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ABSTRACT

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

passenger aircraft with up to 50 seats capacity» contains:

60 sheets, 9 figures, 6 tables, 13 references

Object of the design is development of passenger aircraft with the possibility to
carry 50 passengers.

Aim of the diploma work is the development of the aircraft preliminary design
and its characteristic estimation.

The method of design is analysis of the prototypes and selections of the most
advanced technical decisions.

The diploma work contains drawings of the short range aircraft with 50
passengers, calculations and drawings of the aircraft layout and design of control
system elements.

The result of diploma work can be implemented in working process, aircraft

documentation formation, and it can be used in design bureaus.

AIRCRAFT, PRELIMININARY DESIGN, LAYOUT, CENTER OF GRAVITY
POSITION, DESIGN OF CONTROL SYSTEM ELEMENTS.
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INTRODUCTION

Nowadays, the aviation is developing firstly throughout the world. There is
need of different types of aircraft which can carry out the various functions. For this
diploma work the creation of the preliminary outline of the short range airplane was
design. The main performances are taken: cruise speed V. =500 km/h, flight range
L = 1400 km, operating altitude H,, = 6.5 km, 50 passenger capacity.

It is substantiated by the necessity of the development the competitively cheap,
and effective air transportation service inside Ukraine and the nearest abroad
countries.

Internal flights will be popular because of the short duration and planned low
cost. That is why designed aircraft is actual to be created.

Besides, the new fully digitalized aircraft maintenance manual format is
planned to use for designed aircraft operation. The main aim is to shorten the
procedure performance sequence and shorten the quantity of mistakes by attaching
the new information modules joining all system in convenient form.

In general, aim of this diploma work is to create the aircraft which will meet
the following requirements:

- High safety level

- Efficiency of operation

- Light maintenance support.
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1. PROJECT PART. PRELIMINARY DESIGN OF SHORT RANGE

AIRCRAFT

1.1 Analysis of prototypes
1.1.1 Overview general performances

The selection of optimal parameters is straight dependent of planned aim and

area of aircraft usage, economical requirements based on complicity of construction,

ability to degrees the usage of some of expensive construction materials and methods

of assembly, planned passenger and cargo capacity and complexity in maintenance.

The creation of basic aircraft outline includes aerodynamic calculation,

geometrical parameters calculation and centering of equipped fuselage. These steps

form the final exterior and interior appearances of a designed aircraft.

For designed aircraft there were chosen the prototypes in range of 50-100

passengers and middle-range of usage. Such aircraft like Xian Ma6000, 1n-114 and

F-28-0100 will compete with designed aircraft in chosen market segment.

Performances of prototypes are presented in table 1.1.

Table 1.1
Performances of prototypes
Airplanes
Xian
Parameter Nn-114 F-28-0100
Ma600
1 2 3 4
The purpose of airplane Passenger Passenger Passenger
Crew/flight attend. persons 2/2 2/2 2/2
Maximum take-off weight, myw, kg 21800 23500 44920
Maximum payload, my max, kg 5500 6500 11563

NAU 20 05Z 00 00 00 99 EN

Done by

Zozulia A.l.

Checked by

Krasnopolskii V.S.

St.control.

Khyzhniak S.V.

Head of dep.

lgnatovich S.R.

Project parft

list

sheet sheets

|

9 60

AF 402 134




Ending of the table 1.1

1 2 3 4
Passengers 60 60 100
The flight altitude V , &, m 6500 7600 11300
Flight range m y max, km 1400 2000 3111
Take off distance L 1o 4, m 1900 1700 2010
Number and type of engines 2xPW-1271 | 2xTB7-117CT 2xRR Tay-620
The shape of the fuselage cross-section circular circular circular
Fineness ratio 8 9 10.38
Fineness ratio the nose and rear part 4 4.85 4,2
Sweepback angle at 1/4 chord line, ° 6 6 20

The typical location of constructional elements, principal aerodynamic
schemes of listed prototypes became the baseline for designed aircraft outline. For
layout formation the mix of the most effective characteristics from all three
prototypes are used. Besides the Xian Ma600 is chosen as a main prototype because it

meets almost all requirements for middle-range economy class passenger airplane.

1.1.2 Brief description of the main parts of the aircraft

The plane is a cantilever high-wing monoplane with turboprop engines placed
on the wing and twin-cycle landing gear with a front single-strut landing gear and
two main gears.

Fuselage has circular cross section. Empennage has a conventional design.

Rudder and elevators are equipped with aerodynamic balance.

1.1.2.1 Fuselage
The fuselage has semimonocoque design. It is pressurize between the first and

the fourteenth formers.
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The fuselage framework consists of 49 formers, longitudinal beams and
stringers manufactured from extruded profiles, and working skin.

The cockpit, passenger cabin and all auxiliary units are located in the fuselage.
There is a cargo bay behind the cockpit on the lower part of the fuselage, in front of
which located a large cargo hatch. In the non-pressurize nose compartment (up to the
first frame) the units of radio equipment are located. The passenger cabin is separated
of the rest compartments by the bulkhead. In the tail section there is an entrance hall,
a sideboard with a flight attendant’s seat, a toilet and wardrobe. At the rear of the

compartment is the trunk. On the left side is the passenger front door with a sidewalk.

1.1.2.2 Wing

The wing of the aircraft has high taper ratio and trapezoidal planform. There is
a set of structural elements of different thickness in vertical planform of cross-
section, providing good loaded drag during insignificant parasitic, good lateral
stability and controllability during significant angles of attack.

The wing is torsion box type. It is divided into a center section, two middle and
two detachable parts, joined along ribs with the help of fitting connections.

The wing consists of a central (made by spars, upper and lower panels and
ribs), nose and tail parts, end fairings, ailerons and slotted flaps. The wing center
section consists of solid-pressed large-sized panels and spars that reduces its weight
and greatly simplifies the process of assembly, and also increases the reliability of the
design. There are four soft fuel tanks in the torsion box of the center section of the

wing. The middle parts of the wing are the sealed fuel tank.

1.1.2.3 Tail unit

The empennage consists of vertical and horizontal part. Vertical tail unit
includes fin and rudder, horizontal stabilizer and elevator. In front of the fin dorsal fin
is mounted on the fuselage.

The sweep of the vertical and horizontal tail unit is greater than the sweep of

the wing, so that the aerodynamic characteristics of the tail unit with an increase in
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the Mach number do not deteriorate faster than the characteristics of the wing. The
grater sweep of the fin is also suitable, because at the same time the horizontal
stabilizer efficiency is increased due to the increase of its moment arm.

The airfoil of vertical and horizontal stabilizer is symmetrical. Symmetric
airfoil allows to maintain the same character of acrodynamic loads during deflection
of rudders in different directions and, in addition, has a smaller drag.

Vertical tail unit in comparison with horizontal one has an increased relative
thickness of the airfoil in order to reduce the mass of fin loaded by forces, from both
vertical and horizontal parts.

The design feature of the aircraft empennage is the attachment of the
assembled panels along the spars web that provides high manufacturability of the
assembly.

High performance control column provides aircraft controllability over the

entire range of flight speeds, at all altitudes in a wide range centering’s.

1.1.2.4 Landing gear

The landing gear consists of three struts. All undercarriage struts are
retractable. The direction of retraction is counter the flight.

The nose landing gear strut is located under the cockpit canopy. The main
landing gear struts are installed under the engine nacelles and retract in flight forward
into special compartments under the engines. On a fixed axis of each main strut two
wheels with disc brakes are installed. Wheels are equipped with inertial sensors.

