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 The cockpit of an aircraft is an idealistic location for avionic equipment, including
 monitoring, control, weather, navigation, communication and anti-collision systems.
 The journalist Philip J. Klass was the founder of word avionics. Many modern avionics
 have their origins in World War II wartime developments. Autopilot systems that are
 fruitful today were started to help bomber planes fly steadily enough to hit precision
 targets from high altitudes. Radar was developed in Germany, the United Kingdom and
 the United States of America during this period. Modern avionics is essential portion of
 military aircraft spending.
 Most modern helicopters now have budget splits of 60/40 in favour of avionics.
 The F‑15E and the now retired F‑14 aircrafts have almost 80 percent of their budget
 spent on avionics. It‟s the same for the civilian market.
 Flight control systems and new navigation needs brought on by tighter airspaces, have
 pushed up development costs. [1] More accurate methods of controlling aircraft safely in
 these high restrictive airspaces have been invented as more people begin to use planes as
 their primary method of transportation.
 Pilots of modern advanced avionics aircraft must learn and practice backup procedures to
 maintain their skills and knowledge. Risk management principles require the flight crew
 to always have a backup or alternative plan, and/or escape route. Advanced avionics
 aircraft relieve pilots of much of the minute-to-minute tedium of everyday flights, but
 demand much more initial and recurrent training to retain the skills and knowledge
 necessary to respond adequately to failures and emergencies.
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 Although it may not be apparent at first sight, it‟s fair to say that a modern aircraft simply
 could not fly without the electronic systems that provide the crew with a means of
 controlling the aircraft.
 The term “avionics” is derived from the combination of aviation and electronics.
 Avionics are the electronic systems used on aircraft, artificial satellites, and spacecraft.
 Avionic systems include communications, navigation, the display and management of
 multiple systems, and the hundreds of systems that are fitted to aircraft to perform
 individual functions.
 Avionic systems are used in a wide variety of different applications ranging
 from flight control and instrumentation to navigation and communication. In fact,
 an aircraft that uses modern techniques could not even get off the
 ground without the electronic systems that make it work.
 It was first used in the USA in the
 early 1950s and has since gained wide
 scale usage and acceptance although it
 must be said that it may still be necessary to explain what it means to
 the lay person on occasions.
 The term „avionic system‟ or „avionic sub-system‟ is used to mean any system in the
 aircraft which is dependent on electronics for its operation, although the system may
 contain electro-mechanical elements.
 The avionics industry is a major multi-billion dollar industry world-wide and the
 avionics equipment on a modern military or civil aircraft can account for around 30% of
 the total cost of the aircraft.
 The avionic systems are essential to enable the flight crew to carry out the aircraft
 mission safely and efficiently, whether the mission is carrying passengers to their
 destination in the case of a civil airliner, or, in the military case, intercepting a hostile
 aircraft, attacking a ground target, reconnaissance or maritime patrol.

Page 6
                        

- 6-
 Decisive between the flight instruments that are fitted in any aircraft, are those that
 indicate the position and attitude of the aircraft. [5] These flight instruments are very
 important to display information about:
 • Heading
 • Altitude
 • Airspeed
 • Rate of turn
 • Rate of climb (or descent)
 • Attitude (relative to the horizon).
 Here we will talk in brief about the instruments that provide these indications:
 Altimeter: Indicates the aircraft‟s height (in feet or meters) above a reference level
 (usually mean sea level) by measuring the local air pressure.
 To provide accurate readings the instrument is adjustable for local barometric
 pressure.
 In large aircraft a second standby altimeter is often available.
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 Attitude indicator or “artificial horizon”:
 Displays the aircraft‟s attitude relative to the horizon. From this the pilot can tell whether
 the wings are level and if the aircraft nose is pointing above or below the horizon. This is
 a primary indicator for instrument flight and is also useful in conditions of poor visibility.
 Pilots are trained to use other instruments in combination should this instrument or its
 power fail.
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 Magnetic compass: Indicates the aircraft‟s heading relative to magnetic north. However,
 due to the inclination of the earth‟s magnetic field, the instrument
 can be unreliable when turning, climbing, descending, or
 accelerating. Because of this the Horizontal Situation indicator is
 used. For accurate navigation, it is necessary to correct the direction
 indicated in order to obtain the direction of true north or south (at the
 extreme ends of the earth‟s axis of rotation).
 Horizontal Situation Indicator: The horizontal situation indicator (HSI) displays a plan
 view of the aircraft‟s position showing its heading.
 Information used by the HSI is derived from the
 compass and radio navigation equipment (VOR) which
 provides accurate bearings using ground stations.
