3. АВИАЦИОННЫЙ АНГЛИЙСКИЙ ЯЗЫК
Собранные здесь и снабженные словарем тексты представляют интерес для углубленного изучения профессионального языка, который может оказаться очень полезным при возникновении нестандартных ситуаций, в частности особых случаев в полете.

Для понимания текстов требуется хорошее знание соответствующего раздела авиационной науки на рус​ском языке, что поможет правильно освоить использование профессиональной терминологии.

2.1. General review

Air traffic control is an essential element of the communication structure which supports air transportation. It  in fact, a «service», whose prime objective is to provide for the safety of those who fly for profit or pleasure in the air, or in defence of the realm. Its closely followed secondary objectives to carry out this task, as expeditiously as possible, to meet the objectives of its customers. In this regard it has to recognise the varying requirements of all of the users of the air such as commercial passenger transports, military defence and communication aircraft and executive and private aviation. In this context the performance characteristics of the aircraft for which it is required to provide this service, can vary from the light executive aircraft which may have a cruising speed of say 160 knots or supersonic transport (SST) and fighter aircraft flying at a Mach 1 plus (speed of sound). Additionally these aircraft, even in the field of civil aviation, can vary in their climb and descent performances, from rates of 500 feet per minute up to rates in excess of 5000 feet per minute.

The problem is further compounded by the fact that busy international airports often sustain landing and departure rates in excess of one a minute and the airports themselves are invariably situated within busy terminal areas and in close proximity to airports of similar capability. Furthermore, by their very nature these airports are often sited near the junction of air routes serving other destinations. Military aerodromes also provide their own specific problems, in that, invariably, tracks to be followed by aircraft bound for or from training and operational areas often conflict with the rout networks and terminal areas (TMA) which serve air transport movements.

The technique of applying a service of safety and expedition to these air movements is one of separation in three dimensions: one of time, one of geographical position and one of height - added to which is the complication of continuing movement, both in direction over the earth's surface and in climb and descent. The mathematical purist will contest the statement of three dimensions, but it is essential, in the context in which this word is used, to recognise that controller, even when looking at a modern radar display, is to be presented with a flat plate. Height cannot be observed, except in sophisticated systems, where even then it has to be read as a symbol alongside the aircraft radar response. There are indeed many parts of the world where radar cover does not exist at all or is impractical to provide, and in these circumstances a controller has to build up from pieces of paper (flight progress strips) a moving mind picture of the air traffic for which he is responsible.

To return, however, to the methods which are used to separate aircraft, these are basically, «vertically» using height separation, «longitudinally» using time or distance separation or «laterally» using, geographical or horizontal, separation. In effect these separations can be regarded as parcels of air which are wrapped around

each aircraft and the art of controlling is to ensure that these parcels of air are never infringed one by the other.

The application of this separation between aircraft requires that the controller has available to him not only the regulated airspace in which to perform his task, but technical facilities to enable him to put them into effect These facilities can range from the humble telephone and radio telephone set, to sophisticated electronics such as processed radar displays and automation techniques. The level of sophistication varies with the task to be performed, which can range from, for example a small aerodrome which is concerned only with controlling aircraft within its air traffic zone to a busy international airport which is associated to the control zone or to an air traffic control centre whose responsibilities extend over national and international air routes.

3.2. Aeronautical information service

Each country provides aeronautical information concerning its own territory. It is published in the Aeronautical Information Publication (AIP) and in Notices to Airmen (NOTAM).

A pilot planning a flight will prepare his Flight Plan according to the information in these publications.

What sort of information does a pilot need to know when flying to another aerodrome? For instance, he wants to know which airway to follow.

Further information the pilot needs is, what sort of facilities are available en route and at the aerodrome of his destination. Whether the aerodrome has suitable fuel available; paved runways; the length of these runways; the elevation of the aerodrome; what hanger space is available; the communication frequencies, and what meteorological information is available. This is some of the useful information that is in the AIP and NOTAM.

A pilot, therefore, who is flying from the United States to Japan presents himself to the Brieffing Officer at the aerodrome of departure. He fills out a Flight Plan given the route he is to follow and the description of the route, the name of the aerodrome of his destination. Also the name of an alternate aerodrome. This is given in case the aerodrome of destination is closed when he gets there. He gives his cruising speed in knots. Also he must indicate whether be will fly IFR or VFR or a combination of both and moreover, he gives the flight level he wishes to maintain during the flight.

The pilot will have to report to Air Traffic Control at the various reporting points. With the information received from the pilot, Air Traffic Control provides separation for his flight across the USA, the Pacific Ocean and Japan, The pilot must not stray too far to the left or right of the centre line of the airway. Of course a pilot must always maintain his approved altitude as many aeroplanes are flying at different levels in both directions and, unauthorized leaving of the airway or assigned flight level would be very dangerous.

3.3. Meteorology

3.3.1. The atmosphere

Air is a mixture of gases and water vapour. A sample air contains oxygen, nitrogen, argon, carbon dioxide, and traces of hydrogen and inert gases. Air also contains a variable amount of water vapour and impurities such as dust, minute salt particles, etc.

Science divides the atmosphere into five main layers. They are known as the troposphere, the stratosphere, the .mezosphere, the thermosphere and the exosphere. The upper limit of the troposphere is called the tropopause.

Atmospheric stability is dependent on lapse rates - the rate of temperature decrease. The dry adiabatic lapse rate is the rate of cooling of dry air rising without any transfer of heat. If the air continues to rise, condensation of the water vapour will occur and the latent heat of condensation of the water will offset the adiabatic cooling.

Three possible conditions can be clearly distinguished: 1) absolute stability, 2) absolute instability, 3) conditional instability.

Atmospheric pressure is defined as the force exerted by the weight of the atmosphere on a unit area. A line can be drawn connecting equal values of pressure. Such a line is called an isobar. Isobar on a weather map shows some areas of realtively low pressure and other areas of relatively high pressure. The four types of pressure areas are: 1) low depression, or cyclone, 2) high, or anticyclone, 3) trough, 4) ridge.

The instruments commonly used in the measurement of atmospheric pressure are: 1) the mercury barometer, 2) the aneroid barometer, 3) the barograph

One of the most important factors of the atmosphere is moisture, which is found in three states: solid, liquid, and gaseous. As a solid it takes the form of snow, hail, sleet, frost, ice-crystal clouds, and ice-crysiai fog. As a liq​uid, pilots encounter it as dew, drizzle, rain and fog. In the gaseos state, water forms an invisible vapour and water vapour is the basis for all clouds.

Relative humidity is usually measured with a hair higrorneter or sling psychrometer.

Wind is moving air. In simplest terms wind is caused by three things: 1. different regions of pressure, 2. the earth's rotation, and 3. friction.

Clouds are countless millions of minute water droplets or ice particles. These microscopic specks have a central core of dust, ash, salt, or smoke (called nuclei).

Clouds may be classified according to appearance, the way they are formed or the height of their bases. There are special clouds which are of interest to aviators - tornadoes, waterspoute, contrails, snowstorms and dust storms.

The study of air masses, and more particularly their interaction, is called synoptic meteorology.

Front or frontal zone is defined as an interface or transition zone marking the boundary between two different air mases. There are several types of fronts with which the aviation should be familiar: the polar front, the cold front (both slow moving and fast moving), the warm front, the stationary front, and the occluded front.

The birth of new fronts, the regeneration of old, weak, and decaying fronts is called frontogenesis. The opposite process, the decaying and dissipation of existing fronts is called frontolysis.
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3.3.2. Weather

Fog is really a stratus cloud that forms at the ground or so close to it as too seriously imhair surface visibillity Cooling is the most frequent cause of fog formation. It may be due to loss of heat by the ground because of radiation (radiation or ground fog), loss of heat of warm air following over a coller surface (advection fog), adiabatic cooling of air streaming over rising terrain (up-slope fog). Fog may form as a result of nonsaturated air becoming saturated through evaporation from water warmer than the air-stream fog. If the evaporation is from rain falling through colder air, the fog is referred to as frontal fog.