In extended and retracted positions landing gear struts are locked with the
mechanical locks actuated by the hydraulic cylinders.

Landing gear wheel well are closed by doors while landing gear struts are fully
extended or retracted. The doors actuation is performed by mechanisms which
kinematically joined with strut actuation system.

The nose landing gear is used for steering. The turn of the nose strut wheel is
performed by the actuators powered by aircraft hydraulic system. Besides the

extension and retraction, braking, locks opening, doors actuations are performed by
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hydraulic system too. In case of hydraulic system failure the retraction and extension
of a landing gear can be performed with use of mechanical system. In this case the
extension of nose or main landing gear is performed partially due to their own
weight.

The struts location was chosen to reach the optimum balance between aircraft
stability and controllability. That is why during the calculation of wheel base and the

wheel track the center of gravity of an aircraft should be considered.

1.1.2.5 Power plant

The power plant: The Pratt & Whitney engine is a three shaft, turboprop
engine. The centrifugal low-pressure impeller is driven by a single stage low pressure
turbine and the high-pressure compressor by a two-stage high pressure turbine.
Power is delivered to the offset propeller reduction gearbox via a third shaft,
connected to a two-stage power turbine.

The control system operates all engine functions, including power regulation.
Engines PW 127H, PW 127], PW 127B — are three-shaft, turboprop engines, in
various modifications installed on passenger aircrafts Fokker 60 (PW 127B), Un-114
(PW 127B) and transport Xian Ma600 (PW 127]).

1.2 Aircraft layout and center of gravity calculation

1.2.1 Geometry calculations for the aircraft principles structural units

Aircraft layout calculation is based on the selection of the purpose of the
designed aircraft, its main dimensions, and operational requirements.

Layout consists of geometry calculation of principles structural units as wing,
fuselage, tail unit, and landing gear. Besides all above mentioned, this analytical part
includes choice of power plant and interior scheme. The interior scheme estimation
includes dimensional calculation based on aircraft capacity requirements.

This layout was implemented in line with both modern standards and well-

established calculation methods.

Sh.
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1.2.1.1 Wing geometry calculation

Full wing area is:

my-g 20800-9.8
S, =22
Py 3114

= 65.46 (m?);

where m, — take-off weight;
g — gravity acceleration;

P, — specific wing load.

Wing span is:

I, = /Sy * 4, = V65.46 - 11.38 = 27.3 (m);
where A, — wing aspect ratio.

Root chord is:

2Sww __ 2:65.46'3

0 = Arm )L, (1+3)273 3.6 (m);
where 1,, — wing taper ratio.
Tip chord is:
—bo _ 36 _ :
b, = =3 = 1.2 (m);

Maximum wing thickness is:

Cnax = Co " by = 0.12- 1.2 = 0.144 (m);
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where c,, — medium wing relative thickness.

On board chord is:

(3-1)-2.9
3-27.3

bob=b0'(1_w)=3-6'(1_

NwIw

) = 3.345 (m):;

where Dy — fuselage diameter.

For mean aerodynamic chord determination the geometrical method was used
(fig. 1.1).

The geometrical method implies the measuring of parallel to the chords line
which lies on the intersection of the section connecting the middles of tip and root
chords with another section connecting the upper end of tip chord extension (which is
equal to the length of root chord) with lower end of root chord extension (which is
equal to the length of the tip chord). This method was chosen due to accuracy and
simplicity in performance.

Thus, the mean aerodynamic chord is equal 2.6 m.

3.6

Fig. 1.1 Geometrical method of determination of mean aerodynamic chord

To choose the force scheme of the wing it is necessary to determine the type of

its internal design. The box-spar type with three spars was chosen to meet the
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requirements of strength and at the same time to make the structure comparatively
light.

For wing geometry estimation it is necessary to determine and calculate the
main parameters of control surfaces.

Ailerons geometrical parameters are determined in the next order:

Ailerons span:

27.3

it = 042 = 0.4- 222 = 5250 (m);
Aileron chord:
b,i =044 b, =0.44-1.2 = 0.528 (m);

Aileron area:

Sa = 0.06 -2 = 0.06 - 222 = 2(m?);

The calculated above values are recommended. Increasing of aileron span and
chord more than these values are not convenient because with the increase of aileron
span the increase of the aileron’s coefficient falls, and the high-lift devices span
decreases. In the case of aileron chord, its value increase lead to the decreasing of
wing box width.

Aerodynamic compensation of the aileron:
Axial Sgy gir < (0.25...0.28) - Sy
Sqit = 0.26-2 = 0.52 (m?)

Area of ailerons trim tab. For two engine airplane:

Sh.
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Seqir = 0.04..0.06 - S,; = 0.05-2 = 0.1 (m?).

Range of aileron deflection for upward is 25 degrees, downward is 15 degrees.

1.2.1.2 Fuselage layout

Generally, the fuselage layout estimation consists of main geometrical
dimensions calculation and interior scheme creation.

In case of geometrical calculation, it is necessary to take into account the
expected aerodynamic characteristics of designed airplane, typical resistances during
normal and extreme flight conditions in accordance with estimated purpose.
Airplane’s fuselage geometry should allow to avoid high values of parasitic, skin
friction and wave drags, withstand the aerodynamic loads and have as greater as
possible safety factor value. To decrease form and wave drug and to provide
necessary strength characteristics avoiding the stress concentrators in fuselage cross-
section the round shape was chosen.

Another part of fuselage calculation as interior scheme creation is based on the
required capacity of designed aircraft. Besides that, the requirements of ergonomics
and sanitary standards must be considered for passenger aircrafts.

The next steps are necessary to calculate the main geometrical characteristics
of the fuselage and consequently to obtain its outline.

Nose part length is:

Fuselage length is:

Ir = ¢ - Dy = 8- 2.9 = 23.2 (m);

where: A,— fuselage fineness ratio.
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Fuselage nose part fineness ratio is:

_Ifnp _ 58 _

Apnp = Df 29 Z;

Length of the fuselage rear part is:

where: A, — fuselage fineness ratio.

Cabin height is:

H.gp =148+ 0.17B,4p = 1.48 4+ 0.17 - 2.560 = 1.9152 (m);

where B,.,, — width of the cabin.

For economic class passenger cabin the location of seats in the one row (2 + 2)

determine the next parameter:

Beab = Nachbiock * Dachbiock + baisie + 26 = 2-1000 + 500 + 2 -30 =
2.560 (m):

where 13100 — Width of 2 chairs;

bsenviock — number of 2 chair block;

b, — Width of aisle.

The length of passenger cabin is:

Leap = Ly + (Mpqws — 1) * Lgeqrpiten + Lz = 1200 + (13 — 1) - 750 + 300 =
10.5 (m);
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where L; — distance between the wall and the back of first seat;
N,ws — NUMber of rows;
Lyeat piren — seat pitch;

L; — distance between the back of last seat and the wall.

1.2.1.3 Luggage compartment

Cargo compartment volume is:
Veargo = V" Mpgss = 0.23 - 52 = 11.96 (m?);

where v —relative mass of baggage;

N,ass — NUMber of passengers.
Luggage compartment design is similar to the prototype.

1.2.1.4 Galleys and buffets
Volume of buffets (galleys) is:
Viattey = (0.1..0.12) - nyy65 = 0.1 - 52 = 5.2 (m?);

where v — volume of buffets;

Ny,ess — NUMber of passengers.