 In light aircraft the VOR receiver is often combined
 with the VHF communication radio equipment but in
 larger aircraft a separate VOR receiver is fitted.
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 Airspeed indicator: Displays the speed of the aircraft (in knots) relative to the
 surrounding air. The instrument compares the
 ram-air pressure in the aircraft‟s Pitot tube with the static pressure.
 The indicated airspeed must be corrected for air density (which
 varies with altitude, temperature and humidity) and for wind
 conditions in order to obtain the speed over the ground.
 Vertical Speed Indicator : Indicates rate of climb or descent (in feet per minute or
 meters per second) by sensing changes in air pressure.
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 The Pitot tube is an instruments used to measure flow velocity of fliuds, it‟s used to
 determine the airspeed of an aircraft.
 In this diagram, we see how the pitot tube works with the indicators to determine the
 airspeed and aircraft‟s height.
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 In general, this system refers to equipment in charge of maintaining a comfortable close
 environment for a given payload (goods, living matter, and people), i.e. keeping
 temperature, pressure, and composition, within acceptable limits, usually by circulating a
 fluid for thermal control and for life-support. [5] The ECS for vehicles in hostile
 environments is most demanding: submarines, aircraft and spacecraft. The ECS usually
 focuses on the inside part of the vehicle, whereas the environmental control of the outer
 side is usually named environmental protection system (EPS).
 This system work in the aircraft to provide air supply, thermal control and cabin
 pressurization for the crew and passengers. Also avionics cooling, fire suppression and
 smoke detection are considered as part of an aircraft's environmental control system.

Page 12
                        

- 12-
 A system which ensures the safety and comfort of passengers and crew by controlling the
 cabin pressure and the exchange of air from the inside of the aircraft to the outside.
 [6] This happens by pumping conditioned air into the cabin. This air is usually bled off
 from the engines at the compressor stage. The air is then cooled, humidified, mixed with
 recirculated air if necessary and distributed to the cabin by one or more environmental
 control systems. The cabin pressure is regulated by the outflow valve.
 On most planes, cabin pressurization begins as soon as the wheels leave the ground. The
 engines begin sucking in air from the outside and funneling that air through a series of
 chambers. This both heats the air and pressurizes it. Before the air can be forced into the
 cabin, it must be cooled, which happens in what is known as an air cycle cooler. Air from
 this cooler flows constantly into the cabin through an overflow valve.
 Aircraft engines become more efficient with increase in altitude, burning less fuel for a
 given airspeed. In addition, by flying above weather and associated turbulence, the flight
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 is smoother and the aircraft less fatigued. The aircraft needs to be pressurized in order to
 be able to fly at high attitudes, so that the crew and passengers can breath without the
 need for extra oxygen.
 Most airplanes fly at about 35,000 feet (about 10,668 meters) above sea level. The
 oxygen levels at that altitude are too thin to sustain life. In small airplanes, particularly
 fighter jets used for military purposes, pilots wear oxygen masks and pressurization
 helmets to counter the altitude. This is not usually a practical solution for commercial
 airliners
 On most aircraft, the cabin and baggage compartments are contained within a closed unit
 which is capable of containing air under a pressure, higher than the ambient pressure
 outside of the aircraft.
 Bleed Air from the turbine engines is used to pressurize the cabin and air is released from
 the cabin by an outflow valve. To manage the flow of air through the outflow valve,
 a cabin pressure regulator is used, so the pressure within the aircraft can be increased or
 decreased as required, either to maintain a set Differential Pressure or a set Cabin
 Altitude.
 Differential Pressure is the difference between cabin pressure and atmospheric pressure.
 Cabin Altitude, the cabin pressure expressed as an equivalent altitude above sea level.
 In practice, as an aircraft climbs, the pressurization system will gradually increase the
 cabin altitude and the differential pressure at the same time for the comfort of the
 passengers. If the aircraft continues to climb once the maximum differential pressure is
 reached, the differential pressure will be maintained while the cabin altitude climbs. The
 maximum cruise altitude will be limited by the need to keep the cabin altitude at or below
 8,000 ft.
 Because of physiological problems caused by the low outside air pressure above altitude,
 to protect crew and passengers from the risk of these problems, pressurization becomes
 necessary at altitudes above 12,500 feet (3,800 m) to 14,000 feet (4,300 m) above sea
 level, it also serves to generally increase passenger comfort.
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 Any aircraft must be equipped with an air conditioning and pressurization system to fly at
 high altitudes, which provides a convenient environment for its passengers. The human
 body is unable to withstand the effects of a low-pressure atmosphere, that‟s why the AC
 and pressurization system is a vital component of modern flight.