Thunderstorms are generally classified according to the way the initial lifting action is accomplished. They are divided into two general groups, frontal thunderstorms and air-mass thunderstorms. Each thunderstorm progreses through a cycle which consists of the three stages: 1) the cumulus stage, 2) the mature stage, and 3) the dissipating stage or anvil stage. The hazards associated with thunderstorm clouds are: lifting, hail, altimeter errors, icing, snow, turbulence, rusts. One of the weather phenomena most respected by pilots is the squall line of thunderstorms which sometimes precedes a cold front.

Icing in caused by an accumulation of super-cooled water drops which form ice on air frames, engines, propellers, rotors, windows and other exposed surfaces of an aircraft and under certain conditions inside their power plants.

Three conditions are necessary for formation of either rime or glaze ice (not frost, however):

1) the presence of visible moisture

2) an outside air temperature at or below Freezing

3) an aircraft whose temperature is at freezing or less

There are several forms of ice which an aviator will encounter - snow, sleet, hail, propeller ice, rotor ice, windshield and canopy ice, Pitot tube ice and structural ice.

Turbulence is caused by random fluctuations of wind flow which arc instantaneous and irregular. There are four degrees of turbulence which the pilot should know: 1) light, 2) moderate, 3) severe, and 4) extreme, and four causes of turbulence 1) termal (or convective), 2) mechanical, 3) frontal, 4) large-scale wind shear. In addition to these phenomena, such as the wake turbulence.

Pilots operating at high altitudes should understand the following phenomena of high-altitude flight. Jet streams are very high-speed winds which usually flow west to east in narrow bands in the middle latitudes between 20000 - 40000 ft. Jet streams occur near regions where there is a large horizontal temperature difference between warm and cold air masses.

Clear air turbulence (CAT) is sometimes encountered in the vicinity of jet streams, probably as a result of large wind shears.

A contrail is generated in the wake of aircraft flying in clear cold humid air. There are three types: I) exhaust trails, 2) aerodynamic trails, 3) dissipation trails.

Canopy static is caused by solid particles (ice crystal of cirrus clouds) which brush against the canopy or other plexiglass-covered surfaces of the aircraft during flight and build up a static electric charge on them. When this static electricity is discharged, the accompanying noisy disturbance reduces radio reception.

There are ten principal sources of aviation weather information: 1) surface observation, 2) pilot balloon observation, 3) radar observation, 4) radiosonde observation, 5) weather recognizance flight, 6) meteoroligical rocket sounding, 7) satellite observation, 8) ships-at-sea report, 9) automatic meteorological observation stations (AMOS), 10) pilot reports.

3.4. Radio navigation and communication aids

If a wire is placed in space and excited with an alternating current of such frequency as to make the wire half wave length, almost all supplied a-c power will be radiated into space. A similar wire, parallel to the first wire, will intercept some of the radiated power, and an appropriate detector connected to this receiving wire can indicate magnitude, frequency and phase of the transmitted energy. This is the basis of all radio communication.

In order to communicate from the transmitter to the receiver, it is necessary to modulate the a-c in some manner. There are many variations. For instance: the continuous wave may be amplitude, frequency, or phase modulated;

pulses may be modulated in amplitude, time, or arranged into various codes. By general agreement, radio frequencies have been categorized-

Name 


Abbreviation 
Frequency

Wave length

Very Low Frequency 
VLF

3 to 30 kHz

100 to 10 km

Low Frequency 

LF

30 to 300 kH

10 to 1km

Medium Frequency 
MF

300 kHz to3 MHz
1km to 100m

High Frequency 

HF

3 MHz to 30 MHz
100m to 10m

Very High Frequency 
VHF

30 to 300 MHz

10m to 1m

Ultra High Frequency 
UHF

300 to 3000 MHz

Im to 1Osm

Super High Frequency 
SHF

3000 to 30000 MHz
10 sm to Ism

Extremely High Frequency 
EHF

Above 30000 MHz
Less than 1 sm

In free space all radio waves arc propagated in straight lines at the speed of light. Along the surface of the earth, however, two other methods of propogation arc of importance:

- up to about 3 MHz, an appreciable amount of energy follows the curvature of the earth; that is the so called ground wave;

- up to about 30 MHz, appreciable energy is reflected from the ionosphere; that is the so called sky wave The known speed of propogalion, coupled with accurate knowledge of time, has invited the use of radio for distance measurement. Furthermore, by knowledge of differential distance of two receiving antennas from one transmitter, the direction of the transmitter can be determined.

It is considered it would be helpful to give an explanation of the role of navigation aids in present air traffic control systems and to describe how the efficiency of these aids contribute towards the safety and expedition of aircraft into and out of Inc airport environment. Routes rely for their delineation upon the existence of groundbased navigational aids of sufficient accuracy and in sufficient quantity not only to ensure that the aircraft using these airways remain within the confine of the airspace but be also sufficiently accurate for the aircraft to be able to determine its position within a tolerance which will permit air traffic control to use this information for the purpose of separating traffic one from another in time sequence and for confirming or correcting other: planned applications of separation standards. These navigational aids mark out the routes and act as three-dimensional traffic lights at which the airborne position of the aircraft can be checked and also at which they can be «held» if necessary, to regulate the traffic flow on a particular route or at a conflux of routes such as a terminal area.

3.4.1. Direction finders

Very high frequency direction-finding stations (VDF) take bearing on airborne transmitters and then advise the aircraft of its bearing from the station. The basic principle of direction finding is the measurement of differential distance to a transmitter from two or more points.

We construct a loop of wire whose inductance is resonated by a variable capacitor to the frequency to be received. The signal is assumed to be vertically polarized and consequently, it induces voltage in the arms of the loop. These currents will be equal in amplitude and phase when the plane of the loop is exactly 90 degrees to the direction of arrival of the signal. The connection to the receiver is such that no output is obtained when these currents are equal and in phase. Thus we may rotate the loop until the signal disappears and the station is then 90 degrees from the plane of the loop
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Structure of VDF

Non-directional radio beacon (NDB)

These beacons are also known as compass locators. NDBs are connected to a single vertical antenna and produce the pattern. Operating in 200 - 160 kHz bands, they have power output ranging from as low as 20 Watts up to several kiloWatts. Modem designs are 100 percent solid state.

NDB transmit vertically polarized signal in all directions from the point of transmission. An aircraft, carrying radio compass, tunes in thestaition on its frequency and measures the direction of the incoming wave with reference to the nose of the aircraft.

Emissions of radio signals are classified according to the characteristics of the signal. Different types of emissions are identified by means of a simple code consisting of one letter of the alphabet and one numeral. A stands for amplitude modulation, F for frequency modulation, Р for pulse modulation.

The numbers that are used in conjunction with NDBs are as follows:

0- the carrier carries modulation intended to convey information,

1- information is conveyed but causing breaks in the carrier wave and thus producing Morse characters,

2- information conveyed by ON/OFF keying of the modulating signal and not carrier wave.

3- information is conveyed by speech or music (telephony information) -
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3.4.2. Marker beacons

Marker beacons operate at 75 MHz and radiate a narrow pattern upward from the ground. The first beacons to be used, the so called Z-markers, generated a conical pattern; later ones generated a fan shaped pattern, the axis of the fan being at right angles to the airway. The transmitter is crystal controlled and delivers up to 100 Watts. It is tone modulated, its identity in Morse code indicated by gaps in the tone.

3.4.3. VHF omnidirectional radio range VOR

The VOR itself has for some 30 years been the ICAO international short-range navigational aid. It consists of a ground beacon which transmits a signal from which an airborne receiver can determine the aircraft bearing from the beacon. It thus provides a simple means of flying radial path either from or towards the ground station. More recently the use of airborne navigation computers combined with VOR and DME enables the aircraft to fly desired path, other then the direct radials, thus providing an area navigation capability.