Area of buffets (galleys) is:

4 alley 5.2 2
S =2 = = 2.715 (m~);
galley Heab 1.9152 ( )9

Number of meals per passenger breakfast, lunch and dinner — 0.7 kg, tea and

water — 0.4 kg. Buffet design similar to prototype.
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1.2.1.5 Layout and calculation of basic parameters of tail unit

The chosen tail unit scheme is conventional. This choice is based on all three
prototypes empennage schemes.

To estimate the general tail unit outlines it is necessary to calculate the
geometrical dimensions of vertical and horizontal stabilizers and dimensions of
control surfaces. In general tail unit must to meet the requirements of aircraft stability
and controllability.

Area of vertical tail unit is:

_ TyxSw _27.3'65.46
SVTU = - AVTU =

+0.0402 = 13.793 (m?);
Lytu 5.205

where L7y — length of vertical tail unit.

Area o horizontal tail unit is:

S __ bmacSw A __ 2.6°65.46
HTU Lytu HTU 9.996

-1.067 = 18.175 (m?);

where Ly — length of horizontal tail unit.

Determination of the elevator area and direction:

Altitude elevator area is:
So; = 0.2765 - Syry = 0.2765-18.175 = 4.662 (m?);
where k,; — relative elevator area coefficient.

Rudder area is:

Syua = 0.2337 - Syry = 0.2337 - 13.793 = 3.223 (m?);
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where £, — relative rudder area coefficient.

Choose the area of aerodynamic balance:

0.3<M=<0.6;

S = (0.22..0.25) S .

S,5=(0.2..0.22) S pa;

Elevator balance area is:

S,, =022-S,;, =0.22-4.662 = 1.026 (m?);

where k,, — relative elevator balance area coefficient.

Rudder balance area is:

S,y =0.2-S,y = 0.2-3.223 = 0.6446 (m?);

where k,, — relative rudder balance area coefficient.

The area of altitude elevator trim tab is:

S, = 0.08-S,, = 0.08-4.662 = 0.37296 (m?);

where k,, — relative elevator trim tab area coefficient.

Area of rudder trim tab is:
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S = 0.06 - S,y = 0.06 -3.223 = 0.19338 (m?);

where S, — relative trim tab area coefficient.

Root chord of horizontal stabilizer is:

2S . 2:18.175:2.2
HTUMHTU __ =25 (m)’

b = = —
OHTU =™ (\inuro)Iury  (1+2.2)9.996

where nyry — horizontal tail unit taper ratio;

Ity — horizontal tail unit span.

Tip chord of horizontal stabilizer is:

Root chord of vertical stabilizer is:

2Syryyry __ 2:13.793:2.786
(A+nyry) vty (1+2.786)°5.205

bovry = = 3.9 (m);

where ny1y — vertical tail unit taper ratio;

lyty — vertical tail unit span.

Tip chord of vertical stabilizer is:

bOVTU_ 3.9 _ 4
9

b = — —
OVTU Nvru 2.786

1.2.1.6 Landing gear design

To estimate the landing gear outline in this project it is necessary to calculate

Sh.

NAU 20 05Z 00 00 00 99 EN

Sh. N? doc. Sign Date 22

‘el W h Vo Ak D o T™ -4




the location of every strut in relatively to each other, to determine the loads on

landing gear system, and its location considering center of gravity of an airplane.

In this layout the principal scheme of landing gear is fully based on the

prototype data.

As in the case with the tail unit it is necessary to provide the aircraft with the

stable and controllable base during operation on the ground including landing and

take-off.

Main wheel axes offset is:

e = 0.2673 - byc = 0.3-2.6 = 0.78 (n);

where k, — coefficient of axes offset;

bysc — mean aerodynamic chord.

Landing gear wheel base is:

B =ky- Ly = 0.3836-23.2 = 8.9 (m);

where k;, — wheel base calculation coefficient.

That means that the nose strut holds 5...11% of airplane weight.

Front wheel axial offset 1is:

dng = B —e =10.5—0.78 = 9.72;

Wheel track is:

T =kr+B=0.8315-8.9 = 7.4 (m);

where k;, — wheel track calculation coefficient.
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Nose wheel load is:

b (9.81-e'kgmy) _ (9.81:0.781.75-20800)
NLG (B-z) (8.92)

= 13263.12 (N);

where K, — dynamics coefficient;

z —number of wheels.

Main wheel load is equal:

_ (981-(B—e)m, _ (9.81:(8.9-0.78)-20800) )
Pyic = Bnz) 6924) = 23611.3 (N);

where n — number of main landing gear struts.

1.2.1.7 Choice and description of power plant

In accordance with the performance of aerodynamic calculations for the design
of the aircraft, the required maximum thrust at take-off mode is 165. The PW127 is a
free turbine propulsion engine consisting of turbomachine and reduction gearbox
modules connected by a drive shaft and integrated strucural intake case, given in the
table. 1.2.

The turbomachine is a three concentric shaft design incorporating two
centrifugal compressors each driven separately by single-stage turbines, and a two-
stage power turbine.

The reduction gearbox features a twin layshaft design with antifriction bearings
and an offset propeller shaft. The combustion system is comprised of an annular

reverse flow combustor, 14 piloted air blast fuel nozzles, and two ignitors.
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Table 1.2
Examples of application PW 127

Engine | Overall | Overall | Dry Maximum Take- Normal Take-off | Maximum
Model | Length | Width | Spec. . Power — 5 min.
(mm) | (mm) | Weight off Power — 5 min. Continuous Power
(kg)
Shaft | Maximum | Shaft | Maximum | Shaft | Maximum
Power | Air Temp Power | Air Temp | Power | Air Temp
" ; d (kW) | for Rated | (kW) | for Rated
(kW) or Rate Power Power
Power (°O) (°O)
(°C)
PW127 | 2130 679 480.8 | 2051 |32 1846 | 32 1864 |41

1.3 Determination of the aircraft center of gravity position

1.3.1 Determination of centering of the equipped wing

The distance from the main aerodynamic chord to the center of gravity of the
airplane is called the centering. During the changing of the aircraft loading variants or
because of the changing of weight during flight the position of aircraft center of is
changing. The moving of the cargo inside the aircraft leads to changing of center of
mass position too.

The centering is important aircraft characteristic as it affects on the balancing,
stability and controllability of the aircraft. That’s why it 1s necessary to keep it inside
strict limits.

To calculate the centering it is necessary to determine the mass of main
structural units and devices. The list of the units masses for the aircraft given in the
table 1.3. The mass of aircraft is 20800 kg.

The longitudinal static stability of the aircraft is determined by the location of
its center of mass relatively to the focuses. The closer the center of mass is to the nose
part of the aircraft, the more longitudinally stability the aircraft have. Coordinates of

the center of gravity for the equipped wing are:

Xi, = ZmiXe
xm;
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Trim sheet of equipped wing masses

Table 1.3

Mass Center of
Name gravity Moment (kgm)
Units Total (kg) coordinates
1 3 4 5
Wing (structure) 0.16 3328 1.17 3893.76
Fuel system, 40% 0.0038 79.04 1.17 92.4768
Control system, 30% 0.00336 69.888 1.56 109.02528
Electrical equip. 30% 0.009 187.2 0.26 48.672
Anti-icing system 70% | 0.01785 371.28 0.26 96.5328
Hydraulic system, 70% | 0.0189 393.12 1.56 613.2672
Power plant 0.12042 2504.736 1.2 3005.6832
Equipped wing without | 33333 6933.264 | 1.133581 7859.41634
landing gear and fuel
Nose landing gear 0.016057 333.978736 | -5.73 -1913.69816
Main landing gear 0.032113 667.957264 | 1.3 868.3444432
Fuel 0.13388 2784.704 1.092 3040.896768
Equipped wing with
0.51538 10700 0.919314 9836.6598
landing gear and fuel

1.3.2 Determination of the centering of the equipped fuselage:

The list of the unit for the aircraft is given in table 1.4.

