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INTRODUCTION
Regional turboprops satisfy essential part of the demand for world aviation transportation. New aircraft of the mentioned category created in different countries reflects the research and technology level of modern aviation production.

Considerable success in this direction has been also achieved in Ukraine.

In this textbook essential design features of regional aircraft are considered, mainly on the basis of Ukrainian Antonov-140 (An-140) turboprop.

Basis technical data of An-140 are compared with the performance of famous turboprops of foreign aircraft manufacturing firms: ATR 42, ATR 72, Ilyushin IL-114, Saab 2000, ATP, Fokker 50 and Fokker 60.
Detail description of separate parts of An-140 is followed by the information in general terms. Such texts explain the meaning of some terms, definition, etc., that are necessary for the aircraft description understanding and under studying according the course “Aircraft design and strength” and some adjacent disciplines.

1. Modern turboprops. General Performance
Antonov-140 is not the only aircraft in the world’s family of regional aircrafts. Among the main competitors of AN-140 are ATR 42 and ATR 72, ILYUSHIN IL-114, SAAB-2000, etc. Technical data of more popular machines are presented below.

1.1. AN-140
The An-140 passenger and transport aircraft is developed by the Antonov design bureau as a replacement for the An-24 series aircraft.
Antonov started a design of a new regional airliner in 1993. The first An-140 (UK-NTO) was rolled on on 6 June 1997 and flew on 17 September 1997 from Svytoshino airfield in Kiev to Gostomel, for about 1.5 hours. The second flying prototype (UK-NPT) followed on 26 December 1997. At that time, certification was slated for the end of 1998.

Cold weather trials were conducted in Arkhangelsk (March – May 1999) and in Yakutia (January 2000). As a result of flight tests, the tail planes got 6 degrees of dihedral and the elevator was changed. By mid-1999, the total flight time was about 700 hours of over 600 flights.
The first series-production aircraft built at Kharkov flew on 11 October 1999.
Certification by the GUS Interstate Aviation Agency was granted on 25 April 2000, after 1040 test flights.
In November 1998, Antonov concluded negotiations with the Iranian government for the construction of 80 An-140s at the HESA factory in Esfahan. The aircraft would be conFig..d for passenger services on domestic Iranian routes.

It is well known, that all aircraft may be divided according to the purpose they are used for into civil and military machines. Civil or commercial machines are employed for the conveyance of mail, passengers, freight, for aerial photography, aerial survey, and for such work as the protection of crops by spraying of chemicals, and for many other purposes.
General view of An-140 is presented in Fig. 1.1 and technical data are given in table 1.1.

[image: image1.emf] 


Fig. 1.1. General Arrangement Drawing
Table 1.1

An-140 Performance

	Engines:
	

	- type
	TV3-117VMA-SBM1

	- takeoff power, ehp
	2500

	- emergency power,ehp
	2800

	Maximum payload, kg
	6000

	Number of passengers:
	

	with 780-mm seat pitch
	52 or 36 passengers +1.65 t of cargo;

	
	28 passengers + 2.65 t of cargo;

	
	20 passengers + 3.65 t of cargo;

	cargo version for 6 t of cargo
	

	Cruising speed, km/h
	540

	Cruising altitude, m
	7200

	Service range with 45-min fuel reserve, km:
	

	- with maximum payload
	1400

	- with 52 pax
	2400

	- with maximum fuel load
	3050

	Fuel consumption, g/pax-km
	20

	Runway length required in SA, H=0, m
	

	- for takeoff
	1800

	- for landing
	1400

	Flying crew
	2

	Flight attendants
	1-2

	Assigned Service Life:
	

	- Landings
	50000

	- Flying hours
	50000

	- Service time
	25 years


The An-140 is a multipurpose aircraft. One example: During a ceremony marking the commemoration of the Antonov An-140 first official flight in Iran on 11 October 2000, the country's military officials showed interest toward absorbing the licensed-built turboprop into Iranian armed forces' aging fleet of transport and patrol aircraft.
Civil airplanes may be also classified also in accordance with their take off weight. With regard to it take off weight An-140 belongs to the category with take off weight between 10 and 30 tons, i.e. to class 3 of civil aircraft. This aircraft typically carries 52 passengers with 780-mm seat pitch.

In accordance with a range this aircraft is typical regional aircraft, its service range with 45-min fuel reserve: with maximum payload - 1400 km, with 52 passengers - 2400 km, with maximum fuel load 3050 km.

As for aerodynamic conFig.uration the aircraft features a cantilever high-wing monoplane conFig.uration. The aircraft has a straight tapered high-aspect-ratio wing based on П-301 airfoil type.

The wing leading edge has no extendable devices; the trailing edge is fitted with single-section double-slotted flaps with fixed deflector, and slotted ailerons with a horn and forward balance.

The fuselage has a circular cross-section.

The tail unit consists of a fixed fuselage-mounted stabilizer and a fin. Rudder and elevator are of single-segment conFig.uration with forward and horn balance.
The An-140 is powered with turboprop engines. Two turboprop engines of An-140 are located on the top of the wing.

The landing gear of An-140 is of  tricycle type with a nose gear unit and two main gear units.

The An-140 has a set of specific hi-tech features, that are to be discussed in the related parts of the book.
The An-140 is capable of operating from semi-prepared airfields under a wide range of weather conditions. Export models of An-140 will  use Pratt & Whitney PW127A engines, while models for internal market will be equipped with TV3-117VMA-SB2 turboprops. An auxiliary power system installed in the tail section of the fuselage allows for autonomous operation of the aircraft from unequipped airfields. The aircraft features low noise levels in the passenger cabin, widely-spaced seats, advanced climate control systems and comfortable lighting. The volume of baggage compartments is 1.3-1.5 times greater that those of any other aircraft of the same class. The An-140 was designed with an emphasis on fuel efficiency and low cost of maintenance and operation. The aircraft is fitted with a reinforced landing gear featuring low-pressure tires. Positioning of the engines on the top of the wing protects them from any debris during operation of semi-prepared, ice or snow airfields. Cargo can be transported in the lower part of the forward fuselage section with the removal of the front passenger seats. The aircraft is equipped with a cargo hatch along the right side of the fuselage. The floor of the forward fuselage section is reinforced and the aircraft is equipped with cargo loading system. Two other cargo compartments are located in the tail section of the fuselage and under the passenger cabin. Variants of An-140 include a passenger/cargo version, ice and fishing scout version, aerial photography version, and a patrol version.

There is also An-140-100 project with stretched fuselage and 68-passenger capacity. Production of An-140 was commenced at Kharkov state aviation manufacturing organization and at Kyiv aviation plant "AVIANT". Preparations are underway for serial production of the aircraft at "AVIAKOR" production facility in Samara, Russia.

1.2. ATR 42
The ATR (Aviones de Transport Regional) consortium was launched in October 1981 in response to a newly posted industry request for a 64 to 72 seat, mid-range, regional aircraft when the  France’s Aerospatiale and Italy’s Aeritalia / Alenia companies decided that it made more economic sense to cooperate than compete in this tight market. They, therefore joined into an equal partnership agreement for the project.

Using existing engineering work done prior to their merger, ATR employed much of the research and development efforts that had already been made by the Aeritalia AIT-230 and the Aerospatiale AS.35 to produce a new aircraft. In addition to being resourceful, a key component to their success is the adoption of a "family" concept of the development. Specifically, it was agreed to incorporate a high degree of commonality in their aircraft. Thus, identical internal systems would be used as much as possible to allay maintenance and supply issues, the fuselage diameter of their ships would also remain constant for future modification purposes, and a common cockpit layout was adopted to facilitate cross-crew qualification training. The results of their activities became the ATR 42 and the stretched version, the ATR 72. Their names were derived from the normal seating capacities for the first variants.

Following the lead of the Airbus Industrie’s, ATR split their efforts as well. The fuselage and rudder sections are built by Alenia in Naples, Italy; the wings and engine nacelles are built by Aerospatiale in St. Nazaire, France; the powerplants are built by Pratt & Whitney of Canada in Longueil, Quebec and the propellers are built by Hamilton-Standard of Hartford, Connecticut. All of these components are then transported to Toulouse, France for final assembly, flight testing and delivery.

By the end of March 2001, 616 aircraft have been delivered of the 652 that have been ordered. Of these, 256 are the ATR 72 variants, while the remaining 360 are ATR 42 series ships. This represents 67% of the world market share for turboprops in the 40 to 70 seat category. Currently, there are 102 operators worldwide in 65 different countries. Some of the major carriers using the ATR line include American Eagle, British Airways/CityFlyer, Team Lufthansa, Alitalia Express, CSA Czech Airlines, Thai International Airways, Sabena, Continental Express, Iberia/Air Nostrum, ASA/Delta Connection, Air France, Air New Zealand Link, EuroWings and KLM Excel.

Plans for the additional stretching of both variants into the ATR 52 and 82 series were dropped in 1992 when the Franco-Italian partnership joined the Deutsche Aerospace Group (DASA) and British Aerospace (BAe). In January 1996, the alliance changed with the company now calling itself AI[R] Aero International (Regional). This venture did not include the Germans, but did bring in two BAe subsidiaries, Avro International Aerospance and Jetstream Aircraft. In mid 1998, the AI[R] group disbanded and ATR regained its independence. Corporate Headquarters has remained in Toulouse, France where the parent companies have merged the marketing, sales, customer support, and product R&D activities for the ATR program.

The first of two prototypes ATR 42-300s successfully completed its maiden flight in August 16, 1984.
This initial –300 series aircraft became the standard production version of ATR 42 family until 1996. A more complete description of the various series aircraft follows. Flight Crew of the plane comprises two pilots and one flight attendant. Maximum Seating – 50, 4 abreast, but more typically 46 for more PAX comfort. 

Length - 74 ft. 4 in., wingspan - 80 ft. 7 in., height - 24 ft. 9 in.

Some technical data presented at the table 1.2 and table 1.3.

General view of ATR 42 is in Fig. 1.2.

Table 1.2
ATR 42 performance
	CRITICAL STATISTICS
	ATR 42 PROTO
	ATR
 42-300
	ATR 42-320
	ATR 42-500

	Basic Operating Weight [BOW]
	22,086 lbs.
	22,685 lbs.
	22,685 lbs.
	24,802 lbs.

	Zero Fuel Weight [ZFW]
	32,625 lbs.
	33,510 lbs.
	33,510 lbs.
	36,817 lbs.

	Max Take Off Weight [MTOW]
	35,605 lbs.
	36,825 lbs.
	36,825 lbs.
	41,005 lbs.

	Max Landing Weight [MLW]
	35,270 lbs.
	36,160 lbs.
	36,160 lbs.
	40,344 lbs.

	Max Fuel Capacity
	10,006 lbs.
	10,006 lbs.
	10,006 lbs.
	10,006 lbs.