The VOR operates in the 108 to 119 MHz band. The ground station radiates a cardioid pattern that rotates at 30 rps, generating a 30 Hz sine wave at the 5 output of the airborne receiver. The ground station also radiates an omnidirectional signal, which is modulated with a fixed 30 Hz reference tone. The phase between the two 30 Hz tones varies directly with the bearings of the aircraft. Since there is no sky wave contamination at very high frequencies and no interference from station beyond the horizont, performance is relatively consistent and is limited only by major factors:

1) site error, due to reflecting objects near the transmitting facility

2) errors in reading 30 Hz phase differences in the airborne equipment

Doppler VOR (DVOR) so called since the well-known doppler principle is used in generating the ground beacon signals has considerably improved the VOR system performance since such beacons have much greater immunity from multi-path propagation effects.

3.4.4. Distance measure equipment DME

DME operates in the 960 to 1215 MHz band. The aircraft interrogator transmits pulses on one of 126 frequencies spaced 1 MHz apart. The ground beacon receives these pulses and, after a fixed delay retransmits them to the aircraft. The airborne interrogator compares the elapsed time between transmission and reception, subtracts out the fixed delay, and displays the result on a meter calibrated in nautical miles. Each beacon is designed to handle 100 aircraft.

As previously explained, the carnage and use of DME which together with VOR, permits an aircraft to be navigated, if desirable, using its on-board computers, on a course parallel to the physical position of the associated ground aid. It follows that if all aircraft using an ATC system were capable of lateral tracking and if the navigational aid in use possessed a high degree of accuracy, it would be possible to separate aircraft on lateral tracks at the same height or level instead of in a line-astern configuration, which is primarily the case at present. This capability within a system is called area navigation.

3.4.5. Instruent landing system ILS

The ILS is designed to provide an approach path for exact alignment and descent of an aircraft on final approach to a runway.

The ground equipment consists of two highly directional transmitting systems along with three (or fewer) marker beacons. The directional transmitters are known as the localizer and glide path transmitters.

The system may be divided functionally into three parts: Guidance information - localizer, glidepath Range information - marker beacons, Visual information - approach lights, touchdown and centreline lights, runway lights

1) The localizer transmitter, operating on one of the twenty ILS channels within the frequency range of 108,1 MHz to 111,9 MHz, emits signals which provide the pilot with course guidance to the runway centreline. Identification is in International Morse Code and consists of a three letter identifier preceded to the letter !(..) transmitted on the localizer frequency. Example: I - DIA

2) The UHF glidepath transmitter, operating on one of the twenty ILS channels within the frequency range 329.3 MHz to 335,0 MHz radiates its signals principally in the direction of the final approach.
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ILS beams

The glide slope transmitter is located between 750 feet and 1250 feet from the approach end of the runway (down the runway) and offset 400-500 feet from the runway centreline. It transmits a glide path beam 1,4 degrees wide. The term «glide path» means the portion of the glide slope intersecting the localizer.

The glide path projection angle is normally adjusted to 3 degrees above horizontal so that it intersects the middle marker at about 200 feet and the outer marker at about 1400 feet above the runway elevation.

The glide path facilities provide a signal which flares from 18-27 feet above the runway. Therefore, the glide path should not be expected to provide guidance completely to a touchdown point of the runway.

3) Ordinarily, there are two marker beacons associated with an instrument landing system; the outer marker and middle marker. However, some locations may employ a third marker beacon to indicate the point at which the decision height should occur when used with a Category II ILS.

The outer marker (OM) normally indicates a position at which an aircraft at the appropriate altitude on the localizer course will intercept the ILS glide path. The OM is modulated at 400 Hz and identified with continuous dashes at the rate of two dashes per second.

The middle marker (MM) indicates a position at which an aircraft is approximately 3500 feet from the landing threshold. This will also be the position at which an aircraft on the glide path will be .at an altitude of approximately 200 feet above the elevation of the touchdown zone. The MM is modulated at 1300 Hz and identified with alternate dots and dashes keyed at the rate of 95 dot/dash combination per minute.

The inner marker (IM), where installed, will indicate a point at which an aircraft is at a designated decision height (DH) on the glide path between the middle marker and landing threshold. The IM is modulated at 3000 Hz and identified with continuous dots keyed at the rate of six dots per second

3.4.6. Loran-A

Loran-A is an abbreviation of long range navigation. A loran chain normally comprises a «master» and two «slaves», it is usually installed along a coastline to serve vehicles on or over the ocean. Loran creates a hyperbolic line of position, with the master and slaves as foc. The interseption of two such lines, one from each slave provides a fix.

3.4.7. Omega

The fix is established by the intersection of two hyperbolic lines of position. These are determined by measuring the phase difference of two received signals (slaves) in relation to a third signal (master).

3.4.8. Consol

Low frequency omni range (still in limited use in the North Atlantic. Multilobe pattern rotates once a minute. It can be received by any low frequency receiver.

3.4.9. Tactical Air Navigation (TACAN)

For reasons peculiar to military or naval operations the civil VOR-DME system was considered unsuitable for military or naval use. A tactical navigational system, TACAN, was therefore developed by the military and naval forces to more readily lend itself to military and naval requirements.

As a result, the FAA has been in the progress of integrating TACAN facilities with civil VOR-DME prorgamme. These integrated facilities are called VORTAC's.

TACAN ground equipment consists of either a fixed or mobile transmitting unit. The airborne unit in conjunction with the ground unit reduces the transmitted signal to a visual presentation of both azimuth and distance information. TACAN is a pulse system and operates in the VHF band of frequencies. Its use requires TACAN airborne eguipment and does not operate through conventional VOR eguipment.

3.4.10. VHF omnidirectional range/Tactical air navigation VORTAC

VORTAC is a facility consisting of two components, VOR and TACAN, which provides three individual services: VOR - azimuth, TACAN - azimuth and TACAN distance at one site. Although consisting of more than One component incorporating more than one operating frequency and using more than one antenna system, a VORTAC is considered to be a unified navigational aid.

Transmitted signals of VOR and TACAN are each identified by three-letter code transmission, and are interblocked so that pilots using VOR azimuth with TACAN distance can be assured that both signals are being received definitely from the same ground station.

3.5. Aerodromes

The elements which comprise the overall complex are:

- access/egress facilities;

- airport landside which consists of passenger and cargo-handling buildings, including aircraft loading and unloading facilities, taxiways, runways with their related facilities such as lights and landing aids;

- airport airside. This element relates to the capacity and capability of the airport to accommodate different categories of aircraft: CTOL (conventional take-off and landing), RTOL (reduced take-off and landing), STOL (short take-off and landing), ZTOL (zoom take-off and landing) and VTOL (vertical take-off and landing);

- terminal airspace. Involved in this element is the airport's accessibility airspace restrictions to and from the airport, traffic pattern conflict with other neighbouring airports, and airspace structuring to facilitate arriving and departing aircraft.

The area of an aerodrome used for take-off consists of the runway, the stopway, and the clearway. Take-off distance requirments are determined by the stipulation that at speed VI critical engine failure speed should exist at which, in the case of engine failure, the aircraft can stop in the emergency stop distance available or continue the take-off and reach a height of 35 feet in the take-off which is able to support the aircraft during an aborted take-off without causing structural damage
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Stopway

The clearway is also a strip of the same width as the runway and an extention of the runway (and stopway if there is one) which is free of any obstacles with the exception of threshold lights. It should be noted, that a clearway is not on the ground, but it is a plane extending into the air from the end of runway (not the stopway).
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Clearway

Within certain limits, stopway, clearway and runway lengths are interchangeable on take-off. If a lower VI is selected, the emergency stop distance required (runway and stopway) in reduced, but the take-off distance required (runway + stopway + clearway) is increased.
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Effect on field requirements of changing VI

Figure shows that the take-off distance is minimum when the required clearway is zero, i.e. when VI is chosen so that the emergency stop distance and take-off distance are equal. This is the balanced field length. The unbalanced field length is the condition where the take-off distance and accelerate-stop distance are not equal. The emergency stop distance, called accelerate-stop distance is the distance from start of roll to stop with engine failure at VI.