 Aircraft AC systems are very similar on all modern airplanes. [3] However, I will
 mention a brief explanation about this system in the A 320 Airbus.
 The system is basically comprised of air conditioning packs, a pack flow control valve, a
 by-pass valve, pack controllers, and a mixing unit.
 These components provide conditioned air via the following step by step process:
 1. Outside air enters the airplane engine.
 2. Next, compressors within the engine compress this low-density air.
 3. Bleed air (hot compressed air from the compressor) is then transported via ducts
 to the AC packs.
 4. Before entering the air conditioner units, the bleed air passes through the pack
 flow control valve, which regulates the flow of air entering the conditioning
 packs.
 5. Within the AC unit, two air-to-air heat exchangers are installed that supply
 outside air via a pack inlet scoop and the air exits through an outlet duct.
 6. As the cold air exits from the conditioning pack, it is mixed with warm air.
 7. The desired air temperature is achieved by regulating the amount of hot air
 mixed with the cold conditioned air exiting from the packs through a by-pass
 valve.
 8. The regulated air is then fed to a mixing unit which transports the air further on
 into the cabin and the cockpit.
 9. The by-pass valve, pack flow control valve, inlet scoop and outlet duct are all
 operated by, and connected to, a pack controller.
 http://www.decodedscience.com/how-a-jet-engine-works-startup-and-operation/8893
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 An ECAM (Electronic Centralized Aircraft Monitor) constantly measures these
 parameters of the conditioning system: pack flow, compressor outlet temperature,
 by-pass valve position, and pack outlet temperature.
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 An aircraft Fuel System enables fuel to be loaded, stored, managed and delivered to the
 propulsion system of an aircraft and Fuel management systems are used to control,
 monitor and maintain fuel consumption and stock in any type of industry that uses
 transport, including rail, road, water and air.
 A fuel management system helps to make the fuel calculations needed for in-flight
 decisions about diversions, potential routing, and fuel stops. [8] A fuel management
 system offers the advantage of precise fuel calculations based on distance, winds, time
 and fuel flow measured by other aircraft systems.
 High performance aircraft fuel systems manage complex operations like highly accurate
 fuel measuring, weight, balance, fuel transfer between tanks and air-to-air and ground
 refueling for commercial, military and space applications.
 Aircrafts usually have several fuel tanks, and there are fuel transfers among these tanks
 along a flight. These transfers are controlled with valves, and may follow several
 alternative paths.
 1This figure shows a typical fuel tank layout for a
 commercial aircraft. Wing structure is a common
 location for fuel storage and in many commercial
 transports additional tanks are located in the area
 between the wings. Longer range aircraft and
 business jets may have tail tanks and/or additional
 fuselage tanks; however, in most cases the fuselage is
 primarily the place for passengers, cargo, flight deck
 (cockpit) and avionics equipment. Military fighters
 are a special case and while the wing space is used
 for fuel storage in these applications, almost any
 available space in the fuselage may be used for fuel.
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 Fuel systems differ greatly from aircraft to aircraft due to the relative size and complexity
 of the aircraft in which they are installed. In the most basic form, a fuel system will
 consist of a single, gravity feed fuel tank with the associated fuel line connecting it to the
 aircraft engine.
 In a modern, multi-engine passenger or cargo aircraft, the fuel system is likely to consist
 of multiple fuel tanks which may be located in the wing or the fuselage (or both) and, in
 some cases, the empange. Each tank will be equipped with internal fuel pumps and have
 the associated valves and plumbing to feed the engines, allow for refueling and defueling,
 called pressure feed fuel system.
 The weight of the fuel is a large percentage of an aircraft‟s total weight, and the balance
 of the aircraft in flight changes as the fuel is used. In small aircraft the fuel tanks are
 located near the center of gravity so the balance changes very little as the fuel is used. In
 large aircraft, the fuel tanks are installed in every available location and fuel valves allow
 keeping the aircraft to balance by scheduling the use of fuel from various tanks.
 Gravity Feed Fuel System
 High-wing aircraft with a fuel tank in each wing are common. With the tanks above the
 engine, gravity is used to cause the fuel to flow to the engine fuel control mechanism.
 The space above the liquid fuel is vented to
 maintain atmospheric pressure on the fuel as
 the tank empties. The two tanks are also
 vented to each other to ensure equal
 pressure when both tanks feed the engine. A
 single screened outlet on each tank feeds
 lines that connect to either a fuel shutoff
 valve or multiposition selector valve. The
 shutoff valve has two positions: fuel ON and
 fuel OFF.
