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ABSTRACT

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

cargo capacity up to 16 tons» contains:

sheets, 7 figures, 13 tables, 21 references and 3 drawings

Object of the design is a development of transport short range aircraft with cargo
capacity up to 16 tons.

Subject of the design is the conceptual design of the upper cargo loading equipment
such as telpher.

Aim of the diploma work is the preliminary design of short range cargo aircraft and
conceptual design of telpher to provide loading of the cargo and move it in horizontal
direction.

The method of design is analysis of the prototypes and selections of the most
advanced decisions, the geometrical characteristics estimations, centre of gravity
calculations, stress analysis of the drum axis.

Practical implementation of the results is defined by the results of the designing of
the short range aircraft with carrying capacity up to 16. The materials of the diploma
could be recommended for the airlines, which carry out cargo transportation and for the
students of the aviation specialities.

AIRCRAFT, PRELIMININARY DESIGN, LAYOUT, CENTER OF

GRAVITY POSITION, TELPHER.



List of diploma work

Format] N° Designation Name Quantityl]  Notes
General documents
A4 1 NAU 20 09 L TP Task of project 1
Graphic documentation
NAU 20 09 L 00 00 00 59 Cargo short range aircraft 2
Al | 2| NAU 20 09 L 00 00 00 59 GV| General view 1
Al | 3| NAU 20 09 L 00 00 00 59 AD| Aircraft layout 1
Ak 4 ) NAU 20 09 L 00 00 00 59 EN | Cargo short range aircraft
Explanatory note
Special part documentation
5 NAU 20 09 L 00 00 00 59 Upper Loading device
AT L 6 | NAU 20 09 L 00 00 00 59 AD| Assembly drawing 1

Department of Aircraft Design

NAU 20 09 L 00 00 00 59 EN

Done by

Lutovinov M.R.

Tutor

Maslak T.P.

list

sheet sheets

Instructor

List of dploma work

N. contr.

Khizhnyak S.V.

Head. of d.

Ignatovich S.R.

402 AF 134




CONTENT
INtrOdUCTION. ...
1. Preliminary design of short range cargo aircraft with payload up to 16t........
1.1 The analysis of protopypes and choise of design parameters.............
1.2. Aircraft geometry calculation..................cocoiiiiiii
1.2.1 WING PaATaAmMELeIS. ...t enttentte et et et e et et et e e e eee e
1.2.2 Fuselage layout.........ccooeiiniiiii i
1.2.3 Tail unit parameters. ........ovuutirtiite ettt eieeeaeanann
1.2.4 Engine selection for the designing aircraft.................................
1.2.5 Landing gear deSi@N........c.ovuiiriintiinie i e
1.3 Aircraft centre of grabity calculation ...
1.3.1 Centre of gravity of equipped Wing............ccoveiiiiiiiiiiiiiiiniannnnnn.
1.3.2 Centre of gravity of equipped fuselage.............coooevviiiiiiiiin...
1.3.3 Centre of centre of grsbity for different types of capacity................
Conclusions tothe main part.............c.ooiiiiii i
2. Conceptual design of the upper loading device..............cooiiiiiiiiiiiiininnn,
2.1 Description of the upper cargo loading device................ccooeveinnn...
2.2 The type of rope deSIZN. ... ..oiviiniiiiie e
2.3 Hook assembly deSi@n..........c.ovuiiiiiiiiiiiiint i
2.4 The sheave and drum desi@n.............ooeiiiiiiiiiiiee e
2.5 Strength analysis of the drum axis ............cccoviiiiiiiiiii e,
2.6 Calculation of the braking device ............cooiiiiiiiiiiiiie
2.7 Electric engine parameters. .........ouveueerrtereeereeneeantaneaneeaneannaanns
2.8 Gear DOX ParameELeTS. . ....uue et et ettt eite et e eteeeee e eae e
2.9 Calculation of the attachment of the rope to the drum........................
2.10 Movable parts of the lifting mechanism....................c.ccoeeeiininn..
Conclusion to the special part...........coeoiiiiiiiiiiii i

General ConcClUSIONS. ...,

RETETENCES. . ..ottt s s e s e e e e e e e e e eeeseeaessasaaabbrbab e bbb aaaaaas

N 0] 01T a0 = TSSOSO
Department of Aircraff

P . NAU 20 09L 00 00 00 59 EN

Design

Performed by | Lutovinov MR. Letter Sheet Sheets
Principal Maslak T.P.
Adviser Introduction
Stand.contr. | Khizhnyak S.V 402 AF 134
Head of dep. Ignatovych S.R.




INTRODUCTION

Transport cargo aircraft is an aircraft designed to transportate goods of various
types, sizes and purposes. The main feature of the cargo aircraft is the presence of
huge cargo cabin, special cargo doors and hatches, rainforced floor and the
precense of the cargo equipment which allows to load the cargo on board.
Nowadays to deliver some types of cargo with the help of cargo aircraft is
definitely the fastest way of transportation. If we are talking about the speed of
delivery, the cargo aircraft in many times faster than trains and trucks. It is
necessary to design such type of cargo aircraft which will have high level of
reliability and regularity of flights, which will be in demand in the world market.

One of the main task of the aircraft design at the preliminary stage is to take into
account all current general requriments, such as flight safety; low fuel
consumption; low noise level; low emissions, reliable operation. For freighters also
are the list of specific requriments: maximum cargo capacity, easy of cargo
loading-unloading, efficiently cargo cabin space; the ability to take off and land in
different runways; the usage of aircraft in different weather conditions; easy
maintenance procedures, most favorable ration between cost and efficiency.

The aim of the diploma work is to perform the preliminary design of short-
range cargo aircraft with maximum payload 16 tons. The designing aircraft is
also based on these requriments to provide conformity to the requirements of
cargo aircraft. The main prototypes for the designing aircraft are An-148, An-
178, An-12, CRJ-900, the main flight performances of the plane are cruise speed
800 km/h, flight range 1300 km, operating altitude 11 km.
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1. Preliminary design of short range cargo aircraft with payload up to 16 tons

1.1 The analysis of prototypes and choice of design parameters

The aim of the diploma work is to perform the preliminary design followed bu

the initial data. The first taks of the work is data selection based on the analysis of

prototypes, presented in the table 1.1. The prototypes for the future designed
aircraft are aircarft in the short-range class: AN-148-100, AN-178, AN-12, and
CRJ-900. According to the diploma work task, the designed aircraft must be short

range transport cargo aircraft with cargo capacity up to 16 tons.

Statistical data of flight performances and geometrical parameters of the

prototypes are shown in tables 1.1 and 1.2.