The required take-off distance is the distance from start of roll to reaching a height of 35 feet with engine failure at VI, or 1,15 - times the distance from start of roll to reaching a height of 35 feet with all engines operating, which ever is greater.

The required take-off run is the distance from the start roll to the lift-off speed, with engine failure at VI.

The landing distance (which must. not be greater than runway length) is 1,67-times the distance from 50 feet to a complete stop. The landing distance is normally less then the take-off distance except in the case of some very short-range aircraft, which are required to land and take-off at approximately the same weight. However, there are requirements that no obstruction obtrude into the take-off and approach surface which are imaginary sloping planes meeting the ground respectively at the end of the available take-off distance and the runway threshold.

Several criteria have been involved for relating the strength of runways to maximum permissible aircraft weight. The subject is a complex one involving tyre pressure, the number of wheels and their distance apart, in relationships which themselves depend on the flexibility of the pavement. The criteria in most common use are the Pavement Classification Number.

Surface must be strong and graded for drainage, and scored with grooves to prevent aquaplaning, skidding on a film of water. In rain, ice and snow, friction metres (skidometers) towed at speed, measure the runway's braking action and the information is relayed to the pilot.

Noise is a major problem which affects the operation of an aerodrome. Sound is recorded in effective perceived noise decibels (EPNdB) which also measure types of noise.

A computer-drown noise footprint, is a contour map of the take-off, approach and landing noise around an aerodrome. Noise abatement procedures are applicable at very major aerodrome, and this can seriously interfere with effecient air traffic flow.

A large international airport needs most of the facilities of town sewage farms, transport services, medical centres, shops, banks, hotels, etc., apart from special airport equipment.
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Anatomy of air terminal

Medical centres may offer vaccination as well as casualty facilities; large airports may have operaring rooms.

Staffed restrooms and nurseries are provided for passenger use at some large airports.

Duty free shops are usually positioned near the departure gates. Their use is restricted to international passengers with boarding passes.

Banks and foreign exchange counters are found in most air terminals. An airport information desk, airline ticket sales, a tourist bureau and a hotel reservation desk usually surround the concourse.

A flight information board shows flight departure, times and gate numbers, and flight cancellations. Observation desk with coffee shops, telecopes and loudspeaker quides to aircraft movements, are open to public, usually for a minimum charge.

Concourses usually located on the arrival and departure floors, are scaled to accomodate peak passenger flows with surge areas allowed for a sudden influx of arrivals, or a sudden hold-up of departures. Insurance may be bought from machines.

Airline check-in counters on the departure floor process passengers and their baggage. Passport control and Customs are necessary only for passengers on international flights; mail and telegraph facilities exist at most large airports.

Airlines have own offices, distinct from the airport administration.

The operations centre houses central computer controlling flight information display units.

At the check-in desk passengers' tickets are verified and their baggage is totalled. An average allowance is made for the passenger's weights: manual compilation of load sheets is being replaced by computer readouts to ensure that the aircraft's total weight and centre of gravity stay within limits. Here passengers can check that their luggage has been labelled with the correct code for the destination airport.

Domestic flights need no Customs procedures but there may be a security check. A special range of vehicles can be seen at any airport. Some, such as the trucks with «Follow me» signs to guide aircraft to their bays, are standard commercial vehicles.

Departures lounges (also known as holding rooms) are big enough to hold peak-season crowds.

The gates lead embarking passengers to piers, jetties, mobile lounges or air stairs.

At immigration and health control checks are made for blacklisted people, illegal immigrants, and necessary vaccination certificates.

Airoport buses, and taxis wait at ground level, and there may be park or rail termicab below ground.
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Customs check for disembarking passengers may be random or work in the widely used colour coded system where travellers with declareable goods pass into one sector and others pass streight through, subject to random checks.

Long, narrow jetties reduce the surge of 300 to 500 passengers disembarking from wide-bodied jet.

Mobile belts conveyors that lift baggage up to aircraft holds, can be raised at both ends.

Fork lift trucks, highly manoeuvrable with rapid «lift and lower» speeds may carry up to 89600 Ibs (1 kilogram 2,2046 Ibs) of air cargo.

An aircraft refueller has an elevating boom on top for overwing refuelling. The largest can pump 832 gals a minute (1 gallonsa 4,546 liters).

A hydrant dispenser is linked to a hydrant supplied by the airport fuel farm. It can fuel a 747 in ten minutes. A tug carries the aircraft nose-wheel on its platform. Its high 40-mph speed is needed on the long taxiways. Ground power units (GPU) are used to start engines and to give power to electrical systems on the ground when the engines are not running. Though useful on busy aprons they are not needed at airports that supply power from ring main connected to the power centre, or by aircraft with auxiliary power unit (APU).

Commissary trucks bring aircraft cleaning and catering staff to aircraft awaiting turnaround. The body of the truck can be raised on hydraulically operated scissor legs up to the level of the passenger deck.

Push-out tugs are used to manoeuvre aircraft backwards into oddly-positioned parking bays by attaching to the nosewheel and pushing it.

Drinking-watersupply trucks holding 650 gals or more can refill an aircraft tank at 20 gals a minute.

Self-propelled aerial platforms give easy access for aircraft maintenance. Heavy tugs, weighting an eighth of the 747 they pull can have a single cab or one at each end. A double deck loader, used to load air cargo pallets, has two scissor-lift platforms. The lower rises to nine feet and the upper deck mounted on a nine-feet chassis, can extend up to 18-feet deck height of a Boeing 747, this arrangement facilitates faster air cargo handling.

A hydrolic platform is used to service and clean inaccessible parts of an aircraft, such as the windscreen. Mobile lounges reduce apron congestion by conveying passengers to aircraft parked away from the terminal. Major airports are equipped with rapid intervention vehicles (RVIs) able to reach runways within two minutes of alarm. Heavy duty vehicles are designed to cross ground to reach a distant runway (by circuitious route, they cannot drive across runway in use) or the overshoot and undershoot areas where most fatalities occur. RVIs are fast trucks that carry foam; water, medical and rescue equipment and lights for use in fog and darkness. Heavy duty foam tenders are large and carry turret mounted foam guns which are able to project the foam up to 300 feet. Foam smothers the flames and cools the area around to prevent further outbreak of fire. Water is only really effective as a coolant. Powder is most effective on localized fires in wheels or tyres or in electrical apparatus.

Snow clearance operations are carried out by chains of vehicles: a high-speed runway sweeper, snow ploughs, follow snow blowers.

3.6. Marking and lighting aids

A system of markers is generally provided at all international aerodromes. The system of day markers includes runway centreline markings and touchdown zone markings.

The centreline markings are displayed not only on the runways but also on all paved taxiways. At intersections of taxiways with runways we may see holding positions markings.

The runway threshold markings consist of a series of longitudinal stripes of uniform dimensions disposed symmetrically about the centreline of the runway. The fixed distance marking may be provided together with touchdown zone markings.

An essential part of any major airport to facilitate air traffic use day and night and under all-weather conditions is its lighting system. International standards for such lights have been established by ICAO which call for certain minimum equipment.

Some of standard installations normally installed are:

- rotating beacons to mark the location of an airport,

- approach lighting system to provide the basic means for transition from instrument flight to visual flight and landing,

- condenser-discharge sequenced flashing-light system which is series of brilliant blue-white bursts of light flashing in sequence along the approach lights,

· visual-approach slope indicator (VASI) which provides visually the same information that a glide-slope unit of an ILS provides electronically in form of red and white lights to indicate the correct glidepath.
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- touchdown zone and runway centreline lighting to facilitate landing under adverse visibility conditions,

- runway-end identification lights (REIL) to facilitate rapid and positive identification of the approach end of a runway,

- blue edge lights on the taxiways and sometimes green centreline lights marking the route of taxing,
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3.7. Elements of aerodynamics

If an airfoil is inclined at an angle to the direction of airflow there is an increased velocity of flow over and reduced velocity of flow under the wing so that the pressure distribution is as illustrated.

