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

aircraft with cargo capacity 5,5 tons» contains:

sheets, figures, tables, references, poster and 4 drawings

Object of the design is development of cargo short-range aircraft with cargo
capacity 5,5 tons.

Subject of the design — the conceptual design of the hook suspension improvement
with stress-strain analysis of the hook.

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

The method of design is analysis of the prototypes and selections of the most
advanced technical decisions, the geometrical characteristics estimation, centre of gravity
calculations of the designing aircraft, stress-strain analysis of the hook and its modification.

The diploma work contains drawings of the short-range aircraft with a carrying
capacity of 5,5 tons, calculations and drawings of the aircraft layout and hook suspension
design.

The materials of the diploma could be recommended for the students of aviation
specialties, for the aircraft operational companies, also it can be used for the design

bureaus.

AIRCRAFT, PRELIMININARY DESIGN, LAYOUT, CENTER OF GRAVITY

POSITION, OVERHEAD CARGO EQUIPMENT, HOOK SUSPENSION
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INTRODUCTION

Air transportation plays a major role in the world economy. According to
Boeing forecasts, over the next 20 years, the annual growth of air cargo was 4.7%,
which means that air cargo in 2033 will increase almost 2 times.

In 2018, the global volume of regular freight transport, measured in tonne-
kilometre freight, grew by 4.5%. In the segment of international air cargo
transportation, which accounts for almost 87% of all air cargo transportation, the
growth was about 4.6%, and the load factor on international scheduled cargo
flights reached approximately the level, which amounted to about 55%. We can
observe an increase in demand for freight transportation every year. But first of all,
it is worth considering which planes it is worth using, what will be more
economically profitable and what range to count on when choosing an airplane.

Small aircraft are not so picky about the infrastructure of the airport,
moreover, small planes can get along the runway simpler and shorter.

The diploma paper presented below comprises the decision of two problems:
preliminary design of short-range plane and development of the winch component.

The aircraft is a high-wing construction with a typical tail unit with two Al-
24VT turboprop engines with a take-off power of 2820 hp each, mounted on the
wing. The engine is equipped with a four-blade vane AB-72T propellers. Auxiliary
power unit (APU) - RU-19A-300 turbojet engine. Rudder and elevators are
equipped with aerodynamic balance.

In the rear of the fuselage is a cargo hatch for loading and unloading cargo.
A special ramp closes the cargo hatch and can be used as a gangway for loading

and unloading equipment and goods. Sliding the ramp under the fuselage ensures
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that vehicles approach the threshold of the cargo compartment and load the aircraft
directly from the side of the vehicle.

The project reflects demand on regional commercial transportation and the
inability to deliver cargo to local places due to poor airfield conditions. There is a
need for cargo aircraft with a relatively short range, competing payload and, most
importantly, unpretentious landing conditions, which is a remarkably difficult task.

The requirements of national and international (FAR-25, CS-25)
airworthiness lows, rules, recommendations, as well as current trends have been
taken into account at the process of the aircraft design. These are high level of
flight safety; low fuel consumption; unpretentious landing and take-off conditions;
short take-off and landing distances; high payload efficiency, ease of operation.

A special part of the work deals with the development of the hook
suspension. The key idea of this design is to install the scale and safe lock to the

hook suspension.

Sheet
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1. PRELIMINARY DESIGN OF THE PLANE

1.1.  Analysis of similar planes

Among the numerous procedures of the preliminary design stage, the
accumulation and analysis of data related to the previous successful machines play
an important role. The analysis of the aircraft can be divided into these types of
parameters, which in the future will represent the achievement of high economic
efficiency of the plane: aerodynamics, bulk cargo, structural strength and fuel
consumption.

This procedure can be called as an “Analysis and Synthesis”. For the plane
designed in the frame of presented work, the prototypes have been selected on the
base of similar take-off weight, cruising speed, cruising altitude, cargo capacity,
fuel consumption, etc. The primary role in this selection plays, of course, the
question “How much the former planes are successful?”

When choosing the design parameters of the aircraft, it is necessary to be
guided by the already achieved level of technical excellence of flying machines, it
Is meant to use the main characteristics of the plane (prototype aircraft), the
purpose and parameters of which are most similar to those most like incorporated
in the project. It should be stated here that experience of the Antonov Design
Bureau reveals a set of machines for the “analysis and synthesis™. It is first of all
because this design bureau during the many years has been focused on the design
of cargo airplanes.

The experience of Avions de transport regional (ATR) company has been
taken into account as well. For the preliminary design, presented below, the planes
Antonov 32, Antonov 24, Antonov 26 and ATR 42 have been selected.

Statistic data of prototypes are presented in table 1.1.
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Table 1.1 — Statistic data of prototypes

PARAMETER PLANES
AN 32 AN 24 AN 26 ATR 42
The purpose of airplane Cargo Cargo Cargo Cargo
Crew/flight attend (Persons) 4/4 4/4 4/4 4/4
Maximum take-off weight, M, 18600
" 27000 21000 24000
Passenger's seat 4 4 4 4
The height of the flight Vi, e, m | 7500 6000 7500 7600
Most pay-load, mcmax, Kg 6700 6500 5500 5450
Range My max, KM 780 1000 1000 1130
Take off distance L,y., M 620 870 870 1040
Landing distance, m 420 650 650 1030
Landing speed, km/ h 190 165 190 190
Cruising speed, Vkm/h 470 500 440 540
Number and type of engines 2xAl20- X A4 2xXAI24V | 2xP&WC
20D-5M T PW121
Cruising power of engines, kW 2x5180 2x3470 2%3835 2%2925
Pressure ratio 9,45 6,4 7,65 7,5
Fuel consumption of cruising, 650
ghour 1270 800 1000
Mass of fuel, kg 5500 4850 5500 4500
Landing gear scheme TLG TLG TLG TLG
The form of the cross-section| _ _ Circular
fuselage Circular Circular Circular
Length of aircraft, m 23,78 23,53 23,87 22,7
Height of aircraft, m 8.75 8,32 8,575 7,59
Diameter of fuselage, m 2,9 2,9 2,9 2,87




The end of the table 1.1.

Extension of the fuselage 8,2 8,1 8,2 7,83
Wingspan, m 29,2 29,2 29.2 24,57
Aspect ratio 11,37 11.76 11,37 11,07
Taper ratio 2,92 3,2 2,92 2,5
Sweepback on 1/4 chord, ° 17° 6°50' 6°50' 5°25'

The scheme of the aircraft is determined by the relative position of the units,
their number and shape. Its aerodynamic and technical and operational properties
depend on the scheme and aerodynamic layout of the plane. The successfully chosen
scheme allows increasing the safety and regularity of flights and economic efficiency
of the aircraft. In case of our task: preliminary design of short-range cargo plane, it is
possible to improve some units that have been successfully applied on other planes.
Therefore, we will make inconspicuous changes in the design of main units (wing,
chassis, plumbing, fuselage) in accordance with given technical, economic and other
requirements.

The choice of the designed aircraft scheme is preceded by the study and
analysis of the schemes of the aircraft adopted as prototypes. The data presented in
the table above has provided the possibility to select the optimum characteristic for
new aircraft.

The following are subject to substantiation:

— location of the wing and plumage relative to the fuselage, as well as the
choice of their shape;

— location of engines, their number and type, if it is not specified in the design
assignment;

— type and location of chassis supports.




1.1. Selection of the new plane parameters

In accordance with our task, a transport aircraft was designed, which is
designed to carry load up to 5.5 tons (packaged on standard pallets or without pallets,
as well as in containers) and wheeled vehicles on short and medium-haul overhead
lines.

As a prototype for construction, we choose An 26 because of relatively good
characteristics, small fuel consumption and parameters, which meet our requirements
to carry cargo for domestic transportation. The new plane can operate with the help of
the largeness of the cargo door with a width of 2.4 m and a special ramp-door. This
huge opening width of the cargo hatch and improved ramp can make possible to
perform convenient loading from both the ground and a truck bed thus facilitating
aircraft loading and unloading.

The following methods are possible for loading:

— Travelling on their own (vehicles);

— By using an airborne crane (lifting capacity is up to 2 tons);

— By using a forklift loader;

— By using a manual loader.

Tie-down straps and nets are used for cargo lashing.

The designed aircraft is designed to carry cargo at a distance of 1100 km with a
cruising speed of 440 km / h, at an altitude of 7500 m.

The prototype is made as a twin-engine monoplane with a highly located wing,
at the ends of which specially profiled surfaces to reduce inductive resistance, are
installed. Also, it has a tail vertical unit with an aerodynamic tail fence (ridge) and
two dorsal ridges. The wing is straight in the root, trapezius closer to the tips has
sweepback angle on ¥ chord 6°50'. The wing is a caisson structure, which consists of
upper and lower panels, a transverse set - ribs and a longitudinal set - spars and
stringers. Under it, two turboprop engines with a power ratio of 0.2800 (kW / kg) are
installed.




Our aircraft is constructed as an all-metal freestanding pressurized fuselage,
semi-monocoque type, and circular section. The fuselage is divided into four
compartments: forward, middle, hatch and tail. Docking of the compartments among
the fuselage is carried out by skin and stringers using docking tapes, fittings and
overlays. In the area between frames 1-40, the fuselage is sealed. The fuselage has
the largest cross section in the area between frames 9-28.

Most of the structural elements of the fuselage are made of sheet and profiled
duralumin, as well as aluminum alloys.

