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PE®EPAT

[TosicHIOBaJIbHA 3amycKa KBamidikaiiiiHoi poooTu OakanaBpa « ABAHIIPOCKT

JAJIEKOMAriCTPIBLHOTO MACAKUPCHKOTO JIiTaka MICTKICTIO 10 380 macaxupiBy:
50 c., 2 puc., 10 tabma., 10 mxepen

[ls xBamidikamiiHa poOoTa MNpUCBIYEHA PO3POOI JaJECKOMAriCTPaIbHOTO
MacaXMpPChKOTO JIiTaka 3 MakcuManbHOIO BMmicTuMicTIO 380 oci0. Y wupomy
JOCJIIJIPKEHH1 OYJI0 BUKOPUCTAHO METOJ] MOPIBHSUIBHOTO aHali3y MPOTOTHUIIIB JIITAKIB
JUTsl BUOOPY HAaWHEOOX1JHIIIMX Ta OOTPYHTOBAHUX MAapaMeTpPiB MPOEKTyBaHHS JIITaKa.
Kpim Toro, Oynu BHUKOpHCTaHI 1HXKEHEPHI PO3PAXyHKH JJIsi OTPUMaHHS OCHOBHHUX
reOMETPUYHUX Ta KOMIOHYBAJIbHUX XapaKTEPUCTUK MIPOEKTYBAHOIO JIITAKA.

VY crnemianbHIA YacTUHI 1i€1 poOOTH TPE3EHTOBAHO HOBHUN MEXaHI3M s
HaBaHTA)KEHHS MMAaCaXUPCHKOTO Oaraxy, SKMM Ma€ BEJIMKE 3HAYCHHS y 3MEHIICHHI
TPYIOBUX HABAaHTAXXEHb HA TNPALIBHUKIB, CKOPOYEHHI Yacy, HEOOXI1IHOro MAJis
3aBaHTAXCHHS Ta PO3BAHTAKEHHSA, a TAKOX MIABUIIEHHI €(EeKTUBHOCTI pOOOTH Y
BiJIIIeHH] O6araxy. [IpakTuune 3Ha4eHHs i€ KBami(iKaiiHoi poOOTH MPOSBIISIETHCS
y NOJINIIEHH] MPOyKTUBHOCTI Ta MIBUAKOCTI pOOOTH y BIJIUICHHI Oaraxky Ha JIOBTUX
nepeaboTax.

PesynbraTy, siki Oyau npeacTaBieHi, MOXKYTh OyTH 3aCTOCOBaH1 B HABYAIbHOMY

IIpOIEC] Ha CIIEIATIHLHOCTAX, MOB'I3aHUX 3 aBlalll€lo, a TAKOXK V aBlalllifHii 1HAYCTPIi.
2 2

J{umioMHa po0doTa, aBaHNPOEKT JiTaKA, KOMIIOHYBAHHS, HEHTPYBAaHHS,

MEXaHi3M 3aBAHTAKEHHS, POJUKOBUII KOHBEEEP



ABSTRACT

Bachelor degree thesis "Preliminary design of long range passenger aircraft with

capacity up to 380 passengers"
50 pages, 2 figures, 10 tables, 10 references

The design of a long-range passenger aircraft with a seating capacity of up to
380 persons is the primary goal of this qualifying work. In the present investigation,
engineering calculations were applied for identifying the meant aircraft's fundamental
geometry and layout measures as well as the comparative examination of prototype
aircraft to determine which design parameters were the most suitable and rational.

A brand-new system for loading passenger luggage is presented by the special
part. The purpose of the work is to make managing luggage easier for employees, speed
up loading and unloading, and improve productivity in the baggage area.

The work's results were made obtainable for use in the aviation industry and in

specific aviation education programs.

Bachelor thesis, preliminary design, cabin layout, center of gravity calculation,

loading device, roller conveyor
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INTRODUCTION

The demand for large, long-range aircraft has witnessed a significant surge in
recent years due to the growing passenger capacity, especially on longer routes.
Consequently, there has been an increased necessity for airplanes, given their ability to
cover greater distances at higher speeds compared to other modes of transportation, all
while being more cost-effective. The development of new civil aviation aircraft is
essential to meet the requirements set by international air transport organizations,
which encompass aspects such as flight safety, enhanced passenger comfort, reduced
emissions of harmful gases, and other factors that ensure cost-effective operations, high
reliability, and consistent flight schedules within the highly competitive global aviation
market.

The objective of this bachelor's degree thesis is to design an aircraft capable of
long-distance travel, accommodating 380 individuals of various classes and their

corresponding luggage.
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1. PRELIMINARY DESIGN OF LONG-RANGE AIRCRAFT

1.1 Analysis of prototype

The proposed aircraft is a wide-body twin-engine turbojet passenger liner. The
cabin has a seating capacity of 380 individuals, varying depending on the specific
configuration. It boasts a maximum range of 12,000 km when operating at maximum
commercial load. The notable features of this aircraft lie in its fuel efficiency and
environmental friendliness, achieved through the implementation of advanced turbojet
engines. These exceptional performance parameters are attained by enhancing the
aerodynamic qualities of the aircraft.

The fuselage design of the new aircraft exhibits improved airflow characteristics,
achieved by employing a streamlined and uniformly narrowed nose section devoid of
any protrusions or concavities. The utilization of composite materials has resulted in a
reduction of cabin pressure, providing more comfortable conditions similar to those
experienced at an altitude of 2400 m. The aircraft is designed following the
configuration of an all-metal, cantilevered twin-engine wide-body with a low-mounted
swept wing and a vertical tail.

Significant modifications have been made to the fuselage design to enhance
reliability, ensure safety in the event of damage, reduce crack growth rates, achieve
predetermined lifespan, minimize weight, and improve the quality of the external
surface. The passenger cabin layout has been carefully arranged to accommodate 380
individuals, while the cabin itself is equipped with a ventilation system for heating.
The risk of aileron reversal, commonly experienced by highly swept wings, has been
mitigated. Additionally, the landing distance has been reduced from 3.3 km to 2.2 km,

enabling the aircraft to safely land on airfields with runways categorized as Class A.

NAU 23.03K.00.00.00.71 EN

Done by

Karpovich 1.0.

Supervisor

Krasnopolskii V.S.

St.control.

Krasnopolskii V.S.

Head of dep.

Ignatovich S.R.

list

sheet

sheets

]

13

50

Analytical part

402 ASF 134




The aircraft is designed using the classical acrodynamic layout type, with a low-

wing layout and a semi-monocoque fuselage structure. Aircraft has a modemn

navigation system and can travel long distances. The aircraft is structurally made up of

the following parts: the torsion type wing (double spar); the tail unit; the power plant;

the undercarriage; and the fuselage, which contains a pressurized cabin for crew and

passengers. Statistical data for the prototype are presented in table 1.1.