[image: image14.png]



Pressure distribution

Next to the surface of the aerofoil there is a thin layer of air which retarded by friction with the surface. This is called the boundary layer.

The resultant force on the aerofoil must be at right-angles to the average direction of the airflow. This force may be resolved into two components, one at right-angles to the free airflow which is lift, and one in the direction of free airflow which is drag. The drag is usually divided into three components: skin friction drag, snap drag and induced drag. The purpose of an aeroplane's wing is to produce lift.
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The aircraft wing

Figure illustrates the nomenclatures used in describing the size shape of a wing.

The wing span is the distance tip to tip. The chord may be considered as the straight line through the centres of curvature of the leading and trailing edges. On modern aeroplanes the length of the chord varies, the terms root chord and tip chord are used to describe chord at the wing root and the wing tip.

The mean aerodynamic chord (MAC) is the chord of an imaginary wing of constant section with the same span as the real wing and the same lift and drag.

Sweep back is the angle between the lateral axis of the aircraft and a line joining a point on the root chord one-quarter of its length back from the leading edge to a point on the tip chord one-quarter of its length back fron the leading edge.

Taper ratio is the ratio of the span to the average chord length.

The angle of attack is the angle between the chord and the direction of free airflow.

The mean camber line is a line equidistant from the upper and lower surfaces of the wing
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Camber changing devices

The control of section lift and drag involves control of the boundary layer. Shaping aerofoils by variations of camber, trickness distribution, slots, slats, flaps, and as well as we shall see vortex generators, are all ways of inducting the boundary layer to develop and behave in controlled manner.

3.8. Control and stability

There are three sets of reference axes that are significant in the measurement of stability and control the body axis, the wind axis, and the inertia axis.
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Axes of motion

The body axis have their origin at me centre of avidity (CG). Pitching, yawing and rolling takes place about the CG.

The wing axis, or stability, is the axis along which the relative wind is assumed to blow.

Although it is necessary for level unaccelerated flight that lift should be equal to weight and thrust snould be equal to drag, this is not sufficient. The third requirement is that these forces should balance, that is that the sum of their moments about any point should be zero.

Balance and control require movement of the centre of pressure. Balance is achieved by trim. When an aircraft is properly trimmed, the force on the control column in unaccelerated flight is nil.

The aircraft is statically stable if the resultant moment about CG decreases the angle of attack. In responding to the disturbance the dynamic situation inevitably appears. If the oscillations die away with time then the aircraft is dynamically stable. If a disturbance results in further divergence of the aircraft from the flight path, then it is statically and dynamically unstable.

Lateral and directional stability are two aspects of a mutual and largely inseparable problem. If the aeroplane is neutrally stable in roll, then a sideslip in the direction of jaw will follow, ending up in spiral dive. If directional stability is weak and the lateral stability is strong, then jaw will be accompanied by a roll away from the direction of yaw; a motion that reduces a sideslip and then reverses it. Resultant motion is an uncomfortable oscillation in roll accompanied by a cycle yawing. Dutch roll as the motion is commonly experienced with aircraft with swept wings.
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Empennage surfaces

Pitch control is effected by elevators in unaccelerated flight she aircraft is trimmed to achieve balance with zero elevator force. The coventional method is trim tabs, but some high-performance aircraft trim by altering the angle of attack of the whole tailplane which is then called in all moving horizontal tailplane or slab.

Directional control is by yaw moment produced by deflection of the rudder which is mounted on the fin. The rudder is trimmed by tab.

Lateral control is achieved by ailerons on the wings. Which are deflected in opposite directions.
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Wing's control surfaces

Ailerons may be fitted with control tabs.

For flight at comparatively low speed ailerons are placed well outboard, but as design speeds increase and aerodynamic loads with them, ailerons are placed further inbound. At high speed spoilers may be used to break down the lift of a wing,

3.9. The structure

A wide range of materials is used in the construction of an aircraft: aluminium alloys, steel, copper, wiring, rubber, magnesium, titanium, plastics, fabrics, glass, wood, lead. The mechanical properties of greatest importance are specific strength and specific stiffness.

A material is supposed to be stressed when it is loaded in a particular way. The three basic stress forms are known.
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Three basic stresses

The first, tensile stress, is caused by pure tension distributed across the cross-sectional element at X-X. The

second, compressive or bearing stress, is the reverse of the tensile stress. The third, shear stress acts tangentially to the surface of contact as for example, in the given case of a rivet holding two plates together.

In flight the aerodynamic loading on the air frame is constantly changing and the inertia loading with it.

Historically the main partsr of an aircraft structure are the fuselage, wings and tailplanes.

Taking the fuselage first, the skin is usually formed of metal sheets riveted or spot-welded to metal frames, formers and bulkheads. The centre of a former is cut away, so that a former is really a stiffering outline for maintaining the form of the skin. A bulkhead is a complete section cutting like a diaphragm across a body. A bulkhead may be pierced by holes and doorways.

Running lengthwise along the fuselage, supported by the bulkheads, frames and formers and, in turn, supporting the skin are the stringers. The longerons are related to the stringers, they run fore and aft serving a major structural loading. If the skin is thick enough there may be no longerons as such, the end-loads being met by an arrangement of stringers.

Airfoil surfaces consist of spars and ribs. Ribs and skin can form the wing-tank surfaces. From the point of view of safety, interior structure (walls, ceilings, floor panels) and seat materials should be more fire-re lardant. Airline seat should have a fire blocking layer that would delay igniting of cushion material in the seats. Skins can be made of fiberglass, plastic or honeycomb filling.

3.10. Aircraft systems

An aircraft system is a set of devices which- together perform a function related to the operation of the aircraft. 

3.10.7. The electrical system

The services for which electric power may be required include: engine starting, propeller pitch, engine controls flying control servos, flap motors, fuel pumps, de-icing, interior lighting, galley and toilet services, exterior-lighting, indicators and gauges, communication and navigation equipment, instruments, actuators, warning lights and sounds, nydrolic pumps.

The electrical generators are driven by the aircraft engines. Since the output is in the form of alternating current (AC) of a rrequency of the determined by the rotational speed  of the generator, the frequency of the AC depends  on the speed of engines. This is unacceptable for many purposes. ThereforeJt is customary for the engine to drive the generator through a constant speed unit which maintains a constant Frequency of generator output.

Certain essential services operate on a 28-volt system supplied either from the main AC through a transducer unit, the 28-voli battery, or a ground power supply.

3.10.2, The hydraulic system

With rare exceptions, hydraulics are used in airlines for operation of undercarriage, wheel brakes, nose wheel steering, flying controls, flaps air brakes and horizontal stabilizer trim. Separate selfcontained low-power electrohydrolic services may also be used for specific purpose such as windscreen wipers.

The pumps, which are the power generators in a nydrolic system, may be driven directly by the engine, but are sometimes electrically driven. A non-inflammable liquid is the usual working fluid.

Circuits and pumps are duplicated or even triplicated as a provision against mechanical failure or leakage.

3.10.3. Flight control system

In relatively small aircraft the pedal and manual forces exerted by the pilot are transmitted through a system of cables and rods to the control surfaces which therefore move in direct response to the movement of the pilot's controls.