The center gravity coordinates of the equipped fuselage are:
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Table 1.4

Trim sheet of equipped fuselage masses

Coordinates of
. Units Total (kg) | center of gravity. Momentum (kgm)
Objects
(m)

1 2 3 4 5
Fuselage 0.11355 2361.84 11.6 27397.344
Horizontal stabilizer | 0.01567 325.936 20 6518.72
Vertical stabilizer 0.01553 323.024 18.2 5879.0368
Radiolocation 0.0046 95.68 11 1052.48
equipment
Dashboard with 0.008 166.4 2.2 366.08
equipment
Aero navigation 0.0069 143.52 3.5 365
Radio equipment 0.0034 70.72 3.5 502.32
Lavatory 0.000967 113.68386 | 13.4 247.52
Galley 0.005466 113.68386 | 12.8 1523.36367
Baggage equipment | 0.000967 20.10676 | 5.1 1455.153357
Control system 0.00784 163.072 9.8 102.5443536
Electrical system 0.021 436.8 12.8 1598.1056
Hydraulic system 0.0081 168.48 10.1 5591.04
Anti-ice system 30% [ 0.00765 159.12 9 1701.648
Onboard equipment | 0.008 166.4 3.5 1432.08
Passengers seats 0.014645 240 9 582.4
Emergency 0.004838 100.64 5.1 2160
Cockpit seats 0.000962 20 2.5 513.264
Attendant seat 0.000192 8 12.9 51
Non-typical 0.0024 49.92 0 51.6
equipment
Equipped fuselage 0.250869 5247.0264 | 11.20183 58776.29978
without commercial 48
load
Passengers 0.173077 3600 8.7 31320
Passenger baggage 0.023077 480 5.1 2448
Cargo 0.026058 542 5.1 2764.2
Crew 0.006731 140 2.5 350
Flight attendant 0.002404 50 12.9 645
Equipped fuselage 0.484619 10100 9.59029 96948.49978
with commercial
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1.3.2.1 Calculation of center of gravity positioning variants

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

1.4 and Center of gravity calculation options given in table 1.5 completes on the base

of both previous tables.

The mean aerodynamic chord center of gravity is:

MpX f+mMy Xy —Mo Cp

Xmac =

where m, — aircraft takeoff mass, kg;

ms— mass of equipped fuselage, kg;

m,, — mass of equipped wing, kg.

b

mpy—my

Table 1.5
Calculation of center of gravity positioning variants
Name Mass, kg Coordinates Moment
1 2 3 4
Object m; m kgm
Equipped wing without fuel | 6933.264 10.11955311 70161.53
Nose landing gear (retracted) | 333.978 8.9 1087.423
Main landing gear (retracted) | 667.9 10.60447197 7082.727
Fuel 2784 10.40997197 28981.36
Equipped fuselage 5247.026 11.20183029 58776.3
Passengers 3600 8.7 31320
Baggage of passengers 480 5.1 2448
Cargo 542 5.1 2764.2
Crew 140 2.5 350
Attendants 65 12.9 838.5
Nose landing gear (extended) | 333.978 2.25597197 753.445
Main landing gear (extended) | 667.9 10.60447197 7082.727
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Aircrafts center of gravity position variants

Table 1.6

) _ Momentum of | Center of _
Variants of the loading [ Mass, kg Centering
the mass, kg'm | mass, m
1 2 3 4 5

Take-off mass (nose

20800 203648.5448 9.811 25.50
landing gear extended)
Take-off mass (nose

20800 203314.5668 9.795 25.00
landing gear retracted)
Landing variant (main

17258 167170.876 9.686 21.64
landing gear extended)
Transportation variant

16236.17 167782.3668 10.333 18.87
(without payload)
Parking variant (without

15182.17 137107.9829 10.401 15.35
fuel and payload)
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Conclusion to the project part

In this part the main geometric dimensions and centering of designed aircraft
were determined. That made the creation of the drawing outline possible.

During the calculation the main geometrical parameters caused by operational
purpose, planned quantities of passengers and cargo, speed and altitude of flight,
conditions of landing and take-off, were considered. All obtained values meet
requirements for the short range passenger aircrafts.

The centering of the designed aircraft was performed. The most forward center
of gravity position of equipped aircraft is 17.96 from the origin of the leading edge of
main aerodynamic chord. The most aft center of gravity position of equipped aircraft
is 25.5 from the origin of the leading edge of main aerodynamic chord. Between
these values centering of the aircraft should be performed.

Geometrical parameters almost math with chosen prototypes. That fact allows
to make a conclusion that designed aircraft will successfully concur with another
models on the chosen market segment.

Furthermore, the engine PW-127J that meets the requirements considering
efficiency for designed aircraft was approximated. Main peculiarities of basic section
of an aircraft and their influence on outline creation were figured out. Reliability
analysis was performed.

As was shown in results of the reliability analysis we should pay attention to
the design of control system elements as it is important part of the aircraft and it is

directly effects on its operational characteristics.
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2. SPECIAL PART. DESIGN OF CONTROL SYSTEM ELEMENTS

2.1 Output loads for calculation

The forces in the control parts must be determined in the neutral position of the
steering surfaces. In the presence in the control system of various automatic devices
such as autopilot, etc. the effort in the control parts must be determined taking into
account the action of these devices.

Most parts and components of the aircraft control system are based on the
strength of the design (destructive) load of the PP. Calculations for contact voltages
are performed on operational loads P.

The value of the safety factor f = PP/ PE is normalized (within 1.5 ... 2).

In addition to the basic safety factor of NLPL, additional safety factors are
provided:

- faaa = 1.25 — additional safety factor provided for the main butt and split
joints;

- faaa = 1.5 — additional safety factor provided for casting parts.

The source material for determining the design loads are:

- kinematic diagrams with information about the location of the axes of rotation
of all nodes, the dimensions of the kinematic elements;

- operational aerodynamic loads;

- normalized operational efforts of pilots applied to the rudder;

- operating capacity (load) from autopilot steering machines;

- normalized or accepted safety factors for different calculation cases.

When determining the operating aerodynamic loads, the deviation of the
steering surfaces in manual control is taken instantaneously.

To move to the calculated aerodynamic loads is accepted f = 2
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Hinge moments are determined taking into account the action of servo
surfaces. The normalized operating forces on the command levers for non-
maneuverable aircraft are determined depending on the weight of the aircraft. The

maximum value of effort at single management makes:

PE' = 80kgf = 785N;
PPB = 120kgf = 1177N;
PPH =120kgf = 1177N.

The force 1s applied "on itself" or "from itself" to the left or right horn of the
rudder, the force is applied down the tangent to the rim of the rudder on one side.

In the case of dual control, in addition to the load by the force of one pilot, the
simultaneous application by each pilot to his rudder of the load, which is 75% of the
above, is considered. These loads can be directed both in one and in opposite
directions.

After determining the operational values of the aerodynamic hinge moments of
the steering surfaces, the normalized forces on the control levers is balanced.

Balancing-bringing the hinge moments of the steering surfaces in accordance

with the forces applied to the steering wheel.

M{' = P - h;

where 4 (m) is the gear ratio of the control wiring.