	Max Payload Weight
	Not ConFig..d
	10,824 lbs.
	10,824 lbs.
	12,015 lbs.

	Max Range  Average 240 kts
	1120 nm
	1272 nm
	1272 nm
	1769 nm

	Max Range  Average 250 kts
	1168 nm
	1325 nm
	1325 nm
	1843 nm


Table 1.3
Technical data for ATR 42

	DIMENSIONS
	
	

	Overall length
	22.67 m
	74 ft 5 in

	Overall height
	7.59 m
	24 ft 11 in

	Wing span
	24.57 m
	80 ft 7 in

	Wing area
	54.5 m2
	586 sg. Ft

	Entrance door
	0.750 x 1.750 m
	29.5 x 68.9 in

	Cargo door
	1.295 x 1.575 m
	502 x 60.2 in

	Service door
	0.610 x 1.220 m
	24.0 x 48.0 in

	Emer. hatch
	0.510 x 0910 m
	20.0 x 36.0 in


Variants of power plants for ATR 42 are following:
ATR 42-300: Two Pratt & Whitney of Canada PW-120 engines of 1800 shaft horsepower with auto power increase of an engine to 2000 shp [reserve take-off rating].

ATR 42-320: Two Pratt & Whitney of Canada PW-121 engines of 2100 shaft horsepower with auto power increase of an engine to 2280 shp [reserve take-off rating].
ATR 42-400MP: Two Pratt & Whitney of Canada PW-121 engines of 2100 shaft horsepower with auto power increase of an engine to 2280 shp [reserve take-off rating].
Was offered as a possible military version.
ATR 42-500: Powerplants: Two Pratt & Whitney of Canada     PW-127E engines of 2400 shaft horsepower with auto power increase of an engine to 2600 shp [reserve take-off rating].
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Fig. 1.2. General view of ATR 42

1.3. ILYUSHIN IL-114

The family of IL-114 aircrafts is designed by Ilyushin's Aviation Complex and is serially produced by Tashkent Aircraft Production Corporation named after V. Chkalov.

Main characteristic of Il-114 are presented at the table 1.4. General view of Il-114 is in Fig. 1.3.
Table 1.4 
Il-114 technical data
	Denomination
	Unit
	IL-114
	IL-114T
	IL-114-100

	Quantity of passengers (economy/business class)
	Person
	52-64
	-
	52-64

	Crew
	Person
	2+1
	2
	2+1

	Maximum payload
	t
	-
	7
	-

	Service range with 64 passengers
	km
	1000
	1000
	1800

	Range with load of 1.5 t
	km
	4800
	4800
	4800

	Takeoff mass, t
	t
	23.5
	23.5
	24

	Operational mass, t
	t
	15
	15
	15.2

	Denomination
	Unit
	IL-114
	IL-114T
	IL-114-100

	Two integral fuel tanks capacity
	l
	8360
	8360
	8360

	Altitude
	m
	7600
	7600
	7200

	Cruising speed
	km/h
	500
	500
	520

	Takeoff distance required
	km
	1.5
	1.5
	1.35

	Landing distance required
	km
	1.3
	1.3
	1.35

	Aircraft length
	m
	26.2
	26.2
	26.2


Completion of table 1.4
	Denomination
	Unit
	IL-114
	IL-114T
	IL-114-100

	Fuselage diameter
	m
	2.86
	2.86
	2.86

	Cabin width by floor
	m
	-
	2.294
	-

	Cargo compartment volume
	m3
	-
	76
	-

	Passenger cabin overall dimensions
	mm
	18930 x 2640 x 1920
	-
	18930 x 2640 x 1920

	Entrance door dimensions
	m
	1.7 x 0.9
	1.7 x 0.9
	1.7 x 0.9

	Cargo door dimensions
	m
	-
	1.715 x 3.250
	-

	Engines
	number x equivalent horse power
	2 x 2500 TB7-117C (TV7-117C)
	2 x 2500 TB7-117C (TV7-117C)
	2 x 2640 PW-127H

	CB-34 propellers with 6 blades (2pcs), diameter
	m
	3.6
	3.6
	3.93 propellers of Hamilton Standard (USA)

	Fuel flow
	g/

passenger/ km
	17.5
	17.5
	16


Assigned service life of PW-127H engine is 6000 flying hours. Aircraft total service life is 30 000 flying hours, or 30 000 landings, or 30 years of operation depending on whatever comes first.

The design of IL-114 aircraft (Fig.. 1.3) represents monoplane with low located wings, usual single-fin tail unit, with tricycle landing gear with a nose wheel. The composite materials are widely used in the aircraft design.

Wing – low located, straight, large aspect ratio, trapezoid form, caisson (torsion box) type. The wing is demountable and consists of the wing center section and two console parts. The wing is equipped with high-lift device, which consists of double-slotted flaps; the aileron with trimmers and service jacks, and four section brake panels (that deviate upwards at 50 degrees when wheels contact the surface of the runway).
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Fig. 1.3. General view of  ILYUSHIN IL-114

Fuselage – hermetically sealed, round section and one-deck. Fuselage consists of forward, middle and tail parts, and also APU compartment. On the deck there are: cockpit and transport cabin that includes passenger cabin, entrance hall, luggage and cargo compartments. The cabins are equipped with the necessary household, sanitary and rescue equipments. The emergency exits, entrance and cargo doors are located in the fuselage.

Tail Unit – single-fin with the stabilizer fixed on a fuselage. Horizontal tail unit consists of two cantilevers with the control surface with trimmers on each cantilever. Vertical tail unit consists of fin, control surface with trimmer and a balance tab.

Landing gear – retractable. The landing gear consists of nose unit, two main units, the system of extending and retracting of landing gear, the control system of turning a forward wheel, the braking system of the main wheels, the cooling system of the wheels. A nose wheel is steerable. On an axis of each strut two wheels are mounted. Wheels of the main landing gear are fitted with brakes. Each landing gear shock strut has oleo-pneumatic shock-absorber.
Fuel system supplies fuel to the main engines of the plane and the engines of auxiliary power unit. The system consists of two integral fuel tanks, the system of distribution and draining of fuel.

Hydraulic system provides landing gear extension and retraction, wheels braking, nose steering, flaps and brakes. The system consists of two connected systems.
Throttling system provides straight and reverse action of engines. The system consists of a mechanical complex including cables, rodes, and pumps of fuel control equipment of the engines. The engine control can be done manually or automatically (autopilot control system).
Flight control system includes rudder, elevator, ailerons, flaps and spoilers. Rudders and ailerons control can be carried out manually or automatically. Flaps and spoilers are actuated by remote control.
Electrical system supplies planes with alternative three-phase current of 115 / 200 Volts and direct current of 27 Volts. This system consists of two basic generators mounted on each engine; four stretching devices; the generator mounted on the reserve engine; two alkaline batteries.
The system of hermetic sealing and conditioning provides safety of passengers and the crew both in flight and on the ground; protection against inadmissible fluctuations of air-pressure, temperature, humidity and oxygen level. The system includes two subsystems of selection and cooling; an independent system of circulation of the air in the passenger cabin; the systems of automatic control of air-pressure in the cabin.
Lighting system provides identification of the aircraft at night and shows the direction of flight both on the ground and in the air. The system consists of fuselage flash lights and aero navigation lights; two landing projectors; lights for illumination of engines and leading edge of the stabilizer; emergency exits lights; hatch lights of illumination of the emblem on aircraft fin.
De-icing system prevents the ice formation and provides its removal from the surface of the aircraft, IGV of engines, blades of airscrews, Pitot Tube, gauges of angle of attack, canopy.
Fire-protection system is provided with the detection, alarm system and fire extinguisher mechanism in engines’ nacelle, cargo and passenger compartments, crew cabin. The system consists of the centralized system of fire extinguishing; manual fire extinguishers; systems of detection and the warning system of overheating, fire and smoke.
1.4. SAAB 2000

The Saab 2000 regional transport turboprop aircraft was developed by Saab Aircraft of Linköping, Sweden. It first flew in March 1992 and entered service with launch customer Crossair (now Swiss) in 1994. There are 60 Saab 2000 aircraft operational worldwide in France, Ireland, Italy, Japan, Lithuania, Marshall Islands, Sweden, Switzerland and USA. Production of the aircraft was ceased in 1999.

Saab Aircraft Leasing, with headquarters in Washington DC, leases around 289 Saab 340 and Saab 2000 aircraft to 25 airlines. Airlines leasing the Saab 2000 include AirJet of France, Lithuanian Airlines, AeroLitoral of Mexico, Transwest Air of Canada, Blue 1 (formerly Air Botnia) of Finland and OLT GmbH of Germany.

The maximum cruise speed is 370 KTAS (knots true airspeed), 685km/h and the maximum range is 2,868km. The high-speed performance allows airline operators to interchange fleet timetables with jet aircraft on 500nm routes. The aircraft can carry 50 passengers to destinations over 1,000nm in a flight time of three hours.

1.4.1. SAAB 2000 VARIANTS
The Saab 2000 AEWC aircraft is being developed as an airborne early warning and control variant equipped with a spine mounted Ericsson Erieye PS-890 side-looking reconnaissance radar.

The Saab 2000FI is a flight inspection mission aircraft developed for the Japan Civil Aviation Bureau.

The Pakistan Air Force is to buy up to seven Saab 2000 aircraft to be fitted with the Ericsson Erieye radar. The aircraft will be used for airborne early warning (AEW).

1.4.2. SAAB 2000 FLIGHT DECK
The aircraft is equipped with a Rockwell Collins Pro Line 4 avionics suite with integrated avionics processor (IAP), an engine indication and crew alerting system (EICAS) and a traffic alert and collision avoidance system (TCAS). The flight control systems include an attitude heading and reference system (AHRS) and a digital air data system (DADS).

The navigation suite includes an inertial reference system, a Rockwell Collins WR-840 solid-state weather radar with an optional turbulence detection radar. The cockpit has Swedlow electrically heated windscreen panels.

1.4.3. SAAB 2000 DESIGN
The design of the Saab 2000 is based on the Saab 340, but with a longer fuselage (27.28m versus 19.73m) and larger wing (55.74m³ versus 41.81m³). The 16.7m-long, 2.16m-wide cabin, fitted by Standard AIM Aviation (UK), is conFig..d in a single aisle, three abreast arrangement for 50 to 58 passengers.

The pressurised and air conditioned cabin is equipped with an Ultra Electronics active noise control system. The aircraft is equipped with a Pacific Scientific fire detection system, a Kidde Graviner fire extinguishing system, a Hamilton Standard Recircair air conditioning and environmental control system which uses engine bleed air.