Table 1.1 - Operational and technical data of the prototypes

Parameter Prototype

AN 148-100A CRJ-900 AN-178 AN-12
Purpose of the aircraft passanger passanger cargo cargo
Crew/flight attend. persons 212 212 2/2 212
Maxinum payload, kg 9000 10319 18000 13080
Cruise speed., km/h 820 848 830 570
Flight altitude, m 11000 12500 12200 10200
Maximum range, km 1920 2955 5500 3600
Thrust to weight ratio, N/kg 3,25 3,19 3,66 3,8
Takeoff distance, m 1580 1779 2500 1230
Landing distance, m 1600 1596 2300 1125
Take of weight, kg 38550 36514 51000 61000
Type of engine 2TPI/L 2TPN 2TPJ0 4TB]I
Take of thrust kN, KV 62,7 58,4 77,8 88,9
Pressure ratio 21 23,09 21 7,32
Bypass ratio 4,8 5,13 5,6 2,2
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Table 1.2 - Main geometrical parameters of prototypes

Aircraft
Parameter AN 148-100A | CRJ-900 | AN-178 | AN-I2
Fuselage shape Circular Circular | Circular Circular
Fuselage diameter 3,35 2,69 3,55 4,5
Aspect ratio of fuselage 7,82 11,8 8,38 5,04
Sweep back angle 1/4 chord, 25 24 25 24
Wing aspect ratio 9,5 9 10 11,9

The next step of the design is the first weight estimation, optimization of the
wingloading and choice of the engines. After the first iteration we could start to
perform the preliminary design of wing, fuselage, tail and landing gear layout, we
could find the necessary area of the wing to withstand payload, the area of the tail
to provide stability of the aircraft, to calculate centre of gravity position of the
aircraft,

On the base of the layout of prototypes the presented aircraft is high wing;
with T-type tail unit; two turbojet engines located on the pylons under the wing,
tricycle landing gear which retracts into the fuselage. Such scheme provides high
efficiency of high lift devices; easy trim of the aircraft during flight; location of the
tail unit, decreases destabilizing moment; reducing the areas of vertical and
horizontal stabilisers. The initial data of the designing aircraft is shown in the
Appendix A, received by the special computer program at the department of

Aircraft Design.

1.2 Aircraft geometry calculation

1.2.1 Wing parameters
Considering the above choice of the parameters
The geometrical parameters of the wing are determined primarly based on the

aircrafts take-off mass mg and the specific load which applied on the wing surface P.




To find the area of the wing we use the formula:

where m, — take of weight, kg;
g= 9,81 m/s?- acceleration of gravity;

Py — specific wing load during take off, Pa.

s _M-g_ 53122-9.8
R 4223

=87.32[m’]

Wing span can be calculated by the next formula:

| = /S, -4, =+/87.32-9.58 = 28.92[m]

where A,, — aspect ratio of the wing.

The root chord and tip chord of the wing can be obtained using the next

formulas:

o = 2Su, _ _2:87.32:405 _ o0,
(1+n,)-1 (@+4.05)-28.92

where # — taper ratio;

b, = b, _4.84 =1.19[m]
n, 4.05

The pozition of the front spars and rear spar to the leading edge of the wing is

taken according to the relative coordinations are X:=0,2; X.=0,6.




The relative coordinates for the root chord are:

X, = X1xh, =0,2x 4,84 = 0,968[m]

X, = X2xb, =0,6x4,777 = 2,904[m]

The relative coordinates for the tip chord are:

X, = X1xb, =0,2x1,19 = 0,238[m]
X, =X2xh, =0,6x1,18=0,714[m]

Determination of the mean aerodynamic chord of the wing (MAC, bna) is
conducted with the help of geometrical method (figure 1.1). So, bmac= 3,341 m.
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Figure 1.1 - Mean aerodynamic chord of the wing

Based on the analysis of statistical data of prototype aircrafts, as well as based

on the accepted initial data, we have chosen the relative thickness of the aifoil
equal to ¢;=0.118




In result the airfoil thickness in the root part and in the tip part are equal:
Croot = Croor X0, = 0,118x 4,84 = 0,571[m]

Ctip =

G, xby =0,118x1,19 = 0,14[m]

For the designing aircraft the slats and double-slotted flaps are taken as a
high lift devices without aerodynamic balance. The main task of the high Ilift

devices is to provide necessary lift force during take off and landing.

The slats will take full length of the leading edge of the wing. The area of
the slats could be found by the equation: Sga=0.1 Sying

S... =01x87,42 =8,742[m]

slat

The area of the flaps could be found by the equation Sfaps=0.17 Sying

The trailing edge of the wing is filled not only by flaps and also by the

ailerons at the tip.

To find aileron span we use the equation:

|, =0.375 % = 0.375-%92 =5.72[m]

The aileron area:

S = o.oes-%w = o.oas-# =2.83[m’]

The range of aileron deflection is upward dai>20°; downwards daii > 10°




1.2.2 Fuselage layout

It is necessary to follow the requirements of the aerodynamics to choose the
correct shape and size of the designed fuselage. There are requirements of
aerodymanics such as streamlining and cross-sectional area.

If we are talking about subsonic transport aircrafts (V < 800 km/h) shock
wave drag is not important. Therefore, the shape should be chosen from the
condition to provide the lowest values according to the friction resistance Cys and
form drag Cy,. On the transonic and supersonic flights the shape of the nose part of the
fuselage affects on the value of form drag Cp.

For transonic aircrafts the nose part should be calcultated as:

L=(2...3)Ds , where D;—fuselage diameter.

Also, it is necessary to take into account strength requirments.

To provide minimum weight the best variant of fuselage cross section is
round cross section. Due to this, the thickness of the fuselage skin will be the
lowest.

The geometrical parameters are: fuselage diamater Dy ; fuselage length Ly; -

fuselage finenness ratio:

- nose part fineness ratio:

- tail part finenness ratio:

where |, and Iy — the lengthes of nose part and tail part. The length of the
fuselage is determined taking into account the scheme of the designed aircraft.




The following fuselage parameters are:

|, =4, -D, =8-3.35=26.8[m]
|, = A x Dy =3,1x3,35=10,3[m]

l, = A, x Dy =2,1x3,35=7,035[m]

Also it is necessary to make the minimum mid-section of the fuselage Sys. For
cargo aircraft the mid-section depends from size of cargo cabin.

Crew cabin should take as less as possible area on the aircraft. However, on
the other hand it must provide comfortable conditions for crew operation and rest.
The crew’s workplaces must meet strict requirements. The pilot’s places must
provide good overview from the cabin. The dimensions of the crew cabin depend on
the number of pilots. Nowadays the flight crew consists from 2 or 3 pilots.

The crew contains of: the captain (first pilot), co-pilot. The pilots are seated in
seats next to each other.

The flight crew compartment is separated from other compartments by a
partition with a lockable door.

Flight attendant can be located in the crew cabin or outside of it. Flight
attendants must have separate seats with safety harnesses. The number of the flight
attendants depends from the class of aircraft and type of cargo.

The crew cabin is designed similar to the cabin of prototype aircraft.

1.2.3 Tail unit parameters

The main task during calculation of aerodynamic layuout is to choise the
location of the empennage. To provide the longitudinal stability of the aircraft it is
necessary to locate the center of gravity at the front of the aircraft focus.

The distance between the aerodynamic centre of the tail surfaces and to the
centre of gravity of the aircraft, located at the mean aerodynamic chord (MAC) of

tshows the rate of longitudinal stability.




Moment of longitudinal stability could be found:

Cy _ ¢ V2

where m®y, moment coefficien, xr. X, - center of gravity and aircraft focus. The
aircraft has neutral longitudinal static stability if the m®Yy equals 0.

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

DA - S 3.38-87.32
g . —_—MAC Ow =2~ ".0.55=18.87[m?
HTU LHTU AHTU 9,46 [ ]
S = .S A _2892:81.32 g 21.15[m?]
Lo 9.46

The length of nose part and tail part, sweep back angle, location of the wing,
stability and controls of the aircraft effects on the length of vertical and horizontal
stabilizer.

In the first approximation, we can assume that, Lyru~ Lytu.

Determination of elevator and rudder areas. The area of elevator is usually
calculated as:

S, =0.2765-S,,,, =5.21[m?]

The area of rudder is usually calculated as:

S,.s =0.2337-S,,, =4.94[m’]

The wing span and empennage are connected by static dependence.

Luru=(0,32...0,5) lw= 0,323x28,95 = 9.3[m]

The height of vertical stabilizer determines due to relation of the of wing location

due to fuselage and location of the engines under the wing. So, we have:




Taper ratio for horizontal and vertical stabilizers should be choosen as:
7 wro=2..3 and »yru=1..3,3.