In most cases, when balancing, it is necessary to take into account the uneven
distribution of aerodynamic load between the left and right halves of the steering
surface.

In this case, the initial hinge moments of the left and right ailerons are divided
into symmetrical and antisymmetric components. Antisymmetric components of the

hinge moments of both ailerons that are balanced on the command lever.
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Antisymmetric components of hinge moments are determined by the formulas:

lcg? = Py~ Ryeyy /2;

]V[z()l?§ = Piy * hyer /2.

The given hinge moments for the left and right ailerons are obtained as the sum
of the corresponding values of symmetrical components and corrected antisymmetric
components.

At manual control of rudders (ailerons) the hinge moments received as a result
of balancing (f = 2) are calculated. In addition, the wiring of the manual aileron
control in each wing console must be tested for strength from the design force on the

steering wheel

P& =90kgf = 883N;

(at double control — 135 kgf — 1324 N), if at this position of the center of pressure
nowhere on the scope of the aileron will not be more less than 50% of the local
chord.

Units and parts that belong to two or more control channels (steering wheel)
must be designed in case of simultaneous control of two channels; it is assumed that

in each channel there is 75% of the design load.
2.1.1. Calculation of the strength of the elements of the steering column.

Case 1. Single control , loaded right-hand steering wheel.

Calculated loads:

Pcln.e.r. :Pcll.e.r :782:156kgf:1530N,
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Case 2. Single aileron control, loaded right-hand steering wheel.

Calculated loads:

Pclp.el = Pcll.el:] 71.4:2-1.25=428.5 kgf:4202 ]V,

M’.,..;=4500 kgf-cm=441 N-m.

Case 3. Single control of ailerons, loaded at the helm. Load one horn

Pc]p.el. = Pcu.el =1714 kgf:]681 N,'

M., =7200 kgf:cm =706 N-m.

Case 4. Single compatible control P.B. and ailerons, loaded right horn.

Calculated loads

P =156"kgf=1530 N;

P, =428.5 kaf =4202 N;

Case 5. Single control RV, loaded at the helm horns.
Calculated loads:

P, = P°,=272 kef =2667 N;

Calculation of the steering wheel

The worst case is the work of one pilot for one rudder, the combined deviation

of the ailerons and the rudder
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P u=428.5 kgf =4202 N;
M., =4500 kgf-cm =441 N-m;
P.=782=156 kgf =1530 N.
Since the steering wheel is made by casting of alloy ML5P4 having
ov = 152 MPa, the coefficient.
Margin of safety is taken /= 1.5
P.=156"1.5=234 kgf=2295 N,
P =428.51.5=642.75 kgf=6303 N.
According to the sketch design, the cross section is at a distance of 7.8 cm

from the point of application of effort, and the section has the following dimensions

(mm); Fig. (2.1)

Fig. 2.1 Cross-Section 1-1

Find the cross-sectional area, the moment of bending resistance and the moment of

resistance of torsion of the cross-section 1-1
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F=S;—Sz—Sor = 24.62 —15.2 — 0.36 = 9.06cm? = 9.06 - 10~ *m?;

s

W, = 323 : [1 — (%)4] = 10.66cm?® = 10.66 - 107°m3;

Wor =22 [1- ()] = 21.32em® = 21.32- 10-5m¥;

o, = 202 Twb | P78 _ 5305 - 25.8 + 4703 = 675 - XL = 66 - MPa;
Wp F b cm
_ Po105 _ 64275105 kgf )
T, = T8 — 22208 — 316522 = 31MPa;
o, = Ppb'10-5 Ppb + Pe1'7.8

= 230.5+25.8+470.3 = 726.6kL];
Wp F b cm

= 71MPa;

o= +4 (T, )2 = J726. 62 +4-(316.5)% = 963.65% = 95MPaq;

The margin of safety is:

Strength according to the third theory of strength is provided.
Calculation of crumpling of a wheel skeleton under a pin

Worst case: work with both hands on the roll channel

M1 =7200 kgf-cm=706 Nm;

D, =5 cm=0.05 m;

n - is the number of cut planes
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F=n-h-Dg =4-0.6-0.6 =1.44cm?* = 1.44- 10~ *m?

Mcr el 7200 kgf
= = = 1000 —= = 98MP
°t =D, F 5 144 cm? 4
Steering Pin
o, = 1550%9L = 152MPa o, = 1100022 = 1079MPa
cm? cm2

The crumpling strength of the pin and the steering wheel is provided.

Calculation of pins on a cut

Dy=4.4cm=4.4-10" m;

Dg,=0.6 em=6-10" m;
n=4

M., o1 =7200 xgf-cm=706 N-m;

kgf _
cm?

op = 11000 1079MPa;

m(Dsp)? 4. 3.14+0.62
4

F,=n- = 1.13cm? = 1.13 - 10~*m?;

_ Mgper 7200
Tav -

- = 1447.6 9L — 142MPa:
Dgy'Fer 44113 cm?

kgf
cm?

T, =0.6-0, =0.6-11000 = 7150 = 701MPa;

The margin of safety is

T, _ 701

= = 4.94.
Tpy 142
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The strength under the condition of the cut of the pin is provided.

Calculation of the steering shaft in a critical place for torsion Fig. (2.1)

M., .1 =7200 x2f-cm =706 N-m;,

D,=4 cm=4-107 m;

h=0.4 cm=4-10"m — wall thickness;

D.= 4.4 cm=4.4-10" m;

dy= 3.6 cm=3.6"10" m;

d,= 26 cm=26-10"m

Fig. 2.2 Critical section of steering shaft.

op = 40002 = 392MPa;

_ TDgyh?  3.14-4:0.47

= 0.67 cm® = 0.67 - 10~°m3;
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T,, = Meret = 229 _ 1074635 — 1054MPa;
Wer 0.67 cm

T, = 0.65 - 4000 = 26002 = 255MPa;

We select the sizes of section.

3*Mcrel .
m-Dgp.h?2’

(Te) =

:\/ 3- Mool _\/ 3-706 = 0.008m:

TDay(Ter) A 3.14:0.04-255-106

In this section, the outer diameter should be Ds = 4.8 cm

Calculation of the propeller fork
H=4.7cm=4.7-10" m;
A=0.7cm=7-10" m;
B=5 cm=5-10" m;
M., =7200 kgf-cm=706 N-m,
Lom=3 cm=3-10"m;

0,=40 kgf/mm’=392MPa.

Since it is a fork, the coefficient is introduced. margin of safety f;,, = 1.25

M., o, =9000 kgf-cm=883 N-m.
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Calculation of the critical cross section for bending.

__ Mg 9000

PP =" = X% = 1914.9kgf = 18779N;
Wy =22 =275 = 2.92¢m® = 2.92- 10~°m?,
o) = Pp;f/';rm = 2% — 196742 = 193MPa;

T, = i—i = 1200 = 5471 = 54MPa;

6 =/(0,)7 + 4 (Tqy)? = V1967.42 + 547. 12 = 2246 -2L = 220MPa.

The margin of safety is

n=2=22=178g,
o 220
Strength according to the third theory of strength is provided.
Calculation of the square ring Fig. (2.3)

Material 07X16 H6, 6,=110 kgs/mm*=1079 MPa

®
N

// 2

,
R=23.5

N

o7
NN
§
N
NN
ANNNNNNN
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Fig. 2.3 Square ring

Since the most critical place is located at an angle of 45 degrees, this section 1s
calculated for the gap and bend.