In larger aircraft the forces are impos'sibly high for the strength of a human pilot. Onesolution is an aerodynamic balance. The alternative is to use the movement of the pilot's controls only as a signal to power units which actually move the controls

The powered controls demand шоге exacting standards  of reliability than any other control systems. To ensure longitudinal control in all emergencies, the elevators are electrically operated whereas the variable incidence horizontal stabilizer is powered by the hydraulic systems.   Similarly, lateral control is by spoilers operated by the hydraulic system and ailerons are operated elecmcaly. In the event of total power failure, a ram-air turboalternator can be extended into the slip-stream to provide a source of electrical and hydraulic power from the air-flow on the windmilling principle. The control surfaces are in sections, each entirely independent of other and with its own power unit.

3.10.4, Fuel system

The wing is primary storage space for fuel. It has a large volume which would otherwise be useless, and the consumption of fuel does not change the position of the aircraft centre of gravity (CG) excessively.

In airliners the wing-skin itself is usually the tank which is described as an integral tank. The storage area is divided into separate tanks to avoid large motions of the fuel within the wing. An alternative system is the bag tank where the fuel is stored in collapsible bags. A leaking bag tank is difficult to identify and tedios to replace.

Each fuel tank has its own booster pumps to deliver fuel at a relatively low pressure to the engines which have their own high pressure fuel-pumps. Normally each main tank feeds one engine (with full provision for cross-feed) , and the remaining tanks transfer their contents to the main tanks as fuel is consumed. Tanks are sometimes vented to the atmosphere in such way that there is some ram effect and pressure is slightly higher than ambient.

A large aircraft may carry 100000 litres of fuel and the standard procedure is to fuel underwing at high pressure There is always provision for overwing refuelling under gravity. Pressure-fuelling facilities should not be necessary.

Fuel-quantity indicators use probes fixed at the bottom of the tank which sence, by measurement of capacitance the weight of the head of fuel above the probe. They therefore indicate the weight, not the volume, of the fuel contents.

The volume of fuel in the tanks may be checked by dripsticks-hollow tubes which are inserted underwing through a special fitting into the tanks until fuel ceases to drip through.

Although volume flow of liquid can be measured with great accuracy, the mass flow is more difficult to measure. This is one good reason why fuel is supplied by volume and not by weight. Cockpit instruments include mass flowmetres for each engine and an integrating device indicating kilos gone since engines, were started.

3.10.5. Cabin pressurization and air-conditioning

All jet airliners are pressurized. Pressurized air is supplied to the cabin either by bleed from the engine compressors or by special compressors driven by the engines and using air from ram-air scoops existing for the purpose.

Air on compression is heated. If the atmospheric lapse rate below the aircraft were dry aircraft adiabatic and if compression were exactly adiabatic the air supplied to the cabin would be at mean sea-level temperature. The air-conditioning system must therefore include facilities for both heating and cooling the air. As high-altitude air is very dry, humidification is desirable for passenger comfort.

Cargo holds are pressurized, but means of heating or cooling is either not supplied or limited.

3.10.6. Ice - prevention systems

Airliners are normally equipped for all-weather flying and protection against excessive ice accretion on leading edges of wings and tail surfaces. Propeller leading edges, engine intakes and pilot's windows are standard. Ice prevention sys the hydraulic system

With rare exceptions, hydraulics are used in airlines for operation of undercarriage, wheel brakes, nose wheel steering, flying controls, flaps air brakes and horizontal stabilizer trim. Separate selfcontained low-power electrohydrolic services may also be used for specific purpose such as windscreen wipers.

The pumps, which are the power generators in a hydrolic system, may be driven directly by the engine, but are sometimes electrically driven. A non-inflammable liquiram-air heated in a heat exchanger with turbine air: Entry guide vanes may be heated by hot air circulating inside.

The leading edges of the horizontal and vertical tail surfaces are usually heated electrically for de-icing, and so. are the propeller leading edges-sometimes cyclically.

Windscreen de-icing is usually by electrical heating through a transparent conductive sheet, laminated within the windscreen.

3.10.7. Landing gear

All modern airliners have the retractable type of undercarriage. The main indercarriage is slightly behind the most rearward position of the center of gravity possible, and the remaining weight of the aircraft is bome by the nose wheel which can be usually steered.

On large aircraft each main undercarriage bogie has four wheels and те nose-gear two wheels, making a total ten wheels. Having a large number of wheels-apart from being a protection in the event of tyre blow-out destributes the weight over a large area thus reducing runway strength requirements.

In addition to the gear itself essential provisions include: duplicate-powered system for retracting and lowering gear; emergency system for lowering gear; up-lock; down-lock; flight-deck indication of correct functioning of the systems.

3.11. Airborne computers

Digital computers

Computers generally consist of four major units: storage or memory, arithmetic and logic, control and input/output. Arithmetic unit, memory and control unit create a processor or processing unit.

Digital computers combine the basic piece of information a binary digit, bit, into groups of 8 bits (referred to as bytes) for processing. Computers operate with groups of bits; groups of bits comprising a computer word.

Programming directly in machine language is time consuming and prone to error. Programming techniques have been developed for writing the routing portion of the programme and preparing it for use by the computer.

Subroutines are extensively used not only to decrease programming effort but also to decrease memory capacity requirements. Examples include trigonometric functions, exponential, date sorting, memory load, etc..

Airborne computer design places great emphasis on high reliability. Reliability is frequently expressed in terms of mean time between failure (MTBF).

Digital computers operate on the basic of discrete numerical techniques in which variables are represented by coded pluses and/or logic states. The information content of the digital signal is expressed by the discrete states of the signal, such as the presence or absence of a voltage or a contact in the open or closed position.

Analog computers

Analog computers create physical analogies — such as voltages, shaft angles, or pulse rates — which change in accordance with the same equation as does the problem to be solved. An analog computer can solve sets of ordinary; simultaneous and nonlinear differential equations, perform coordinate transformations, multiplication, integration, and compute trigonometric functions in real time.

Analog intergrated circuits (IC) operate directly on a continuous signal to change the signals waveform amplify in, or otherwise modify it for a specific and function. Typical analog circuits are operational amplifiers — usually threeterminal devices using feedback loops and working as inverting amplifiers, summing amplifiers, impedance converters, etc. Other typical of analogy ICs are phase locked loops, voltage regulators, timers, comparators, interfaces, displays, drivers, D/A and A/D converters, sence amplifiers, etc.

3.12. Turbine engines

Engines produce thrust as an equal and opposite reaction to the change of momentum given to particles of working mass.
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Jet air stages

Air enters the air inlet section, goes through a compressor section where its pressure is increased, enters a burner section where fuel is added for combustion, passes through a turbine section, and then leaves the engine through the exhaust section nozzle at a high velocity which produces thrust.

The turbine has a wheel which is turned by exhausted gas. A shaft connects the turbine wheel to the compressor. In general, turbojet engines are classified as either having a centrifugal and flow compressor or an axial flow compressor.

Axial flow compressor

Axial compressors produce higher compression ratios. It is made up of rotor blades and stationary stator vanes The rotor blades are shaped like airfoils. The stator vanes, also designed like an airfoil, are mounted behind each set of rotor blades. They receive the air from the rotor and direct it towards the next stage.
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Axial flow compressor

One set of rotor blades and stator vanes constitutes a stage in the axial compressor. Two types of axial compressor engines are commonly found — those so-called single compressors and those with dual compressors.

In dual compressor engine each compressor is mechanically independent on the other, and each compressor has its own turbine. The forward, or low-pressure compressor is driven by rear turbine.

Burner section

About 25% of the air entering the burner section is mixed with fuel for combustion. The rest of the air bypass the fuel nozzle and is used to cool the combustion chamber.

Basically, a jet engine ignition system does not have to be used continuously for extended period of time. Also, jet fuels, at the extremely cold temperatures encountered at high altitudes, require a very hot spark in order to relight the engine in case of a flame out. The sparks used are termed ignitier plugs. Turbojet engines may have as many as 15 separate combustion chambers connected with crossover tubes.