1.4.4. SAAB 2000 ENGINES
The aircraft is powered by two Rolls-Royce Allison AE 2100A turboprop engines, each rated at 3,096kW and fitted with Lucas Aerospace full authority digital engine control (FADEC). The engine cowlings are manufactured by Westland and Hispano-Suiza.

The six-bladed Dowty propellers, type R381, are constant speed propellers with auto-feathering and reverse pitch. The blades are fitted with electrical de-icing.

Two integral fuel tanks installed in the outer wing have a total usable capacity of 5,300 litres. The fuel system is fitted with an overwing gravity refuelling station in each wing and one pressure refuelling station in the starboard wing.

A Sundstrand auxiliary power unit provides power for engine starting and for the air conditioning system.

1.5. ATP

The BAE Advanced Turboprop or ATP is a twin turboprop airliner that entered commercial service in 1988. A total of 62 ATPs were built before the production ended in 1994. The Asset Management Division of BAE Systems at Woodford, UK and Toulouse, France retains a financial interest in the management, sales and leasing of a fleet of the airliners. 


The aircraft is suited to the needs of short haul regional operators requiring up to 72 passenger seats and upgrading from previous generation 30 to 40 seat turboprops. Two of the main European airlines using the ATP are British Regional Airlines and Air Europa Express of Spain, both flying regional feeder services on behalf of major carriers. British World Airlines, which specialises in short term charters, also uses the ATP.

1.5.1. FLIGHT DECK
The dual control flight deck accommodates a crew of two and is fully sound proofed and air conditioned. The fully digital flight deck provides fail safe dual auto flight control coupled with Cat II ILS approach capability. A four tube Electronic Flight Instrumentation System, EFIS, type SDS-201 from Smiths, presents the flight director, autopilot, air data, and navigation and weather information. The ATP's weather radar is the Bendix RDS-86.

The avionics fit permits operation in a wide range of environments from rural airfields to major international airports. The digital avionics system uses ARINC 429 data transmission that allows for future addition of new systems.

1.5.2. ENGINES
The aircraft is fitted with two Pratt and Whitney Canada PW126 or PW 126A engines developing 1,978kW. The engines are fitted with six-bladed, slow turning composite propellers designed by BAE and Hamilton Standard. The blades are of strong, stiff, semi-composite construction, highly resistant to foreign object damage and more readily repairable than composite designs. Each blade is line replaceable within 30mins without the need for rebalancing. The integral wing fuel tanks have a combined capacity of 6,364l of fuel.

Each engine drives an Abex hydraulic pump to actuate the landing gear, for the nose-wheel steering brakes and the airstairs. An auxiliary hydraulic system provides power for emergency operation of the landing gear and brakes.

The aircraft's auxiliary power unit GTCP36-150 supplied by Garrett, provides power for engine start assistance, battery charging and for air conditioning on the ground.

The retractable landing gear from Dowty has twin wheel main units, which retract forward into the underside of the engine nacelles and a nose-wheel unit, which retracts forward into the fuselage. The wide gear track, 8.46m provides stability during ground manoeuvres and landings in high crosswind conditions. The landing gear is fitted with a full primary and standby anti-skid braking system.

The engine and propeller conFig.uration give very quiet operating characteristics, for example the ATP's 90PNdB noise contour on the ground is 1.28 square miles as compared to 4.2 square miles for a twin turboprop and ten square miles for a twin jet.

1.5.3.  FUSELAGE
The aircraft is a cantilever low-wing monoplane. The airframe is exceptionally strong and with durability and maintainability in high cycle, short sector operations. The primary load-bearing structure is constructed from advanced alloys. Lightweight composites are used selectively on non-critical secondary structures. Multiple system back-up is an integral safety feature. The all-metal fuselage is circular in cross section and is of semi-monocoque fail safe design.
The ATP normally seats between 64 to 68 passengers in a four abreast layout. Noise levels in the cabin are significantly reduced due to the low speed, six-bladed propellers and a large propeller-tip to fuselage separation. The ATP has air bridge compatibility allowing weather protected passenger access to the aircraft.

The aircraft has easy ground accessibility. The forward rear baggage and service doors are accessible to ramp personnel without the need for ground handling equipment. Airstairs provide on-ground self sufficiency. Forward and rear passenger doors allow rapid boarding and embarkation.

1.5.4. FREIGHT CARRIER
A combination version of the aircraft allows operators with low passenger traffic commitments to maximize revenue levels by flying cargo containers.

The cargo airline, West Air of Sweden and BAE Systems are jointly funding a programme for the ATP to be available as a freighter. Under the partnership, BAe Systems is responsible for the service bulletin of the freight door installation, including assistance in obtaining the Certificate of Airworthiness. West Air is responsible for the modification to the aircraft and the manufacture and installation of the freight door. The first flight of the ATP Freighter with the new large sliding freight door took place in July 2002. ATP technical data are presented at table 1.5.
                                             Table 1.5 
ATP technical data

	Parameter
	Unit
	Value

	Maximum Takeoff Weight
	kg
	22930

	Maximum Landing Weight     
	kg
	22250

	Maximum Zero Fuel Weight   
	kg
	21230

	Operating Empty Weight 

(Typical)   
	kg
	15000


Completion of table 1.5

	Parameter
	Unit
	Value

	Maximum Payload (Typical) 
	kg
	6230

	Maximum Fuel Capacity
	kg
	5080

	Engine 
	2xPratt & Whitney PW126/A

	Takeoff Rating per Engine   
	shp
	2388

	Propeller (6-blade

Hamilton Standard)
	
	

	Overall Length      
	m
	26.009

	Overall Height  
	m
	7.59

	Parameter
	Unit
	Value

	Overall Wingspan 
	m
	30.632

	Cabin Length
	m
	19.2

	Cabin Height
	m
	1.92

	Cabin Width
	m
	2.50

	Cabin Volume         
	m3
	58

	Typical Baggage Volume
	m3
	12.22

	Maximum Cruise Speed 
	kt
	260

	Maximum Cabin Differential
	psi
	5.5

	Sea Level Cabin Altitude 
	ft
	12000

	Maximum Cruise Altitude
	ft
	25000

	Cabin Altitude at Maximum Cruise Altitude
	ft
	8000


1.6. FOKKER 50, FOKKER 60

The Fokker 50 was the successor to Fokker's highly successful and long running F-27 Friendship.
Fokker announced it was developing the 50 seat Fokker 50, together with the 100 seat jet powered Fokker 100, in November 1983. The Fokker 50 is based on the fuselage of the F-27-500 Friendship, but incorporates a number of key design changes. Foremost of the improvements was the new generation Pratt & Whitney Canada PW125 turboprops driving advanced six blade props, giving a 12% higher cruising speed and greater fuel economy, and thus range.
Other improvements include new avionics and an EFIS glass cockpit, limited use of composites, small `Foklet' winglets, and more, squared, main cabin windows.
Two prototypes were built based on F-27 airframes (despite the fact that over 80% of Fokker 50 parts are new or modified), the first flying on December 28 1985. The first production aircraft flew on February 13 1987, certification was granted in May 1987, and first customer delivery, to Lufthansa Cityline, was during August that year.
The basic Fokker 50 production model is the Series 100. With three, instead of four doors, the Series 100 is designated the Series 120. The hot and high optimised Series 300 has more powerful PW127B turboprops, and was announced in 1990. It has higher cruising speeds and better field performance, particularly at altitude 9 (table 1.6).
Table 1.6
Fokker 50 Technical Data

	Parameter
	Unit
	Value

	Wingspan
	m
	29

	Length
	m
	25.25

	Height
	m
	8.32

	Engine
	P&W PW125B or P&W PW127B

	Max. Indicated Speed
	Km/H
	532

	Ceiling
	m
	7652

	Range
	km
	2678

	Max. Passengers
	
	58

	Max Take off Weight
	kg
	19950

	Max Landing Weight
	kg
	19500

	Max Zero Fuel
	kg
	18600


The only significant development of the Fokker 50 was the Fokker 60 Utility, a stretched utility transport version ordered by the Royal Netherlands Air Force.
Fokker built four for the Netherlands air force and looked at offering a passenger variant. The Fokker 60 (table 1.7) was stretched by 1.62m (5ft 4in).
Fokker collapsed due to financial problems on March 15 1996 and the last Fokker 50 was delivered to Ethiopian Airlines in May 1997.
Table 1.7
Fokker 60 Technical Data

	Parameter
	Unit
	Value

	Wingspan
	m
	29

	Length
	m
	26.87

	Height
	m
	8.34

	Engine
	P&W PW127B

	Max. Indicated Speed
	Km/H
	532

	Ceiling
	m
	7652

	Range
	km
	2900

	Max. Passengers
	
	58

	Max Take off Weight
	kg
	22950

	Operating Empty Weight
	kg
	13375


2. WING
2.1. GENERAL
The main function of the wings is to sustain the weight of the airplane in the flight. The magnitude of the lift depends chiefly on four factors, namely: the speed of the flight; the surface area of the wing; the density of the air; the coefficient of lift.

One may express the lift in the following way:




L=cL(V2/2* S;

where:L- lift; ( - density of the air; V – velocity of resultant wind; cL - coefficient of lift.

The value of the coefficient of lift depends on the angle of attack and on the aerofoil section.

Airfoil geometry can be characterized by the coordinates of the upper and lower surface. It is often summarized by a few parameters such as: maximum thickness, maximum camber, position of max thickness, position of max camber, and nose radius (Fig. 2.1).
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Fig. 2.1. Geometric parameters of an airfoil
The angle of attack is the angle between the airfoil chord and the velocity of the resultant wind.

The front portion of a wing is termed the leading edge, and the rear portion is called the trailing edge.

The center of pressure is the point at which the resultant force on the aerofoil cuts the chord.
The chord is the distance between the leading edge and the trailing edge of the wing.
The drag may be written:




X=cD (V2/2* S;

where cD is drag coefficient, which is also depends mainly on the angle of attack and airfoil section.

The greater the ratio of lift to drag, the more efficient is the wing aerodynamically.

The design of a wing depends upon such factors as the size, weight, and use of the airplane, desired speed, rate of climb, etc.

The airplane may have parasol, low-wing, mid-wing and high-wing constructions.

An airplane with one set of wing is called a monoplane. Monoplanes most generally used have cantilever wing. The airplane with two wings is called biplane.

The distance between the upper and lower wings (for biplane, for example AN-2) is called the gap.

The shape of the wing may be rectangular, triangular, elliptical and swept back.

Modern high speed aircraft have sweepback wings. Sweepback is the angle between the leading edge of the wing and perpendicular to the longitudinal centre line of the aircraft or the angle between the line of the quarter of chords and  perpendicular to the longitudinal centre line of the aircraft.