In the manufacture of the airframe, adhesive and adhesive joints, chemical
processes, monolithic large-sized panels, plastics, oriented organic glass, high-
strength aluminum alloys and steel are widely used.

Glue-welded joints are used on aircraft for the manufacture of fuselage panels,
plumage and engine nacelles. The material for the casing and stringer set of glue-
welded panels is D16T duralumin. In the process of making glue-welded joints of
stringers with skin, structural members are first spot-welded without adhesive, and
then glue is applied to the edges of the stringers, which penetrates into the gaps
between the stringers and the skin under the influence of capillary pressure forces.
After heat treatment of the glue, X-ray inspection and application of anti-corrosion
coatings, the panels provided to the assembly.

To facilitate the weight of the fuselage and tail panels, chemical milling was
used. Non-metallic materials are widely used on the aircraft - fiber, press powder,
oriented organic glass, polystyrene, ethrol, paronite, laminated plastics and fiberglass,
polyamide resins, polyethylene, fluoroplastic, foam rubber.

In the fuselage of the aircraft there is a crew cabin and a cargo compartment.
The crew cabin is located between frames 1-7 and is separated from the rest of the
fuselage by a partition along frame 7. There is a door in the partition that opens
toward the cargo compartment.

The aft part of the fuselage to the frame 1 is not sealed and is covered with a

special fairing, under which a radar antenna is installed. The frame 1, the area of the




floor of the crew cabin between frames 1-4, and the lower part of the frame 4 — are
pressurized. The crew cabin floor area between frames 1-4 is located above the floor
of the cargo compartment, under the floor is the compartment for the front landing
gear. Between the frames 2-5 is a lantern of the cockpit. On the right side between
frames 5-6 there is a radio operator window, and on the left between frames 5-7
there is a navigator blister. In the upper part of the cab between the frames 5-7 is
located the upper emergency hatch.

In the fuselage from the frame 10 to the frame 33 in cargo compartment
integrated conveyor is installed. The front door is located between the frames 7-9 in
the starboard side, and the lower emergency hatch is located in the lower part of the
fuselage between the frames 7-10. Four round windows are installed on the cargo
compartment in both sides of the fuselage. The window in the starboard side between
frames 23-24 and the window in the starboard side between frames 14-15 are
combined with emergency hatches.

Between the frames 33-40 is a cargo hatch.

The opening of the cargo hatch is closed by a cargo ramp ending in a tapered
collision. A monorail is installed on the fuselage ceiling in the plane of symmetry
between the frames 29-39, along which the hoist moves, designed for loading and
unloading. Between the frames 11-33 two conveyor rails are built into the floor.

The wing center section is mounted in the upper part of the fuselage to the
frames 17 and 20. The tail compartment of the fuselage carries the empennage of the
aircraft and is not sealed. The compartment contains units for navigation and radio
equipment of the aircraft. Access to the tail section realized through a hatch in the
bottom panel of the compartment between frames 41-42. The fuselage structure
consists of a transverse and longitudinal power sets, floor, casing, cockpit lantern,
windows, doors and hatches.

The transverse power set of the fuselage consists of 51 frames, which by design
can be divided into normal and reinforced. The lower parts of the formers together

with the longitudinal profiles form the frame of the fuselage floor.




The longitudinal power set of the fuselage consists of stringers and a number of

longitudinal beams in the aft and middle compartments.

1.1.1. Wing

The wing of the aircraft is highly located, rectangular with a trapezoidal center
section (in the area between ribs Ne 7 and tips).

Structurally, the wing consists of the center, caisson and tail parts. It also has
mechanization (flaps, ailerons, interceptors), which significantly improves the take-
off and landing characteristics and maneuverability of the aircraft.

The wing has connections on ribs Ne 7 and 12 and is divided into a center
section, two middle and two separate parts. The center part of the wing carries two
deflected single-slot flaps, the middle parts of the wing - one double-slot retractable
flap, detachable parts of the wing - two sections of ailerons. Docking of the wing
parts to each other is carried out using the connector profiles, fittings and butt
squares. Dihedral angle of the wing in the area between ribs Ne 12 is 0 °, and in the
area of the ribs it is —2°. The wing installation angle is + 3°.

The wing structure is a caisson type, consisting of 2 spars, 23 ribs, skin and
stringers. The wing skin has a different thickness in different areas. The leading edge
of the wing is air-heated to prevent icing. In the trailing edge of the wing, there are
flap control shafts and ailerons control rods.

On the center section there are installed nodes for docking with the fuselage,
profiles of the connector for docking with the middle parts of the wing, attachment
points for engines, main landing gear legs and single-slotted flap linkage assemblies.

Center section spars - beam type, one-piece, reinforced with uprights from
extruded profiles. Each spar has two brackets for docking with the fuselage.

Center wing ribs - reinforced, beam type. Each of them consists of a blank
duralumin web, reinforced by uprights from extruded corners, as well as upper and

lower belts from extruded profiles of T-section.




The caisson of the middle part of the wing is a fuel tank compartment. The
caisson is sealed with sealant. The middle part of the wing has connector profiles for
docking with the center section and the removable part of the wing.

Spars of the middle part of the wing - beam type, consist of the upper and
lower flanges of the T-section and the webs supported by pressed duralumin struts.
Flanges are made of extruded profiles, machined to obtain a variable cross-sectional
length. At the ends of the spars there are racks for joining the webs of the side
members of the middle part of the wing with the webs of the spars of the center
section and the removable part of the wing.

The detachable part of the wing is structurally similar to the center section and
the middle part of the wing. The detachable part joins the middle part with the help of
profiles, and end connector strut spars.

Spars have webs and flanges of variable cross-section. The web of the spars are
supported by struts of extruded profiles. There are openings in the web of the front
side member for the exit of warm air from the nose of the removable part to the end
fairing.

The ribs of the detachable part are beam type, in design they are similar to the
ribs of the middle part of the wing.

On each wing there is a single-slot center wing flap located between the
fuselage and the engine nacelle, and a double-slot flap in the middle part of the wing.

A profiled deflector is riveted on the brackets to the double-slotted flap. When
the flap deviates between the tail of the wing, the deflector and the flap, a double
shaped gap is formed.

Each flap consists of a skin, a set of ribs, a spar and two carriages. Flaps are
fastened using brackets.

The flaps are released and cleaned hydraulically by means of a transmission
shaft and six screw lifts. The system is controlled by a push switch installed on the
central control panel of the pilots. There is also the possibility of emergency release

of the flaps using the rocker switch installed in the same place.




The flap deflection angle is controlled by the position indicator installed on the
center console. Flap deflection angle at take-off - 15°*%°, at landing - 38°7"",

Ailerons are attached to the rear side members of the removable wing parts.
Each of them consists of a root and end sections. The design of the aileron includes a
spar, ribs and skin. On the root section of the left aileron, a trim tab and servo tab are
installed, on the right - only the servo compensator.

Ailerons are controlled by rotating the helms. When the helms rotate to the
maximum angle of rotation from the neutral position - 90 degrees - the right aileron
deviates upward by 24°, and the left aileron - down 16° (when rotating clockwise)

and vice versa (when rotating counterclockwise).

1.1.2. Tail Unit

The empennage of the aircraft - T-type, mounted on the fuselage, consists of
horizontal and vertical stabilizers.

The horizontal tail includes a stabilizer consisting of two consoles. Elevator
consoles are balanced by horn and axial compensations. On each half of the elevator
there are servo tabs - internal and external.

Vertical empennage includes: fin, fence and rudder. The rudder has horn and
axial compensation. Servo tab is mounted on the rudder.

Dihedral angle of the horizontal stabilizer is 9°.

The stabilizer consists of two symmetrical consoles. Each console consists of
an upper and lower panel, a forward, a tail, and an end fairing. The stabilizer panel
consists of two half-spars, a set of half-ribs, a stringer and a skin. The stringers are
fastened to the casing with the help of spot welding and glue, and the casing is glued
to the ribs and side members. Docking of the stabilizer with the fuselage is carried
out on the spars, by means of bolts and fittings.

Each half of the elevator consists of two glue-welded panels connected in the
plane of the chords, the ending profile and the beam for attaching the trim tab. Trim

tab are installed on each half of the elevator.




The elevator is controlled by moving the rudder: “from yourself” - the steering
wheel deviates downward by 20°, towards itself - the steering wheel deviates upward
by 25°. Steering wheels - duplicated, carried out from both places of pilots. An

autopilot steering machine is included in the elevator control wiring.

1.1.3. Power Plan

The power plant consists of two turboprop engines ( Al-24VT with AB-72T
propellers) with take-off power of 2820 hp each and RU-19A-300 APU. The engines
are installed in nacelles located on the center section of the wing. Each engine is
attached to the truss, which is mounted on the aft spar of the wing center section
using a frame through the reinforced bulkhead.

Besides the propeller, the following are mounted on the engine: gear fairing,
cowl, anti-icing system, external oil system, generators and engine ventilation
system, fuel system and fire extinguishing system. The hot part of the engine and the
exhaust pipe are separated from the wing structure by special firewalls and screens.

APU RU19A-300 is installed in the rear of the right nacelle. It provides:

— additional thrust when climbing;

— necessary thrust in case of Al-24 engine failure;

— start of Al-24 engines;

— power supply of the aircraft onboard network in the parking with engines in
idle ;

— power supply of the aircraft’s onboard network in case of starter-generator
failure.