Table 1.1
Statistic data of prototype
Name and size A350 787-9 [IL-96 |ZiAl
Max. paid load, kg 50900 51000 (37050 (43320
Crew, men 10+3 12 10 10+2
Passenger seats 380 290 300 380
Load on wing, kN/m2 6 6.3 6 5,354
Average cruising quality 19.8 15 15 19.8
Flight range with mkn max, km 12000 14140 [5800 |12000
Cruise altitude range, km 12.6 11.7 10.7 12.6
Vkr max/N, km/h/km 880 905 865 865
Vkr econ/N, km/h/km 840 870 845 835
Weight capacity, kN/kg 2.6 2.52 2.6 2.8
Productivity, tkm/h
Specific fuel consumption, g/t.km
Power plant data
Number and type of engines 2 2 2 2
Take-off thrust, kN 170 329.61 {160 175
Cruising traction. kN 110 250 100 100
Specific take-oft fuel consumption, kg/kN 35 28.8 140 34.6448
(kW)
Cruising specific fuel consumption, 58 52.82 |55 57.4278
kg/kN (kW)
Degree of pressure increase 30 554 30 31.2
The degree of double-circuit 6 9.1 4.5 6
Takeoff and landing characteristics
Base airfield class SA SA SA SA
Approach speed, km/h 235.1 255 271.7 235.1
Landing speed, km/h 220.1 240 256.7 [220.1
Breakaway speed, km/h 281.95 290.74 299.6 [281.95
Acceleration length, m 1790 1523 2108 |1790
Mileage length, m 670 770 890 670
Sh
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Ending of the table 1.1

1 2 3 4 5
Takeoff distance, m 2280 2100 2600 2280
Landing distance, m 1180 2150 2370 [1180
Basic geometric parameters A350 787-9 [IL-96 |ZiAl
Wing span, m 60.3 60.17 |57,66 |59.47
Arrowness by 1/4 chords, degrees 31 322 322 31
Mean geometric chord, m 9,437 5.4 6 9,437
Wing extension 6,7 11,13 [10.3 6,7
Narrowing of the wing 3.5 2 4.7 3.5
Fuselage length, m 63.6192 |63 55,345 163.6192
Diameter of the fuselage, m 5.64 587 6.08 |5.64
Extending the fuselage 11,28 108 |9 11,28
Width of the passenger cabin, m 5.45 570 |5.85 [5.45
Passenger cabin length, m 60 40 38 60
Cabin height, m 2.4 2.1 2 2.4
Cabin volume, m? 1200 970 910 1200
Cargo space volume, m? 200 174.5 140 200
Step of chairs, mm 870(800) (840 860 870(800)
Passage width, m 0.4 037 1045 |04
The scope of GO, m 20 10 19.82 20
Sagittality of GO by 1/4 chord, degree |33 37 37 33
Extension of GO 3,247 5.73 5.31 3,247
Narrowing of GO 3 3 3 3
Height of VO, m 8.32 9 7.81  |8.32
Arrowness of VO by 1/4 chord, degree. |56 42 42 56
Extension of VO 1.04 1.56 1.68 1.04
Undercarriage base, m 25.1255 25.6  25.6  [25.1255
Undercarriage track, m 9,094 9,768 19,768 19,094

1.2 Brief description of the main parts of the aircraft

1.2.1 Wing

For modern airplanes operating at speeds close to the speed of sound, wing

profiles with near-symmetric characteristics and sharper leading edges are utilized.

These profiles typically have a relatively rearward position of maximum thickness,

ranging from 35% to 45%. Such wing profiles exhibit smoother pressure distribution

along the wing's chords, resulting in reduced local airflow velocity over the upper

surface of the wing.
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This, in turn, contributes to an increase in the critical flight Mach number (Mg,).

In line with this understanding, the relative thickness of wings for aircraft
operating at speeds close to the speed of sound (M., = 0.8 to 0.9) is typically reduced.
The relative thickness values range from 12% to 14% at the wing root and decrease to
8% to 9% at the wing tip.

The airplane's wing is cantilever in design, with a supercritical rear-loaded
airfoil. The design cruising speed has been reduced to M 0.76-0.78 in order to respond
to the characteristics of short and average flight distances. It is essential since wing
properties change little with cruising speed and aerodynamic drag is minimal across
the whole range of operation. The thickness of the airfoil's rear beam has been increased
by 30% in order to accommodate the flaps and their control systemhe wing design
incorporates several features to optimize aerodynamic performance. While "wingtip
sails" are utilized, the leading edge employs a circular shape, transitioning to a wedge-
shaped trailing edge. A "spindle" is integrated along the wing chord to minimize drag.
In comparison to traditional "winglets," this configuration exhibits superior drag
reduction characteristics, even in non-optimal conditions. The "wingtip sail" remains
effective and resistant to stalling when encountering crosswinds.

The leading edge slat, spanning the entire wingspan, is divided into five sections.
To enhance the deployment of the leading edge slats without compromising high-speed
cruising capabilities, modifications have been made to the engine pendant, considering
the close proximity of the engine nacelle to the lower wing surface. Both the inner and
outer trailing edge feature large single-slot Fowler flaps. Each side of the wing is
equipped with five spoilers on the upper surface. Two inner spoilers function as speed
brakes, while three outer spoilers serve roll control. During landing, all five spoilers
contribute to reducing lift force.

To improve the spanwise length of the trailing edge flaps during take-off and
landing, the inboard ailerons have been eliminated, effectively increasing the lift
generated. The front and rear edges of each wing consist of fixed panels, while the
trailing edge flaps, flap fairings, spoilers, ailerons, and wing root fairings are

constructed using composite materials for optimal performance and weight reduction.
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1.2.2 Fuselage

The fuselage of the aircraft features a semi-monocoque structure. The longest
section of the fuselage is the equal-diameter section, which houses the passenger cabin.
To minimize aerodynamic resistance, a waist-shaped rear section is implemented in the
fuselage design. The structure of the fuselage comprises frames, stringers, beams, and
a load-bearing skin.

The aerodynamic and weight characteristics of the fuselage are greatly
influenced by its shape and dimensions, which are determined by geometric parameters
such as the cross-sectional shape, fuselage elongation (Af), and fuselage diameter (Df).

It is important to note that the elongation and length of the fuselage are carefully
determined during the aircraft layout process to ensure adequate space for the crew,
passengers, and cargo, as well as to maintain the appropriate clearances for the

horizontal and vertical wings of the aircraft on both the left and right sides.

1.2.3 Tail unit

The tail unit of the aircraft consists of the horizontal and vertical stabilizers,
elevators, and rudder. Among the crucial aspects of the aerodynamic configuration is
the selection of the horizontal tail's positioning. In order to achieve longitudinal static
stability and counteract overloading, the center of mass must be positioned ahead of
the aircraft's aerodynamic center. The distance between these points, in relation to the
average aerodynamic chord of the wing, determines the degree of longitudinal stability.