Based on the analysis of statistical data of prototype aircrafts we take:
nuru=251 and nvru=1,367

For subsonic aircrafts the aspect ratio shoul be choosen as:

Amy =0,8...1,5and A, =3,5...4,5

Based on the analysis of statistical data of prototype aircrafts we have:
Amo =0,95 and A, =4,5

The calculation of the byp, broot Calculated due to following formulas:

For horizontal tail unit it is calculated as:

b 2.89

borry === =1.15[m]
My 291

by, = 2S 10 Mty _ 2-18.87-2.51 _ 2.89[m]
A+7570 )y (1+2.51)-9.32
For the vertical tail unit we can use such formula:

bovry = Doy _ 532 =3.89[m]
N 1.367

2S,, vty 2-21.15-1.367 _5.32[m]

b = =
MY A+ ) by (1+1.367)-4.59

Relative thickness of airfoil in the first approach will be Cem=0,8C y.
If we attach the horizontal stabilizer on the fin, we assume Cem = (0,08...0,1).
For the designing aircraft we take C ¢m=0,1.

The sweep back angle of empennage is taken near 3...5° more than the




sweep angle of the wing. This perfromed to ensure the controllability of the

aircraft when the form drag will appear on the wing. ynuru=32°; v1u=40".

1.2.4 Engine selection for the designing aircraft

Observing the thrust-to-weight ratio of the prototypes, a value of 3,2 is chosen
for the designing aircraft. On the base of the necessary thrust required and
parameters of the engine selected earlier in the initial data, we select the bypass
turbojet engine D436T1 (figure 1.2), characteristics of this engine are shown in
table 1.4,

Table 1.4 - D436T1 engine characteristics

Ne /it Engine data Units of Value
measurement

1 Type of engine - D436T1

2 Take of power kN 73,57

3 Power in cruise flight mode kN 14,71
Specific fuel consumption on

4 take off mode kg/Nxhour 0,037

5 Sp_eC|f|<_: fuel consumption in kg/Nxhour 0,062
cuise flight mode

6 Engine pressure ratio - 24

7 Dry engine mass kg 1450

8 Bypass ratio - 4,95

Figure 1.2 — Turbojet engine D436T1




1.2.5 Landing gear design

A retractable tricycle landing gear is chosen. It is the most commonly used
landing gear. During the takeoff all weight of the aircraft is taken by the main
wheels, and also such scheme has better lateral stability on the ground.

During designing of aircraft, when we know the the center of gravity position
and we have no general view of designed aircraft, we can calculate next parameters
of landing gear:

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

approximately could be found:

e=0.2673-b,,. =0.2673-3.38=0.903[m]

Landing gear wheel base is calculated as follows:

B =0.4526-L, =0.4526-26.8 =12.129[m]

The nose langing gear can carry 6-10% of full aircraft weight, so nose langing

can be calculated as follows:

d,, =B-e=11.226[m]

Wheel track of designing aircraft calculated as follows:

T =0.6072-B =0.6072-12.129 = 7.36[m]

The size of landing gear wheels depends on the loads during take-off and
landing. For the nose landing gear support was considered dynamic loads.

Pneumatics type and the pressure, depends on the runway where the
designed aircraft will be used.

The loads which will applied to the wheels can be determined as follows:

For the nose landing gear the wheel load is equal:




o (98Lek ‘M) (9.81.0.903-18-53122)
NG (B-2) (12.129)

= 71924.008[N]

For the main landing gear wheels load is equal:

_(9.81-(B—e)-m;) (9.81-(12.129-0.903)-53122)
MLe (B-n-z) (12.129-2-2)

= 219240.5[N]

Where Ky is dynamics coefficient and equals 1.5-2.0.

The dimensins of tires for designing aircraft is shown in the table 1.5.

Table 1.5 - Tires characteristcs

Main gear Nose gear
Tire size Ply rating Tire size Ply rating
1244x 431 32 990x330 mm 16

The airplane tires are enflated to high pressure, near 13 bar (200 psi, 13 atm).

1.3 Aicraft centre of gravity calculation

At the preliminary design stage, after the first calculation of the geometrical
parameters, after the choise of the schemes of the aircraft parts, the next task is to
estimate the weight of the main components of the aircraft, based on statistic data.
The weight of the aircraft is devided into the empty weight of the aircraft and the
weight of fully loaded aircraft. It is a normal practice to combine the equipment of
the aircraft, various components and systems.

The general requirements for the layout of the aircraft are following: each unit
(cargo) of the aircraft must be located in such way, where in will be the most
useful; the layout of the aircraft should provide suitability of control and
maintanance of systems and units, and also to provide repairing and installation of

parts and units; the layout should provide convenience of the general assembling of




structure of aircraft; structural layout should provide less weight with sufficient

strength and durability.

1.3.1 Centre of gravity of equipped wing

Mass of full wing structure, mass of the equipment which is mounted in the
wing, fuel, are included in the mass of equipped wing. The beginning of the the
center of gravity coordinates is choosed in the projection point of MAC to the
plane. Positive values of these coordinates moves to the tail part of aircraft.

Centering information about equipped wing is shown in table 1.6.

Table 1.6 - Centering of equipped wing

Mass

N Name - totl ;.(Crsr.])coordmates nl\]/ll)czlrr(IES:n )

Units mass

mi (kg)
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 equip. 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 ;?(;“fge‘j wing without fuel 1§ 54045 | 12771.59 1.8433 23541.95
9 | Fuel 0.13088 | 6952.60 1.4534 10104.91
Equipped wing 0.3713 | 19724.19 1.7058 33646.87

Coordinates of the center of gravity of equipped wing is calculated as the ratio

of sum of mass moments to sum of masses:

_ Zmilxi/
m’

1

X/

w




1.3.2 Centre of gravity of equipped fuselage
The beginning of the coordinates choosed starts in the projection from the
front part of the fuselage on horizontal axis. Axis X is horizontal line of fuselage.

Center of gravity coordinates can be calculated as follows:

When we determined the center of gravity of equipped wing and the fuselage,

we can compose following equation:
Iy —
mex e +my, (X0 +x,) =mg (X, +C).

The loacation of the front part of MAC due to the nose part of fuselage , the

value x,,. can be calculated as follows:

/
_ mex +my, X, —mC _10.9
MAC — - M

my —m

X

w

where: m, - mass of equipped fuselage.
m, - mass of equipped wing.

C — the lengrh from the front of MAC to the center of masses of aircraft.

C =(0,28..0,32)-b

mac

The values of center of masses of equipped fuselage shown in table 1.7.




Table 1.7 - Centre of gravity of equipped fuselage

Mass Coordinates | Mass moment
Objects Units Total (kg) [ of C.G., m | (kgm)
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 | 207 | 2233.33
Equipment
4 |Ant-icing system, |4 50056 | 135,99 21.45 2017.03
15%
5 | Alr-conditioning 4 15556 | 13599 13.41 1823.79
15%
g | Heatand sound 0.0062 | 32935 | 1341 1823.79
isolation
7 (7:(‘)’(;)”0' system, 0.00511 | 271.45 13.41 3640.46
8 | Hydraulic sys30% 0.0058 308.1 18.77 5783.17
9 | Electrical eq, 90% 0.0187 993.38 13.41 13322.23
10 | Radar 0.0059 313.41 1.081 338.8
11 | Air-navig. system 0.0088 | 467.4736 1.88 878.85
12 | Radio equipment 0.0044 233.73 1.081 252.66
13 | Instrument panel 0.0103 547.15 2.58 1411.66
Cargo Aircraft
14 | Seats of crew 0.00056 29.96 2.78 83.29
15 | Seatsfor 0.00037 | 19.97 3.6 71.9
accomp.person
16 | Cabin equipment 0.0006 31.87 6.26 199.52
17 | Cargo equipment 0.02845 | 1511.32 23.59 35655.08
18 | Non typical eq. 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 | y5o06 | 13063.94 | 11.65 162754.77
without payload
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 Calculation of centre of gravity for different types of capacity

At this stage of designing of aircraft we already have the location of the wing
with relation to the aircraft fuselage on the designed drawing. We already have
calculated the centers of gravity for the fuselage and wing. So we need to calculate

the centers of gravity for different types of aircraft loading and regimes of flight.