For the needs of life support on each engine air extraction is provided, and also
the generator of alternating current which is the main source of the electric power is
established. The power plant is controlled and monitored from the cockpit, where all
the necessary units and devices are installed. In the control of the power plant,

mechanical, electrical and automatic systems are used.




1.1.4. Landing Gear

The aircraft has a retractable landing gear, made according to tricycle landing
gear type with front single-strut and two strut main gears. The main gears are
installed in the engine nacelles and are retracted forward into special compartments
under the engines in flight. On each main gear, on a common fixed axis, two wheels
with pneumatics and disc brakes are installed. The wheels are equipped with inertial
Sensors.

The front gear is installed in the aft part of the fuselage and in flight retracts
forward into the compartment under the cockpit. On the front strut, on a common
rotating axis, two non-brake wheels with pneumatics are installed.

In the extracted and retracted positions, the legs are fixed with mechanical
locks that open with the help of hydraulic cylinders. With the extracted position of
the landing gear, only small sash located directly at the amortization struts remain
unclosed; thus, the units and components located in the compartments of the landing
gear are protected from dirt during taxiing. The landing gear sashes open and close
using mechanisms kinematically connected with amortization struts. The wheels of
the front landing gears are orientable. The wheels can be turned by the steering
mechanism to the right and left by an angle of 45° from the neutral position to
increase the maneuverability of the aircraft during taxiing. To maintain the straight-
line direction of movement during take-off and run on an airplane, there is a takeoff
and landing control of the front leg associated with steering the rudder. At the same
time, the maximum steering angle of the front legs 10° at each side.

Extracting and retracting of the landing gear, opening locks, braking the wheels
of the main legs and turning the wheels of the front leg are carried out by the power
cylinders of the aircraft’s hydraulic system. In the event of a failure of the hydraulic
system, the locks of the retracted position of the landing gear can be manually opened
using a mechanical system. In this case, the gears are extracted and installed on the

locks of the released position under the influence of its own weight and the air flow.




1.1.5. Flight Control System

Control of the aircraft - booster-free, carried out through mechanical wiring.

The control system provides control of:

- ailerons

- rudder

- elevator

- flaps

- interceptors in the roll automatic control mode

The aircraft is controlled by aerodynamic control surfaces — the elevator,
rudder and ailerons. Trim tabs are installed on each half of the elevator and on the left
aileron, and a servo tab is installed on the rudder. In addition, servo tabs are installed
on each aileron. The aircraft flight control system provides control of rudders,
ailerons, flaps and servo tabs, locking of rudders and ailerons while parking, control
of the aft landing gear rotation and pressure reducing valves for braking the main
landing gear wheels. Steering wheels and ailerons - double, that is, can be carried out
from the workplaces of both pilots. To ensure synchronized control, the helm and
pedals of the left pilot are kinematically connected with the helm and pedals of the
right pilot.

Steering wheels and pedals are mounted on a common control panel mounted
on the floor of the cockpit under the dashboard. Reduction brake valves are located
on the same panel and the mechanisms of their drive from the pedals are mounted, as
well as the parking brake mechanism.

Steering wheels for elevator trim tabs, flap control switches, rudder and aileron
trim tabs, as well as a rudder and aileron locking knob are located on the pilots'
central console. The handle for steering the wheels of the aft landing gear is located
on the left pilots' control console. The autopilot control panel is located on the central

panel.




1.1.6. Crew cabin

The cockpit must be as small as possible, but at the same time provide normal
conditions for work and rest of the flight crew.

The most stringent requirements are imposed on the jobs of pilots. In addition
to convenience, they should provide a good overview.

The crew consists of the ship's commander (first pilot), co-pilot, on-board
technician (between the rear pilots), in the cargo compartment, a technician's place is
equipped.The pilots are seated in seats next to each other.

The flight crew compartment is separated from other rooms by a rigid partition.

The crew cabin is designed like a prototype.

1.3. Calculations of the new aircraft parameters

1.3.1. Geometry calculations for the main parts of the aircraft

Geometrical characteristics of the wing are determined from the take off
weight mg and specific wing load Po.

Wing loading value has been accepted on the base of similar planes analysis.

For the designed plane it was chosen to be equal to 2573 kg/ m?,

From this:

Full wing area with extensions is:

Gy _ mgg_ 2347998
P, P, 2573

~ 89.43 [m?];
Relative wing extensions area is 0.1.
Wing area is:
S, =89.43-(1—0.1) ~ 80.5 [m?]
An important characteristic of the wing is an aspect ratio. The greater the aspect
ratio of the wing, the more efficient is the wing aerodynamically.

Some examples of the aspect ratio values are presented in table 1.2.




Table 1.2 — Aspect ratio examples

Ne | Aircraft type Aspect ratio
1 Hang glider 4-8

2 Glider (sailplane) 20-40
3 Homebuilt 4-7

4 General Aviation 5-9

5 Jet trainer 4-8

6 Low subsonic transport 6-9

7 High subsonic transport 8-12
8 Supersonic fighter 2-4

9 Tactical missile 0.3-1
10 | Hypersonic aircraft 1-3

For proposed plane the value of aspect ratio 11.37 has been selected.

Wing span is:

lw=+/Sw A= v80.5-11.37 ~ 30.25 [m], where
A - aspect ratio;

Root chord is:

2SwMw 2-80.5-2.92
bo = —
A4+mw)lyw  (142.92)-30.25

= 3.96 [m], where

Nw— taper ratio

Tip chord is:
_bo _ 396 _ :
bt— T]_w =Zez 1.35 [m],

Board chord is:

bor = by - (1 — %) =396 (1 - 22222 = 3.71 [m], where

D¢ - diameter of fuselage
Among the main wing geometrical parameters, the following values have been
selected.




The taper ratio of the wing has been selected equal to 2.92 by the following
considerations:

a) The planform shape should not give rise to an additional lift distribution that
Is so far from elliptical that the required twist for low cruise drag results in large off
design penalties;

b) The chord distribution should be such that with the cruise lift distribution,
the distribution of lift coefficient is compatible with the section performance. Avoid
high C_ (lift coefficient) which may lead to buffet or drag rise or separation;

c) The chord distribution should produce an additional load distribution which
is compatible with the high lift system and desired stalling characteristics;

d) Lower taper ratios lead to lower wing weight;

e) Lower taper ratios result in increased fuel volume;

f) The tip chord should not be too small as Reynolds number effects cause
reduced C. capability;

g) Larger root chords more easily accommodate landing gear.

Here, again, a diverse set of considerations are important.
The major design goal is to keep the taper ratio as small as possible (to keep the wing
weight down) without excessive C, variation or unacceptable stalling characteristics.
Since the lift distribution is nearly elliptical, the chord distribution should be nearly
elliptical for uniform C.. Reduced lift or t/c (thickness to chord) outboard would
permit lower taper ratios. The thickness to chord value has been selected equal to
0.120 because:

a) we would like to make the t/c as large as possible to reduce wing weight
(thereby permitting larger span, for example);

b) Greater t/c tends to increase C max up to a point, depending on the high lift
system, but gains above about 12% are small if there at all;

c) Greater t/c increases fuel volume and wing stiffness;

d) Increasing t/c increases drag slightly by increasing the velocities and the

adversity of the pressure gradients;




e) The main trouble with thick airfoils at high speeds is the transonic drag rise
which limits the speed and CL at which the airplane may fly efficiently.

The sweepback angle on 1/4 chord has been selected equal to 6.5°. The main
advantage of a direct (or with a small sweepback angle) wing is its high coefficient of
lift. The purpose of the swept back design is to prevent wave drag, and therefore the
drag of the wing as a whole. But the disadvantage that determines the unsuitability of
sweepback angle a wing at subsonic and supersonic flight speeds is a sharp increase
in drag coefficient when the critical Mach number value is exceeded.

In our case, this drawback does not matter because of given flight speed of 400 - 500
km/h.

At a choice of structural scheme of the wing we determine quantity of spars
and their position, and the places of wing portioning.

On the modern transport planes two spars or three spars designs are most

conventional. The two spars design have been selected as appropriate (fig 1.1.).

frant spar elastic axis rear gpar

structural chord

Figure 1.1 — Two spars wing design

| use the geometrical method of mean aerodynamic chord determination
(fig. 1.2.).

Mean aerodynamic chord is equal: byac=2.8688 m
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Figure 1.2 — Geometrical method of wing mean aerodynamic chord
determination

After determination of the geometrical characteristics of the wing we come to
the estimation of the ailerons geometrics and high-lift devices.

Ailerons geometrical parameters are determined in next consequence:

Ailerons span:

lair=(0.3...0.4)-l,, /2 = 0.35-15.125 = 5.3 [m];

Ailerons chord:

bai = (0.22...0.26)-b; = 0.24-1.35 = 0.324 [m];

Aileron area:

Sai = (0,05...0,08)-Sy/2 = 0.065-40.25 = 2.62 [m?];

Increasing of . and b, more than recommended values is not necessary and
convenient. With the increase of I, more than given value the increase of the ailerons
coefficient falls, and the high-lift devices span decreases. With by increase, the width
of the xenon decreases.

In the airplanes of the third generation there is a tendency to decrease relative

wing span and ailerons area. In this case for the transversal control of the airplane we




use spoilers together with the ailerons. Due to this the span and the area of high-lift
devices may be increased, which improves take off and landing characteristics of the
aircraft.

Aerodynamic compensation of the aileron.

AXial Saxinait < (0.25...0.28) S, = 0.265-2.62 = 0.6943 [m?];

Inner axial compensation:

Sinainait = (0.3..0.31)-S5i = 0.305-2.62 = 0.8 [m?];

Area of ailerons trim tab.