The horizontal tail is designed with a reverse camber profile to enhance flight
stability. The elevator is controlled using a fly-by-wire control system, while the rudder
1s operated through a hydromechanical flight control system. Both the horizontal and

vertical stabilizers are constructed entirely from composite materials.

1.2.4 Undercarriage

The aircraft's landing gear or undercarriage is composed of two retractable
primary landing gears and one retractable nose landing gear. All landing gear struts and
hatches can be controlled hydraulically and electrically. The landing gear mechanically

operates the hatch associated to the landing gear struts: when the landing gear is fully
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retracted, the hatch closes. All landing gear hatches are opened when retraction and
extending of the landing gear. Hydraulically retracting the landing gear. Two-wheeled
struts with oil-gas shock absorbers are responsible for each landing gear. All of the
main landing gear is housed in the wing-fuselage fairing. It is possible to turn the nose
gear and move forward it into the fuselage. Composite materials were implemented to

make the main landing gear hatch.

1.2.5 Control system

The fly-by-wire control system manages the entire flight process, from take-off
to landing. The main control system consists of two independent systems with a total
of five computers. Two computers control the elevators and ailerons, while three
computers are responsible for the spoilers. The rudder trim is handled by two flight
stabilization computers, and two special computers oversee the control of the slats and
flaps. The implementation of fly-by-wire control enhances flight safety and
significantly reduces pilot workload.

To enhance the reliability of the fly-by-wire control system, two measures have
been implemented. First, the signal transmission cables leading to each control surface
are separated from one another. For example, the aileron and spoiler cables are
respectively routed before and after the wing front beam. Second, to protect against
lightning strikes, all telex control cables are enclosed in metal shielding sleeves, with
exposed sections housed in cable ducts.

The flight control system utilizes side sticks instead of conventional steering
sticks and handwheels, which contributes to a reduction in system weight. The side
stick control system consists of an inward and forward tilting joystick, a roll and pitch
sensor box, and an artificial sensor system. When the autopilot is engaged, an
electromagnetic coil-driven bayonet locks the control system in a neutral position. An
electronic circuit connects the two fly-by-wire control devices. Under normal
circumstances, two pilots cannot simultaneously operate the aircraft. To address
conflicting control inputs from the pilots, a comparison device is installed in the

electronic circuit. The fly-by-wire control system can merge the two input signals. If
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one pilot wishes to cancel the input from the other, they can press and hold the
"takeover button" to release the other pilot's control input.

The hydraulic systems are color-coded into three groups: green, yellow, and blue.
The green and yellow systems are interconnected, with each engine driving one of
them. The blue hydraulic system, powered by air ram wheels, is equipped with three
engines. Two engines are driven by the main engines for normal power supply, while
the third engine is driven by an auxiliary power unit. The blue hydraulic system can
also serve as an emergency backup power supply in the air, in addition to its ground
use. In the event of a failure of all three engines, there is a 5,000 AC emergency engine
driven by the blue hydraulic system. A converter is installed to provide DC power, and

a battery is also available for backup power.

1.2.6 Power plant

The designed aircraft incorporates two Rolls-Royce Trent XWB engines, which
are high bypass turbofan engines with axial flow. These engines are renowned for their
reliability and impressive power output. The key performance characteristics of these
engines are comparable, making them suitable for the designed aircraft. Specifically,
the Trent-97 XWB engine was selected for this project based on its calculated take-off

thrust. Detailed information about these engines can be found in Table 1.2.

Table 1.2
Engines performances

B ass . . . .

Model Thrust yp. Dry weight Pressurized ratio| Specific fuel | Working
ratio consumption |temperatur
e

Trent-97 | 97,000 Ibf 06 7,550 kg 50 2.74 t 920°of

XWB  |(431kN) | (16,640 1b) Celsius
Sh.
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Boeing 787-9, A350 and IL-96, it can be concluded that the long-range civil passenger
aircraft designed in this project, with a seating capacity of 380, not only meets but also
exceeds the essential specifications within the project's scope. The investigation also

determined a range of permissible center of gravity positions that satisfy the aircraft's

Conclusion to the analytical part

After conducting a thorough comparison with similar aircraft models such as the

criteria for longitudinal stability and controllability.
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2. GEOMETRY CALCULATIONS OF THE MAIN PART OF AIRCRAFT

2.1 Determination of geometric parameters of the wing

The aircraft layout calculation involves determining the main dimensions and

operational requirements of the designed aircraft, as well as selecting its purpose. It

encompasses the geometric calculation of key structural components such as the wing,

fuselage, tail unit, and landing gear. Additionally, this analytical process entails

choosing the appropriate power plant and interior scheme. The interior scheme

estimation involves dimensional calculations to meet the capacity requirements of the

aircraft.

It is worth noting that this layout adheres to both contemporary standards and

established calculation methods.

2.1.1 Wing geometry calculation

Full wing area is:

_m,-g _331080-9.81

. =499.16 m?
P, 6.5

S

where m, — take-off weight; g — gravity acceleration; Py — specific wing load.

Wing span is:

1, =+/Su Ay =+/499.16-7 =59.16 m

where A,, — wing aspect ratio.

Root chord 1s:

25, M, _ 2-499.16-322

b, = = -
" (L+m,)l,  (1+3.22)-59.16

12.87 m

where 1,, — wing taper ratio.
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Tip chord is:

p=2_1287_399m
n 322

Maximum wing thickness is:
C..x =C, 0B =0.11-3.99=0.438 m

The mean aerodynamic chord of the aircraft was determined using the
geometrical method, as illustrated in figure 1.1. This method involves measuring a line
parallel to the chords, which intersects the sections connecting the midpoint of the tip
chord with the midpoint of the root chord, as well as the upper end of the tip chord
extension (equal to the length of the root chord) with the lower end of the root chord
extension (equal to the length of the tip chord). The geometrical method was selected
for its accuracy and straightforwardness in execution.

Mean aerodynamic chord is equal: bmac=9.11m

RN

[ | [/

\\\

Figure 1.1 — Mean aerodynamic chord.

Once the geometric characteristics of the wing have been established, the next
step is to evaluate the dimensions of the ailerons and high-lift devices. The

determination of the ailerons' geometric parameters follows the following sequence:
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Ailerons’ span:

lw 59.160

lai :O.375*E:O.375* =9.35m

Aileron area;

Sw 499.16

Sai :0.065*? =0.065* =16.22m’

The values calculated earlier are considered optimal. It is not recommended to
increase the span and chord of the ailerons beyond these values, as it would result in a
decrease in the aileron's coefficient and a reduction in the span of the high-lift devices.
Similarly, increasing the chord of the ailerons would result in a decrease in the width
of the wing box.

