHusa KadOMH TPY30BOTO caMoJeTa) 0.0006
OTHOCUTEJIbHAsa Macca OEeKOPAaTUBHOM OOmMBKM M T3U 0.0062
OTHOCUTEJIbHAS Macca OBTOBOTO (MM TPYy30BOTO) OBOPYyHOBAHUA 0.02845
OTHOCHTEJIbHAS Macca yINpaBJIeHUs 0.0073
OTHOCHTEJIbHAS Macca IMOPOCUCTEM 0.0194



OTHOCUTEJIbHAA Macca 3JIeKTPOOBOPYyHOBaHMA 0.0208
OTHOCHTEJIbHAS Macca JIOKALUMOHHOTO OBOpYyIOBaHMUS 0.0059
OTHOCHUTEJIbHAS MacCa HaBUITAUMOHHOT'O OOOPYyIOBaHUS 0.0088
OTHOCUTEJSIbHAS Macca pPaIMoCBA3HOTO OOOpPYyIOBaHMUSA 0.0044
OTHOCUTEJIbHAsa Macca NPUOOPHOTO OBOPYINOBAHUA 0.0103
OTHOCHUTEJIbHAA Macca TOIJIMBHOM CMUCTeMH (BXOOMUT B Maccy "CY") 0.0038
JOonoJIHUTEeIbHOE OCHAUISHME :
OTHOCHUTEJNIEHAS MaccCa KOHTEMHEPHOT'O ODOpPYyIHOBaHMSI 0.0000
OTHOCHUTEJNIbHASA Macca HEeTUIMYHOTO ODOpyHOBaHMS 0.0037
[BCTPOEHHEIE CUCTEME IOMAaTHOCTUKMU U KOHTPOJIA IapamMeTpoB,
IONOJIHUTEJIbHOE OCHAIEHUE CAaJIOHOB U Ip. ]

XAPAKTEPUCTUKM BRJIETHOV IUCTAHINUU
CKOPOCTBH OTpHBA CaMoJieTa 242 .45 xmM/u
Yckopenue npu pasbere 2.07 m/c*c
InvHa pasbera camojiera 1094. wm.
IvicTaHuua Habopa Oe30MNacCHOM BBICOTEH 578. wm.
BzjleTHAd IOMCTAHLMA 1678. M.

XAPAKTEPUCTUKY B3JIETHOMN IVNCTAHUIUN

[IPOOOJIXEHHOT'O B3JIETA

CKOPOCTb NPUHATUS PeleHUs 230.32 xMm/u
CpemHee yCKOpEeHMe MPM NPOMNOJIKEHHOM B3JIeTe Ha MOKpOM BIIII 0.22 m/c*c
InmuHa pasbera npu NPOMOOJIKEHHOM B3JIeTe Ha MOKpOoM BIIII 1973.98 wm.
B3JjieTHasd OUCTAHLMUA OPOINOJIKEHHOTO B3JIeTa 2552.36 M.
lloTpebHas OJMHA JIETHOM I[OJIOCHl [0 YCJIOBMAM
NpepBaHHOTO B3JIeTa 2646.29 M.

XAPAKTEPUCTVKU HOCAﬂOQHOﬂ IVCTAHUUN
MakcuMaJibHad [ocamouyHasd Macca camojieTa 50399. KT.
BpeMsa CHMXEHMS C BHCOTH 3IIeJIOHA OO BHICOTH [OJIeTa IO KPYyTy 21.5 wMuH.
IMcTaHUMa CHMWXEHMUA 47.74 xwm.
CKOpPOCTBL 3axola Ha [I0CaIKy 242 .55 xm/u.
CpenHsss BepTUKAJIbHAS CKOPOCTH CHIDKEHMS 1.97 m/c
OucTaHuusa BOS3OYWHOTO ydacTKa 514. M.
flocamouyHas CKOPOCTb 227 .55 xMm/u.
Invna npobera 714. M.
NocamouHas OUCTAHIUSA 1228. M.
[lorpebHasa OaAMHA JieTHOM noJiocel (BIII + KIB) #na
OCHOBHOT'O aspompoMa 2051. M.
NoTpebHasa IJMHA JIETHOM IOJIOCH IJiA BalacHOTO aspompoma 1744. M.

[IOKA3ATEJIN 39PEKTVBHOCTIU CAMOJIETA

OTHOWIEHVE MACCH CHapPAKEeHHOT'O camojieTa K
Macce KOMMEPUEeCKOM HaIpy3KM 1.8737
Macca nyCcTOI'O CHapsSXeHHOI'O C-Ta IpMXOI. Ha 1 Hnaccaxupa 0.00 xr/mac.
OTHOCUTEJIbHAS IPOM3BOOMUTEJILHOCTEL I10 IIOJIHOM Harpy3kKe 345.66 xm/u
[IpOMBBOONTEIJILHOCTL C—Ta [IPY MAaKC. KOMMEPUY. HaTrpy3Ke 10805.3 xr*xm/u
CpenHuil 4acoOBOM pacxol TOIJIMBA 2687.411 xr/u
CpenHuil KUJIOMETPOBHIM PACXOI TOIJIMUBA 3.98 xr/xum
CpenHull pacxol TOIJIMBA HAa TOHHOKUIIOMETP 248.715 v/ (T7*kM)
CpenHUM pacxol TOIJIMBaA HAa [1aCCaXUPOKUIIOMETP 0.0000 r/ (mac.*xwM)

OpPMEeHTUPOBOUHAA OLIeHKa NpMBEAEeH. 3aTpaT Ha ToHHokmiomerp 0.2038 $/ (T*xM)
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