Center of gravity of aircraft it is the relative location of CG position related to the

MAC, and this relation showed in percentage. Calculations of the center of gravity

masses is shown in tables 1.8 and 1.9.

Table 1.8 - Centre of gravity summary list

payload)

Name Mass m; kg | Coordinates, m :l/é ?TS]S moment,
Equiped wing
without fuel and 12771.59 13.84 176867.3
landing gear
Nose landing gear | ;57 77 1.78 280.83
(retracted)
Main landing gear | 5,5 15 12.4 27356.34
(retracted)
Fuel 6952.6 12.37 86003.75
Equiped fuselage 13963.64 11.65 162754.77
Cargo 15670.99 13.6 213125.46
Crew 299.6 2.78 832.91
Nose landing gear | ;5 77 2.78 438.6
(opened)
Main landing gear | 5,5 15 12.4 27356.34
(opened)
Table 1.9 Centre of gravity for different aircraft modes
Moment of
) _ Centre of the _
Ne | Variants of the loading | Mass, kg the mass, Centering,%
mass, m
Kg M
g | Take-off mass(landing | 5a155 | gea159.15 12.76 22.53
gear opened)
o | Take-off mass (landing | 5315 | gga101.38 12.76 2251
gear retracted)
3 | Landing variant 48422.2 | 603382.24 12.46 15.48
(landing gear opened)
4 | Transporation variant | sean4 38 | 45409591 12.49 16.39
(without payload)
Parking variant
5 | (without fuel and 29099.16 | 367417.02 12.62 18.37




Conclusions to the main part

The preliminary design of the short range cargo aircraft with cargo capacity
up to 16 tons was developed in this part. The main parts and elements of the
designed aircraft were considered.

So, in the results of this part of diploma work we have the preliminaty design
of aircraft with wing span 28.92 m, the designed length of the fuselage is 26.8 m
with fuselage diameter 3.35 m. To provide thrust for all regimes of flight, we
choose the D436T1 engine, because of low fuel consumption, low weight to thrust
ratio and low levels of emmisions and noise. Also the center of gravity positions
were calculated. The most forward centre of gravity position is 15,48% from the
leading edge of the mean aerodynamic chord, and the most aft centre of gravity is
22,53% for the takeoff regime. Due to these calculations we can confirm that all

masses of the aircraft are in equilibrium.




2. Conceptual design of the upper loading device

2.1. Description of the upper cargo loading device

Top cargo loading equipment is designed for loading and unloading
equipment without wheels, containers or pallets and mono-loads.

This load device is designed to load the cargo from the cargo area and move the
cargo along or across the cargo cabin of the aircraft. Lengthwise displacement of loading
device is carried out on rails mounted on the ceiling of the cargo compartment. The
transverse movement of cargo is carried out by two trolleys mounted on the frame of on
board loading loader. Each trolley is equipped with a telpher to load the cargo up to 5 tons
and the mechanism of movement. To prevent the breakage of the telpher, there is weight
limiter, which do not permit to load the cargo more then 5 tons.

A monorail is installed on the fuselage ceiling in the arcraft along which a telpher
moves, designed to perform loading and unloading operations.

The mechanisms of the overhead crane provide three movements: lifting
the load, moving the trolley with a telpher and moving the full crane. The lifting
mechanism is a telpher associated with a double tackle.

When choosing this device, you need to fully understand the conditions
under which it will be used.

General characteristics of telphers:

- Loading capacity fluctuates from 0,6 to 100 tons;

- Maximum lifting height up to 100 meters;

- Speed of lifting of freight from 4 to 16 m / min.
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There are diffrenet types of telphers: a) movable, ¢) stationary, b) explosion
proofed, d) with decreased overhall height (Figure 2.1).

Figure 2.1 — Types of telphers.

Their carrying capacity can be up to 50 tons. The telphers can be with
normal height, and can be reduced, they can be designed for different climat
conditions, they are also different by the type of loading.

Telfers are an independent device, they can lift loads vertically, and then
move them in the horizontal direction.

Telfers allow to load the specific cargo quickly without additional help.
They are prepared for the work in conditions of "crisis" temperature - in the range
from-40°Cto+40°C.

There are two main types of telpher design, in particular, the rope and chain
devices are used in telphers. The telpers can be stationary or mobile, and so on.

Based on the analysis of statistical data, the designed telpher should follow next
characteristics: carrying capacity -5 tons; lifting speed — 20 m/min; lifting height - 3.5
meter, moving speed — 25 m/min

The general view of the designins telpher is presented on the drawings and
in the figure 2.2.




The main parts of it are drum (1), electric motor for movement (2), speed
reducer for movement (3), speed reducer for lifting (4), electro motor for
movement (5), wheels (6), rope (7), hook (9), rope balancer (9).

Figure 2.2. Drawing of the lifting mechanism

2.2. The type of rope design
The rope of the telpher is one of the most important elements of the cargo
loading device which affects on the safety of the loading and unloading of the
cargo. The ropes for the telper are are similar as lifting equipment.
A correctly selected and mounted rope will ensure minimal wear of both the
rope itself and the drum, to which the rope is attached.
It is necessary to calculate the maximum tension of the choosing rope with

the help of the following formula:

Fmax = G .
Zn.r.unnnnn.b.




where, G — weight of cargo =50 kN;
Znr. — number of ropes which spooled on the drum, Z,,=2;

u, — mechanical advantage of block and tuckle,
n, — efficiency of block and tuckles,
.. — efficiency of rope balancer.

We choose Z,,=2; u, =4; 1,=0,94; 7,,=0,96.

- __ 50
" 2.4.0,94-0,96

= 6,9[kN]

The type of the rope we will choose from the next conditions:

FoxZo S F

max=p — reak

Z, — is coefficient for the movable ropes for M2 Icassification of
mechanism, and it is shows in the table 2.1; where Fpreax— breakage force of the

rope.

Table 2.1 - Rope safety factors

Class of mechanism | Movable ropes Stationary ropes
Zy
M1 3.15 2.50
M2 3.35 2.50
M3 3.55 3.00
M4 4.00 3.50
M5 4.50 4.00
M6 5.60 4.50

According to the [15] there are six groups of operating modes, each of them

IS characterized by a certain combination of classes for mechanism usage and




applied loads on the mechanisms.

The correct choice of the rope classes provides the normal operating time

of the mechanism. Approximate characteristics of the mechanism classes are

shown in the table 2.2, the characteristic of their loading classes are in the table

2.3.
Table 2.2 — Loading mechanism classes
Class of usage Use relative to time
A0 Rarely used
Al Irregular
A2 Regular with low intensity
A3 Regular with mid intensity
A4 Irregular or regular (double shifted work)
AS Intensive with (3 shifted work time)
A6 Very intensive ( 3 shifted work time)
Table 2.3 - Classes of loading
Class Characteristic of loading
of loading Lifting mechanism Horizontal movement
Bl Minimal loadsprevail;maximum | Rare starts and brakes, significant work
loads are rare. and idle runs; low mass of cargo, low
intensity production
B2 Medium and minimal loads Rare but regular starts and brakes, small
prevail; maximum loads are work and idle runs; insignificant mass
relatively rare. of cargo.
B3 Medium and minimal loads Regular starts and braking, small work
prevail; minimum loads are and idle runs, relative large mass of
episodic in nature. cargo.
B4 Maximum loads prevail and are | Frequent starts and braking with rare

close to maximum; average

loads are episodic

pauses to the rest, large mass of cargo




Due to these tables we choose next characteristics: A1 — irregular working times, it is
usuall situation for the cargo aircraft and B3 — working with medium loads.
Now we can choose the classification of mechanism. Table 2.4 shows

classification of mechanisms and the characteristscs for loading devices.