Aerodynamic compensation of the aileron:

Axial S,,,; <(0.25...0.28)-S,,

ax.ail

S, =0.26-16.22=4.26 m’

ax.ail
Area of ailerons trim tab. For two engine airplane:

S, =(0.07...0.08)-S,, = 0.08-16,22 =1.29 m?

The recommended range of aileron deflection is 25 degrees upward direction and

15 degrees downward direction.

2.2 Fuselage layout

The estimation of the fuselage layout involves calculating the main geometrical
dimensions and creating the interior scheme. In the geometrical calculation, the
anticipated aerodynamic characteristics of the designed aircraft and the expected
resistances during normal and extreme flight conditions are taken into consideration,
aligning with the intended purpose. The fuselage geometry should minimize parasitic,
skin friction, and wave drags, while being able to withstand aerodynamic loads and
ensuring a sufficient safety factor. To minimize form and wave drag and achieve the
required strength characteristics without stress concentrators in the fuselage cross-

section, a round shape has been selected.
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The interior scheme creation, which is another aspect of the fuselage calculation,
is based on the desired capacity of the designed aircraft. Additionally, the requirements
of ergonomics and sanitary standards for passenger aircraft must be met. The
subsequent steps involve calculating the main geometrical characteristics of the

fuselage and determining its outline.Nose part length is:

l, =(2..3)-D, =2.1.7.35=15.43m

Fuselage length is:

|, =4, -D, =11.28-7.35=829m

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

1 - l, _16.35 _

" 2.2
D, 735

Length of the fuselage rear part is:

|, =4, -D; =2.8-7.35=60.58m

where A, — fuselage rear part fineness ratio.

Cabin height is:

H,, =154+0.19B_, =1.54+0.19-2.56 =2.02 m

where B.,» — width of the cabin.
For the economy class passenger cabin, the arrangement of seats in a single row
(3 + 3 + 3) determines the following parameter:
B.ar = Naenviock * Pacnbiock + Paigge + 26 =3-1100+600+2-30 =3.42 m
where n3¢ipi0er — Width of 3 chairs; bsenpiocr — number of 3 chair block; b,z — width of

aisle.

The length of passenger cabin is:

Lo = Ly + (Ms =1) - Ligpcn + L =1500+(40—1)-800+300 =33 m

cab
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where L; — distance between the wall and the back of first seat;
Nyows — NUMber of rows;
Lyeapiren — seat pitch;

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

2.3 Luggage compartment

Cargo compartments can be positioned either on the main deck of the passenger
cabin or in the lower deck within the sealed section of the fuselage. When located on
the main deck, the cargo compartments are typically situated in front and rear of the
passenger cabin. This arrangement allows for proper centering of the aircraft by
adjusting the cargo weight based on the number of passengers. The specific placement
of the cargo bays is determined during the assessment of the fuselage length, and it is
advisable to refer to data from prototype aircraft.

Cargo compartment volume is:

V,pgo =V-Ns =0.2-380 =76 m’

cargo

where v — relative mass of baggage (0.2...0.4 for Dy <4mM and 0.36...0.38 for
D, >4m

); Mpass — numMber of passengers.

Luggage compartment design is similar to the prototype.

2.4 Galleys and buffets
Volume of buffets (galleys) is:

Ve =(0.1...0.12)-n  =0.11-380=41.8 m’

galley — pass

where V' — volume of buffets; n,,,; — number of passengers.

Area of buffets (galleys) is:

_ Vgalley 418

2
Spaty =7 =5 - =1817m

cab

The amount of food provided per passenger consists of 0.9 kg for breakfast,

lunch, and dinner, while 0.6 kg is allocated for tea and water. The design of the buffet
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area closely resembles that of the prototype. An example of the composition of the

buffet is shown in fig. 2.4.

. 3 10

7,’7‘%7-59..«\8 5
(& = ) 24 9 .
- L,L\\} .+« Fig. 2.4. Arrangement of buffet elements

I3 -° 1 - service carts; 2 - convection ovens; 3 - stove control panels; 4
- flight attendant's containers; 5 - coffee maker; 6 - table; 7 -

garbage container; 8 - nozzles of individual ventilation; 9 - tray

v for water; 10 - a mirror.

2.5 Undercarriage design

In order to determine the undercarriage configuration for this project, it is
essential to analyze the positioning of each strut in relation to one another, calculate
the loads imposed on the landing gear system, and consider the aircraft's center of
gravity. The layout of the landing gear in this design closely follows the established
data from the prototype. Similar to the tail unit, it is crucial to ensure a stable and
controllable foundation for the aircraft during ground operations, including takeoff and
landing. Main wheel axes offset is:

e=k, by =0.3-9.11=2.73m

where k., — coefficient of axes offset (k.= 0.15...0.3); bysc — mean aerodynamic chord.

Landing gear wheel base is:

B=k,-L =0.39-82.9=32.33m

where k;, — wheel base calculation coefficient (k, = 0.3...0.4).
That means that the nose strut holds 5...11% of airplane weight.
Front wheel axial offset is:
d =B-e=32.33-247=29.86m
Wheel track is:
T=k -B=0.9-32.33=29.09m
where kr — wheel track calculation coefficient (k7 =0.7...1.2).

Nose wheel load is:

5 _ 9.81-e-k,-m, 9.81.2.47-1.9-331080
n B.j _ 32 33.2

=235731.05 N
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where k; — dynamics coefficient (k; = 1.5...2.0); i — number of wheels.
Main wheel load is equal to:

o _98L(B—e)-m, 9.81(32.33-247)-331080

m - =46871.2 N
B-n-i 32.33-16-4

where n — number of main landing gear struts.

Based on the calculated wheel loading and take-off speed, we can select the
appropriate tires for the landing gear. Referring to the catalog, we obtained the
following options:

for nose landing gear

Flight Eagle DDT 277K08-1 with parameters P, =4000 Ibf ;
Vs =160 MPH; size 19.5%.75-10.

for main landing gear

Aircraft Rib 277K28-1  with parameters P, = 6700 Ibf; V., =190 MPH;

size 22x7.75-10.
The rate of wheel loading is:

for nose wheel 4000—3957 .100% =1.07%
4000

for main wheel 6700-6595 .100% =1.56%
6700

The values are less than 10% so choosed tires can be used for this airplane.

2.6 Layout and calculation of basic parameters of tail unit

The selected configuration for the tail unit is conventional, which was
determined based on the analysis of three prototype empennage schemes. In order to
determine the overall outline of the tail unit, it is necessary to calculate the geometric
dimensions of the vertical and horizontal stabilizers, as well as the dimensions of the
control surfaces. The primary objective of the tail unit is to meet the requirements for
aircraft stability and controllability.