For two engine airplane:

Stait = (0.04...0.06)-S4i = 0.05-2.62 = 0.131 [m];

Range of aileron deflection:

Upward 6’a1>20°;

Downward &7 > 10°

The aim of determination of wing high-lift devices geometrical parameters is
the providing of take of and landing coefficients of wing lifting force, assumed in the
previous calculations with the chosen rate of high-lift devices and the type of the
airfoil profile.

Eventually, it can be stated that effective high lift systems have a more
complicated design than simple and less effective systems, and this leads to higher
purchase and maintenance costs. On the other hand, the more effective system saves
fuel through the possibility of building a lighter wing with better lift-to-drag ratio
than would be possible in the case of an overall design with a simple high lift system.
An optimum compromise can — as is so often the case — only be found through
detailed studies. In the early stages of design, it is, therefore, advisable to follow the
designs of successful aircraft models.

Taking into the account the design of planes-prototypes and current trends in
the design of high lift devices the two-slotted flap design has been proposed.

bs=(0.28...0.3)-b; =0.29-1.35 = 0.3915 [m];

Before doing following calculations it is necessary to choose the type of airfoil




due to the airfoil catalog, specify the value of lift coefficient C, ., and determine
necessary increase for this coefficient C, for the high-lift devices outlet by the

formula:

Cymax
ACymax = (Cy—l) (11)

y maxbw

where C — necessary coefficient of the lifting force in the landing

ymax|

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

In the modern design the rate of the relative chords of wing high-lift devices is:

bsr = 0.25..0.3 — for the split edge flaps;

br = 0.28..0.3 — one slotted and two slotted flaps;

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

bs = 0.1..0.15 — slats.

Effectiveness of high-lift devices (C"ymax) rises proportionally to the wing span
increase, serviced by high-lift devices, so we need to obtain the biggest span of high
lift devices due to use of flight spoiler and maximum diminishing of the are of engine
and landing gear nacelles.

During the choice of structurally-power schemes, hinge-fitting schemes and
kinematics of the high-lift devices we need to come from the statistics and experience
of domestic and foreign aircraft construction. We need to mention that in the majority
of existing constructions elements of high-lift devices are done by spars construction

schemes.
1.3.2. Fuselage Layout

During the choice of the shape and the size of fuselage cross section we need to
come from the aerodynamic demands (streamlining and cross section).
Applicable to the subsonic cargo aircrafts (V < 800 km/h) wave resistance

doesn’t affect it. Based on this, we need to choose friction resistance Cys and profile




resistance Cy, from the conditions of the list values.

During the subsonic flights, shape of fuselage nose part affects the value of
wave resistance Cyy. Using the circular shape of fuselage nose part significantly
diminishing its wave resistance.

For susonic airpcraft fuselage nose part must be:

lhip=2.1-Df=2.1-.2.9 =6.09 [m];

Based on the fact that the cause of the one AN 26 crash (October 4, 2007
Africa An-26, 9Q-COS) was the design mistakes caused by the wear fatigue of the
skin of the aircraft, which has long been operated in tropical climates, we need to
consider the strength and layout requirements during the choice of cross section
shape. For ensuring of the minimal weight, the most convenient fuselage cross
section shape is circular cross section. In this case, we have the minimal fuselage skin
width. As the partial case we may use the combination of two or more vertical or
horizontal series of circles.

Geometrical parameters that we concern:

- fuselage diameter Dy,

- fuselage lengthl; ;
- fuselage aspect ratio 4; ;
- fuselage nose part aspect ratio 4, ;

- tail unit aspect ratio A .

Fuselage length is equal:

li= D As=2.9-8.2 = 23.78 [m];
Fuselage nose part aspect ratio is equal:

l
Apnp = L2 =2.1;
fnp Df

Sum of nose and rear parts must be equal 4.8.
Length of the fuselage rear part is equal:
Afrp =48— Afnp = 2.7 ;




Length of the fuselage rear part is equal:

lerp = Aprp * Dp = 2.7-2.9 = 7.83 [m] ;

During the determination of fuselage length we seek for approaching minimum
mid-section Sp,s from one side and layout demands from the other.

For our prototype cargo airplane fuselage mid-section first of all comes from
the size of cargo cabin.

For short range airplanes we may take the height as: h;=1.75m; the distance
from the window to the flour hy=1m.

Step of formers (bulkheads) in the fuselage construction is in the range of
350...500mm.

1.3.3. Layout and calculation of basic parameters of tail unit

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

MYy=X; — Xp <0 (1.2)

Where m®, —is the moment coefficient; X, X - center of gravity and focus
coordinates. If m®,=0, then the plane has the neutral longitudinal static stability, if
m®, > 0, then the plane is statically instable. In the normal aircraft scheme (tail unit
is behind the wing), focus of the combination wing — fuselage during the install of the
tail unit of moved back.

Static range of static moment coefficient: horizontal Ahtu, vertical Avtu given
in the table with typical arm Htu and Vtu correlations. Using table we may find the
first approach of geometrical parameters determination.

Determination of the tail unit geometrical parameters

Area of vertical tail unit is equal:

Syry = (0,12...0,2) - Sy

Area 0 horizontal tail unit is equal:




Shtw = (0,18...0,25) - Sy;

Values Ly, and Ly, depend on some factors. First of all their value are influenced
by: the length of he nose part and tail part of the fuselage, sweptback and wing location,
and also from the conditions of stability and control of the airplane.

Trapezoidal scheme, normal scheme Ly, = (0.2...3.5) * Dmac;

Light airplane Lyw = (2.0...2.3) - ban ;

Heavy airplane Ly = (3.2...3.3) - bman;

In the first approach we may count that Lpy = Ly =3 -2.86 = 8.55 m;

Much better could be calculated like:

_ bmac'Sw 2.8688-80.5

Sty = Ay, =
htu Lhtu htu 8.55

£0.5 = 13.505 [m?];

Ly-Sw 30.25-80.5 ]
Syt = 2 v = =g oo+ 0.08 =22.78 [m°];

where Lny, and Ly - lenght of horizontal and vertical empennage, I, and Sy, -
wingspan and area of the wing, Any and Ay, - coefficients of static moments.

Determination of the elevator area and rudder area:

Elevator area:

Se= 0.345 - Spyy = 0.345 - 13.505 = 4.66 [m?];

Rudder area:

Srg= 0,4 - Sypy = 0,4 - 22.78 = 9.112 [m?];

Choose the area of aerodynamic balance: 0.3<M<0.6

Elevator balance area is equal:

Sev=(0,22...0,25)- Se= 0.235 - 4.66 = 1.095 [m?];

Rudder balance area is equal:

Si=(0,2...0,22) - Syg = 0.21 - 9.112 = 1.914 [m?];

The area of elevator trim tab:

Setr=0.08 - S; = 0.08 - 4.66 = 0.373 [m?];

The area of rudder trim tab is equal:

St=0,06 - S,q = 0,06 - 9.112 = 0,54672 [m?];

Tapper ratio of horizontal and vertical tail unit we need to choose:




For planes M<1 corresponds to #nhw=2...3; #wu=1...3.3;

Aspect ratio of horizontal and vertical tail unit we may recommend:
For subsonic planes 4, =0.8...1.5; A =3.5...4.5;

Determination of horizontal and vertical tail unit chords byp, bmac, Droot:

Tip chord of horizontal stabilizer is:

2:Syry  _ 2-13.505
Mhtu+D) lhty (2.2+41)-8.55

DhTUth = = 0.987 [m];

Root chord of horizontal stabilizer is:
bHTUrch = bHTUtCh .nhtu = 0987 2.2 = 2.172 [m],

Tip chord of vertical stabilizer is:

2Syry 22278
(Mvtu+D) Lyt (2+1)-8.55

bvruteh = = 1.776 [m],

Root chord of vertical stabilizer is:
bVTUrch= bVTUtCh *Nvtu = 1.776 - 2 = 3552 [m],

Horizontal tail unit mean aerodynamic chord:

2
bmacHTu = 0,66 - % - byryten = 1.6367 [m];

Vertical tail unit mean aerodynamic chord:

2
bmacvtu = 0,66 - % * bytuten = 2.735 [m];

The sweepback angle of the empennage is taken as 3...50° more than the

sweepback of the wing.

SO yrtu =9 % qvTu =227,

1.3.4. Landing gear design
In the primary stage of design, when the airplane center-of-gravity position is

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

gear parameters may be determined.

Main wheel axel offset is:
eg= 0,15 - byjac = 0.15-3.86 = 0.579 [m];




With the large wheel axial offset the lift-off of the front gear during take of is
complicated, and with small, the drop of the airplane on the tail is possible, when the
loading of the back of the airplane comes first.

Landing gear wheel base comes from the expression:

By= (0,3...0,4) - [ = 0.32- 23.78 = 7,61 [m];

The last equation means that the nose support carries 6...10% of aircraft
weight.

Front wheel axial offset will be equal:

dng= B, —e, = 7.61 - 0,579 = 7.031 [m];

Wheel track is:

T=(07..12) B, =1,04-7.61 =79 [m];

On a condition of the prevention of the side nose-over the value T should be > 2H,
where H — is the distance from runway to the center of gravity.

Wheels for the landing gear is chosen by the size and run loading on it from the
take off weight; for the front support we consider dynamic loading also.

Type of the pneumatics (balloon, half balloon, arched) and the pressure in it is
determined by the runway surface, which should be used. We install breaks on the main
wheel.