The cross section has the following dimensions:

A=1.6 cm=1.6"10" m;

B=0.8 cm=8-10"m.

Calculated load

M:.,..;=7200 kgf-cm=706 N-m;

F=1.6-0.8=1.28 cm’=1.28-10"n’;

.R2 . 2
Wy =2 = =22 = 0.17cm® = 0.17 - 1075m?;

_ 1415Mgpq 14157200
P~ 2.R2:F-cos(45)  2-2.35-2:1.28:0.707

o = 1197.65%2 = 117MPa;
cm

1.415-M 3.3 1.415-7200-3.3 kgf
op = crel = — = 9477.13-= = 929MPa;
4-11:2-Wp-cos(45) 4:3.14-2:0.17-0.707 cm?

6 = 0y + 0, = 9477.13 + 1197.65 = 10674.78 -2 = 1046MPa;

The margin of safety is
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Strength as a result of calculation is provided.
Calculation of a rocking chair

Calculation of the force transmitted to the thrust number 1
R=7 ecm=7-10"m;

M-...;=7200 kgf-cm=706 N-m;

Penruse = == = == = 1028.6kgf = 10087 - N.

Calculation of thrust at break
Dijusi=3.6 cm=3.6-10" m;
h=0.2 cm=2-10"m;
F=1t" Dypysrh=3.14-3.60.2=2.26 cm’=2.26-10" m’;

P 1028.6 k
0, = thrust _ — 455Lf = 45MPa.
F 2.26 cm?

The margin of safety is

n=22=32_g71.

Oo 45

Strength is provided.

Calculation of crumpling of a framework of a rocking chair under the plug.

Fdop = 1.25.
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_ FPthrust _ 1028.6-1.25 — 16072M = 158Mpa,
nF, 2:0.5:0.8 em?

Op

Strength is provided.

Calculation of a bolt of fastening on a cut.

Material 30XT'CA.
oy = 110002 = 1079MPa;

D,=0.6 cm=6-10" m;

The bolt has two cut planes.

T, =0.6-0, =0.6-11000 = 7150%9L = 701MPa.
cm?
The margin of safety is
=20 =12 _ 314
Tay 223

Strength is provided.

Calculation of the rocking chair in the neutral position of the steering wheel.

Strength

Pthrust1:128575 Kgf:]261 kN,
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Traction force number 2
Pthrust8.7
Piprust = 71118.6kgf = 10970N;

The force transmitted to the axis of rotation of the rocking chair.

Pares = /(Pr)? + (Prp)? = V1028.6% + 1118.6% = 1519.6kgf = 14902N.

0y = 110002 = 1079MPa;

D,=0.6 cm=6-10" m;

T, =L laxes - 393 _ 3360129 = 330MPa;
n-Fet 2:0.2826 cm?

T, = 0.6-0, = 0.6 11000 = 7150’%’; = 701MPa;

Cc

The margin of safety is

_Tp
T T 330

01— 212

Strength is provided.

Calculation of the rocking chair in the most dangerous place in section 1-1.Fig

(2.4)

Piusiz =1118.6 xgf=10970 N;
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and tangent to the rocking chair at this point is 7 degrees, then the increase in thrust
will be negligible, and the koeff. of strength reserve in the rocking chair is big
enough, then there is no point in holding calculations in a rocking chair in extreme

positions.

. . 2
W, = 22225 = 0.96cm® = 0.96 - 10~°m?.

2|4

Fig. 2.4 Calculation of the rocking chair

5. = PP Larm'f _ 1118.6-2:1.25 _ 2913M _ 286MPa
b W 0.96 cm? '

The margin of safety is

__ Ops __ 412 _

=22 = 1.44;
op 286

Strength is provided.

So in the extreme position of the rocking chair the angle between the rod Nel

Calculation of supports of fastening of a steering column (Fig. 2.5, 2.6)

‘Zl- 165 l"E—"L 163 -113‘
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Fig. 2.5 Calculation scheme 1

&
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Fig. 2.6 Calculation scheme 2

The calculation is performed in the neutral position of the steering wheel the

work of the pilot with both hands

Calculation of forces on supports in the O-Y plane
S,=1118.6 xgf=10970 N;

P.,=342.8 kgf=3362 N.
The shoulders are indicated in the calculation diagram

7.5
2:16.5

Pyq = —Po - cos(15) +S, - = —342.8-0.965 + 1118.6 - 0.227 =

—76.88kgf = —754N;

7.5
2:16.5

—584.72kgf = —5794N;

Pyy = —Pg * cos(15) — S, -

= —342.8-0.965 + 1118.6-0.227 =
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Pras) = Sa + Pe;  sin(15) = 342.8 + 1118.6 - 0.259 = 623.3kgf = 6200N.

Calculation of forces on supports in the O-X plane
S.=802.7 kgf=7872 N;

P,=272 xgf=2667 N.

A B

“ e I\
babs 165 165

Fig. 2.7 Calculation scheme 3

S;(16.5+4.8)+Py, _ 802.7-21.3+272
33 - 33

= 526.3kgf = 5161N;

Pa =

P, = Sz'(16.5;-:.8)+PpB _ 802.7-1313.7+272 _ 292.8kgf — 2871N:

Efforts in the direction O-X cause a cut of bolts of fastening of an arm.
Efforts in the O-Y direction cause the bracket mounting bolts to come off.
According to the preliminary design, the diameters of the bolts.

DB = 6 - 10-3 m made of material 30XT'CA

P.x=526.3 kaf=5161 N;

P.y=78.88 kgf=754 N;

Sh.
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Pyy=292.8 kgf=2871 N;
Pyy=584.72 kgf=5734 N:
For=F,=0.2826 cm*=0.2826-10" m’;
n =4 — number of bolts

Pmax __ 584.72 kgf

Oy = = =517.3 = 51MPa;
T Forp  0.2826:4 cm?
T, = tmax = 5293 _ 4656190 _ 46pmpg;
Nn-Fee 4.0.2826 cm

0 =/(0o)? + 4 (To)2 = +/517.32 + 4 - (465.6%) = 1065.2 "i’; = 104MPa;

[

T, = 0.6+ 0, = 0.6 - 11000 = 7150~ = 701MPa;

cm?

The margin of safety is

=0 =" = 674

n=
T, 104

Strength according to the third theory of strength is provided.

9

=

w - —
8 \o
=TOUKO. NPMILACACIE
! / 9 HOBOHTQXEHHH
Fig. 2.8 Pin
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D =15-10" m;

F=1767cm’=1.767-10"* m*;

W=0.3313 cm’=0.3313-107 m°;

P,x=526.3 xgf=5161 N.

Calculated case: Single control P.B.

op = Pax'Larm — 526.3:0.14 _ 2224kim92 _ ZZMPG,,
Whp 0.3313 cm
Toe = ax = 2293 _ 997 8X9° _ 29Mpq;
Fee 1.767 cm
k
o =1(0p)2 +4 (Te)2 =+/(222.4)2 + 4-(297.8)% = 635.8% = 62MPa.

The margin of safety is

n=2=20"_ 174,

Oct 62

Strength according to the third theory of strength is provided.

2.1.2. Calculation of the loading spring PoSS-70

Case 1. Single control. Position of steering columns "on itself".

Load of the right steering column "from itself". Start of coupling

disconnection.
Calculated loads:
P o= 3:75=225 kgf=2206 N,
Sh.
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Case2. Single control. Position of steering columns "on itself'. Load of the

right steering column "from itself".

Final coupling disconnection.