Area of vertical tail unit is:

| .S, 59.47 - 485.70
) A\/TU =

= = -0.12=103.98 m’
I'VTU 30

SVTU
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where Lyry — length of vertical tail unit; Ayry — coefficient of static momentum of
vertical tail unit (see the table in methodical guide).

Area o horizontal tail unit is:

Dunc - Sy 9.11-485.70
S MCC Ay :T

HTU

.0.9=122.53 m?

where Lyry — length of horizontal tail unit; Ay — coefficient of static momentum of
horizontal tail unit (see the table in methodical guide).
Determination of the elevator area and direction:

Altitude elevator area is:
SeI = kel -SHTU =0.3-122.53=236.759 m°

where k,; — relative elevator area coefficient (k,; = 0.3...0.4).

Rudder area is:
Srud = kr -SVTU =0.4-103.98 = 41.592 m?

where £, — relative rudder area coefficient (k. = 0.35...0.45).

Choose the area of aerodynamic balance:

0.3<M<0.6
S, =(0.22..0.25)-S,, = 0.22-36.759 = 8.09 m’

S, =(0.2..0.22)-S,,, =0.2-41.592 =8.32 m’

where k., — relative elevator balance area coefficient;
k,, — relative rudder balance area coefficient.

The area of altitude elevator trim tab is:
S, =k, -S, =0.08-36.759 = 2.94 m’

where k;. — relative elevator trim tab area coefficient (k. = 0.08...0.12).

Area of rudder trim tab is:
S, =k -S_. =0.06-41592 =2.49 m’

where k, — relative trim tab area coefficient (k, = 0.04...0.06 for airplanes with 2
engines and k, = 0.06...0.1 for airplanes with 4 engines).

Root chord of horizontal stabilizer is:
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2. : 12253.2.
By = Sury My = 2:122.53:2.2 =525m

(1+ 74 )- Ly (1+22)-325

where M7y — horizontal tail unit taper ratio; Lyry — horizontal tail unit span.

Tip chord of horizontal stabilizer is:

b 5.25
Byry = =222 =2.38m
n .

HTU

Root chord of vertical stabilizer is:
2-Syry Ty 2-103.98.-2.7
bOVTU = (1 =
+m ) Ly (1+2.7)-30

where mvru — vertical tail unit taper ratio; Lvru — vertical tail unit span.

=5.05m

Tip chord of vertical stabilizer is:

b .
By =M=%=1.87 m.

Thru

2.7 Determination of the aircraft center of gravity position

During the volume-mass layout process, calculations are conducted to determine
the centering of the aircraft. This involves finding the position of the center of mass
(CM) relative to the average geometric chord of the wing (CAH), which satisfies
specific requirements. In the case of the rearward position of the CM, it ensures the
minimum allowable margin of static stability for the aircraft. On the other hand, the
forward position of the CM allows for sufficient control deflection of the pitch rudder
or stabilizer to achieve longitudinal balance in all flight modes. These considerations
are essential for achieving the desired stability and control characteristics of the

aircraft.

2.8 Determination of centering of the equipped wing

The centering of an aircraft refers to the distance between the main aerodynamic
chord and the center of gravity. It is a critical parameter that is influenced by variations
in aircraft loading and weight changes during flight. The movement of cargo within the
aircraft can also affect the position of the aircraft’s center of gravity. Maintaining proper

centering is crucial as it directly impacts the aircraft's balance. To calculate the
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centering, the masses of the main structural units and devices must be determined. The

table 2.1 provides a list of the masses of these units for the aircraft.

Table 2.1

Centering information of the masses of the equipped wing

Name . Mass, m Coordinate of Static mass
No object relative, absolute, the center of moment
kg kg mass, m m X;, kgm
1 2 3 4 5 6
1. Wing (structure) 0.0910 26162.0 4.24 111103.00
2. Fuel system 0.00810 2335.79 4.24 9919.45
3. Management system 0.00230 328.45 5.70 1860.0
by plane (30%)
4. Electrical equipment 0.00230 651.10 0.91 614.47
(10%)
5. System of protection 0.008920 2569.57 0.93 242391
against icing (70%)
6. Hydraulic system 0.0079 2420.19 6.57 15988.40
(70%)
7. Main engines 0.04250 12231.08 -2.97 -36693.30
8. Engine equipment, 0.022078 6360.09 0.019 135.90
fastening units
0. Fire protection system 0.014433 4158.52 0.021 88,80
Equipped wing 1.82
(without fuel and chassis) SIS bR
10. | The main supports of the | 0.029487 8498.80 3.047 25921.04
chassis
I1. Fuel (including aero- 0.40537 116791.11 4.24 495974.74
navigation stock):
In total 182506.7 3.47 627337.02

2.9 Determination of the centering of the equipped fuselage

The coordinate system used for the calculations is based on the projection of the

nose section of the fuselage onto the horizontal axis, as indicated in the appendices.

Table 2.2 provides an approximate list of objects and their corresponding masses, along

with recommendations for determining the coordinates of their centers of mass.

Sh.

N? doc. Sign Date

NAU 23.03K.00.00.00.71 EN

Sh.

30




Table 2.2

Centering information of the mass of the equipped fuselage

Mass mi Coordinate
No Name relative, absolute of the center Static mass
object moment , kgm
kg kg of mass, m
1 2 3 4 5 6
GLIDER
1. Fuselage 0.08500 24480.1 30.52 747536.5
(construction)
2. Horizontal 0.00942 2714.18 56.96 154603.55
plumage
3. Vertical 0.01100 3186.8 57.01 181520.1
plumage
EQUIPMENT AND CONTROLS

4. Height equipment 0.00550 1573.2 29.23 46039.18
5. Anti-icing system (30%) | 0.003810 1101.2 30.52 33628.62
6. Passenger equipment 0.0102 3054.21 31.20 95209.19
7. Decorative paneling and 0.004 1440.7 31.20 44910.01

TZS

8. Household goods: 0.0146 4178.1 31.88 132896.91
9. Hydraulic system (30%) 0.0046 1037.21 31.88 32995.18
10. | Electrical equipment (90%) | 0.02041 5860.49 25.49 149137.81
11. Location equipment 0.0017 547.54 0.68 348.19
12. Navigation equipment 0.0028 835.61 3.21 2657.98
13. Equipment for radio 0.0013 432.27 3.21 1375.01

communication

14. Instrument equipment 0.0038 979.79 2.57 2492.99

15. Aircraft control systems 0.00269 766.39 31.89 24380.01
(70%)
16. Auxiliary power plant 0.005943 1712.41 62.39 106760.24
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Ending of the table 2.2