The dimension over the extreme tips of the wing is called a span.
Some wing parameters presented on Fig. 2.2.
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Fig. 2.2. Wing Design Parameters

An important characteristic of the wing is an aspect ratio. If the plan form of the wing is rectangular, the aspect ratio is thus equal to l/b, where l is the span, and b is the length of the constant chord. If the wing is tapered, the aspect ratio is defined as a ratio of the span to the mean geometric chord. The mean geometric chord is equal to the area divided by the span, i.e. s/l and the aspect ratio is therefore equal to l2/S.

The greater the aspect ratio of the wing, the more efficient is the wing aerodynamically.
The angle between the outer wing and a horizontal plane is called the dihedral angle of the wing.

The angle of incidence is the angle between the longitudinal axis of the airplane and the chord of the wing.

A wing designed for efficient high-speed flight is often quite different from one designed solely for take-off and landing. Take-off and landing distances are strongly influenced by aircraft stalling speed, with lower stall speeds requiring lower acceleration or deceleration and correspondingly shorter field lengths. It is always possible to reduce stall speed by increasing wing area, but it is not desirable to cruise with hundreds of square feet of extra wing area (and the associated weight and drag), area that is only needed for a few minutes.

It is also possible to reduce stalling speed by increasing wing CLmax. One can design a wing airfoil that compromises cruise efficiency to obtain a good CLmax , but it is usually more efficient to include movable leading and/or trailing edges so that one may obtain good high speed performance while achieving a high CLmax at take-off and landing. The primary goal of a high lift system is a high CLmax; however, it may also be desirable to maintain low drag at take-off, or high drag on approach. It is also necessary to do this with a system that has low weight and high reliability.
This is generally achieved by incorporating some form of trailing edge flap and perhaps a leading edge device such as a slat.

In the design of a double-slotted flap and slat system (a 4-element airfoil) some of the increase in CLmax is associated with an increase in chord length (Fowler motion) provided by motion along the flap track or by a rotation axis that is located below the wing (Fig. 2.3).
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Fig. 2.3. Double-Slotted Flap and Slat System
Modern high lift systems are often quite complex with many elements and multi-bar linkages. Current practice has been to simplify the flap system and double (or even single) slotted systems are often preferred.
Flaps change the airfoil pressure distribution, increasing the camber of the airfoil and allowing more of the lift to be carried over the rear portion of the section. If the maximum lift coefficient is controlled by the height of the forward suction peak, the flap permits more lift for a given peak height. Flaps also increase the lift at a given angle of attack, important for aircraft which are constrained by ground angle limits.
Slotted flaps achieve higher lift coefficients than plain or split flaps because the boundary layer that forms over the flap starts at the flap leading edge and is "healthier" than it would have been if it had traversed the entire forward part of the airfoil before reaching the flap. The forward segment also achieves a higher Clmax than it would without the flap because the pressure at the trailing edge is reduced due to interference, and this reduces the adverse pressure gradient in this region.
The favorable effects of a slotted flap on Clmax was known early in the development of high lift systems. That a 2-slotted flap is better than a single-slotted flap and that a triple-slotted flap achieved even higher Cl's suggests that one might try more slots. Handley Page did this in the 1920's (Fig..2.4). Tests showed a Clmax of almost 4.0 for a 6-slotted airfoil.
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Fig. 2.4. Multi-element section from 1921

Leading edge devices such as nose flaps, Kruger flaps, and slats reduce the pressure peak near the nose by changing the nose camber (Fig.. 2.5). Slots and slats permit a new boundary layer to start on the main wing portion, eliminating the detrimental effect of the initial adverse gradient.
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Fig. 2.5. Leading Edge Devices
Slats operate rather differently from flaps in that they have little effect on the lift at a given angle of attack. Rather, they extend the range of angles over which the flow remains attached.

Today computational fluid dynamics is used to design these complex systems; however, the prediction of CLmax by direct computation is still difficult and unreliable. Wind tunnel tests are also difficult to interpret due to the sensitivity of CLmax to Reynolds number and even freestream turbulence levels.
Structural members of the wings are spars, stringers, ribs, skin.
Spar runs along the length of the wing from the fuselage to the tip of the wing. Commonly wing design have one, two or three spars.

In the design of light aircraft with fabric skin spars carry main part of the load, but more usually all wing members carry significant part of loads. Such structures have so called “stressed skin”.

Perpendicular to the spar are a series of ribs. The ribs are placed at frequent intervals to develop the wing contour.
There are two main kinds of ribs: normal and reinforced. Normal ribs withstand air loads and form airfoil cross section. Reinforced ribs withstand concentrated loads, for example loads, transmitted from landing gear, engines, etc.

Stringers are fixed to the inside of the skin. Stringers are riveted parallel to and between the spars. The heads of rivets are being flushed on the inside. The thickened portions of cross section improve the stability of the stringer under the compression.
Stringers may be manufactured by extrusion or bending from metal sheet.

Conventional materials for wing members manufacturing are aluminum alloys, such as D-16, V-95 of Ukrainian or Russian production and 2024T3, 7075T6 of western manufacturing. Some elements of modern aircraft are made of composite materials.
The larger compartments of wings contain, or are themselves used as fuel tanks.

2.2. ANTINOV-140  WING
The wing consists of a center section and two outer wing panels attached to the center section by flange joints (Fig. 2.6).

The wing center section is rectangular planform and spans 2.62 m. The distance between spars is 1.28 m.

The lower center-section panels are made of a set of five extruded panel structures. The upper panels are made of a set of three extruded panel structures. The upper center panel of center section is removable. The center section spars are riveted structures. Each spar consists of an upper and a lower cap, riveted to a web, and a set of stiffeners made of extruded sections.

The transverse structural members comprise a set of girder ribs. The center section lower surface has a section for attachment of the fuselage longitudinal beam at rib №2. Between rib №2 and the center section-to-outer wing panel joint, the spars are fitted with brackets for flange jointing the center section with the fuselage at strong frames №19 and №22.

Between the left and right ribs №2, the webs of spars 1 and 2 have arc-shaped brackets (arcs) to provide for reattachment of the fuselage primary structural members (skin and stringers) in the area of the center-section cutout.

The wing center section is not used to accommodate fuel. The center section is assembled using B3-27 filler.
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Fig. 2.6. Wing Structural Layout

Tapered outer wing spanning 10.85 m for the An-140 and 11.35 m for the An-140-100 comprises primary framework (the wing torsion box), a leading edge section, and a trailing edge section.

The lower wing torsion box panels are riveted structures consisting of skin and a set of stringers.

The upper panels of the wing torsion box comprise a set of three riveted panels. Each panel consists of a skin and stringers. The center part is removable. The removable panel has joins at ribs №13, №24, and №25. The outer wing spars are riveted, and have the same structure as the wing center section spars.

Transverse structural members comprise girder ribs. Wing-to-fuselage attachment is at ribs №0, №1, №2, and №3. At rib №6, the rear spar has an attachment fitting for mounting the aircraft main jack. Ribs №8, №9, and №10 have attachment fittings for the engine mount. Flap attachment pads are installed on ribs №4, №9, №13, and №18.

Aileron attachment pads are installed on ribs №21, №23, №26 for the An-140, and on ribs №22, №24, and №27 for the An-140-100.

Each outer wing torsion box consists of a pressurized fuel compartment between ribs №3 through №24 for the An-140, and №3 through №25 for the An-140-100, a vent tank between ribs №24-№25 for the An-140, and between ribs №25, 26 for the An-140-100, and a “dry” cell between ribs №25 and 26 for the An-140, and between ribs №26, 27 for the An-140-100.

The lower outer wing panel has doors between ribs №13 and №15 to provide access for removal and installation of fuel pumps. Fuel system access doors are located on the upper panel.

The wing leading edge section consists of the inner and outer portions. The inner leading edge section (between ribs №3 through №8) and the outer leading edge section (between ribs №10 through №26 for the An140, and №10 through 27 for the An-140-100) are non-removable and are equipped with a hot-air anti-icing system.

They comprise skins attached to the wing torsion box and are reinforced with riveted ribs, hot chamber walls, and six adhesive-bonded removable lower panels. The skins are adhesive-bonded and are equipped with corrugations for delivery and distribution of hot air over the entire surface. The skins together with the walls make up a sealed hot chamber.

The wing trailing edge section comprises the trailing edge portions of the wing (between ribs №3 through №8, and between ribs №10 through №26 for the An-140, and №10 through №27 for the  An-140-100), flaps, aileron spoilers, and the wingtip.

The trailing edge portions of the wing comprise the upper and lower composite sandwich panels and the framework consisting of upper and lower longitudinal beams attached to the wing trailing edge section ribs and to the flap hinge brackets. The lower panels are removable and fixed with locks to allow access to the trailing edge section compartment.

Hinged double-slotted flaps (with fixed deflector) have two attachment points with control linkage attachment at the trailing edge drive ribs in the area of ribs №6 and №15. The flaps are of single-spar riveted/assembled construction with a deflector made of composite materials.
3. FUSELAGE

3.1. GENERAL
The design of the fuselage is based on payload requirements, aerodynamics, and structures. The overall dimensions of the fuselage affect the drag through several factors. Fuselages with smaller fineness ratios have less wetted area to enclose a given volume, but more wetted area when the diameter and length of the cabin are fixed. The higher Reynolds number and increased tail length generally lead to improved aerodynamics for long, thin fuselages, at the expense of structural weight.

The fuselages of all airplanes are similar in design and location. The main differences are the size and use for which the airplane is designed.

Most fuselage cross-sections are relatively circular in shape. This is done for two reasons:
1. By eliminating corners, the flow will not separate at moderate angles of attack or sideslip.

2. When the fuselage is pressurized, a circular fuselage can resist the loads with tension stresses, rather than the more severe bending loads that arise on non-circular shapes.

Many fuselages are not circular, however. Aircraft with unpressuried cabins often incorporate non-circular, even rectangular cabins in some cases, as dictated by cost constraints or volumetric efficiency.

Sometimes substantial amounts of space would be wasted with a circular fuselage when specific arrangements of passenger seats and cargo containers must be accommodated. In such cases, elliptical or double-bubble arrangements can be used. The double-bubble geometry uses intersecting circles, tied together by the fuselage floor, to achieve an efficient structure with less wasted space. The Fig. 3.1 shows a generic fuselage shape for a transport aircraft. The geometry is often divided into three parts: a tapered nose section in which the crew and various electronic components are housed, a constant section that contains the passenger cabin, and a mildly tapered tail cone.
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Fig. 3.1. Generic fuselage shape for a transport aircraft
Fuselages of most present-day airplanes are of all-metal construction, often of semi-monocoque design.

The trend today is to make a fuselage of fail-safe design wherein structural safety is provided by the multy-load path concept, and to achieve this for as low a weight penalty as possible.

Three main types of fuselage structures are truss, semimonocoque and monocoque.
The truss structures are formed with the spatial system of bars. Such structure is typical for old light aircraft.