Turbine section

Once the hot exhaust gases and unburned air leave the combustion section, they are directed into the turbine secton. The turbine wheel has to sustain high pressure and temperatures placed upon it.
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Single stage turbine

Similar to the compressor, the turbine section may consist of more than one stage. And like the compressor, they are composed of alternating rows of turbing wheel blades and stationary vanes.

Exhaust section

The exhaust section is slightly a trapered tubular duct which connects the turbine outlet to the exhaust nozzle is designed to increase the velocity of the gases.

Turboprop engine

The turbine in this engine is desined to absorb most of the energy from the exhaust gases. Part of this energy turns the compressor, the remaining energy is passed from the turbine to the propeller.
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Turboprop engine

However, a reduction gear must be used in order to reduce the RPM (revolution per minute) of a propeller and keep its top speed below that of the speed of sound.

Turbofan engine

The turbofan engine is sometimes referred to as a ducted fan, or bypass engine.

The turbofan engine has one or more rows of compressor blades which extend beyond the normal length. These longer blades are capable of pulling large volume of air through ducts outside the compressor section. This ducted air bypass the cumbustion section. The fan is run directly by the turbine and does not require reduction gearing, as does the turboprop.

The turbofan engine is more fuel economic due to involving larger volume of air for generating thrust.
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Turbofan engine

An all-new technology engine is being developed which has 50% fewer parts than other similarly sized engines. It has a fuel authority digital electronic engine control. The use of a specially designed rotor, so-called thermatic TM rotor in the HP (high pressure) compressor saves fuel and contributes to simplier parts design and less assembly time.

The thrust reversers The thrust reversers have been developed in order to minimize the wearing of wheel brakes.
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Thrust reverser

Located at the rear of the jet nozzle, this thrust reverser mechanically blocks the exhaust gases and diverts them at an angle whereby the direction of thrust is reversed.

Engine fuels

The qualities required of a gas-turbine fuel include: high heating value, standardized viscosity and density over the range of operating, handling and storing temperatures, low and balanced volatility, absence of corrosive components, absence of impurities which corrode of obstruct, chemical stability. Kerosene is used for aircraft gas turbine engines.

3.13. Flight instruments

The main control loops involved in flying airliner are:

Pilotage, which is concerned with the phisical control of the aircraft through the aircraft controls in order to achieve a desired manoeuvre.

Guidance, which provides the date for pilotage.

Flight management is the process of taking decisions on the flight programme to control the flight safety, efficiently and in compliance with ATC instructions.

The altimeter

The altimeter is basically an aneroid barometer which measures the static pressure and indicates the altitude in feet corresponding to this pressure in a defined atmosphere. Altimeters have a sub-scale (correction window) on which any pressure may be set. Various settings available are given in Q-code: QNH, QFE, QNE.
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Appearance of typical altimeter indicator

The instrument suffers from five different errors as follows: instrument error, pressure error, barometric error, temperature error, time lag error.

The other type of altimeter carried (the radio altimeter) measures height above terrain and is quite unsuitable for maintaining a constant level over land.

The vertical speed indicator (rate of climb indicator) — VSI

The vertical speed indicator is in a sealed case, and connected to the static pressure line through a calibrated leak. Inside the case is a diaphragm which reacts to changing pressure by either expanding or contracting. This expansion or contraction is represented on the face of the instrument in feet per minute.
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Vertical speed indicator

The air speed indicator (ASI) The air speed indicator measures the difference between pitot pressure and static pressure.
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Construction of an air speed indicator

The open ended capsule fixed inside an air tight case is connected to a tube called a pitot tube or sometimes pressure head. The pressure produced inside the capsule is the pitot pressure and the other face of the capsule will expand or contract in response to the variations in this pressure.

An ASI suffers from the following four errors: instrument error, position error, density error, compressibility error.

The machmeter

The machmeter is a device which indicates the Mach number. Unlike the ASI the machmeter is an essential equipment in jet aircraft because of speed restriction expressed in Mach number. Machmeters are of course subject to the errors.

The magnetic compass

A simple magnetic compass consists primarily of a magnetic element pivoted well above its centre of gravity so that it rotates in the horizontal plane. The whole is contained in fluid in order to damp oscillations and also to reduce pivot friction by reducing the weight of the rotating unit. The compass card is mounted on the rotating unit and the heading of the aircraft is read-off the compass card against a fixed lubber line.

The turn and slip indicator

It is really two instruments in one -- the needle (gyroscopic turn indicator) shows the direction and rate of turn and the ball (bank indicator) shows the quality of the turn. The ball is moved from side to side by the centrifugal force and gravity acting laterally on the aircraft.

The turn needle is operated by semi-rigidly mounted gyro inside the instrument case. Turning the aircraft causes the gyro to process, tilting the gyro and deflecting the needle linked to it. The rotor is designed to right itself when no turning forces are sensed.

The artificial horizon (the attitude indicator)

An artificial horizon employs a vertical axis gyro having freedom in all three planes and indicates the aircraft's attitude in pitch and roll.
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Artificial horizon

The gyro axis is maintained vertically with reference to the centre of the earth so that a bar across and at 90 degrees to the rotor axis indicates the horizon. In flight an aircraft rolls and pitches about the gyro axis which remains rigid and the indications are instantaneous.
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Scale, 18- Speed Deviation Pointer, 19- Attitude Reference Bar, 20- Speed Flag, 21- Gyro Flag, 22- R/T (Rate of Turn) Flag, 23- Glide
Slope Flag, 24- Computer Flag, 25- Runway Flag





[image: image33.png]‘I'he horisontal situation indicator (HSID) is, in most respects, a combination of a directional gyro, VOR
indicator, and a DME.

>/

B300000

[HAN

fe
R

19

el
A

i

)
iz gs g
OO,

glolelelo

Horisontal situation indicator

1- DME Readout No.!, 2- Lubber Line, 3- Heading Bug, 4- Track Mode, 5- DMJ: Readout No.2, 6- Course Arrow, 7- Destination Alert
Annunciator Light, 8- Course Deviation Bar, 9- TO - FROM Pointer, 10- Glide Slope Deviation Pointer, 11- Aircraft Symbol, 12- Heading
Display, 13- Heading Knob, 14- Azimuth Card, 15- Dim Control, 16- Course Tail, 17- Course Knob, 18- Course Display, 19- Glide Slope

Scale Shutter, 20- Date Source Annuciator, 21 - Navigation Source Annunciator, 22- Distance Readout Mask, 23- Heading Flag, 24-
Navigation Warning Flag, 25- GS (Glide Slop) Warning Flag, 26- Glide Slope Deviation Scale

New cockpit designs which make considerable use of electronic screen displays, multy-function controls and
voice control systems could become available in the mid-1990s.





The control panel of a Concorde is shown.
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Control panel of a Concorde:

1 - Third crew-member oxygen, 2- Pilot oxygen, 3- Angle of attack/acceleration, 4- Stall warning, 5- Ice warnings, 6- Warnings, 7- Autopilot-state, 8- Brake pressure, 9- Emergency brakes, 10- Marker switch, 11- Marker, 12- Stand-by horizon, 13- Engine h-p speed, 14- Turbine temperatures, 15- Thrust revers signals, 16- Reheat signal, 17- Engine Thrusts, 18- Warning flasher, 19- Control surface angles, 20- Centre of gravity position, 21- Digital clock, 22- Cabin altitude, 23- Outside air temperature. 24- VOR/DME/ADF control. 25- Radio altitude, 26-Alrimeter, 27- Horizon, 28- Course control/display, 29- Yaw, 30- 3-axte trim, 31- Landing gear, 32- Machmeter, 33- Air-speed, 34- Moving map, 35- Radar, 36- Radar control, 37- Brake test, 38- Stand-by altimeter, 39- Stand-by Mach/air speed

The flight control system consists of a flight computer, autopilot system, cockpit displays and the yaw damper system.

The flight computer receives information from navigation systems, attitude gyro and other gyros, supplies pitch and bank steering bars of the attitude director indicator.