1 2 3 4 5 6
Empty fuselage 53909.2 32.59 1756491.47
EQUIPMENT
17. Crew 191.00 3.20 605.02
18. Flight attendants 748.00 31.89 23857.70
19. Documentation and 0.0029 432.13 4.47 1924.8
tools
20. Water (chemical species) 782.00 30.52 23941.28
21. Additional equipment 0.0060 1525.99 25.39 38861.07
Empty equipped 57588.32 32.09 1845681.34

fuselage
22. Front chassis support 0.007371 2125.09 8.24 17422.40

In total 59713.41 31.28 1863103.74

COMMERCIAL CARGO
23. Passengers 28550.00 32.49 924704.97
24. Baggage 15000.00 30.05 443133.27
25. Products 1415.50 33.11 46717.99
food
In total 104678.91 31.42 3277659.97
The coordinate of the center of mass of the equipped fuselage is determined by
the formula:
> M, X;
X7 S m,

After identifying the centers of mass for the equipped wings and fuselage, the
equation of moment equilibrium with respect to the nose section of the fuselage is
formulated:

MiXt + Mer(Xa + Xer) = Mo(Xa + Xc)
where X, 1s the position of the beginning of the CA of the wing relative to the

nose of the fuselage; c is the distance from the beginning of the SAH to the center of
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mass of the aircraft. As previously mentioned, the centroid of the aircraft refers to the
coordinate representing the location of its center of mass projected onto the wing's

SAH. It can be calculated using the formula mentioned earlier as follows:

_ mq,xq) + pr(Xa + XKp)
Xr =

my
In practical applications, the centering of the aircraft is typically determined
using relative coordinates. This means that the position of the aircraft's center of mass
is expressed as a percentage or fraction of the average aecrodynamic chord (SAH) length

from its starting point X,:

- X, —x
xr =—1—=4

100%

A
To determine the centroid of the aircraft, it is important to have knowledge of
the wing's chord average (CA) and its starting position relative to the nose of the
fuselage, denoted as xa. The initial value of xa can be obtained by referencing the scale
on the prototype aircraft diagram, after determining the value of the average
aerodynamic chord (SAH) and plotting it on the wing X.
By performing the necessary calculations, the centroid coordinates of the aircraft

should be obtained, as indicated in Table 2.3.

Table 2.3
The value of aircraft centers according to statistics
Straight wing Arrow-shaped wing
Low-level High-rise Low-level High-rise
13...32 15...33 18...38 20...42

If it is not possible to achieve the desired values, it is advised to employ the
following methods to correct the centering: adjust the positioning of the heaviest loads
within the fuselage; shift the wing along the fuselage. However, it is important to note
that moving the wing will not only change the center of mass of the aircraft but also

alter the wing's average aerodynamic chord (SAH).
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To determine the required displacement distance (1) for the wing, which is
typically the largest component in terms of mass, the magnitude of the required
centering change must be established to achieve the recommended values.

This magnitude is determined by calculating the difference between the
calculated centering and the recommended centering. The distance 1 can then be

calculated using the following formula:

Ax, X, Ax, %1 = AxrbamMo
Myp

2.10 Calculation of center of gravity

To simplify the calculation of centering options, it is advisable to consolidate the
masses and their corresponding mass coordinates in Table 2.2.

Table 2.4 provides essential calculations for aircraft centering, covering the most
common operational scenarios. For the landing configuration, the fuel mass can be
estimated as approximately 15% to 20% (depending on the aircraft type) of the take-

off fuel mass. For refueling, the fuel mass should be maximized (considering the

absence of commercial load) and is determined by the aircraft's fuel tank capacity.

Aircraft centering options

Table 2.4
No Name Mass mj, Static mass | Center of mass of Centering
n/p option kg moment M; the plane , m X
X, kgm
1 2 3 4 5 6
1. | Takeoff mass (chassis | 286945.85 | 3904994.05 31.70 32.3
released)
2. | Takeoff mass (chassis | 286945.85 | 3903931.71 31.70 32.25
removed)
3. | Landing mass 179352.3 | 3443047.86 30.97 24.61
4. | Distillatory 242213.7 2489375,25 | 2489375.25 31.87
5. | Equipped wing 57216.79 105441.50 | 1.82 105442
(without fuel and
chassis)
Sh.
NAU 23.03K.00.00.00.71 EN 34
Sh. N2 doc. Sign Date




Ending of the Table 2.4

1 2 3 4 6
6. | Front landing gear | 2125.09 17422/30 8.24 17422.40
support
(released)
7. | The main supports of | 8498.80 25920.98 3.047 25921.04
the chassis (released)
8. | Fuel 116791.11 | 495974.54 | 4.24 495974.74
9. | Empty equipped | 57588332 1845678.27 | 32.09 1845681.34
fuselage
10. | Passengers 28550.00 924705.07 | 32.49 924705.07
11. | Baggage 15000.00 443133.18 | 30.05 443133.18
12. | Food 1415.50 46718.21 33.11 46718.21
13. | Front landing gear | 2125.09 16359.96 8.24 17422.20
support
(cleaned up)
14. | The main supports of | 8498.68 25920.98 3.05 25920.98
the landing  gear
(cleaned up)
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Conclusion of project part

In this project phase, we thoroughly analyzed and developed the primary
geometric parameters for the structural design of the aircraft. This included detailed
considerations and designs for the wing characteristics, fuselage structure, tail
components, and landing gear parameters. Once the wing and fuselage layouts were
finalized, we proceeded to calculate the center of gravity of the aircraft, taking into

account the masses of the wings, fuselage, and other aircraft components.
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3. SPECIAL PART. ROLLER MECHANISM FOR LUGAGGE
3.1 Introduction

A conveyor system is a widely used mechanical handling equipment designed to
transport materials from one location to another. It is particularly beneficial for moving
heavy or bulky items efficiently. Conveyors play a vital role in various industries,
especially in material handling and packaging, due to their ability to facilitate quick
and effective transportation of diverse materials.

Conveyor systems offer several advantages over other methods of material
movement, such as forklifts. They provide enhanced safety, ensuring a smoother and
controlled transportation process. Conveyors find applications across multiple
industries, including agriculture, automotive, computer, electronics, aerospace,
chemical, and more.

Conveyors can be operated using different mechanisms, such as hydraulic,
pneumatic, mechanical, electric, or fully automated systems. Gravity roller conveyors,
which do not require power, are commonly used for moving unit loads. Continuous
conveyors are employed for uninterrupted movement of bulk or unit loads along a
predetermined path, eliminating the need for frequent loading or unloading. They are
capable of simultaneously transferring items between various stages of a technical
operation, distributing loads to multiple destinations, transporting goods to retailers,
and maintaining the desired manufacturing process speed.