The position of c.m. can be taken by height:

- for high planes (with the location of the engines on the wing) c.m. is above
the construction horizontal of the fuselage at a distance. The load on the wheel is

determined:

Kg = 1.5...2.0 — dynamics coefficient.

Nose wheel load is equal:

Pnlg _ €g Mo g-Kg — 0.579-23479-9.81-1.75 — 15333.83 [N],

By Znig 7.61-2

Main wheel load is equal:

P = (Bg—€g) Mo -g _ (7.61-0.579) 23479 -9.81
O By Zmig Mg 7.61-2-2

= 53201.15 [N];




Where n and z — number of the number of supports and wheels on one support,
respectively;

From the table of aircraft wheels with high pressure tires catalog by calculated
Pmain and Pnose and the value of Vige off @Nd Vianding, pneumatics is chosen from the

catalog, the following correlations should correspond:

K .pK 2/ K W/ K
I:)slmain 2 main? I:)slnose 2 I:)nose’vlanding 2Vlanding’vtakeof

i 2V

akeoff

Table 1.3 — Avition tires for prototype

Main gear Nose gear

Tire size Ply rating Tire size Ply rating
1050x400mm 18 720x2506A mm 14

1.3.5. Power plant

Al-24 is a single-shaft turboprop engine with a 10-stage axial compressor, an
annular combustion chamber and a three-stage turbine. We choose the best one of Al-
24 - Al-24VT - an updated variant of Al24, which produced 2,100 kW (2,820 hp)
differentiated because it was coupled with a RU19A-300 APU/booster instead of the
regular TG-16M auxiliary power unit (APU) turbine.

Table 1.4 — Examples of modifications Al 24

Model Power Pressure ratio Dry weight
Al-24 1,790 kW (2,400 hp) 6.4 600 kg
Al-24A 1,875 kW (2,515 hp) 6.4 600 kg
Al-24T 2,100 kW (2,820 hp) 7.05 600 kg
Al-24VT 2,100 kW (2,820 hp) 7.65 600 kg




1.4. Determination of the aircraft centre of gravity position

The layout and centering is the whole inseparable process. To ensure the
desired degree of static stability and controllability of the aircraft, its center of gravity
must be in a certain range along the length of the MAC wing.

During the operation of the aircraft, the position of the center of gravity may
change as fuel is produced, as well as by loading the aircraft. The rear centering must
be as close as possible to ensure the minimum required margin of static stability of
the aircraft, which is determined by its purpose.

The maximum allowable front centering of the aircraft is determined by the
efficiency of its longitudinal controls (balancing). The greater the efficiency of the
longitudinal controls, the more acceptable the front centering of the aircraft,
therefore, the range of its operational centering will be acceptable.

The main requirements for the layout of the aircraft are:

- The layout must best ensure compliance with the operational and technical
requirements for the aircraft;

- Each unit (cargo) of the aircraft must be located so, that it most successfully
performs its functions;

- The layout of the aircraft must provide ease of control and maintenance of
these basic systems and units, as well as the convenience of removal and installation
of removable parts and units;

- Technological division of the structure should provide a wide front of work in
production, as well as the convenience of the overall assembly of the aircraft;

- The reinforced scheme should provide (with possible full compliance with the
previous requirements) less weight of the structure with sufficient strength and
rigidity.

The basic principles of aircraft layout are: operational and technical
requirements in the layout of the aircraft are reflected in the degree of their

importance for the designed aircraft. First of all, the most important requirements are




met, and others - as far as possible. Contradictions in the requirements are resolved
by making compromise decisions.

The layout of the aircraft uses the principle of combining several functions
performed by the same structural element or unit. For example, connectors and
hatches are made so that they perform both technological and operational functions.
The same reinforced bulkheads in the empennage are used for attachment to the
fuselage of vertical tail unit, and for mounting horizontal nacelles of engines and
others. The principle of combining functions in the elements of the reinforced scheme
provides not only savings in weight, but also to obtain large volumes inside the
aircraft, to accommodate cargo (units).

In addition, a number of ideas are laid down in this location principle:

- The transfer and balancing of all major power factors, according to the
elements of the reinforced scheme should be carried out as soon as possible;

- It is better to transfer concentrated forces by stretching or compressing the
force elements than by bending;

- It is advisable to transfer bending moments at the highest possible

construction height (base), and torque - in a closed loop.

1.4.1. Determination of centering of the equipped wing

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

of the coordinates of the mass centers are accepted for the end part of the aircraft.




The example list of the mass objects for the aircraft, where the engines are
located under the wing, included the names given in the table 1.5. The mass of
aircraft is 23479 kg.

We assume that our projected plane is symmetrical on the Y axis, so we
determine only the coordinate of the center of gravity X. Coordinates of the center

of power for the equipped wing are defined by the formulas:

=m/x/
X, =T (1.3.)

Table 1.5 - Trim sheet of equipped wing masses

Ne Mass C.G. Moment of
i} Object name . Total mass | coordinates
Units mass
mi X;,M
1. Wing (structure) 0,15432  [3623,27928 11,335 4839,251806
2. [Fuel system,50 0,00124  29,11396 1,335 38,88460498
3. |Airplane control, 30%  0,00336  [78,88944 1,908 150,5210515
4. [Electrical equipment, 0,003 70,437 0,318 22,398966
30%
5. |Anti-ice system, 50% 0,01379  [323,77541 0,318 102,9605804
6. Hydraulic systems, 0,01918  1450,32722 1,908 859,2243358
50%
7. Power Plant 0,10032 2355,41328 1,2 -2826,495936
8. [Equipped wing without [0,29521  ©6931,23559 0,4597 3186,745409
landing gear and fuel
9. Nose landing gear 0,0039552 [92,8641408 16,81 -632,4047988
10. Main landing gear 0,0454848 [1067,937619 [1,749 1867,822896
11. Fuel 0,10749  [2523,75771 [1,367 3450,986293
Total 0,45214  [10615,79506 0,741 7873,149799

Xw = mi- Xi/ ¥ m=0742m

1.4.2. Determination of centering of the equipped fuselage

Origin of the coordinates is chosen in the projection of the nose of the fuselage on

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




example list of the objects for the aircrft, which engines are mounted in the rear part of
fuselage, is given in table 1.6.
The central gravity coordinates of the equiped fuselage are determined by formulas:
m'X/

zm; (14)

where X; —fuselage center of gravity coordinate;

X

> m; —sum of total mass of fuselage.

Table 1.6 — Trim sheet of equipped fuselage masses

Ne Objects names Ma_s > Cente_r of gra\{lty Moment of mass
Units Total mass coordinates Xi, m

1. | Fuselage 0,15973 3750,30067 | 11,89 44591,07497

2. | Horizontal tail 001627 | 382,00333 | 1,11 423,7371938

3. | Vertical tail 001618 | 379,89022 | 1,488 565,0867023

4. | Radar 0,0034 79,8286 1 79,8286

5. | Radio equipment 0,0045 105,6555 1 105,6555

6. | Instrument panel 0,0079 185,4841 2,5 463,71025

7. | Fuel system,50 0,006 830,75 10 8307,58

8. | Power 0,07 10307,93 39 402010

g, |Aero navigation 0,0068 159,6572 2 319,3144
equipment

11. %gaﬂ control system | 578 183,1362 11,89 2177,489418

12. | Hydro-pneumatic sys 30% | 0,00822 | 192,99738 | 16,65 3212,634387

13. | Electrical equipment 70% | 0,021 493,059 11,89 5862,47151

14. | Not typical equipment 0,0021 49,3059 11,89 586,247151

15. E;L?gf;‘;?}% andthermal | 4 1 7 251,2253 11,89 2987,068817

16. gpct:):]%elt?ggmg system | 00197 462,5363 15,457 7149,423589

17. | Cargo equipment 000223 | 52,35817 115 602,118955

18. | Service load 002497 | 586,27063 | 3,5 2051,947205

19. | Additional equipment 0,00213 50,01027 11,89 594,6221103

20. Eﬁ;‘gﬁfg;ﬁﬂgge 031363 | 7363,71877 | 9,75 71772,43076

21. | Cargo 0,2223 5219,3817 | 11,5 60022,88955

22. | Crew 001193 | 280 25 700

Total 054786 | 12863,10047 | 10,30 132495,3203

TOTAL fraction 1 23478,89553 ]




We can find fuselage center of gravity coordinate X;:
Xs =Zmi-Xi/Zmi =10.3 [m];

After we determined the center of gravity of fully equipped wing and fuselage, we

construct the moment equilibrium equation relatively fuselage nose:
M- Xe+ My (XMAC + XW)= Mg (XMAC + C) (1.5.)

where mg — aircraft takeoff mass, kg;

m¢ — mass of equipped fuselage, kg;

my— mass of equipped wing, kg;

C — distance from mean aerodynamic chord leading edge to the center of gravity
point, determined by the designer.