The autopilot system positions the aircraft elevator and aileron control surface in responce to flight computer commands or pilot's  manual commands.

The yaw damper system senses yaw acceleration and generates a corrective rudder command.

The attitude director indicator (ADI) is the principal scan instrument of the flight director system and provides the following basic indicators:

1) tum-and-slip indicator.

2) attitude gyro (pitch and bank indicators).

3) glide slope indicator.

4) localizer indicator.

5) radar altimeter.

6) attitude warning light.

7) speed deviation indicator.

Vocabulary

yaw damper system 
система демпфирования рыскания
pitch steering bar 

указатель углов кабрирования/пикирования
bank steering bar 

указатель углов крена
yaw acceleration 

боковое ускорение, перегрузка
scan


сканирование, здесь отображение информации
Указатель пространственного положения
1. Индикатор работы прибора

2. Указатель крена

3. Курсовой директор

4. Шкала крена

5. Индикатор ВПР

6. Указатель глиссады

7. Шкала глиссады

8. Командная планка авиагоризонта

9. Символ самолета

10. Шкала положения

11. Символ ВПП

12. Масштаб ВПП

13. Указатель скорости разворота

14. Шкала угловой скорости

15. Указатель скольжения

16. Кнопка проверки

17. Шкала отклонения скорости

18. Указатель отклонения скорости

19. Указатель горизонтального положения

20. Флаг неисправности канала скорости

21. Флаг неисправности гидросистемы

22. Флаг неисправности канала разворота

23. Флаг неисправности канала глиссады

24. Флаг неисправности компьютера

25. Флаг неисправности индикации ВПП

Комплексный навигационный прибор

1. Указатель ДМЕ N 1

2. Курсовая планка

3. Индекс заданного курса

4. Индикатор режима

5. Указатель ДМЕ N 2

6. Индекс текущего курса

7. Указатель пролета маяка ДМЕ/ВОР

8. Указатель отклонения от курса

9. Указатель полета НА/ОТ ВОР

10. Указатель положения глиссады

11. Символ самолета

12. Указатель курса

13. Задатчик курса

14. Азимутальная шкала

15. Управление яркостью

16. Обратный курс

17. Задатчик курса

18. Указатель курса

19. Ограничитель шкалы глиссады

20. Индикатор источника данных

21. Индикатор режима работы

22. Индикатор ДМЕ

23. Флаг неисправности канала курса

24. Флаг недостоверности навигационных данных

25. Флаг неисправности канала глиссады

26. Шкала индикатора глиссады

Приборная доска самолета Конкорд

1. Кислородное оборудование

2. Кислородное оборудование

3. Угол атаки/перегрузка

4. Предупреждение сваливания

5. Индикация обледенения

6. Табло сигнализации

7. Индикатор режима автопилота

8. Давление тормозной системы

9. Аварийные тормоза

10. Выключатель маркера

11. Маркер

12. Резервный авиагоризонт

13. Обороты двигателя

14. Температура турбины

15. Сигнализация реверса

16. Сигнализация перегрева

17. Тяга двигателя

18. Мигающая сигнализация

19. Углы отклонения рулей

20. Положение центра тяжести

21. Цифровые часы

22. Высота в кабине

23. Наружная температура

24. Управление ВОР, ДМЕ, АРК

25. Радиовысотомер

26. Высотомер

27. Авиагоризонт

28. Курсовая система

29. Скольжение, снос

30. Трехстепенной триммер

31. Шасси

32. Махомер

33. Указатель скорости

34. Подвижная карта

35. Радиолокатор

36. Управление радиолокатором

37. Контроль тормозов

38. Резервный высотомер

39. Резервный указатель скорости, числа Маха

3.14. Aircraft serviceability

Maintenance is most important pre-flight activity and carried out by aircraft maintenance engineers licensed by aviation authorities. Satisfactory maintenance originates with the manufacturer; a new aircraft will be granted a Certificate of Airworthiness by the relevant national authorities. Manufacturers complite maintenance manuals and Service Bulletens to advise on the maintenance of aircraft, and these are updated.

The airlines must make satisfactory provisions for such matters as suitable hangars and workshops, tools and test equipment, quality and reliability control, and materials and training. Enormous hangars are needed to house the wide-bodied airliners. The docks, huge stagings built around the aircraft so that every part is accessible for inspection and repair, are equipped with working platforms at many levels, built-in lighting, and lifts and conveyors for personnel, tools e.t.

All aircraft are maintained in accordance with a maintenance schedule or programme. The schedule stipulates fixed times, usually related to the aircraft's flying hours, for functioning checks and inspections. Additionally engines and many other components have a flying life limit after which they have to be removed and overhauled. Different airlines may maintain the same aircraft type according to quite different check cycles.

Conditioning monitoring, or continuous maintenance is a system under which an aircraft, its components are analyzed from pilot's reports of technical delays and unscheduled engine shut-downs, and inspected at pre​determined intervals to establish «alert levels» for future repair and replacement of parts, eliminating all necessary removal.

Non-destructive testing of vital components using X-rays, ultra-sonic and magnetic particle methods detects fatigue-induced cracks before they become serious.

3.15. Radar

The principles of radar are not new: in fact, some early experiments were made back in 1880s. In 1904 a German

engineer had invented, as he explained, a «radio-echo collision prevention device».

The word «radar» was originally derived from the descriptive phrase «Radio Detection and Ranging». The application of radar in the air traffic control system consists of two basic designs. The initial type of radar, called primary radar, began to be used in most parts of the world in the early 1950s. Another form of radar, secondary surveillance radar (SSR) is used for advanced air traffic control. When the word «radar» is used alone, it usually includes both primary and secondary radar.

There are three additional forms associated with primary and secondary radar which are interest;

Radar Echo — the visual indication on display of a signal reflected from an object.

Radar Responce - the visual indication on display of a radar signal transmitted from an objest in reply to an interrogation.

Radar Blip - the collective term meaning either echo or responce.

Primary radar

In primary radar a beam of individual pulses of energy is transmitted from the ground equipment at the rate of approximately 1200 per second, while the transmitting antenna rotates at a speed of 3 to б rpm for long — range systems, and as fast as 60 rpm for airport coverage. These pulses hit the aircraft from 16 to 34 times each scan. An aircraft in the path of this radar beam will reflect back some of the pulses which are picked up by a receiver. This reflected energy produces a bright «echo» or «target» on a cathode ray tube.
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Principle of radar reflection

Secondary surveillance radar (SSR)

It of ground based transmitter/receiver which works in conjuction with a transmitter/receiver in each aircraft.
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Secondary surveillance radar

The SSR system provides for six modes; only two modes are used in civil aviation:

— Mode A for civil and military identification.

~ Mode C for automatic pressure altitude information.

The SSR is a valuable tool for automatically identifying aircraft. Identification is achieved by providing the controller with a specific radar beacon target identity of aircraft. A total of 4096 discrete reply codes are available for «special position identification» to be transmitted on request of a controller.

With SSR display, the controller sees aircraft returns on his PPI as two slashes, clearly distinguishing them from primary targets which are single blips.
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Appearance of targets

In modern systems different synthetic symbols are used to indicate a lot of additional information.
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Synthetic display

Radars are classified into 4 types.

The most common type of radar is Terminal Area Surveillance Radar (TASR), Airport Surveillance Radar (ASR) in USA, which was designed as a medium-range radar — about 50 miles — for control of traffic in the vicinity of an airport.

Another type of radar is the long-range radar known as En-route Surveillance Radar (RSR), Air Route Surveillance Radar (ARSR) in USA. This system has a ra&ge up to about 200 miles.

The third type of radar equipment is the Surface Movement Radar (SMR), Airport Surface-Detection Equipme (ASDE) in USA. It is normally used with a range about four miles.

Another radar, not generally installed at civil airports is the Precision Approach Radar (PAR) which is used as landing aid, the procedure is known as Ground Controlled Approach (GCA).
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