Table 2.4 - Classification of load mechanisms

Class of usage Servicelife, h Class of loading
Bl B2 B3 B4
A0 Up to 800 M |[IM |1IM 1M
Al From 800 to 1600 1M 1M 2M 3M
A4 From 6300 to 12500 |3M |4M |5M | 6M

Due to this table we can assume that our loading device is 2M of
classification mechanism. With approximately 1600 hours lifetime. For the
classification mechanism 2M-Z,, will be equal 3.35. This classification is needed
to analyze servicelife of the designed mechanism, under special conditions of

work.

6,9-3,35=2312 kN<F,

reak -

From the following condtions from [16] we choose the two lay rope type JIK-P
(Figure 2.3) construction with following characteristics:

6,2-I'-10XKH1960, the diameter equals d,=6,2 mm. Letter I' means that this rope
can be used in cargo mechanisms, H means that it is non-rotaiting, OX — zink-coated

wire, 1960 marking group.

Figure 2.3 - Cross-section of the choosed rope




This rope has a large number of small-diameter wires and high fatigue

resistance when it bends on blocks.

2.3. Hook assembly design

Due to the lifting capacity 5 tons of our cargo lifting device, and the
classification of mechanism M2, due to the [17] we choose No 14 of hook.

It is necessary to calculate the height of the nut which mounted to the ends of
the hook, due to the [17] the nominal diameter of the thread for such type of hook
is M48 with the help of the following formula:

G
H e EE——
adikk []

where d; — inner diameter of the thread,;

ky —ratio of the height of the section of the thread to the pitch S, for the
metric thread;

k — the coefficient of load distribution between the pitch of thread,

d;=41,9 mm, k;=0,87, kyn =0,56;

[t] — allowable shear stress,

[t]=0,15-5,=0,15-240=36 MPa (c,=240 MIIa — yield strength for steel 20).

So, the results are:

o 50-10°
3,14-41,9-0,87-0,56-36

=22[mm]

To design of the hook block, it is necessary to calculate the block diameter:

DbI 2 thr '

where h, — coefficient of block diameter,




h,=14 for the M2 group classification.
D, =14-6,2=87[mm]

Due to the nominal diameters we should choose D,, as 160 [mm].

The final dimensions of the traverse arm will be following: dy=48 [mm];
b=85 mm, taking into account that it will be located under the nut of bearing
Ne8210H due to the [18] with external diameter 80 mm. Figure 2.4 shows the

main elements of the hook assembly.

Figure 2.4 - The hook assembly view: 1 - hook traverse; 2 - hook clip; 3 —

nut of the end of hook; 4 — guide bearings; 5 — hook.
For the traverse material we choose steel 45. The steel 45 is one of the most

highly sought and popular types of structural carbon steel. With the help of

following formula we can determine the height of the traverse:

B 3Gl
“‘sz—d‘o)[cf] '

Where [c] allowable stress, for steel 45 it equals 120 MPa. It is calculated

by the formula [c]=0./s, where 5,=360 MPa - yield stress and s=3 yeild factor.




3-50-10°%-100
h—\/ =4l[mm]

2-(85-48)-120

Finaly we rounded this value and choose h = 45mm.
The dimensions of the side was of the hook assembly will be 6=10 wmwm,
r=0.5; h=0,5-45=22,5 mm; R=90 mm.

It is necessary to check the strength of assembly.

G R%+r?
= 2or R S 1]

The allowable stress for the steel 30 XI'CA [c]=0./5=230/3,5=66 MPa.

Steel 30 XI'CA - high-quality structural alloy steel, which is mainly used
in the state after heat treatment.

. __50-10° 90°+225°
4-10-22,5 90° —22,5?

62,96 <[o] =66 [MPa]

Also, we need to check the static load capacity Co, for the locating bearing.
1,25G=1,25*50=62,5 kH < C0=108 [KN]
The static strength was provided.

2.4 The sheave and drum design

Drum is a hollow cylindrical structure, covered on the outside with special
channels — where the rope is located. The size of the groove depends on the
diameter of the rope. The number of grooves depends on the number of stacked
rope. If the telphers with higher lifting heights have a longer cargo rope, the drum
length for such device will be longer. The diameter of the drum depends on the
diameter of the cargo rope and the lift capacity of the telpher.




The drum is one of the most wear-resistant parts in the telpher. Typical
drum is shown in the picture.

A balance sheave is a simple mechanism in the form of a wheel with a
groove in a circle through which a flexible rope is thrown.

Blocks are divided into driving and guiding. Driving blocks are used to
transmit torque from one shaft to another, guide blocks are used to change the
direction of chains and ropes when lifting the loads.

The diameter of the block is calculating as follows:

Drbl 2 h3d;c-

Where hsis a diameter coefficient of the rope balancer.
The value of h3=12,5 presented in the table 2.5 for the M2 mechanism

classification.

Table 2.5 - Diameter coefficients for the drum

Classification Diameter coefficient
of mechanism
drum hl sheave h2 | balancer sheave h3
M1 11.2 12.5 11.2
M2 12.5 14.0 12.5
M3 14.0 16.0 12.5
M4 16.0 18.0 14.0
M5 18.0 20.0 14.0

D,, >12,5-6,2=78[mm]

Due to the nominal diameter we choose: D,,=160mm. The depth of

groove for sheave h=(1,4...1,9)6,2=8,7...11,8 mm.
The radius of groove base R=(0,53...0,56)6,2=3,3...3,5 [mm]




Due to this calculation we choose the depth of groove 10mm and the radius
3.5mm.

Now it is necessary to calculate the diameter of the drum. Diameter is one of the

most important characteristics of the drum, and it is calculated due to the formula:
D>hd,.

where h; — coefficient of the drum diameter and it is calculated due to the table 2.5.

h,1=12,5 for the M2 classification of mechanismes.
D>12,5-6,2=78[mm]

As earlier for the nominal diameters of the drum we choose D = 160mm.

The second important characteristic of the drum is length, and it is
calculated due to the formula:

=2, 1, +L+2,+(Z,, -1)b.

Where I, — length between the axes of external rope winding 1/2 of drum;

I, — length of drum used to attach the rope;

lo — length from the axes of the end wind of the rope to the edge of the drum;
b — the length of non-grooving middle part of the drum.

We need to find the distance between the exes of external rope winding:

I, =t(Z.+Z2,).
Where t~(11...1,3)d,= (11...1,3)6,2=6,82...8,06 mm, choose the middle;
t=7.

Z, — number of windings on the rope to lift the cargo for the designing
height.




Z,>1,5 of winding, it is the requirement which shows, that for the lower
position of the cargo, the number of windings on the rope must not be less than

1.5 of winding. Due to this requirement we choose the value — 2.

where L. is the length of the rope, which winding on the % of the drum.

L. =uH.

where the H — height of lifting cargo;
up — mechanical advantage of block and tuckle.