A semimonocoque structure comprises a set of stressed members, namely: skin, frames or bulkheads, stringers, longitudinal beams. All mentioned members carry the part of loads. A semimonocoque structure is typical for majority of modern passenger aircraft.

In the case of monocoque fuselage, skin carries all loads, stringers, frames are absent. Such design of fuselage is rather seldom, but some units of  structure may be made as a monocoque, for example aft fuselage structure, front portion of fuselage where  an airborne radar is located.

3.2. ANTONOV -140 FUSELAGE
The An-140 fuselage (Fig. 3.2) is a thin-wall framed shell with a cylindrical mid section and tapered double-curvature nose and tail sections. The pressurized fuselage area is bounded by frames 1 and 38. The fuselage framework made of aluminium alloys comprises stressed skin, longitudinal structural members (stringers and beams), transverse structural members (frames, bulkheads), and cabin floors.

The fuselage nose section accommodates a radome, the flight compartment with canopy, overhead emergency exit hatch, floor and bulkhead with a door. The nose gear wheel well and accessory compartments are arranged under the floor.

The radome is made of composite materials.

The canopy has a welded framework with attached electrically-heated windshields made of triplex silicate glass panels, and side windows comprising the forward and rear window panels made of organic glass. The forward left side window panel is attached to the direct vision window. Windshields are fitted with windshield wipers.

The nose portions of the fuselage shell and the flight compartment canopy are birdproof.

The flight compartment floor consists of the metal flooring panels which are hermetically sealed over the nose gear wheel bay, an access panel, and an easy-off panel provided for access to accessory compartments.
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Fig. 3.2. Fuselage structural layout
The nose gear wheel well is a box covered from the outside with large and small doors made of composite materials.

The fuselage center section accommodates a passenger compartment fitted with floor and windows, a side emergency exit hatch, and a cargo door. The fuselage center section also includes the underfloor baggage/cargo compartment door and the structural center section where the wing center section and the main landing gear units attached. Outside the fuselage, the wing fillets used to accommodate equipment, and the fairing with the main landing gear wheel well are arranged.

The passenger compartment floor comprises the side panels and the easy-off panels made of composite materials, the transverse beams, side elbows, and longitudinal slotted rails.

The main landing gear wheel well is bounded on the ends by the sealed underfloor frames equipped with the landing gear unit attachment fittings, and on the top - by the sealed floor panel of the passenger compartment. From the outside of the fuselage, the well is partially covered with two doors made of composite materials and attached to the main landing gear unit struts.

The main landing gear wheel fairing comprises a shell divided into parts and reinforced with diaphragms. Arranged on the composite shell are the maintenance access doors and the equipment compartment door covers.

Wing fairings comprise the forward, side, and rear panels made of composite materials and attached to the fuselage and the diaphragms. Some of the panels are the easy-off panels, and the upper part of the side panel is deflectable downward to allow access to the systems equipment.

Provision is made in the aircraft for removal of the floor side panels in the passenger compartment, as well as of all the main gear well fairing components and the wing fillet panels together with their diaphragms to allow inspection of the fuselage and the wing center section structure.

The fuselage tail section accommodates the floor of the vestibule, lavatory and rear baggage/cargo compartment, the entrance and service doors, and the structural section for the empennage attachment (with maintenance access door), and the tip with the APU (auxiliary power unit) compartment. Outside the fuselage, the fin-to-stabilizer panel fillets are arranged. The fillets are made as composite-material skins reinforced with diaphragms.

The fuselage tip accommodates the APU compartment, the air inlet section door, the exhaust pipe fairing, and the five structural access doors. Attached to the framing are two composite-material door panels with locks.

The entrance door (stairs/door) is arranged on the fuselage port side and serves as an emergency exit. The door is equipped with built-in stairs with pivoting footsteps and handrails. The door is mounted below the floor level and opens outwards. In the closed position, the door rests  with its side brackets on the door opening stops from inside the cabin with the footsteps and handrails compactly arranged in one plane on the door. The door is opened manually using either the inner or the outer handle. The door opens (is lowered) by the force of its own weight and, when close to the ground, the footsteps and handrails expand into operation position. The controls of the hydraulic system for the door closing are located on the electrical control panels inside the aircraft and on the outside, the control panels also accommodate the door closed position indication lights.

The service and cargo doors are arranged on the fuselage starboard side and serve as emergency exits. The service door is intended for the buffet/galley furnishings, and for loading baggage and cargoes into the rear baggage/cargo compartment. The cargo door is intended for loading cargoes in the mixed cargo/passenger conFig.uration version and for embarkation of a handicapped passenger in wheelchair directly into the passenger compartment. Both doors open outwards and, when closed, rest on the door opening on the inside similarly to the entrance door. The doors open manually from inside and from outside and lock open. The service door and the side emergency exit hatch each have a window, and the cargo door has two windows.

The overhead and side emergency exit hatches are supported on the inside of the fuselage by stops and locks; they open from inside the fuselage and from the outside, and are removed inside the cabin.

The service and cargo doors, and the side emergency exit hatch are blocked with special pins when the aircraft is parked, and the overhead emergency exit hatch has a lock latch. Outer handles of the entrance door and the baggage door are equipped with locks with special key inserts.

The door closed position sensors are installed in all the door and hatch openings, and the appropriate warning and caution system annunciators are provided in the flight compartment to warn about unclosed doors.

4. AILERONS, TAIL UNIT, SPOILERS AND SECOND GROUP OF CONTROL SURFACES

4.1. GENERAL
In flight, any aircraft will rotate about its center of gravity, a point which is the average location of the mass of the aircraft. We can define a three dimensional coordinate system through the center of gravity with each axis of this coordinate system perpendicular to the other two axes. We can then define the orientation of the aircraft by the amount of rotation of the parts of the aircraft along these principal axes (Fig. 4.1).

The yaw axis is defined to be perpendicular to the plane of the wings with its origin at the center of gravity and directed towards the bottom of the aircraft. A yaw motion is a movement of the nose of the aircraft from side to side. The pitch axis is perpendicular to the yaw axis and is parallel to the plane of the wings with its origin at the center of gravity and directed towards the right wing tip. A pitch motion is an up or down movement of the nose of the aircraft. The roll axis is perpendicular to the other two axes with its origin at the center of gravity, and is directed towards the nose of the aircraft. A rolling motion is an up and down movement of the wing tips of the aircraft. The first group of control surfaces, called “ailerons”, “elevators”, and “rudders”, causes the airplane to rotate about the various axes.
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Fig. 4.1. Aircraft rotation

In flight, the control surfaces of an aircraft produce aerodynamic forces. These forces are applied at the center of pressure of the control surfaces which are some distance from the aircraft center of gravity and produce torques (or moments) about the principal axes. The torques cause the aircraft to rotate. The elevators produce a pitching moment, the rudder produces a yawing moment, and the ailerons produce a rolling moment. The ability to vary the amount of the force and the moment allows the pilot to maneuver or to trim the aircraft. The first aircraft to demonstrate active control about all three axes was the Wright brothers' 1902 glider.
At the rear of the fuselage of most aircraft one finds a horizontal stabilizer and an elevator. The stabilizer is a fixed wing section whose job is to provide stability for the aircraft, to keep it flying straight. The horizontal stabilizer prevents up-and-down, or pitching, motion of the aircraft nose. The elevator is the small moving section at the rear of the stabilizer that is attached to the fixed sections by hinges. Because the elevator moves, it varies the amount of force generated by the tail surface and is used to generate and control the pitching motion of the aircraft. The elevators work in pairs; when the right elevator goes up, the left elevator also goes up. The elevator is used to control the position of the nose of the aircraft and the angle of attack of the wing. Changing the inclination of the wing to the local flight path changes the amount of lift which the wing generates. This, in turn, causes the aircraft to climb or dive. During take off the elevators are used to bring the nose of the aircraft up to begin the climb out. During a banked turn, elevator inputs can increase the lift and cause a tighter turn.
At the rear of the fuselage of most aircraft one finds a vertical stabilizer or fin and a rudder. The stabilizer is a fixed wing section whose job is to provide stability for the aircraft, to keep it flying straight. The vertical stabilizer prevents side-to-side, or yawing, motion of the aircraft nose. The rudder is the small moving section at the rear of the stabilizer that is attached to the fixed sections by hinges. Because the rudder moves, it varies the amount of force generated by the tail surface and is used to generate and control the yawing motion of the aircraft.

Aircraft turns are caused by banking the aircraft to one side using either ailerons or spoilers. The banking creates an unbalanced side force component of the large wing lift force which causes the aircraft's flight path to curve. The rudder input insures that the aircraft is properly aligned to the curved flight path during the maneuver. Otherwise, the aircraft would encounter additional drag or even a possible adverse yaw condition in which, due to increased drag from the control surfaces, the nose would move farther off the flight path.
A large variety of tail shapes have been employed on aircraft over the past century. These include conFig.urations often denoted by the letters whose shapes they resemble in front view: T, V, H, + , Y, inverted V. The selection of the particular conFig.uration involves complex system-level considerations, but here are a few of the reasons these geometries have been used.

The conventional conFig.uration with a low horizontal tail is a natural choice since roots of both horizontal and vertical surfaces are conveniently attached directly to the fuselage. In this design, the effectiveness of the vertical tail is large because interference with the fuselage and horizontal tail increase its effective aspect ratio. Large areas of the tails are affected by the converging fuselage flow, however, which can reduce the local dynamic pressure.

A T-tail is often chosen to move the horizontal tail away from engine exhaust and to reduce aerodynamic interference. The vertical tail is quite effective, being 'end-plated' on one side by the fuselage and on the other by the horizontal tail. By mounting the horizontal tail at the end of a swept vertical, the tail length of the horizontal can be increased. This is especially important for short-coupled designs such as business jets. The disadvantages of this arrangement include higher vertical fin loads, potential flutter difficulties, and problems associated with deep-stall. One can mount the horizontal tail part-way up the vertical surface to obtain a cruciform tail. In this arrangement the vertical tail does not benefit from the end plating effects obtained either with conventional or T-tails, however, the structural issues with T-tails are mostly avoided and the conFig.uration may be necessary to avoid certain undesirable interference effects, particularly near stall.

V-tails combine functions of horizontal and vertical tails. They are sometimes chosen because of their increased ground clearance, reduced number of surface intersections, or novel look, but require mixing of rudder and elevator controls and often exhibit reduced control authority in combined yaw and pitch maneuvers.

H-tails use the vertical surfaces as endplates for the horizontal tail, increasing its effective aspect ratio. The vertical surfaces can be made less tall since they enjoy some of the induced drag savings associated with biplanes. H-tails are sometimes used on propeller aircraft to reduce the yawing moment associated with propeller slipstream impingement on the vertical tail. More complex control linkages and reduced ground clearance discourage their more widespread use.