C = (0,23...0,32) Bmac — high wing;

From here we determined the wing MAC leading edge position relative to
fuselage, means Xwac Vvalue by formula:

/
v mx,+m,-x, —m,C

MAC m,—m, (1 ' 6 )

132495.3203 + 7873.15—-23479-2.86-0.23
23479 -10615.8

XMAC =

~9,698 [m];

x m Xcax
X, =m Zer 100%
b




Table 1.7 - Calculation of center of gravity positioning variants

Name Mass, Kg Coordinate Mass moment
Object mi X, m Kg- m
Equipped wing (without fuel and landing | 4575,82231 | 19,53 89369,013
gear)

Nose landing gear (extended) 479,47614 5,077 2434,3004
Main landing gear (extended) 1917,90456 | 18,04 34594,587
Fuel/fuel reserve 19842,29973 | 19,74 391641,36
Equipped fuselage (without payload) 11977,96261 | 18,58 222550,55
Passengers of business class 900 8,3 7470
Passengers of economy class 8100 20,2 163620
Baggage 2400 17 40800
Cargo 1677,53 17 28518,01
Crew 520 7,5 3900
Nose landing gear (retracted) 479,47614 4,077 1954,8242
Main landing gear (retracted) 1917,90456 | 18,04 34594,587
Reserve fuel 2570,98413 | 20 51419,683

Table 1.8 - Airplanes center of gravity position variants

Variants of the loading Mass, kg Moment of the mass, kg- m | Center of mass, | Centering,
m Xe, %

Take off mass (L.G. | 63591 984897,8149 15,488 27,1

extended)

Take off mass (L.G. | 63591 984418,3388 15,480 26,89

retracted)

Landing weight (LG | 35119,67975 | 644676,1381 18,356 26,18

extended)

Ferry version 39313,46535 | 744010,3288 18,925 21

Parking version 18951,16562 | 348948,4455 18,413 21,5




Conclusion to the project part

Analyzing the results, that is the parameters and flight characteristics of the
designed aircraft, we can conclude that the designed prototype, short-range cargo
aircraft fully meets the requirements in the terms of reference for the project (even
exceeds them in the class of base aerodrome), meets its purpose in terms of increased
transport efficiency and operational capabilities from unprepared runways, and has a

reserve to increase load capacity or range.

In the projected part of the diploma work we have considered and then selected
the main geometrical parameters for the designing aircraft structure such as wing
characteristics, fuselage construction, tail unit part and landing gear parameters. After
designing of the wing and the fuselage we have made the calculations of the center of
gravity of the equipped aircraft. Masses position of wing, fuselage, and other units in

our airplane have been also taken into account.




2. IMPROVEMENT OF THE HOIST COMPONENT DESIGN

2.1. Analysis of overhead cargo equipment

The loading and unloading equipment is designed to lift cargo from the

ground or cargo platform installed under the cargo hatch, move cargo along the

cargo compartment and install it on a conveyor or cargo floor.

Loading and unloading equipment of our prototype consists of a loading and

unloading device and equipment for loading non-self-propelled wheeled loads.

Table 2.1 - Basic characteristics of overhead cargo equipment

Ne | Parameter Value

1. | Payload, kg 2000

2. | Carriage stroke between frames. Ne 28-40,mm 3560

3. | The speed of lifting and lowering the load with a | at least 1
BL-56 electric winch, m/min

4. | The speed of lifting and lowering the load from | 0.25
the manual drive (with a crank speed of 35 rpm),
m / min

5. | The force on the handle of the manual drive (with | not more than 15
a force of 500 kg on the cable), kg

6. | The maximum height of the load (stroke of the | 2330

cargo hook), mm

The loading and unloading device is located on the ceiling of the cargo

compartment between the frames 28-40 and consists of an electric winch with a
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cable, a monorail with a lock and a bypass roller, a carriage with a stopper, a

movable block with a hook and a traverse.

An electric winch is used for lifting and lowering the load, as well as to keep

it at the right level when moving along the cargo compartment. The carriage with

the load moves manually on the rollers along the monorail located in the plane of

symmetry of the fuselage on the ceiling of the cargo compartment. To limit the

movement of the carriage on the monorail installed front and rear stops. An electric

winch BL-56 is installed between the frames 28-29 and is attached to them by a

overlay 5 (Fig. 2.1.) and a pin 4 mounted on the transverse profiles of the ceiling

frame. The ledge of the base 11 of the winch is included in the pad, the second end

of the base with its groove is put on the pin and pressed against the nut.
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Figure 2.1 — Installation of winch BL-56: 1 — winch electromechanism;
2 — overhead longitudinal beam; 3 — bracket; 4 — pin; 5 — overlay; 6 — a tip of a
cable; 7 — spring; 8 — stopper; 9 — monorail; 10 — the base of the winch; 11 — base
ledge; 12 — winch body; 13 - winch shift knob for 500 and 250 kg
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The clamp (Fig. 2.2.) is intended for fastening the free end of the winch
cable. The latch is mounted on the monorail 3 in the dovetail socket and is locked
by the spring 2. The axial load from the cable is perceived by the stopper 4. A
stopper 8 is installed in the groove of the housing 5 of the clamp body, which is
pressed against the cable end 7 by the spring 9. The tip is clamped between the
stopper and the end of the latch housing.

!

Be¥ LTI

Figure 2.2 — The clamp of the cable end: 1 — overlay; 2, 9 — springs;
3 — monorail; 4 — stopper; 5 — clamp body; 6 — cable; 7 — the end of the

cable; 8 — clamp stopper; 10 — screw
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The carriage telpher with a loading capacity of 2000 kgf, (Fig. 2.3.) together
with two cheeks forms a power frame, on which four roller slides 2, four rollers 4
and a carriage stopper 7 are installed. When moving the carriage along the cargo
compartment, the roller slides roll along the flange of the monorail 1. The rollers
are fixed blocks of the hoist. The carriage stopper provides its fixation on any part

of the monorail during airplane movement. Locking is controlled by a strap 8.

Figure 2.3 — Telpher carriage with a loading capacity of 2000 kg: 1 — monorail;
2 —roller slides; 3 — carriage body; 4 — rollers; 5 — movable block with cargo

hook; 6 — cable; 7 — carriage stopper; 8 — strap
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Let’s take a look at the hoist design at all. It is mounted to the trolley and
performs the actual lifting function via a hook or lifting attachment. Based on this,

we set the task to increase the efficiency of use of overhead cargo equipment.

2.2. Hook suspension modification

Hook suspension consists of the case with mechanism inside and hook,
suspended to the case outside. Pulley consists of bearing, two inserts, protective
washers and holder with groove for the rope, moving from the hoist drum.
Shortened suspensions are used for cable single and double pulley blocks with
even multiplicity. In a shorter suspension, the axis of the blocks and the crosshead
of the hook are made as a whole, and the hook has an elongated shank. On each
side of the hook is an equal number of blocks. Shortened pendants are smaller in
height than normal pendants. This allows you to increase the height of the load,
ceteris paribus. The sizes of hook hangers are normalized. The choice of a typical
hook suspension is made from the catalog according to a given value of load
capacity, type of chain hoist and its multiplicity, as well as the characteristic of the
operating mode.

So, the first thing that | wanted to pay attention to was safe latches, which, in
principle, should be installed on hooks in order to prevent the sudden sliding of the
load from the hook.

The second problem is about cargo weight that hook can carry. Hook
suspension is intended for cargo pick-up and measurement of the cargo weight.
Even if we have weighed the load, the better option would be to place the weight
indicator on the hook - this will be done primarily in order to estimate the loading
weight, additional information about a specific container or item, as well as to
avoid overloading of the winch, hook or beam structure as a whole. Each hook

must withstand a static load exceeding its carrying capacity by 25%. Given the
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absence of the weight indicator, we will solve it this way - modify the hook by
adding a spring. This spring will indicate the weight that is applied to this hook.

The design of the indicator will be very simple - a spring-type dial balance
(Figure 2.4.).

Under the influence of gravity weight, the spring is stretched, respectively,
moves on the arrow scale. Based on the position of the arrow, you can find out the
weight of the load being weighed (Figure 2.5.). The extension of the spring is
described by Hooke's law.

F=al-k, (2.1),

where F is the force by which the spring is extend (compressed), al is the
absolute elongation (compression) of the rod, and k is the constant factor

characteristic of the spring (i.e., its stiffness).

[ 5]

Figure 2.4 — Hook design: 1 — cable; 2 — caseback; 3 — lever; 4 — bolt;

5 —lock; 6 — hook; 7 — housing; 8 —front cover; 9 — scale
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Figure 2.5 — Work concept scheme: 1 — block; 2 — axle; 3 — quadrant;

4 — eccentricity; 5 — cargo

2.2.1. Calculation of hook strength

When designing lifting mechanisms, based on a given load weight, type of

drive and operating mode, the hook number is determined in accordance with
GOST 662774 (Table 2.2.).

This standard applies to the preparation of single-handed hooks with a

cylindrical tail, manufactured by hot stamping used in hoisting machines and

mechanisms.

When choosing the size of the hook suspension, two conditions must be met:

a) The load capacity of the hook suspension must not be less than the

specified load capacity: Qhs > Qcargo;

b) The mode of operation of the hook suspension must correspond to the

mode of operation of the mechanism.
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After choosing a hook suspension, we write out its conditional support and

technical characteristics. A sketch of the suspension is shown in drawing 4. The

sketch shows the overall and mounting dimensions.

After we clarified the size of the hook suspension, we must carry out the

strength verification calculation of its individual elements.