Calculated loads:
Pf.= 390 = 270xgf=2648 N;
Case 3. Dual control. Neutral position of the steering columns.
Pf,.= 3-75=225 xgf=2206 N.
Loading spring
Calculated pre-tightening effort:

P

p

ret.= P e f= 70:3=210 kgf=2059 N.
The design force of the loading spring corresponds to the maximum stroke:
P ran= P o= 90-3=270 kgf=2648 N,
Ware 65C2BA-XH-9 'OCT 14963-78;
T10p=8400 xgficm’=824 MPa;
G=7.6-10° kgflcm’=74.531-10° MPa.
Spring parameters:

n = & — number of turns

d = 9 mm — wire diameter
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D = 53 mm — the outer diameter of the spring
Dy=D-d=53-9 =44 mm — the average diameter of the spring.

Coefficient taking into account the curvature of the turn

H, = 135 mm — height of the spring in the free state;
Calculation of torsion springs.

Calculated case 2:

P, = 90 xgf=883 N;

Tangential torsion springs:

8-P-Dy-k 8-90-4.4-1.32 1827kgs
T = - = = = 179MPa;
-d3 3.14-0.93 cm?

[Taop] = 824MPa;

=53 _46>2.
179

Calculation of spring for stability

H/Dy=135/44 = 3.07,

Since the value of N/ D, <5.1, the loss of spring stability is impossible.

Calculation of the threaded connection of the glass
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Case 2.

25
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435
30

85

120

Fig. 2.9 Threaded connection of the glass

Calculated loads:

Py =3-90 = 270kgf = 2648N;

Crushing of a carving of the case under a glass

Pjer =3:90 = 270kgf = 2648N;
d,, = 30mm;,

S' =15;

PC
pret_ _ 197 _ 4 87MPpa;

Oy = =
ct mdypS! cm?

o =229 _ 392MPa;

cm?

Sh.
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Crushing the thread of the glass under the body
P& = 390 = 270kgf = 2648N;
d.n = 30 mm;

S'=15;

PSy
Opr = #:_tsl = 19.1kgf /cm? = 1.87MPa;

o = 38kgf/cm? = 3.73MPa;

38k
o= ‘ng = 3.73MPa
cm

Sh.
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Conclusion of special part

In this part the main strength calculations of designed control system elements
were performed. That made the creation of the drawing outline possible.

During the calculation the main geometrical parameters caused by operational
purpose, bending and torsion, strength of elements, were considered. All obtained
values meet the requirements for the short range passenger aircrafts. Geometrical
parameters almost match with chosen prototypes. That fact allows to make a
conclusion that designed control system elements will successfully concur with

another models on the chosen market segment.
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General conclusions

During this designing work I’ve got the next results:

- preliminary design of the short range aircraft with 50 passengers;

- the schematic design of the layout of the short range aircraft with 50
passengers;

-the center of gravity of the airplane calculations;

-the calculation of the main geometrical parameters of the control system;

- the design of control system elements;

Designed aircraft satisfies the planned aim of usage, its geometrical
characteristics will provide the necessary aerodynamic performance, which will lead
to efficient usage.

In the second part the main strength calculations of designed control system
elements were performed. That made the creation of the drawing outline possible.

During the calculation the main geometrical parameters caused by operational
purpose, bending and torsion, strength of elements, were considered. All obtained

values meet the requirements for the short range passenger aircrafts.
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Appendix A

OPOEKT
COIETA ¢ TB
Y,  xadempa K I A
Pacyer punoanen 23.09.2019
Pyrosogurens Krasnopolskii V.S,

VCXONEHE NAHHKE ¥ BHBPAHHHE, TAPAMETPH
Konuuectno naccaxupoa

50.
Konnyecrao YNBHOB 9XMnaxa

CAM
HA
TIPCERT diploma

Mcnonkkrens Zozulya A.I.

2.
Koauuacreo OOpwnposonHuxon WK conpoBoxmanmux 1.
Macca cuapawenua i CnyxeBHONo rpysa 363.67 kr,
Macca xomMepuackon Harpysky

4377.50 kr.
Kpe#cepcran CKOpocTs nonera

450. xM/u
Incno "M" nonera npwu rpelicepckoil cropocTu 0.3942
PacyerTHan smcora Hauana peannsaunmn noneron o xpeiicepckoit
SKOHOMUUECKOR CKOpocTLn §.000 wu
RanuHoors nonmera o MaKCUMANLHO! KOMMepYeckoH Harpysro# 750. kM.
fnMHa nerHo mosocw asponpoma gasupoBaHua 1.90 kM.
Konmnuecrso Asnrarenen 2,
Ouenka no cramucrure SHEPrOBOOPYXEHHOCTH B KBT/KD 0.1800
C'I‘GTIGHE l'IODHm'GHHH' AabJIeHHA 15.00
OTHOCHTeNBHAA MACCa TOMMMBA MO craTHCTHKE 0.2000

Yanuuenne xprna 11.37
Cyxenue kpuna

2.90
Cpennana orHocurensuan TOJIIHHA Kphula 0.120
CrpenosunHocTs Kpuna no 0.25 xopp 6.0 ppag.
Crenens Mexanusuporaunocmu Kpua 0.580
OTHOCKHTeNbHAA IUVIOmank NPHKOPHEBHX HATJIHBOB 0.000

Ipoduns wpuna - JaMMHUOUpOBaHHLH THna NACA
llai6n YUTKOMBA - He npHMenavTca

Crnoinepd - ycranoRmeHu

JIH&M&TP QPosensxa 2.65 M.
Yonunenue ¢wsenmxa

8.00
CTPesioBMAHOCTL IFOPMSOHTAaNLHOro onepennn 15.0 rpang.
CTpPeNoBUOHOCTL BepTHKRANLHONO onepeHus 20.0 rpan.

PESYILTATH PACYETARA

HA Y, KAGEQEA "K I A"
JHaAUEHHS ONTHUMANLHOMNO KOBMDIULMEHTA non'emuolt cumd B pacuemuoit TOuKe
Kpedicepckoro pexnMma nosera Cy 0.45680
3HayeHue koodduumMeHTa Cx.uHg. 0.005%4

OIPEIENEHME KORGOMIMEHTA Dm = Mgpur - Mxpeitc

9ucso Maxa kpesicepckoe Mkpeilc 0.39421
9ucso Maxa BonHoBoro Kpusmuca Mxkpur  0.68116
BHYHCIIEHHOE SHaueHHe Dm 0.28694

JHAYEHHA YOeNbHHX Harpysok Ha Kpuio B KIA(MNO MOMHOK miomanw) :
npu BaneTe 2.6317
B C&penHHE RpEHCEPCROMO YuacTKa 2.562
B Hayaje KpeiCepcroro yuacrmka 2.584