Y-shaped tails have been used on aircraft such as the LearFan, when the downward projecting vertical surface can serve to protect a pusher propeller from ground strikes or can reduce the 1-per-rev interference that would be more severe with a conventional arrangement and a 2 or 4-bladed prop. Inverted V-tails have some of the same features and problems with ground clearance, while producing a favorable rolling moments with yaw control input. The tail surfaces should have lower thickness and/or higher sweep than the wing (about 5° usually) to prevent strong shocks on the tail in normal cruise. If the wing is very highly swept, the horizontal tail sweep is not increased this much because of the effect on lift curve slope. Tail t/c values are often lower than that of the wing since t/c of the tail has a less significant effect on weight. Typical values are in the range of 8% to 10%.

Typical aspect ratios are about 4 to 5. T-Tails are sometimes higher (5-5.5), especially to avoid aft-engine/pylon wake effects.

ARv is about 1.2 to 1.8 with lower values for T-Tails. The aspect ratio is the square of the vertical tail span (height) divided by the vertical tail area, bv2 / Sv.

Taper ratios of about .4 to .6 are typical for tail surfaces, since lower taper ratios would lead to unacceptably small reynolds numbers. T-Tail vertical surface taper ratios are in the range of 0.85 to 1.0 to provide adequate chord for attachment of the horizontal tail and associated control linkages.

Horizontal tails are generally used to provide trim and control over a range of conditions. Typical conditions over which tail control power may be critical and which sometimes determine the required tail size include: take-off rotation (with or without ice), approach trim and nose-down acceleration near stall. Many tail surfaces are normally loaded downward in cruise. For some commercial aircraft the tail download can be as much as 5% of the aircraft weight.
Spoilers are small, hinged plates on the top portion of wings. Spoilers can be used to slow an aircraft, or to make an aircraft descend, if they are deployed on both wings. Spoilers can also be used to generate a rolling motion for an aircraft, if they are deployed on only one wing. 

When the pilot activates the spoilers, the plates flip up into the air stream. The flow over the wing is disturbed by the spoiler, the drag of the wing is increased, and the lift is decreased. Spoilers can be used to "dump" lift and make the airplane descend; or they can be used to slow the airplane down as it prepares to land. When the airplane lands on the runway, the pilot usually brings up the spoilers to kill the lift, keep the plane on the ground, and make the brakes work more efficiently. The friction force between the tires and the runway depends on the "normal" force, which is the weight minus the lift. The lower the lift, the better the brakes work. The additional drag of the spoilers also slows the plane down.

The second group of control surfaces are the different kind of tabs. Trim tab and geared trim tab decrease the force which must be exerted by the pilot to move and hold a primary surface in any given attitude. The essential difference between the two is that while the first has an independent control mechanism, the second is so connected to the airplane structure that when the primary surface is moved in any direction, the tab rotates in the opposite direction.

4.2. AN-140 TAIL UNIT, AILERONS AND SPOILERS
The aircraft tail unit consists of a fin and a fuselage-mounted stabilizer.

The horizontal tail comprises horizontal stabilizer consisting of two stabilizer panels with an elevator with forward and horn balance hinged at each stabilizer panel.

The stabilizer includes a leading edge section, a torsion box, and a trailing edge section. The horizontal stabilizer torsion box is a metal structure consisting of two spars, thirteen ribs, and panels. The stabilizer upper surface features a removable maintenance access panel. The leading edge section with electro-thermal ice protection system is attached to the forward part of the stabilizer torsion box.

The horizontal stabilizer trailing edge section is made of fibre glass plastic. Elevator hinge brackets are mounted at ribs №2, №5, №9, and №13 on the stabilizer spar II.

The elevator is a metal structure consisting of a spar and a set of ribs. The elevator trailing edge is equipped with geared trim tabs installed in the root portion.

The vertical tail comprises a dorsal fin, a fin, and a rudder.

The dorsal fin consists of metal forward compartment and a radio transparent radio equipment compartment (made of fibre glass plastic honeycomb panels) intended for housing the radio station automatic tuning unit.

The fin consists of the leading edge section, the torsion box, and the trailing edge section. The torsion box is a metal structure consisting of two spars, eighteen ribs, and stringer panels. Electrically-heated leading edge section is attached to the fin forward portion. The fin trailing edge section is made of honeycomb panels with metal skins and polymer plastic honeycombs.

The metal rudder consists of a spar, a set of ribs, and skin panels. It has four attachments points, forward and horn balance. A spring tab is installed in the root section. All trim surfaces of the tail unit-the elevator geared trim tabs, and the rudder spring tab-are of honeycomb sandwich construction with polymer skins and polymer plastic honeycomb filler.

Ailerons with forward and horn balance have three attachment points and are equipped with geared trim tabs. A trim tab is installed on the starboard aileron. The ailerons are of assembled, riveted construction.
Spoilers are all-composite extendable devices with two attachment points at ribs №16 and №18. Spoilers are driven by hydraulic cylinders with return springs.

5. LANDING GEAR

5.1. GENERAL
The landing gear is the understructure of an airplane which supports the weight of the airplane when it is on the ground or water. It is usually equipped with a device to reduce the shock of landing and taxying. There are three types of landing gears: wheels, skis, and floats.

Landplanes are fitted with either a nose wheel or tail wheel. The landing gear not only has to support the aircraft on the ground but must be capable of withstanding the considerable stresses and shock loadings experienced during landing.
Earlier designs are most likely to have a tail wheel (tail dragger).

Most of current planes are using landing gears in which the main landing wheels are located behind the center of gravity and a small nose wheel. In landing the plane comes in with a tail-down attitude, but after contacting the runway and loosing speed the plane falls forward until the nose wheel contacts the runway and balances the plane.
Nose wheel airplanes have much better handling (due to less airplane behind the pivot point) and visibility characteristics while taxiing. It is most important that the pilot does not land the aircraft on the nose wheel. This is called a 'wheelbarrow' and often results in serious damage. The nose wheel is usually dampened with a shock absorber or friction ring to prevent shimmy. Most aircraft have steering nose wheels. When on the ground a linkage is actuated between the rudder pedals and the nose wheel.
Brakes are usually of the disc type and when used differentially may be used to reduce turning circles.
For small airplane may be used the type of landing gear, which consists of two main supporting wheels ahead of the center of gravity and a trailing tail support, either a tail skid or a tail wheel. This provides a three-point support, from which has come the term “a three-point landing“. This means a landing in which all three supporting points touch the ground at the same time.
Landing gears are designed to permit a three-point landing to be made when the airplane is in its landing attitude, that is, when airplane is at its stalling angle with the power off.  In addition to supporting the airplane at the correct angle, the landing gear must be so placed and high enough to provide the propeller with a ground clearance when the airplane is in flying position. This is to prevent the propeller striking small objects on the ground when taking off. Tail dragger aircraft can land on much rougher terrain. They are harder to control, (imagine driving a rear steering dumper truck at high speed) and extra training is required to handle them. A small number of aircraft use a single central landing wheel and are laterally supported by outriggers. Example are the U2 spy plane and the homebuilt Europa. Ground handling is not all that it could be with this configuration.
Retractable landing gears are those that may be raised or lowered while in flight, to reduce the air resistance or drag.

Retraction of the landing gear may be accomplished manually, electrically, or hydraulically. Usually, electrically or hydraulically operated units also have manual controls for emergency use.  

Mechanical locks which engage automatically hold the gear in its “down” (extended) or “up” (retracted) position. These locks usually unlatch automatically when the pilot begins to operate the control handle.

Retracting the gear reduces drag and increases airspeed without additional power. The landing gear normally retracts into the wing or fuselage through an opening which may be covered by doors after the gear is retracted. The smooth door will provide for the unrestricted flow of air across the opening that houses the gear. Warning indicators are usually provided in the cockpit to indicate whether the wheels are extended and locked, or retracted. In nearly all airplanes equipped with retractable landing gear, a system is provided for emergency gear extension in the event landing gear mechanisms fail to lower the gear. The pilot operating manual will specify the maximum speed at which the gear can be lowered.
Landing gears have to be so designed and built that they withstand the strain of hard landing, cross wind landing and other factors that they may receive from fast taxiing, etc.

For this reason the landing gear struts are usually made of heat treated steel tubing. The struts are always connected to some major point usually in the fuselage. This is essential in order to distribute the landing shock over as large an area as possible.

There are many types of devices used on landing gears to reduce the shock transmitted to the aircraft in landing and taxiing. These are called the shock absorbing units and are present, in some form, on all landing gears except those designed for water landings. There are various types of shock absorbers in use today but usually you can meet oleo-pneumatic absorber.

5.2. AN-140 LANDING GEAR
The tricycle landing gear of the aircraft comprises: a single-strut nose landing gear unit; two single-strut main landing gear units; landing gear retraction/extension system; nose wheel steering system; wheel braking system.

The nose and main landing gear struts are equipped with twin wheels. The semilevered-suspension nose gear unit retracts forward into the nose gear wheel well in the nose section of the fuselage. The levered-suspension main landing gear units retract sideways into the main landing gear fairings.

The landing gear units are equipped with the KT-231 wheels with brakes fitted with 810*320-mm tires inflated at p=0,6 MPa (6 kgf/sm2 ), the nose landing gear unit is equipped with the KH-44 wheels without brakes fitted with 600*220-mm tires inflated at p-0,5 MPa (5 kgf/sm2).

The landing gear retraction/extension system consists of a main electro-hydraulic extension subsystem, and a standby mechanical extension subsystem. The main subsystem controls all the landing gear units simultaneously, and the mechanical subsystem provides individual extension of the nose gear unit and the main landing gear units.

Wind-assisted free fall extension is foreseen for the nose landing gear unit, whereas the main gear units extend by free fall.

The hydraulic nose wheel steering system is intended for remote nose wheel steering during taxiing, takeoff run and landing roll with automatic changeover to CASTORING mode in case of the hydraulic power supply loss, and for nose wheel shimmy damping. The nose wheel steering is controlled from the steering control wheel during taxiing, and from pedals at takeoff run and landing roll. The hydraulic direct-action wheel braking system with a redundancy feature ensures anti-skid protection and protects the aircraft against landing with wheel brakes on. In the parking brake mode, the system prevents the aircraft movement with the engines operating at takeoff power.

The main landing gear wheels with brakes have hydraulic disk brakes and are fitted with overheat sensors and fusible plugs.
6. FLIGHT CONTROL SYSTEM

6.1. GENERAL
A flight control system consists of the flight control surfaces (see part 4), the respective cockpit controls, connecting linkage, and necessary operating mechanisms to control aircraft in flight.