Table 2.2 — One-horned hook for cargo weighing 20 kN (GOST 6627-74)

Weight,
Ne Dimensions of the hook, mm
kN
D IS |b |h |(d1 |D |L 11 (12 |d2 |r |(rl |r2=r4 (r3 |5 |[r6 |r7 |r8 |r9
10 |20 55 |40 (34 |52 |30 |35 [220 (85 |45 M30 (10 |60 | 8 28 |70 |38 |55 (20 [2,5
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Figure 2.6 — Dimensions of one-horned hook for cargo weighing 20 kN
(GOST 6627-74)
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One-horned hook is a curved beam, stretched by an external load P. This
load causes two stresses in different sections of the hook:

1. One is constant for all sections, depending only on tension and equal to
the tensile force Pp divided by the area of the corresponding section F;

2. The second one is a variable from the bending caused in the section due to
the eccentric action of the force Pp.

The bending moment acting in any section of the hook is equal to the
product of the force Pp by the distance to the neutral axis of the section. The
maximum of this moment will be in the horizontal section a-a, where y = ymax
(Fig. 2.6., b).

This section, as the most dangerous, is subjected to verification calculation.
The shank of the hook, in the sections of which only tensile stresses equal to:

o =Pp/F

The remaining sections of the hook are strong if the transitions from the

calculated section a-a to the spout and shank are smooth.
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Figure 2.7 — One-horned hook for cargo weighing
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In case of our hook suspension capacity (2000 kg) we take material

30XT'CA.
Given data:
— Pp =2000 kg;
— [0] = 110 kg/mm? = 11000 kg/mm?;
— a=32mm;
— b=8mm;
— R=79,5mm;
— r=27,5mm;

In Appendix D you can see the cross-section of our hook a-a, and its

calculation of area and center of mass position.

Area is equal: F =1207,11 mm? = 12,0711 cm?;
Center of mass: he = 22,24 mm = 2,224 cm;

The radius of curvature:
F _1207,11
lng—(a—b) 23,44

p= a-R—b-r_
h

= 51,48 [mm] = 5,148 [cm];

Stress appeared in cross-section inner surface:

Pp M-h
Cin=—+ L
F F-|Ay|r

Stress appeared in cross-section outer surface:

Oout—— —

F ORI
M =Pp - p = 2000 - 51,48 = 102978 [kg-mm] = 10297,8 [kg-cm]
hi=p—-r=2,398 cm;
h,=h—h;=2,801 cm;
Ay =h¢—hy1=-0,174 cm;
oin = 593,21 kg/cm?;
cout = -14,5 kg/cm?;

[6] _ 11000

=5, 59321

=18,54;
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[Oout|

[6] _ 11000

14,5

=758, 62;

Also we have provided the simulation of our hook loading in Solidworks,

and obtained that hook suspension meet our requirements.

2.2.2. Hook suspension spring

The spring, which will be subjected to great stretching, should be selected
based on GOST 18794-80 standards.

| /”'r

-

b—

’ 4
Ho mox Q

Figure 2.8 — Spring dimensions
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Table 2.3 — GOST standarts on dimensions

Spring Main parameters of

designation coils P2, N| Ps, N [D,mm| d, |Homm| H’
(kgf) | (kgf) mm max,mm
Standart | Number
designation of

spring
1086-0304 8,8 21,6
1086-0305 13(?7015_%8* 208 (223’366(; (225,’5000) 80 08| 13,6 26,4
1086-0306 ’ ’ 20,8 33,6
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General conclusions

In the process of working with this diploma, the following goals were set
and achieved:
1. Preliminary design short-range cargo aircraft with payload 5,5 tons:
a). The schematic design of the layout of the short-range cargo aircraft;
b). The geometrical and mass parameters selection;
¢). The main aircraft components mass calculation (center of gravity
position);
d). The selection of the engine for the required power.
2. Improving of the hoist design:
a). Calculation of the strength of the hook;
b). Modification of the hook by adding a safer lock and weight scale.
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VICXOIOHHE IOAHHHE VI BHEPAHHHE IIAPAMETPH
KosnmuecTBO mnaccaxmposn
KosnmuecTBO UWJIEHOB 3KMUIIaXa
KonmnuecTBO OOPTHNPOBOOHMKOB WMJIM COIMIPOBOXIOALMUX
Macca CHapAXeHMA U CIyXKeOHOTO I'py3a
Macca kOMMepUYeCKOM Harpy3Ku

Kpericepckas CKOPOCTB IIOJIETA

Upyciio "M" noJsieTa OpM KPEMCepCKOM CKOPOCTHU

PacueTHas BHICOTa Hauajla peajiM3aluM II0JIETOB C KpPeMCcepCKOoM
3KOHOMMUECKOM CKOPOCTBIO

JajllbHOCTB IOJIETa C MaKCMMaJIbHOM KOMMEPUECKOM Harpy3KOM
IMHa JIETHOM IIOJIOCEL aspompoMa 0as3mMpoBaHUSA

KosmuecTBO IOBUTIATEJEN

OLueHKa [0 CTATUCTUKE BSHEPTOBOOPYXEHHOCTM B KBT/KT
CTerneHb IOBHIIEHMS IaBJICHUS

OTHOCUTEJIbHAad Macca TOIJMBa I[I0 CTATUCTHUKE

YIOJIVMHEHME KpBUIa

CyXeHMre Kpelia

CpenHss OTHOCHUTEJIbHAas TOJIIMHAa KpPEBJIa
CrpesoBMAOHOCTL kpheia 1o 0.25 xopn

CTeneHb MexXaHM3UPOBAHHOCTM KpHJIA
OTHOCHUTeNbHAaA IJiollanb IIPMKOPHEBBEIX HAIJIBEIBOB

Ipodunp kpeia — JaMMHUBUPOBAHHEM Tuna NACA
Marbel YUTKOMBA - He IIPMMEeHSITCS
Cnomyiepsl — yCTAaHOBJIEHEH

InameTp Obo3emnsaxa

YonvHeHMe Qros3esisaxa

CTPeJIOBMOHOCTL I'OPMU30HTAJIbBHOT'O OIIEPEeHUS
CTPeJIOBMOHOCTL BEPTUKAJIBHOT'O OIEPEeHUS

PE3SVYIJIBTATH PACUYUETA

OIIPEIEJIEHVE KOSOOUMIVMEHTA DM = Mxpur - Mxpenc

Umciyo Maxa kpelcepckoe Mkperic 0.38545
Upcio Maxa BOJIHOBOT'O KpM3MCa MxpuT 0.68130
BrluMcJIeHHOE 3HaueHUe Dm 0.29585

I POEKT
CAMOIIETA C T B I
HAY, xkapemnpa K JI A
[IPOEKT OUTIJTOMHEBIV PacueT BHIIOJIHEH 10.09.2019
VcnonEuTens KparueHkO B.]I. PyxkosomuTesb Kapyckepuu M.B.

.04 kr.
.00 xr.

KM/ 4

0.3855

6.000 xMm
KM.
1.68 kM.

0.2800
.00
.2200

(@]

.37
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(@)}
O O U1 o N

2.90 M.
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21.0 7rpan.

HAY, KAOEIIPA "K JI A"
3HaueHMe ONTUMMaJIbHOTO KoOosbbmuMeHTa NOHN'EeMHOM CUMJIEL B PAaCUYeTHOM TOodUKe
KPEerCepCKOT'O pexyuMa IoJeTa Cy 0.50122
3HaueHMe KoO3bomIIMeHTa Cx.umHI. 0.00998
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3HaueHMs yOeJIbHEIX HAaTPy30K Ha KPBUIO B KIIA (IO MOJIHOM IJIoWAanu) :