So we have the following results:

L, =4-35=14[mm]

_ 14100
° 314160

l, =7(28+2)=210 [mm]
|, =3t=3-7=21[mm]

l, =2t =2-7 =14 [mm]
The next requirement shold be followed:
b>B,-2h 9o,
where B3 — the length of thr external sheeves of the hook assembly,
B3=50 mm;

hmin — minimal length between the axis of the drum and axis of the sheeves

of hook assembly, hnin=600 mwm;




o — the maximum angle of rope inclination from normal vector of the rope

to the axis of the drum, it shuld be a<6°, we choose a=1°.

b>50—2-600tg1° = 29 [mm]
|, =2-210+21+2-14+(2-1)- 29 = 498 [mm]

For the drum materual we choose steel 35JI. This steel is used for the
manufacture of parts operating under the influence of medium dynamic / static
loads - gears, brackets, rods, balancers, latches, rollers, diaphragms, rolls, rolling

mills.

2.5. Strength analysis of the drum axis

To calculate the strength characteristics of the drum it is necessary to build
the scheme of the drum with bending stresses from the ropes (Fmax) iS shown on
the figure 2.5.

= L S
Fmax Fmax
L2
)" L1 i b i l
Ra s L4 | L3 Rs
&L T T
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Figure 2.5 - Designing scheme of drum axis and loading

We should find following geometrical characteristics:

l, =1, +1, + |, =210+14+21=245 [mm]




|3=|4=50 mm,

| =1, +1; +1, =498+50+50=598 [mm]

The reactions are calculated as follows:

Foo [ L +(1,+b) ]
| .

R, =

Ry =2F ., —R,.

n 6.9] 245+ (245+29) |

=5.98[kN
A 508 5.98 [KN]

R, =2-6.9-5.98=7.82[kN]

The bending moment is calculated due to:

M, =R,

M, =R,
M, =5.98-0,05 =0, 29[kN - m]
M, =7,82-0,05=0,39[kN - m]

The steel 45 was choosed for the drum axis with durability limit 6.,=257 MPa.

ko — the coefficient for detail construction. For the axis it equals 2,0...2.8;

[S] — allowable safety factor.

We choosed ko — 2.5.

[S] — allowable safety factor. For the classification group of mechanisms
M1...M5 [S]=1,4;




257
lo] =5512=

The diameter of the axis in the most dangerous section of the drum under

right section is calculated as follows:

M
0,1[0]

6
d> 323910 o7 5 1mm
0,1-73,4

Due to this information we can assume that the diameter of the bearings due
to [20].
We choose the diameter of the bearings = 40mm. It is the Nel308 with

d>;

statical cargo capacity 8.8kN.
The radial loading for this bearing Rg=7,82 kN<Cy,=8,8 kN, due to this

conditions the statical strength was provided.

2.6 Calculation of the braking device

The braking moment should be calculated as follows:

Tb.m 2Tb.r :Kstt-
where Ky — coeffient of safety braking, for the M2 group classification of
mechanisms Kg=1,5;

T, — static torgue moment of the cargo.

T - GDn
2U '

mech

where 77— mechanism efficiency, =0,85;

Umech — @€ar reduction rate, Umech = 16. (including the block and tuckle).




_50-0,1610,85
* 2-16

T, =K,T, =0.315[kN-m]

=0,21 [kKN-m]

For the calculated braking moment we need to choose the brakes, which

nominal braking moment will be bigger than 0.315kN*m.

2.7. Electric engine parameters
The maximum statical power for the lifting of the cargo is calculated due the
next formula:

P z@

st max

n =0,85 — assumed efficiency of the mechanism.

50-20

P = =19,6 [K
St max 60-0’85 [ \A/]

The required power is calculated as follows:

Pep:0,75pstmax = Pep:0,75Pstmax =14.7 [kVV]

So, the it is necessary to choose the electric engine with power more or
equal 15 kW. For example, we choose the electric engine with following
characteristics: Pep=15 kW, rotational frequency nes= 700 min, flywheel effect
D?=1,71 kgm?

2.8 Gear box parameters

The required gear box ratio is calculated as follows:




where neng, Ngr — rotation frequency of the engine and drum.

The drum rotation frequency is calculated due the following formula:

d ==
7D

where ny; is mechanical advantage of block and tackle; D — drum diameter.

n, = _ 204 =159, 2[min"]
3,14-0,16
Uy =20 _ 4,39
®r159,2

The type of the speed reducer is choosed due to [21].
The highest statical moment for the drums shaft of the lifting mechanism is
calculated as follows:
F_DZ

T — max n.r.

max 277d

Where 74 equals 0,98 it is the drum efficiency.

6,9:0,16-2

. =1,13[kN -m]
2-0,98
The equivalent moment on the output shaft of the speed reducer is

calculsted as shown:

T

eqiv

KT

Where K;=0,5 — lifetime coefficient.

Ty = 0,5-1,13 = 0,565[kN -]

So, due to the results of calculation we can choose the speed reducer from the
11Y-200 family, with the reduction gear rate n.=4, with rotational moment
T:=2000 N*m.




The choosed speed reducer parameters are correct, we can choose it by the
help of following relation: Tequiyv=565 N*m<T,=2000 [N-m].

2.9 Calculation of the attachment of the rope to the drum
There are some principals how the rope can be attached to the drum. The
main requirements for the type of attaching is easy in manufacture, easy procedure
for rope inspection and replacement, reliability and to avoid sharp bending of the
rope near the attachment fittings. The figure 2.6 shows the most typical type of the
rope attachment to the drum. In this type of attachement the the longitudinal and
lateral loads will not change the cross section of the rope, the grooves in the drum

Is non-elastic surface, the rope for this scheme is consider as smooth cylinder.

_— T
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Figure 2.6 - Rope attachment: 1 - are the plates which attached the rope to
the drum, 2 - isarope, 3 - isadrum.

The rope attachment is calculated due to the formula:

where f=0,1 coefficient of friction on the attached surfaces of the rope, drum
and attaching plates.

o - is the wrapping angle of rope to the drum. Due to the standarts it equals 4.

6,9
FO == eon :1,97 [kN]




The torque bolt force is calculated as:

b=£%=%%%=9£5
The diameters of the bolt which attached the plates approximately equal
7mm (dy) due to the M2 classification of the mechanisms.
And the quantity = 4 bolts(zp).
The stress which appears in the bolts in the attachment point is calculates

as.

1,3F, 1,5F,d
o = ~+ -<[o]
0,25z,7zd; z,0,1d;

1,3-9,85-10° 1,5-1,97-10°-8
o = >+ 3
0,25-4-3,14-8 4.0,1-8

=179,

The allowable strees for the bolts which are made from the steel 35 is
[c] =0,60, =0,6-320=192 MPa.

Steel 35 - structural carbon, used in the manufacture of parts of low
strength.

The required condition is satisfied.

2.10 Movable parts of the lifting mechanism

The movement of the telpher is provided by the four wheels. The two of them
are located in the forward part and the next two are located in the rear part. These
wheels have a complex structure. There is a working part of the wheels, which
contacts with the rail and this surface is take all loads, and there is a special borders
in each wheel. The function of this border is to direct along the rail.

The weight of movable mechanism for all M2 class of mechanisms are

calculated as follows:

G =(0,25..0,35)G

movablemech —

G =(0,25...0,35)-50=12,5...17,5[kN]

movablemech —




Choosed weight of movable device is 15 kN. The diameter of the whels is

choosen due to the formula:

Foe <[F

st.max —[ W.max] .

where F. __is a maximum statical load on the wheel.

st.max

[F..max | is allowable load on the one wheel.

F =

st.max

Gmovablemech + G
n .

The n is a number of wheels in the mechanism = 4.

F ~15+50

st.max —

=16,25 [kN]

For the [F, . ] = 25KN, we choose the diameter of the wheels

D,,= 200mm.