3HaueH¥e RODOOMUMEHTA CONPOTUBJSHUA PBENAXa M MOHAON 0.00985
Snayenne Koodd. MPOPMIb. CONPOTHBIIEHMA KPHUIA M ONEpPEeHHA 0.00995
3HaueHKe ROBPIUUMEHTA COMPOTURIIEHMA caMmonera:
B HaYae KpeHCcepCKOro pexuMma 0.03328
B CepejHHe KpeHcepcroro pexuMa 0.03319
CpenHee sHaveHne Cy NpU YCJNOBHOM NOJETE MO NOTOJKAM 0.49680
CpenHee Kpedcepcroe RayeCcm™BO caMonama 14.96679
JHaueHue rozdPUUMEeHTa Cy.Moc. 1.556
Bunauenue xondduumenra | npu cropocT™u cpanusanua ) Cy.noc.maxc. 2.334
SHAYEHHE ROUPPMUMEHTA ( NPM CKOPOCTH CBANMBaHMA ) Cy.BSJ.Makc. 2.074
Suavyenne xosddMumMenTa Cy.omp. 1.4%3
C::anepr'oaoopymeﬁuoc'rb B Hauane Kpe#cepcroro pemwnMa 0.100
c::p:oaaﬂ SHEPrOBOOPYXeHH. MO YCNOBMAM Kpeidc. pexuma NO.Kp. 0.145
PTOB3A SHOPrOBOPYX. MO YCAOBMAM BoSonacHOro bBoyiams NO .BE@I. 0.146
PacuerHas oHeprosopyweHHocTL camonera No 0.150
OTHOmEeHue Dn = No.kp / No.ma3n Dn 0.996
YOEIBHHE PACXOIH TOIIIMBA ( B xr/xBr*u ) :
BSJIE THRIA 0.3034
KpelcepCcruit (XapaxTepucTHKa OBMramTensa) 0.2603
CpeOHHA KpeHcepCcKHH NpH SafaHHOW HanbHOCTH noJseTa 0.2611
OTHOCUTEJIPHHE MACCH TOIUIMBA:
ABPOHABUMALIMOHHEI Banac 0.02030
pacxomyeMaa Macca TOIJIHB& 0.06738
[HAUEHUA OTHOCUTEILHHEX MACC:
KpBU1a 0.15047
POPUSOHTANEHONO ONepeHus 0.01799%
BEpPTHKANILHOI'O ONepeHnA 0.01782
WACCH 0.05217
CUNOBON YCTAHOBKU 0.1139%4
tosenaxa 0.11076
OBOPYIOBAHUA M YNPaBIEHUA 0.16761
OONOJHHATENBHOIO OCHAWEHUA 0.0029%4
CnyXeGHO® Harpysku 0.02082
Tonnusa npy Lpacdy. 0.08765
KOMMEepUYeCcKO® HarpysSku 0.25771
BsseTHar Macca caMosiera "M.g" = 16986. kI'.
Torpetuas BaNETHAS MOMHOCTL OBUMaTens 1276.8 kBT
OTHOCUTENbHAA Macca RHC
OTHOMO 060
NpoTUBOOBREeneHuTeNnEHOH cucTemy caSZ§Z:aH"ﬂ " 0.0277
OTHOCHTENbHAA Macca naccaxmMpcroro oo ;
é?nu OBOpYyROBaHUA Kabun TpPysosoro gagpynoa?ﬂ"ﬂ 0.0206
THOCMTENnbHAaA Macca onera ;
DeROpaTHR 0.0133
gmuocumenbnaa Macca GHTOEOPO ?:ﬁ oSunsku u TIY 0.0082
THOCUTONLHAR Mac ¥ Ipysororo) uA ‘
ca oBopynoBan ~
OTHOCHTeNLHAR A YNpaBneuus pYy 0.0129

0.0304
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OTHOCHTenbHaA Macca BIEeKTPOOBOPYROBAHKA 0.0300
OTHOCHTENLHAaR Macca JIOKAUMOHHOrG OBOPYAOBAHHA 0.0047
OTHOCHTENbHAA Macca HaBHMaUMOHHONO OBOpYHOBAHHA 0.0070
OTHOCMTeNnLHas Macca pamuocsssHONO oBopynOBaHUA 0.0035
g;:gzzzngﬂan Macca npubopHoro ofopygoBaHuA 0.0082

bHAA Macca TonnuBHOK cucmeMw (BXOmMT B Maccy "CY") 0.0025

HOITOJIHH'X‘QJIB HOe oOcCHaleHue :

OTHoC e
Owuoc::eanaﬂ MACCa KOHTeAHEPHONO OBOPYROBAHUA 0.0000
€nkHaa Macca HeTunuuHoro oBopynoraHud 0.0023

BCTpoe
{ nosonﬂuue CHCTEMH IOUAarHOCTHEM K KOHTPOIA napaMeTpoB
HUTENLHO® OCHameHWe CaNoHOB M np.]

XAPAKTEPUCTUKY B3IETHOK TUCTAHITMH

CropocTs orpuBa camonara 189.97 rM/u
YCKOpeHue npu pazdere : 1.72 M/c*c
InuHa pasBera camonena 806. M.
Ancranuna Hafopa OesonacHo# BHCOTH 409. M.
Banernas nucranuus 1215. M.

XAPAKTEPMCTMKM B3JETHON! [IUCTAHIMMA
TIPOJOIXEHHOT'O B3IETA

CKropoCcTer NpUHATHMA pemeHnn 180.47 km/u
CpenHee yCKOpeHye NpPY NPONOMKEHHOM BEJETe HAa MOKpo# BIMI  0.17 M/c*c
Anuna pasGera npu NpopoSXEeHHOM BSJleTe Ha MOkpoi BINI 1552.15 M.
BanerHaa OMCTARUKA MPOONOIXEHHOrO BBNeTa 1921.90 M.
IlorpefHan OnNMHa NETHOH TNONOCH N0 YCIOBUAM

NIpepBaHHOro B3JeTa 200Z2.81 M.

XAPAKTEPUCTUKY IOCAJOUHOA [UCTAHIDOL

MaxcumMmanbHaA NMocafoyHasdA Macca camojera 16511. KD,
BpeMA CHHXEHMA C BHCOTH GII&JIOHA AO BHCOTH MOJI@Ta MO KPyry 12.0 muH.
OUCTAHUUA CHHUXEHHUA 15.05 M.
CropocTe 3axofa Ha Nnocamgky 198.65 wm/u.
CpefHAA BEpPTHKalbHaA CKOPOCTb CHUXEHHMA 1.68 m/c
IucraHuKA BOBAYWHONO YydaCTKa A 378. .
Ilocano4HaA CKOPOCTb 187.13 wMm/u.
Inuxa npoBera 513. M.
TlocagouHas BUCTAHLUA 850.  wm.
Tlorpessan MIXHa JAemHOA UoJOoCH (BII + KUB) Aas

OCHOBHOI'O aepORpoMa » 1587. M.
IloTpe®Han AnMHa JIeTHOR MNOJIOCH [JIA SanacCHoro aspojpoMa 1350. M.

TIOKABATENY 3SPEKTUBHOCTY CAMOIETA
OTHOWEeHKWe MACCH CHapfXeHHOro camMoJyiera K
Macce KOMMEpYEecKO) HarpysKHy 2.5284
Macca nycTOro CHapAXEHHOro C-Ta Npuxof. Ha 1 naccaxupa 221.36 xr/mac.
OTHOCHTENLHAS TPOXBBOAKTENLHOCTL NO NOJHOK Harpyske 155.43 rm/u
TIpOMSPOAMTENILHOCTL C-Ta NPH MakC. KOMMepd. Harpyske  1669.4 T*km/4

CpenHu# yacoBof pacxopn TOMJIKBA 581.991 rr/u

Cpennult runoMemTpoRHI pPacXOR TOIIKEBA 1.53 »r/xm

CpenHu# pacxop TOIUIMBA HA TOHHOKMJIOMETP 348.626 1/ (T*KM)
Cpennuit pacxom TonauBa Ha NaCCAXUPOKWIIOMETD 28.6146 r/ (nac.*rm)

OpMEHTHPOBOUHAA OLEHKAE NPHBENEH. SaTpaT Ha TOHHORMIOMeTp 1.3636 5/ (T*RM)

60