Ipu B3JIETE 2.573
B CepelrHe KpPeMCepCKOT'o yudacTKa 2.472
B HadaJle KPEeMCepCKOI'0 ydacTKa 2.520
3HaueHMe kKOo3bbMIMEeHTa CONPOTURJIIEHMS O(o3essaxa M TOHOOJI 0.00796
BHaueHue xo0230d. NpPodMib. CONPOTUBIIEHMS KphLJla M OIEepeHUS 0.00998
3HaueHMe KOsQOMLMEeHTa CONPOTMBIIEHUS CcaMojieTa:
B HadajJle KPEeMCEePCKOI'O pPexXuma 0.03164
B CepelMHEe KPEeMNCEPCKOI'O pexuma 0.03144
CpenHee 3HaueHMe Cy OpM YCJIOBHOM IIOJIETE IO IIOTOJIKAM 0.50122
CpenHee KpeMCcepcKkoe KaueCTBO caMmoJieTa 15.94081
3HaueHue kondpdpuumeHTa Cy.mocC. 1.744
BHaueHMe koadduuMeHTa ( OPM CKOPOCTHU cBalmBaHusa ) Cy.noc.Makc. 2.617
SHadeHMe KOBQPuLMeHTa ( OPM CKOPOCTM cbBajueaHusa ) Cy.B3J.Makc. 2.233
BHaueHMe kosbduumenTa Cy.oTp. 1.608
DHEPTrOBOOPYXEHHOCTbL B HadaJle KPEMCEPCKOT'O pPEeXuMma 0.091
CraproBas DSHEPTOBOOPYXEHH. O YCJOBMUAM KpeMc. pexmuma NO.Kp. 0.132
CrapToBas B3HEPTIOBOPYX. IO YCJOBMAM 0Oe30HNacHOIO B3jeTa NO.B3J. 0.131
PacueTHas SHEPTOBOPYXEHHOCTL CaMoJieTa No 0.135
OTHoOmeHME Dn = No.xp / No.B3J Dn 1.009
YIOEJIBHHE PACXOIH TOIJIMBA (B KI'/KBT*u ) :
B3JI€ THEIM 0.2881
KpercepCKuy (XapakKTepucTUKa OBUT'ATEJIS) 0.2468
CpenHUM KPeMCepCKMM IPpM BalaHHOM HNAaJIbHOCTM I[oJieTa 0.2476
OTHOCUTEJIEHHE MACCH TOIUIVIBA:
a®POHABUTALUMOHHEI 3arac 0.02356
pacxomyemas Macca TOILJIMBA 0.08393
SHAUEHVA OTHOCUTEJIBHEIX MACC:
KpBUIa 0.15432
TOPUBOHTAJIBHOT'O OIIepPEeHUS 0.01627
BEPTUKAJIBHOT'O OIIEPEHUS 0.01618
maccu 0.04944
CUJIOBOM YCTAaHOBKU 0.10032
brozenaxa 0.15973
oDOpPYyIOBaHMS U yIPaBJIEHUS 0.1349
IOIIOJIHUTEJILHOT'O OCHAalleHMH 0.00213
CITyXeBOHOM HaTpPy3KU 0.02497
TONJIMBa NpM Lpacy. 0.10749
KOMMEPUYECKOY Harpy3KM 0.23425
BzyneTrHasa macca camogiera '"M.o" = 23479. xI.
[loTpebHass B3JIeTHAS MOUWHOCTL OBUITATEJIS 1585.6 kBT
OTHOCHUTEeJIbHad MaccCa BBCOTHOTO OOOPyIOBAaHMUSA U
IIPOTUBOOBJIENEHUTEJILHOM CUCTEMEl CcaMojieTa 0.0197
OTHOCUTEeJIbHAsA Macca I[1aCCaxXMpPCKOI'o O00OpyHOBaHMS
(mnu obopynmoBaHMa KaOMH I'Py30BOI'O caMoJjieTa) 0.0014
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OTHOCHUTeJIbHad Macca HOeKOopaTMBHOM obwmBky u T3U 0.0107
OTHOCUTEeJIbHAS Macca OHTOBOTO (MJIM I'PYy30BOTO) OBOPYHOBAHUSA 0.0067
OTHOCHUTEeJIbHasa Macca yIpaBJleHUS 0.0112
OTHOCHUTEJIbHAS Macca ITUIOPOCUCTEM 0.0274
OTHOCUTEJIbHAS Macca DJIeKTPOOOOpPYyLNOBaHUS 0.0300
OTHOCHUTeJIbHasd Macca JOKalMOHHOT'O O0OpyIHOBaHMS 0.0045
OTHOCUTeJIbHasd Macca HaBUI'AllMOHHOIT'O OOOpPYyIOBaHUSA 0.0068
OTHOCUTeJIBHasA Macca panMOCBA3HOTO OOOpyHOBaHMA 0.0034
OTHOCUTeJIbHasA Macca HNpMOOPHOTO OOOpyIOOBaHMA 0.0079
OTHOCHUTEJIbHAS Macca TOIJIMBHOM CUCTEeMH (BxoIMT B mMaccy "CY") 0.0031
LOMIOJIHUTEJILHOE OCHAUIEHUE @
OTHOCUTeJIbHasA MacCa KOHTEMHEPHOTO O0OpyHOBaHMA 0.0000
OTHOCUTeJIbHad MacCa HEeTUIMUYHOT'O OOO0pyINOBaHUSA 0.0021
[BCTpoeHHbIe CrCTeMbl OMaT'HOCTUMKM M KOHTPOJIA IlapaMeTpoB,
IOOIIOJIHUTEJIbHOE OCHAUIEHME CaJIOHOB U IIp. ]
XAPAKTEPUCTHVKN BS3JIETHOW IOUCTAHINUU
CKOPOCTL OTPEIBA CamoJieTa 180.82 xm/u
YckopeHue npu paszbere 1.48 Mm/c*c
IOnuHa pasbera camojeTa 851. wm.
Iucranumsa Habopa Oe30HnaCHOM BEICOTEH 578. M.
BayjieTHas IOMUCTaHUUSA 1430. M.
XAPAKTEPUCTVKNM BS3JIETHOW IOVCTAHIUNU
IIPOIOJIXEHHOT'O B3JIETA
CkOpOCTb MNPMHATUS PEIEeHUS 171.77 xMm/u
CpenHee yCKOpPEHMe IPpM NPOINOJIKEHHOM B3JleTe Ha MOokpol BIIII 0.06 M/c*c
IOnuHa pasbera npu MNPOIOJDKEHHOM B3JIeTe Ha MOKpoM BIIII 2788.23 wm.
BajieTHas IMCTAHUMA IPOIOJDKEHHOTO B3JIeTa 3336.68 wm.
[loTpebHasg OJIMHA JIETHOM IIOJIOCH IO YCJIOBUAM
IPEepPBaHHOTO B3JIeTa 3459.08 wm.
XAPAKTEPUCTUKM IIOCAJIOUYHON IUCTAHIIUNA
MakcuMaJsibHas [OocaZodHas Macca caMojeTa 22593. KT.
BpeMs CHMXeHMS C BEICOTH DlII€JIOHA OO BHEICOTH IIOJIeTa II0 KPYyIy 12.2 wMwmH.
IMCcTaHLUMa CHWXEHUS 14.94 xwm.
CKOpPOCTB 3axoIa Ha I0CalKy 184.39 xMm/u.
CpenHsas BepTHKaJIbHAA CKOPOCTH CHMXEHUS 1.59 m/c
IMcTaHLMa BOSIYIHOTO ydyacTKa 493. M.
[locamouHass CKOPOCTBb 169.09 xMm/u.
OnuHa npobera 430. M.
[locamouHas IOUCTaHUUA 923. M.
[loTpebHasa OJaMHAa JIeTHOM noJjiockl (BIII + KIIB) s
OCHOBHOTO aspompoma 1541. M.
[loTpebHasa IJIMHA JIETHOM IIOJIOCH IJIS 3allaCcHOTO aspoIpoMa 1310. M.
IIOKASBATEJIM 30OEKTVBHOCTI CAMOJIETA
OTHOmWeHMEe MACCH CHapsSXeHHOT'O caMojieTa K
Macce KOMMEPUECKOM HaTrpys3KMU 2.8008
Macca nyCcTOTro CHapsSXeHHOTO C-Ta NpuxoXd. Ha 1 naccaxmupa 0.00 xr/mac.
OTHOCHUTEJIbHAA NPOU3BOAMTENBHOCTD IO IIOJIHOM HaTpy3Ke 150.37 xm/u
[IpOM3BOAUTEJIBHOCTE C-Ta NPM MaKC. KOMMEPY. HaTpy3ke 2160.7 T*xM/u
CpenHuii 4acoBOM Pacxol TOIJIMBAa 703.750 xr/u
CpenHUM KUJIOMETPOBEIM PACXON TOIJIMBA 1.79 xr/xm
CpenHuM pacxOon TOIJIMBAa Ha TOHHOKMIOMETP 325.703 v/ (T*KM)
CpenmHuM pacxol TOIJIMBA Ha HaCCaXMUPOKMUIIOME TP 0.0000 r/ (mac.*xm)

OpPMEHTUPOBOUYHAS OlIEHKAa MIPMBEIEH. 3aTpaT Ha ToHHokmioMeTp 0.3297S5/ (7*kwM)
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Section properties of Sketch1 of Part1
Area = 120711 millimeters”2
Centroid relative to sketch origin: ( millimeters )
X=2224
Y =0.00
D Centroid relative to part origin: ( millimeters )
X=2224
Y =0.00
Z=0.00

Moments of inertia of the area, at the centroid: ( millimeters * 4 )

Lxx = 66010.51
Lyx = 0.00 Lyy = 233364.71
Lzx = 0.00Lzy = 0.00Lzz = 299375.21

Lxy = 0.00Lxz = 0.00
lyz = 0.00

Polar moment of inertia of the area, at the centroid = 299375.21 millimeters " 4

C Angle between principal axes and sketch axes = -0.00 degrees

Principal moments of inertia of the area, at the centroid: ( millimeters ~ 4 )

Mx = 66010.51
My = 233364.71

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
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	The taper ratio of the wing has been selected equal to 2.92 by the following considerations:
	a) The planform shape should not give rise to an additional lift distribution that is so far from elliptical that the required twist for low cruise drag results in large off design penalties;
	b) The chord distribution should be such that with the cruise lift distribution, the distribution of lift coefficient is compatible with the section performance. Avoid high CL (lift coefficient) which may lead to buffet or drag rise or separation;
	c) The chord distribution should produce an additional load distribution which is compatible with the high lift system and desired stalling characteristics;
	d) Lower taper ratios lead to lower wing weight;
	e) Lower taper ratios result in increased fuel volume;
	f) The tip chord should not be too small as Reynolds number effects cause reduced CL capability;
	g) Larger root chords more easily accommodate landing gear.
	The aim of determination of wing high-lift devices geometrical parameters is the providing of take of and landing coefficients of wing lifting force, assumed in the previous calculations with the chosen rate of high-lift devices and the type of the ai...
	Eventually, it can be stated that effective high lift systems have a more complicated design than simple and less effective systems, and this leads to higher purchase and maintenance costs. On the other hand, the more effective system saves fuel throu...
	Taking into the account the design of planes-prototypes and current trends in the design of high lift devices the two-slotted flap design has been proposed.
	Analyzing the results, that is the parameters and flight characteristics of the designed aircraft, we can conclude that the designed prototype, short-range cargo aircraft fully meets the requirements in the terms of reference for the project (even exc...
	In the projected part of the diploma work we have considered and then selected the main geometrical parameters for the designing aircraft structure such as wing characteristics, fuselage construction, tail unit part and landing gear parameters. After ...
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