The rotational frequency of the wheels, can be calculated as follows:

N Vv
" 7D,
where v is a movable speed = 25.
25
n,=————=39.8 [min?
"~ 314.0,2 [min”]

Due to our calculations the actual speed of the movable mechanism will be:
v, =zn,D,.
v, =3,14-39,8-0,2 = 25[m/ min]

So, the all necessary parameters of the telpher were calculated. The

designed requirements are satisfied.




Conclusion to the part

In this part of diploma work we have calculated the main design parameters
of the upper loading device — telpher. We designed the telper with cargo capacity
up to 5 tons. This telpher will be attached for the special mono rail. The
maximum height fot cargo lifting is 3.5 meters. This height satisfies our needs,
because the diameter of the fuselage is 3.35 meters. The lifting speed of our
cargo device will be 20 m/min with horizontal speed movement up to 25m/min.

The telpher will move from the front part of the cargo cabin to the rear part.

It can attach the cargo with the help of designed hook. The telper will lift
all types of cargo, which will have the special fasteners. The hook can attach the
cargo which is located on the cargo ramp. There is a special mechanical loader

needed to move the cargo from the ground to the aircraft ramp.




GENERAL CONCLUSIONS

In the scope of diploma work we have the following results:

- preliminary design of short range cargo aircraft with cargo capacity 16 tons
was performed

- the centre of gravity positions were defined;

- the engines with high efficiency were choosed;

- the upper loading device telpher was designed;

- all necessary parametrs were choosed for the telpher.

The scheme designed high wing aircraft with two engines under the wing was
choosed. The J1436T1 engine was choosed for our aircraft. This engine meets all
requirements of the International Civil Aviation Organization (ICAQO). There is a
less amount of emmsions on the atmosphere and less noise pollution gives
possibility to use this aircraft in European countries. Also, high wing schem
improves protection for the engines from the dirt and harmful things. So, due to this
the aircraft can be used in non-prepared runways.

The loading and unloding of the cargo will be provided by the help of
telpher.

This upper loading device have the cargo capacity up to 5 tons and with
maxim heigt of lift 3.5 meters.

The telpher is mounted on the mono-rail which is located under the ceiling.
The telpher gives an opportunity to move the different types cargo in vertical and
horizontal directions.

The designed aircraft combines most optimal aerodynamic characteristics,
design factors, modern materials which improves aircraft’s efficiency. Properly
selected these parameters will deacreases the fuel consumption which nowadays is

the most important factor in the aircraft industry.
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Appendix A

I POEIKT
CAMOIETA C TP OO
HAY, AKIU, xkabenpa K JI A
I[TPOEKT DIPLOMA PacueT BunojsHeH 23.09.2019
WcnonHuress LUTOVINOV PykoronouTesb MASLAK T.P

VCXOIHHE HOAHHEE VM BEHBEPAHHHE I[TAPAMETPH

KonmruecTBO MacCCaxupoB 0.
KonmmuecTBO YJIEHOB 3KMIIaXa 2.
KonnuecTBO OOPTHIPOBOOHUKOB MJIM CONPOBOXIAW0IMX 2.

Macca CHapsaxXeHUS U CJyXeDHOT'O T'py3a 896.66 kT.
Macca kOMMEpPUYeCKOM HaIpy3KU 16000.00 xr.
Kpericepckasa CKOPOCTHL IOJIeTa 800. xM/u
Upcio "M" noJsieTa OpM KPEMCEPCKOM CKOPOCTM 0.7491
PacueTHas BHICOTa Hauajla peajiM3aluy IIOJIETOB C KPENWCEepPCKOM

SKOHOMUUYECKOM CKOPOCTBIO 11.000 M
JaJbHOCTH I[OJIeTa C MaKCMMAaJIbHOM KOMMEPUECKOM HaTpy3KOM 1300. xwM.
InyHa JIETHOM IIOJIOCH aspolpoMa 0a3UpoBaHUA 2.55 kM.

KonmmuecTBO OBUIATEJIEN 2.

OLeHKa IO CTATUCTUKE TATOBOOPYXEHHOCTHU 3.2000 H/xr
5
0

CTeneHb MNOBHIIEHMS HOaBJIEHUA .50
OTHOCHUTEJIBHasA Macca TONJAMBa IO CTATUCTUKE .3100
YOonuHeHMe Kpblia 9.58
CyxeHMre KphlJa 4.05
CpenHsas OTHOCHUTEJNbHAs TOJIIMHAE KpBJla 0.118
CrpesoBUOHOCTE Kpblia o 0.25 xopzn 24.0 rpan.
CTeneHb MexXaHMBMPOBAHHOCTM KpBLIa 0.970
OTHOCHUTEJIbHAas MJIOoWalb MNPUKOPHEBHIX HAIJIBIBOB 0.000
[Ipoduine kpegia — CyNepKPUTUYECKUM

Manbe YUTKOMBA - He HOPMMEHSITCH
CriomJiepel — yCTaHOBJIEHE

IuamMeTp O®o3ersaxa 3.35 M.
YonmuHeHre obo3essaxa 8.00
CTpesIOBUOHOCTE I'OPM3OHTAJIbHOT'O OIlepPeHUA 32.0 rpaxmn.
CTpesIOBUOHOCTE BEPTUKAJIBHOT'O OIEepeHUA 40.0 rpaxmn.
PE3VYJUBLTATH PACUYETA
HAY, AKINI, KASEIIPA "K JI A"
3HaueHMe OITMMAaJIbHOT'O KosbdmumeHTa no0n'eMHOM CUJIEL B PACUETHOM TOUKe
KPEeMCepCKOoTO pexyMa [oJjieTa Cy 0.43976
3HaueHMe KosbhdbuumeHTa Cx.uHT. 0.00916

ONPEJEJIEHVE KOSOOUMUVMEHTA DM = MkpuT - Mkpelc

Unyciio Maxa Kpencepckoe Mkperic 0.74974
Uycyio Maxa BOJIHOBOTO KpHU3Mca MxpuT 0.76808
BLIUMCJIEHHOE 3HaueHUue Dm 0.01833

BHaUueHMsa YyHOEeJIbHBEIX HAaT'Py30K Ha KpPBJIO B KIIA (IO IOJIHOM [JIoWanu) :
opy B3JeTe 4.223
B CepeIMHe KpeMCepCcKOoTo ydacTka 3.937
B HauaJle KpeMCcepCcKOoTo ydacTka 4.068