Generally the cockpit controls are arranged like this: control wheel (yoke) for roll which moves the ailerons; control column for pitch which moves the elevators; rudder pedals for yaw which moves the rudder. Some light aircraft use a control stick for both roll and pitch; the rudder pedals for yaw. Flight control systems (FCS) are classified as follows: mechanical FCS; hydromechanical FCS (powered flight control units(PFCU)); fly-by-wire FCS.
6.1.1. MECHANICAL FLIGHT CONTROL SYSTEMS
The mechanical FCS are the most basic designs. They were used in early aircraft and currently in small aeroplanes where the aerodynamic forces are not excessive. The FCS uses a collection of mechanical parts such as rods, cables, pulleys and sometimes chains to transmit the forces of the cockpit controls to the control surfaces. Since an increase in control surface area in bigger airplane leads to an exponential increase in forces needed to move them, complicated mechanical arrangements are used to extract maximum mechanical advantage in order to make the forces required bearable to the pilots. This arrangement is found on bigger or higher performance propeller aircraft such as the An-24 or An-140.

Some mechanical FCS use servo tabs that provide aerodynamic assistance to reduce complexity.
6.1.2. HYDROMECHANICAL FLIGHT CONTROL SYSTEM
The complexity and weight of a mechanical FCS increases considerably with size and performance of the airplane. A hydraulic FCS has 2 parts: the mechanical circuit; the hydraulic circuit. The mechanical circuit links the cockpit controls with the hydraulic circuits. Like the mechanical FCS, it is made of rods, cables, pulleys, and sometimes chains. The hydraulic circuit has hydraulic pumps, pipes, valves and actuators. The actuators are powered by the hydraulic pressure generated by the pumps in the hydraulic circuit. The actuators convert hydraulic pressure into control surface movements. The servo valves control the movement of the actuators.

The pilot's movement of a control causes the mechanical circuit to open the matching servo valves in the hydraulic circuit. The hydraulic circuit powers the actuators which then move the control surfaces.
This arrangement is found in most jet transports and high performance aircraft. In the mechanical FCS, the aerodynamic forces on the control surfaces are transmitted through the mechanisms (artificial feel devices) and can be felt by the pilot. This gives a tactile feedback of airspeed and aids flight safety. The hydromechanical FCS lacks this "feel". The aerodynamic forces are only felt by the actuators. Artificial feel devices are fitted to the mechanical circuit of the hydromechanical FCS to simulate this "feel". They increase resistance with airspeed and vice-versa. The pilots feel as if they are flying an aircraft with a mechanical FCS.
6.1.3. FLY-BY-WIRE FLIGHT CONTROL SYSTEMS
With the invention of the autopilot, it is possible to control an aircraft electrically. The pilot utilizes switches on the autopilot for control. Later autopilots can accept steering commands directly from the cockpit controls. The cockpit controls must be fitted with transducers.
As an autopilot's reliability improves, the next logical stage of FCS evolution was to totally remove the mechanical circuit, creating the fly-by-wire FCS.
Analog fly-by-wire FCS. The fly-by-wire FCS eliminates the complexity, fragility and weight of the mechanical circuit of the hydromechanical FCS and replaces it with an electrical circuit. The cockpit controls now operate signal transducers which generate the appropriate commands. The commands are processed by an electronic controller. The autopilot is now part of the electronic controller. The hydraulic circuits are similar except that mechanical servo valves are replaced with electrically controlled servo valves. The valves are operated by the electronic controller.

In this configuration, the FCS must simulate "feel". The electronic controller controls electrical feel devices that provide the appropriate "feel" forces on the manual controls. This is still used in the EMBRAER 170 and EMBRAER 190 and was used in the Concorde, the first fly-by-wire airliner.
On more sophisticated versions, analog computers replaced the electronic controller. Digital fly-by-wire FCS. A digital fly-by-wire FCS is similar to its analogue conterpart. However, the signal processing is done by digital computers. The pilot literally can "fly-via-computer". This increases flexibility as the digital computers can receive input from any aircraft sensor. It also increases stability, because the system is less dependent on the values of critical electrical components in an analog controller.
Power-by-wire FCS. Having eliminated the mechanical circuits in fly-by-wire FCS, the next step is to eliminate the bulky and heavy hydraulic circuits.The hydraulic circuit is replaced by an electrical power circuit. The power circuits power electrical or self-contained electrohydraulic actuators that are controlled by the digital flight control computers. All benefits of digital fly-by-wire are retained.
The biggest benefits are weight savings, the possibility of redundant power circuits and tighter integration between the aircraft FCS and its avionics systems. The absence of hydraulics greatly reduces maintenance costs.
Intelligent FCS. A newer flight control system, called Intelligent Flight Control System (IFCS), is an extension of modern digital fly-by-wire FCS. The aim of IFCS is to intelligently compensate for aircraft damage and failure during mid-flight, such as automatically using engine thrust and other avionics to compensate for severe failures such as loss of hydraulics, loss of rudder, loss of ailerons, loss of an engine, etc.
Fly-by-optics FCS. Fly-by-optics is sometimes used instead of fly-by-wire because it can transfer data at higher speeds, and it is immune to electromagnetic interference. In most cases, only the electronic interface to the wire changes. The data generated by the software and interpreted by the controller remain the same.
6.2. AN-140 FLIGHT CONTROL SYSTEM
The aircraft is equipped with an integrated system of electromechanical controls including: rudder control system (Fig. 6.1); elevator control system (Fig. 6.2) ailerons control system (Fig. 6.3); spoilers control system. The elevator, rudder, and ailerons can be controlled either by the pilots, or automatically, in response to the automatic flight control system input. The aileron trim tabs, rudder and elevator trim tabs have remote electrical control.

The manual control unit and the pedal unit are kinematically interconnected and ensure the elevator, rudder, and aileron control from the pilots` and co-pilots` stations.

Use is made of the combined push-pull/cable control linkage: the cable control linkage is used in the fuselage, and the control rods are used in the flight compartment, wing, and tail unit. The flaps have: electro-hydraulic control in the primary control mode; remote control using electric actuators in the standby mode.

The spoilers control system is electro-hydraulically controlled with automatic extension, and either automatic or manual retraction in response to pilot input with the aid of the return springs of the hydraulic actuator depending on the aircraft takeoff/landing configuration.




Fig. 6.1. Rudder Control Diagram
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Fig. 6.2. Elevator Control Diagram




Fig. 6.3. Aileron Control Diagram

7. HYDRAULIC SYSTEM

7.1. GENERAL
Modern aircrafts include many different types of subsystems. These subsystems are very closely interlinked to each other which makes aircraft a type example of a mechatronic system. One of these subsystems is hydraulic subsystem, which is usually used for actuating most of the mechanical subsystems, such as landing gear, flight control surfaces, etc. Thus the hydraulic system is a very essential part of the aircraft and its reliability and functionality are very essential to the flight worthiness of the whole aircraft.
Hydraulic system is an inseparable link between aircraft control system and mechanical system to be actuated. Therefore its both designs can not completely be separated from other subsystems and the aircraft in whole, but the interactions must always be taken into account.
Basically any aircraft hydraulic system consists of the following: a reservoir or tank to hold a supply of hydraulic fluid; a pump, usually engine driven to provide a flow of fluid under pressure; tubing to transmit fluid under pressure; a selector valve to direct the flow of fluid; an actuating unit to convert the fluid pressure into useful work.

The additional units serve to make the system function more smoothly and efficiently. For convenience of reference, the function of each of these units is listed individually.
Reservoir. The reservoir is for fluid storage. The vent line prevents a suction being formed as the level of fluid in the reservoir is lowered. It also serves as an emergency overflow.

Engine Pump. The engine pump provides a constant flow of fluid as long as the engine is running. If the flow of fluid is restricted, many  engine pumps are capable of building up a pressure from 2,000 to 3,000 p.s.i.
Filter. The filter is used to strain the fluid so no dirt, water, or other foreign matter will enter the system.
Accumulator. The accumulator serves as a cushion or shock absorber by maintaining an even pressure in the system. It is designed with a compressed-air chamber separated from the fluid by a flexible diaphragm. Any sudden surge of pressure will cause more fluid to enter the accumulator where it will merely tend to depress the diaphragm more, thus compressing the air further.
As the temporary surge passes, the excess fluid in the reservoir is forced out by the pressure of the compressed air: thus the flow of fluid in and out of the accumulator tends to stabilize the actual pressure in the system. In addition to the above, the accumulator also serves as a storage place for fluid under pressure.
When peak load demands are made on the system this reserve assists the engine pump by increasing the volume of fluid under pressure that is supplied.
Sufficient fluid under pressure is stored in the accumulator to provide for emergency operation of certain units.
Relief Valve. The relief valve is a safety valve so installed that any dangerous excess of pressure in the system will unseat the valve and thus permits the return of excess to the reservoir.
Gauge. The hydraulic-fluid pressure gauge is installed in the cockpit so the pilot may tell at all times the actual working pressure in the lines.
Snubbers. A snubber is a small device installed in a pressure line to dampen any pressure fluctuations.

7.2. AN-140 HYDRAULIC SYSTEM 
The hydraulic system provides power for the actuators of the landing gear extension/retraction system, wheel braking system, nose wheel steering system, for bank counteract system spoiler extension actuators, flap extension/retraction actuators and the entrance stairs/door actuators.

The hydraulic system rated pressure is 15 MPa (150 kgf/cm2 ).

The operating fluid is the АМГ-10.

The HC-140 electrically-actuated hydraulic pump is the primary source of pressure for the system.

The system has two independent hydraulic accumulators serving as a standby pressure source for the wheel braking system.

The hydraulic pump can be switched on either manually, or automatically. The hydraulic pump activates as soon as its switch is set to AUTO position following the engine start on the ground and runs until landing gear retraction after takeoff. At landing, the hydraulic pump activates from the moment of the landing gear extension and remains on till the aircraft taxis in for parking when the switch is set to off.

The hydraulic system controls and indicators are arranged on the pilots overhead panel.