There are various types of conveyors available, including screw conveyors,
driven and non-driven roller conveyors (operating on gravity), ribbon conveyors, belt-
rope conveyors, tape-chain conveyors, scraper conveyors, vibrating conveyors, and
lamellar conveyors. Roller conveyors are widely utilized in the aviation industry, such
as airport baggage handling systems, where they efficiently transport passengers'
luggage from the cargo compartment to their hands. Additionally, specialized vehicles

equipped with roller conveyors are employed for specific purposes.
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3.2 Calculations of the roller conveyor

The typical dimensions of passenger luggage are considered medium-sized,
measuring approximately 67 cm % 45 cm % 25 cm. According to aircraft regulations,
the baggage should adhere to the specified dimensions of 670 mm x 450 mm X 250
mm. Based on this, the width of the load is determined to be 600 mm.
The length of the rollers used in conveyor systems depends on the width of the load

and the desired consistent width throughout the conveyor.
L=W +AB=450+550=1000 (mm);
where W - width of the load; AB width desire.

To determine the diameter of the rollers, certain initial parameters of the
equipment need to be considered. These parameters include the length of the conveyor
(4 m), the payload it can carry (300 kg), the transmission mode (chain transmission),
and the desired roller speed (0.5 m/s). Additionally, the dynamic friction coefficient

between the surface and the roller is given as 0.4.

Sliding friction of the rollers and baggage:
Fs=nG=0.4 - 300 -10=1200 N,

where, u —dynamic friction, G — payload of conveyor.
Required transmission power:
Pr-FsV =1200-0.5=600 w.
For the material of the rollers, Aluminum Wrought Alloy 2015-T6 could satisfy
the reugirements well. And the ultimated shear stress T = 184MPa. Based on the safty

consideration, we take the allowable shear stress [7] = 160MPa.
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Table 3.1

material

Yield strength(ksi) Ultimate strength(ksi)

ns.

Te Comp. shear Tens. Comp.

shear

Aluminum
Wrought

Alloy 60 60 25 686 68
2015-T6

42

Aluminum
Wrought
Alloy
6062-T6

37 37 19 42 42

27

Steel alloy
structure 36 36 - 58 58
A34

Overall, the diameter calculated by following formula:
*10% *10° *10-3
9.55*10° [ p \/955 10 \/600 10° 1278
0. 2[1’] Nroller 0.2*160

where: P — power transmitted by the rollers;

Nroller — rotating speed of the rollers.

To simplify the calculation and utilize a standard bar, we have chosen a diameter

of 140 mm for the rollers. During the rotation process, the rollers primarily experience

radial forces. Based on the previous calculations, with a roller length of 1000 mm and

an outer diameter of 140 mm, the luggage will be supported by a minimum of three

rollers. Therefore, we can focus on calculating the radial force (Fr) acting on each

bearing and disregard the axial force (Fa).

470
Frzng—78N
Fa - on

Dynamic load can be calculated by formula:
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P=X*F+Y*Fa-1*78+0*0=78,
where:
Fr - the radial force of the bearing;
Fa - the axial force of the bearingX - radial load factor;

Y - axial load factor.

Table 3.2

_ _ Single row bearing
_ Relative axial load
Bearing types Fo/F<ec F/F>e
F/Co | FuJzDy | X[ Y| X Y
r
0.014 0.17 2.30
2
0.028 0.34 1.99
5
0.056 0.68 1.71
9
Deep groove ball 0.084 1.03 1| 0| 056 | 155
bearing 0.11 1.38 1.45
0.17 2.07 1.31
0.28 3.45 1.15
0.42 5.17 1.04
0.56 6.89 1.00

The velocity of rotating of the bearing:

Nn~ N =120(——)
min

The next is that the required axial basic dynamic load rating calculation:

foxp 60Nm . = 1.0*78 60*100 3
Cr= ( 6 = X
f. 10 1.0 10

where: n,, - the rotating speed of the bearing;
P - the dynamic load;
f, - load factor (take it as 1.0);
fi - temperature coefficient (take it as 1.0);

Lh - bearing life expectancy (from table 3.3):

Ln)e = (= x50000)%° =401.7N
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¢ - life factor (for ball bearing is 10/3).

Table 3.3
Working condition L+/h, hours
Infrequently used instruments and 500
equipment
Short-term or intermittent used, no
serious consequences will be caused 4000~8000
when interrupted
Intermittent used, interruption will cause
_ 8000~12000
serious consequences
Machinery that works 8 hours a day 12000~20000
24-hour continuous working machinery 40000~60000

The 61858 bearing C, = 2.1kN = 0.525kN; the bearing has an inner diameter of

15 mm and an outer diameter of 24 mm, with a thickness of 5 mm.

Form the machanical design manual, we can get the basic dynamic load rating of
bearing 61858 is 2.1 kN. So:

10° fC. - 105  1.0*2100 -
Lh e '
P

= on_ = 6000~ Coras ) = 4851849 5 50000 (h)

The selected bearing life meets the requirements.
The motor power could be calculated by following formula:
N =Ni+ N2z;
where:

N; — the power required to overcome the friction of the roller;
N, — the power required to overcome the interial resistance of the baggage.

It’s significant to know the resistance moment of the bearing at the roller

journal (W) and the resistance of the baggage along the roller (W,).
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W, = 0 (Myuggage + 2 *q)ﬂ% =9.8*(270 +39*10)*o.015*% =2.4255 W

where:

Miygeage - the maximum load of the conveyor;

Z - the number of the rollers;

g - the mass of each roller;

g - gravity coefficient;

u - rolling friction coefficient (from table , it’s 0.015); d - outer diameter of the

bearing

k 0.05

W, =g*m +——=9.8*270*——=1.25
2 g luggage 100 100 (W)

where: g - gravity coefficient;
Mbaggages - the maximum load of the conveyor;

k - rolling friction coefficient between baggages and rollers (from table 3.3, it’s

0.05).

Table 3.3
Working condition | Enviroment Sliding bearing Rolling bearing
Good clean and dry
indoor work 0.1~0.15 0.01~0.015
without abrasive
dust
Medium Normal
temperature  with 0.15~0.20 0.01~0.02

small of dust

Bad Work outdoor
where there 1s a 0.20~0.25 -
possibilityof losing

friction surface

The power required to overcome the friction of the roller:

N, = (W, +W,)e = (2.4255+1.25)*160 = 588.08 (w)
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where: w - the rotating speed of the bearing.

mluggageV2 _ 270*0.4°

N, = = 43.2

where:
ts - strating time of the motor(ts = 1s);
V - the velocity of the roller.

That,

N =N, + N, =588.08+43.2 =631.28 ()

Overall, we can determine the motor power:

_ N _ 631.28 _ 19625

j n 0.5 (kW)

where:
n — machincial efficiency of the conveyor;

N; — the rated power of the motor.

Based on the previous calculations, it is determined that the motor needs to have

a certain rated power and speed. Consequently, the motor chosen for the system should

possess a rated power and speed that exceed the values calculated earlier.