3HaueHMre KO30buuMeHTa CONpOTMBIIeHUS OQo3esgxa M TOHIOJI

3HaueHre kKO30d. nmpodmnb. CONPOTUBIIEHMS KpPBUIA M OINEPEHUS
BHayeHMe KO2QPMLMEHTa CONPOTUBIIEHMSA caMojieTa:
B HauajJle KpeMCcepCKOoTo pexuMa 0.
B CepelMrHe KPeMCepCKOI'O pexuMma 0.
CpenHee 3HaueHMe Cy HOpM YCJOBHOM IOJIeTE IO IIOTOJIKaAM 0.
CpenHee KpeMCepCKOe KadeCcTBO caMoJieTa 15
BHaueHMre koaddmumeHTa Cy.HoocC.
BHaueHMe konbbOMUMeHTa ( NPM CKOPOCTM CcBaJuBaHusa ) Cy.Ioc.MakcC.
BHaueHMe konbbOMUMeHTa ( NPM CKOpPOCTM cBaJuBaHusa ) Cy.B3J.MakKcC.
BHaueHMre koadduumeHTa Cy.oTp.
SHEPTOBOOPYXEHHOCTb B Haudajle KPeMCepCKOTOo pexmuMma
CrapToBass TATOBOPYXEHHOCTb. IO YCJIOBUAM KpeMc. pexuMma Ro.Kp.
CrapToBad TATOBOPYX. IO yCJOBMAM Oe30IacHOI'O B3JleTa RO.B3II.
PacueTHas TATOBOPYXEHHOCTB CcaMoJieTa No 2.713
OTHOleHNE Dn = Ro.xp / Ro.B3J Dr 1.049
YIOEJIBHHE PACXOIH TOIUJIVMBA ( B Kr'/kBr*u ) :
B13JIE€ THEIN 37.175
KpeMicepCckuy (xapakTepucTuKa IOBUT'ATEIISA) 58.123
CpelHMY KPEeMCEepCKUM NpM 3aZaHHOM HaJIbHOCTM IoJjieTa 58.666
OTHOCUTEJIBHHE MACCH TOIIJIVBA:
A®POHABUTALIMOHHEIM 3arac 0.03349
pacxomyemas Macca TOIJIMBa 0.09739
SHAUEHVA OTHOCUTEJIBHHX MACC:
KPELJ1a 0.11993
TOPMBOHTAJIbHOT'O OIEepeHUd 0.01747
BEPTUKAJIBHOT'O OIEepPeHUA 0.02031
maccu 0.04959
CUJIOBOM YCTAaHOBKMU 0.08915
bo3zemnsaxa 0.1247¢6
000pPyInOBaHMA U YIpPaBJIEHUA 0.12984
CIIyXeBOHOM HaIpy3KU 0.01688
TONNMBa Npu Lpacu. 0.13088
KOMMEPUYECKOM HaTpy3KM 0.30120
BasleTHaa macca cawmojera "M.o" = 53122. «T.
[loTrpebHasa B3JIeTHaAs TAT'a OBUTATENd 72.05 kH
OTHOCHUTEJIBHAsA Macca BHCOTHOT'O OOOpyHmOBaHMSA U
IPOTMBOOBJIENEHUTEJILHOY CUCTEME CaMoJieTa
OTHOCHUTEJIEHAsA Macca [NacCaXMpPCKOI'o OOOpyHNoBaHMUsS
(nnm obopyloBaHMsS KabMH I'Py30BOTO camojieTa)
OTHOCHTEeNbHAsA Macca OEeKOPAaTMBHOM oOmmMBKM U T3U
OTHOCHTeNbHAsA Macca OBTOBOTO (MM I'Py30BOIO) ODOPYHOBAHMA
OTHOCHUTEJIbHAsSA Macca yNpPaBJIEHUS
OTHOCHUTEJIEHAasA Macca IMIPOCUCTEM
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OTHOCUTENIbHAS Macca 3BJIeKTPooOOopyIOoBaHUS 0.0208
OTHOCUTENbHAS Macca JIOKALUMOHHOTO O0OpPYyIOBaHMUS 0.0059
OTHOCHUTEeJIbHAsA MaccCa HaBUITALMOHHOTO OOOPYINOBAaHUA 0.0088
OTHOCUTEJIbHAsA Macca PaIMOCBSI3HOTO OOOpPyHOBaHMUSA 0.0044
OTHOCHUTEJIbHasA Macca NpuOOPHOTO OOOpPyHOBAaHMSI 0.0103
OTHOCHUTEJNIbHAS MaccCa TOIJIMBHOM CUCTEeMH (BxommuT B Maccy "CY") 0.0038
JonoJHUTEeIbHOe OCHAalleHUe :
OTHOCHUTEJIbHASA MacCa KOHTEMHEPHOT'O OOOpyIOoBaHUS 0.0000

OTHOCHUTEJIbHASA MacCa HETUINIMUYHOT'O ODOpyHOBaHMSI 0.0037
[BCTPOEHHEIE CUCTEMBEl IMATHOCTUKM M KOHTPOJS apaMeTpoB,
IOIMOJIHUTEJIbLHOE OCHAlleHMEe CAaJIOHOB M Ip. ]

XAPAKTEPUCTUKM B3JIETHOM IOUCTAHLNNU

CxkOpOCTb OTpPEBA CaMoJieTa 242 .45 xM/u
YckopeHue mnpu paszsbere 2.07 Mm/c*c
InuHa paszbera cawmojieTa 1094. wm.
IOvcTaHuMsa Habopa ©Oe30IacHOM BBICOTEH 578. M.
BajieTHasa OMCTaHLMUA 1678. M.

XAPAKTEPUCTHUKM B3JIETHOW IUCTAHIVNA
NIPOIOJIXEHHOT'O B3JIETA

CKOPOCTb INPUHATUSA pPeleHUI 230.32 xM/u
CpenHee yCKOpEHME IpM NPOOOJIDKEHHOM B3JleTe Ha MOkpomn BIIII 0.22 Mm/c*c
OnyHa pazbera Opu NPONOJIKEHHOM B3JIETe Ha MOKpOM BIIII 1973.98 wm.
B3yeTHas IMCTaHUMA NPOIOJIKEHHOTO BaJleTa 2552.36 M.
[loTpe®OHas OJMHA JIETHOM IIOJIOCHEL IO YCJIOBMSAM

IpepBaHHOTO B3JjeTa 2646.29 M.

XAPAKTEPUCTHMKM ITOCAIOYHOM OMCTAHINUN

MaxcuMasibHasg IocalodyHas Macca caMoJjieTa 50399. KI.
BpeMs CHMXEHMs C BHCOTH B3IeJIOHAa OO BBICOTHL I[IOJIETA 10 KPYTY 21.5 wMuH.
IvcTaHUMS CHWXEHUS 47.74 xMm.
CKOpPOCTL 3axolla Ha [MOCanKy 242 .55 xMm/u.
CpenHAasa BepTHUKAJIbHAA CKOPOCTB CHMXEHNA 1.97 m/c
IMcTaHUMS BO3IOYNMHOT'O yduacTKa 514. M.
[locanmouHasa CKOPOCTH 227.55 xMm/u.
InuHa npobera 714. M.
[locamouHasa IOMCTaHUUS 1228. M.
[lorpebHasa OAMHA JIeTHOM noJiockl (BIIl + KIB) nnua

OCHOBHOTO asponpoMma 2051. M.
lloTpeBHasa OJaMHA JIETHOM I[IOJIOCH OJIA 3allaCHOTO asponpoMa 1744. M.

[TIOKASATEJIM S®OEKTVBHOCTNM CAMOJIETA
OTHOWEHME MACCH CHApPAXEHHOI'O caMmojieTa K

Macce KOMMEPUECKOM HaITpy3KU 1.8737

Macca mOycToOro CHapsSXeHHOTO C-Ta NPpMxXOoA. Ha 1 maccaxupa 0.00 xr/mac.
OTHOCHUTEJIbHAsA NPOM3BOIMUTEJIBHOCTDL IO IIOJIHOM Harpys3Ke 345.66 xM/u
[IPOMBBOOUTEJILHOCTL C-Ta IIPM MaKC. KOMMEpY. HaTpys3Ke 10805.3 kr*xM/u
CpelHul YacoOBOM pPacxXom TOIMJIMBA 2687.411 xr/u
CpenHUM KUJIOMETPOBEIM Pacxon TOIJIMBa 3.98 xr/xM
CpenHuM pacxol TOIJIMBa Ha TOHHOKMJIOMETP 248.715 v/ (T*KM)
CpenHuM pacxol TOIJIMBa Ha [1aCCaXUPOKMUIIOMETP 0.0000 r/ (mac.*xwM)

OpPMEHTUPOBOUHASA OlleHKa MNPMBENEeH. 3aTpaT Ha ToHHOokuyoMmeTp 0.2038 $/ (T7*kM)
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