8. ICE PROTECTION SYSTEM

8.1. GENERAL
Aircraft icing encompasses a range of conditions during which frozen precipitation forms on an aircraft. It is usually separated into two broad classifications, ground icing and in-flight icing. Icing can compromise flight safety by affecting the performance, stability, and control of the aircraft.
Ground icing occurs when the aircraft is on the ground, and becomes significant when it affects the aircraft's ability to take off. This form of icing occurs when ice, snow, or freezing rain collects on the upper surfaces of the aircraft or when frost forms on the aircraft.
In-flight icing forms when an aircraft flies through a cloud of super cooled precipitation. Water droplets approach the aircraft, approximately following the air streamlines. Near the surface of the aircraft, large changes in velocity exist. The droplets, because of their inertia, cannot change velocity rapidly enough to follow the air around the aircraft, and strike or impinge on the aircraft surface. Ice forms on the leading or forward-facing edges of the wings, tail, antennas, windshield, radome, engine inlet, and so forth.
Probably the most dangerous way that ice acts on an aircraft is through its effect on the aerodynamics, which results in degraded performance and control. Small amounts of ice or frost add roughness to the airplane surfaces. The roughness increases the friction of the air over the surface; this is called skin friction. Large accretions can drastically alter the shape of the wing. Then, in addition to skin friction, flow separation results in a further reduction in aerodynamic performance of the aircraft. Aircraft control can be seriously affected by ice accretion. Ice accretion on the tail can lead to reduced elevator effectiveness, reducing the longitudinal control (nose up and down) of the aircraft. In some situations, the tail can stall or lose lift prematurely, resulting in the aircraft pitching nose down. Similarly, ice on the wing ahead of the aileron can result in roll upset. Both tail stall and roll upset are thought to be the cause of recent aircraft icing accidents. All large aircraft and many light aircraft are equipped with in-flight ice protection systems to reduce the effect of ice. Ice protection systems are classified as de-ice or anti-ice systems. De-ice systems allow some ice to accrete, and then they periodically remove the ice. Anti-ice systems prevent ice from forming either by heating the surface by the means of electricity, by hot oil, or by hot gas above 0°C (32°F) or through the use of freezing-point depressants.
8.2. AN-140 ICE PROTECTING SYSTEM 
The aircraft ice protection systems are intended to prevent ice formation, or to remove ice from the aircraft surface under the standard icing conditions.  Three types of ice protection systems are used: hot air ice protection system; electro-thermal ice protection system; hot oil ice protection system.

The hot air ice protection system provides ice protection for: wing leading edge sections; main engine inlet guide vanes; air-oil heat exchanger duct air intakes.

The electro-thermal ice protection system provides ice protection for: horizontal and vertical tail leading edge sections; main engine propellers; flight compartment canopy windows; pilot static tubes; propeller spinner cones.

Engine air intakes are protected against icing by the heat of oil of the engine oil system.

The EW-164 ice detector equipped with a built-in test system is installed in the aircraft to enable icing warning indication and automatic activation of the ice protection system.

Control and monitoring  system provides indication of the system operation, warning of system failures, and automatic activation of the required ice protection system mode depending on the outside air temperature.

In case of failure of one of the main engines, the ice protective effectiveness would not change.
9. FIRE PROTECTION SYSTEM

9.1. GENERAL
While no zone of an aircraft is immune to in-flight fires, fire protection systems used in transport category aircraft have evolved based on the probability of fire ignition within particular zones of the aircraft. These aircraft are equipped with a variety of built-in detectors and, in some cases, associated suppression systems designed to assist the aircraft crew in identifying and extinguishing an in-flight fire. The occurrence aircraft was equipped with built-in fire detection and suppression capabilities in the aircraft's designated fire zones. A designated fire zone includes engines, APUs, and any fuel-burning heater or combustion equipment. In addition, specific regions of the aircraft, such as cargo compartments and lavatories, have been identified as "potential fire zones" that require various built-in detection and suppression capabilities.

A fire aboard an aeroplane is obviously an extremely important matter, and special precautions are taken in the design to make an outbreak of fire unlikely. In addition, fire extinguishers are mounted at danger-points, and hand extinguishers are provided for the use of the crew. One of the chief danger points for an outbreak of fire is the engine, or engines. By regulation, an engine is separated from the remainder of an aircraft by a steel fire-proof bulkhead, and extinguishers are permanently mounted in the danger zone so that the whole engine can be sprayed by the pressing of the button in the cockpit.

Many aircraft have freight and baggage compartments beneath the floor of the passenger deck. These are not usually accessible in flight, but fire-extinguishing means must be provided.
But before fire extinguishers are used in such places, where the eye cannot see, there must be some means of ensuring that a fire is really in progress. Broadly, the devices used for this purpose can be divided into two types: first, those that detect unusually high temperatures; secondly, those that detect smoke. A common form of smoke detector consists of a source of light playing upon a light-sensitive cell. When the path of the light passes through clear air the light-sensitive cell receives energy at a certain rate; but if there is smoke in the air the particles interrupt and disperse the light rays and reduce the rate at which energy falls on the cell. This change triggers the warning system.

Temperature-sensing devices may be of several kinds. There is the compound metallic element thermo-couple, or pyrometer, for example. Another kind that has been tried relies upon the loss of magnetic properties in certain alloys at particular temperatures: a switch is held open by a magnet until its temperature rises above a critical level (the Curie point), whereupon the magnetism diminishes sharply and the switch is free to close under the action of a spring. The disadvantage of this type of detector, as with the bimetallic element, is that several detectors have to be placed around a compartment, and to give full coverage the weight becomes excessive.

A more attractive device is that which makes use a continuous wire detector. This wire has an inner conductor and an outer conducting sheath, separated by a sleeve of woven glass. At low temperatures the separating sleeve is non-conductive, but above a certain point its electrical properties are changed and it becomes a conductor so that current can flow between the outer sheath and the inner wire. The advantage of this device is that it is light, and can be run right round a compartment and into all manner of awkward corners.
9.2. AN-140 FIRE PROTECTION SYSTEM 
The fire protection system allows detection of fire, alarm, and fire extinguishing in the aircraft designated fire compartment; it provides prevention of fire spread to the adjacent locations. Both engine nacelles and APU compartment are regarded as designated fire compartments.

To prevent fire in such hazardous areas only non-combustible materials should be used, the equipment should be certified according to the requirements on explosion protection. To isolate fire, firewalls and shields made of fire-proof materials are installed in the aircraft designated fire compartments.

Each fire hazardous compartment is equipped with a system of fire/overheat warning equipment. The СПЗ-140 system includes УСП-1 fire detectors installed in the designated fire compartments, the УОС СПЗ signal processing unit, the ПК СПЗ preflight test unit, the control and indication panel, warning lights and annunciators of the pilot overhead panel.

Electrical signals of fire/overheat come from the УСП-1 detectors to the УОС amplifier/processing unit to generate warning information about the fire in a corresponding section, and to automatically initiate the fire extinguishers. Additionally, manual fire extinguishers are used.

Fire is suppressed by a fire extinguishing agent supplied to the destination compartment via fire extinguishant spray manifold.

The fire protection system includes two fire bottles. Distribution of the extinguishing agent is performed by fire bottle explosive heads. Both fire bottles will be discharged for each designated fire compartment in emergency. The main discharge fire extinguisher is activated either automatically by the fire detection system, or manually. The alternate discharge extinguisher can be activated only manually.
Simultaneous discharge of both fire extinguishers is envisaged for a situation of emergency gear up landing: the bottles are activated from the end switch installed in the bottom fuselage portion, and the extinguishant is sprayed into both engine compartments.

The aircraft rear baggage/cargo compartment and the toilet room are equipped with smoke detectors. Hand extinguishers are mounted in the passenger cabin, flight compartment, and in the vestibule.

Control and testing of the fire protection system is effected from the control and indication panel installed in the flight compartment. The pilots` overhead panel mnemonic diagram incorporates a number of switchlights indicating the fire location, and activating the main discharge fire extinguishers, and another group of translucent buttons to control the alternate discharge extinguisher system.

In flight, serviceability of the УСП-1 detector circuitry is monitored by the fire protection system; the system preflight testing is done from the preflight test panel.

Smoke and fire detection signals, extinguisher activation data are sent to the БУР-92А flight recorder.

REFERENCES
1. Акмалдінова О.М., Будко Л.В., Карпенко М.В.,Кравчук О.Ю., Ткаченко С.І. English for aviation: Навч. посіб. – К.: НАУ, 2004. – 216 с.

2.  Акмалдінова О.М., Будко Л.В., Карпенко М.В.,Кравчук О.Ю., Гільченко Р.О. Airframe design: Навч. посіб. – К.: НАУ, 2001. – 72 с.

3. Zhuravlova L., Gorbunov I., Singh J.K., Karpenko M. Fundamentals of Aeronautics and Astronautis. Conspect of lectures. Part 2. – Kyiv, NAY, 2004. – 108 p. 

4. Акмалдінова О.М., Будко Л.В., Карпенко М.В. та ін. Aircraft and engine design: Навч. посіб. – К : НАУ, 2002. – 204 с.

 5. Antonov-140-100, Regional passenger aircraft, Brief data, Antonov Aeronautical scientific/technical complex, 2000, p.98.

6. Nicolai, L., Fundamentals of Aircraft Design, School of Engineering, University of Dayton, 1975. 

7. Anderson, J., Aircraft Performance and Design, McGraw-Hill, 1999. 

8. Raymer, D., Aircraft Design: A Conceptual Approach, AIAA Press, 1989

9. Asselin, M., An Introduction to Aircraft Performance, AIAA Press, 1997.

10. Pratt, R. W., ed, Flight Control Systems, AIAA Press, 2000.

11. http://www.airliners.net/info
12. http://en.wikipedia.org/wiki/Antonov_An-140
13. http://www.atr.fr/
Навчальне видання
КАРУСКЕВИЧ Михайло Віталійович

МАСЛАК Тетяна Петрівна

КОНСТРУКЦІЯ АВІАЦІЙНОЇ ТЕХНІКИ. СУЧАСНИЙ РЕГІОНАЛЬНИЙ ТУРБОГВИНТОВИЙ ЛІТАК

Конспект лекцій (Англійською мовою)

Підп. до друку                   . Формат 60х84/16. Папір офс.

Офс. друк. Ум. друк. арк. 3,49. Обл.-вид. арк. 3,75.

Тираж 100 пр.  Замовлення №       . Вид. №6/V.
Видавництво НАУ

03680. Київ – 680, проспект Космонавта Комарова, 1.

Свідоцтво про внесення до Державного реєстру ДК №977 від 05.07.2002.
PAGE  
61

_1247565663.doc


camber















lower surface







mean of camber line







Trailing edge







Leading edge







thickness















upper surface















(















U(















chord length




















_1249385189.doc






Aircraft plane



of symmetry 







Flaps 







Bank counteract system spoiler



 







Aileron trim tab 







Aileron geared trim tab 







Aileron 







0   1     2     3     4     5    6      7   8    9  10 11  12   13  14   15







16  17   18  19  20  21   22  23  24   25  26  












_1251698266.doc
[image: image1.png]






_1251800222.doc
                               

Decoupler







Geared trim tab







Control wheel







Control cable







Autopilot servo unit







Trim tab   Geared trim tab












_1249282499.doc


Nose Flap











Fixed Slot















Kruger Flap











Slat











Variable Camber



Kruger Flap







overhang



         gap











deflection
















_1249282762.doc


Rudder ratio control mechanism







Electric actuator of the rudder



ratio control mechanism







Rudder







Electric trim tab actuator







Geared trim tab







Spring-loaded control rod







Pedals







Control cables












_1247565662.doc


Landing







Take off







Cruise