Table 3.4
model Rated Rated Rated Rated | effectiveness | Power
power/k | torque/Nm | speed/rpm | current/A factor
w
W89G-6 0.8 2 900 2.3 72.5 0.71
W92 1.3 2 900 3.2 73.5 0.74
W99L -6 1.7 2 950 4.0 77.5 0.75
W108K-6 2.4 2 950 5.6 80.5 0.75
W133G-6 3 2 970 7.2 83.0 0.77

From the table , we find that the rated power of the motor W99L-6 N; 1.7 kW =

1.262 kW. The rated speed of the motor W99L-6 is 950 rpm which is bigger that the

120 r/min. So, motor W99L-6 could satisfied the requirements well.
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motor's power are the three most important variables taken into consideration while
designing the roller conveyor's parameters. The size of the luggage and the strength
of the material are fully taken into account while designing the conveyor's overall

size.

strength. Finally, a 1.7kW motor was chosen to enable the smooth operation of the

machine throughout determination and motor selection according to safety and

practicability.

Conclusion to the special part

The dimensions of the conveyor roller overall, the bearing's strength, and the

Be sure to account for the longest possible working life when calculating bearing
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GENERAL CONCLUSIONS

This paper presents the preliminary design of an aircraft and a conveyor system.
Drawing inspiration from popular jets in the current market, we have developed a long-
range civil airliner with a seating capacity of 380 passengers. Various parameters of
the aircraft wing, including length, sweep angle, and aileron configuration, have been
carefully chosen and calculated. Our design incorporates a low-level wing design with
a sweep angle to optimize aerodynamic performance, complemented by the adoption
of slotted flaps and advanced airfoils.

The fuselage layout is divided into economy class and business class sections.
The width of the corridor, as well as the arrangement and spacing of seats, have been
determined through detailed calculations. To ensure safe takeoff and landing, we have
implemented the classic first three-point landing gear system and performed center of
gravity calculations under different conditions such as full-load takeoff and landing.

In the conveyor parameter design, we have primarily focused on the overall size
of the conveyor roller, the strength of the bearings, the dimensions of the connections,
and the power requirements of the motor. The dimensions of the drum have been
designed based on the specifications of the checked baggage. Safety and bearing
service life considerations have been integral to the bearing selection and strength
design process.

Additionally, the design of connections has been optimized to fulfill the
functional requirements as effectively as possible. Finally, to ensure smooth
transportation, a 1.7 kW motor has been selected, taking into account the principle of

redundancy.
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Appendix A
Performed by: Karpovich Illya
Supervisor:
PRELIMINARY DESIGN OF THE AIRCRAFT

The main prototype is ..

VCXOJIHHE HOAHHEE VM BEHBEPAHHHE I[TAPAMETPH

KonmmuecTBO IacCcaxmpoB 380.
KonmuecTBO UJIEHOB »2KMIIAXA 2.
KonmmuecTBO OGOPTHNPOBOOHMUKOB MJIM COINPOBOXIAIMX 10.
Macca CHapsaxXeHUS U CJyXeDHOT'O T'py3a 3398.57 xr.
Macca kxOMMEpPUYeCKOM HaIpy3KU 43320.00 xr.
Kpericepckas CKOPOCTL IoJieTa 845. &Mm/u
Upciyo "M" noJsieTa NpM KPEMCEPCKOM CKOPOCTM 0.8390

PacueTHas BHICOTA Hadajla peajM3aluM IIOJIETOB C KpPeMCepCKOM

3KOHOMUUECKOM CKOPOCTHIO 12.60 &M
JaJlbHOCTH I[OJIeTa C MaKCMMAaJIbHOM KOMMEPUECKOM HaTpy3KOM 12000. xwM.
InyHa JIETHOM IIOJIOCH aspolpoMa 0a3upoBaHUA 3.30 M.
KonmmuecTBO IBUTaTeseM 2.

OueHka IO CTATUCTUKE TATOBOOPYXEHHOCTM B H/KT 2.5000
CTeneHb MNOBHIIEHMS HOaBJIEHUA 50.00
[IpuHATas CTENEeHb IOBYXKOHTYPHOCTM OBMITATENA 9.6
OnTuMmasibHasg CTeNeHb IBYXKOHTYPHOCTM IOBUIATENA 9.00
OTHOCHUTEJIBHAasA Macca TOINJMBA [0 CTATUCTUKE 0.2200
YIONVHeHue Kpblla 6.70
CyXeHMre Kpblla 3.52
CpenHAasa OTHOCUTEJIbHAA TOJIIMHAa KpHLJa 0.102
CrpenoBUOHOCTL Kpewia no 0.25 xopxn 33.0 rpan.
CTeneHb MEXAaHM3MPOBAHHOCTM KpPEBLJIA 1.220
OTHOCHUTEeJIbHAaA IJIOWanb [NPUKOPHEBEX HAIJEBOB 0.000
Ipodune kprea - CynepKpUTUUEeCKMM

Manber YUTKOMBA - yCTaHOBJIEHH

Crnomyiepsl — yCTaHOBJIEHH



InamMeTp Odo3enaxa
YonuHeHMre oOo3ersaxa
CTpeJIOBUIHOCTL TOPMBOHTAJIBHOT'O OIIEPEeHUsd

CTpeJIOBUIHOCTL BEPTUKAJIBHOT'O OIEPEeHUsd

5.54 M.
11.29

32. rTpan.

55.0 rpan.

3HadeHue OIITVMMAaJIBHOTI'O KOS@@MLU/I@H‘I‘& MNOOBEMHOM CWJIEL B paC‘:Ie‘I‘HOIZ TOUKe

KPEeNCepCKOT'O pexuMa IoJjieTa Cy 0.43814

3HaueHMe Ko3bdmLIMeHTa CX.MHI. 0.00882

OINPEIEJIEHVE KO3®OMIMEHTA DM = Mxputr - MKpenc

Uycio Maxa Kpencepckoe Mxperic 0.84565
Upciio Maxa BOJIHOBOT'O Kpu3McCa MxpuT 0.85982
BLIUMCJIEHHOE 3HauYeHUue Dm 0.01327

BHaueHMsa YyHOEeJIbHBIX HAaT'Py30K Ha KpPBUJIO B KIIA (IO NOJIHOM ILJIOWAanm)

Ipu B3JeTe 6.457

B CcepelMHEe KPEeMCepCKOI'0 ydacTKa 5.257

B HauaJle KpeMCepcKOoT'o ydacTKa 6.254
BHaueHMe kKOo2bbMLMeHTa CONPOTUBIIEHUS OGo3eJisaXxa ¥ TOHIOJ 0.01298
BHaueHMe k02bd. NPodmib. CONPOTHBIIEHMS KPBUIA M OIEPEeHUsS 0.00864

B3HaueHMe KO30OMLMEeHTa CONP