 If installed, the selector valve provides four
 options: fuel shutoff to the engine; fuel feed
 from the right wing tank only; fuel feed
 from the left fuel tank only; fuel feed to the engine from both tanks simultaneously.
 The fuel flows by gravity from the wing tanks through the feed lines to the fuel selector
 valve.
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 After passing through the selector valve, the fuel flows through the strainer and then
 continues on to the carburetor.
 The vent lines are normally routed to the outside of the wing where the possibility of fuel
 siphoning is minimized.
 Pressure Feed Fuel System
 Low- and mid-wing single reciprocating
 engine aircraft cannot utilize gravity-feed
 fuel systems because the fuel tanks are not
 located above the engine. Instead, one or
 more pumps are used to move the fuel
 from the tanks to the engine.
 Each tank has a line from the screened
 outlet to a selector valve. However, fuel
 cannot be drawn from both tanks
 simultaneously; if the fuel is depleted in
 one tank, the pump would draw air from
 that tank instead of fuel from the full tank.
 Since fuel is not drawn from both tanks at the same time, there is no need to connect the
 tank vent spaces together.
 Many large aircraft and aircraft with medium to high powered engines require a pressure
 feed fuel system, regardless of fuel tank location, because of the large volume of fuel that
 must be delivered to the engines at high pressure.
 Many fuel management functions lack a fuel quantity sensor. Without access to this raw
 data of fuel quantity, fuel management functions perform calculations using an initial fuel
 estimate that was provided by the pilot before the departure. This figure illustrates how
 an initial fuel estimate is given to Fuel Management Unit. It is important to make
 accurate estimates of initial fuel because the fuel management function uses this estimate
 in making predictions about fuel levels at future times during the flight. For example, if
 you overestimate the initial fuel by eight gallons and plan to land with seven gallons of
 reserve fuel, you could observe normal fuel indications from the fuel management
 system, yet experience fuel exhaustion before the end of the flight. The accuracy of the
 fuel calculations made by the fuel management function is only as good as the accuracy
 of the initial fuel estimate.
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 The automatic pilot is a system of automatic controls which holds the aircraft on any
 selected magnetic heading and returns the aircraft to that heading when it is displaced
 from it. The automatic pilot also keeps the aircraft stabilized around its horizontal and
 lateral axes.
 The purpose of autopilot system is primarily to reduce the strain, work and fatigue of
 controlling the aircraft during long flights. [4] To do this, the automatic pilot system
 performs many functions. It allows the pilot to maneuver the aircraft with a minimum of
 manual operations. While under automatic control, the aircraft can be made to climb, turn
 and dive with small movements of the knobs on the autopilot controller.
 Autopilot systems provide for one, two or three axis control of the aircraft. Some
 autopilot systems control only the ailerons (one axis), others control ailerons and
 elevators or rudder (two axes). The three-axis system controls ailerons, elevators and
 rudder.
 All autopilot systems contain the same basic components:
 1. Gyro: to sense what the aircraft is doing.
 2. Servo: to move the control surfaces.
 3. An amplifier: to increase the strength of gyro signals enough to operate the servos.
 4. A controller: to allow manual control of the aircraft through the autopilot system.
 The automatic pilot system flies the aircraft by using electrical signals developed in gyro-
 sensing units. These units are connected to flight instruments which indicate direction,
 rate-of-turn, bank or pitch. If the flight altitude or magnetic heading is changed, electrical
 signals are developed in the gyros. These signals are used to control the operation of
 servo units which convert electrical signals into mechanical force which moves the
 control surface (ailerons and elevators or rudder) in response to corrective signals or pilot
 commands.

Page 20
                        

- 20-
 An aircraft Electrical System is a network of components that generate, transmit,
 distribute, utilize and store electrical energy.
 An electrical system is an essential component of all but the most simplistic of aircraft
 designs. [7] The electrical system capacity and complexity varies tremendously between
 a light, piston powered, single engine aircraft and a modern, multiengine commercial jet
 aircraft. However, the electrical system for aircraft at both ends of the complexity
 spectrum share many of the same basic components.
 All aircraft electrical systems have components with the ability to generate electricity.
 Depending upon the aircraft, generators or alternators are used to produce electricity.
 One of the uses of the generator output is to charge the aircraft battery(s).
 Batteries are normally either lead-acid or another type and are used for both aircraft
 startup and as an emergency source of power in the event of a generation or distribution
 system failure.
 The Electrical Power Systems (EPS) in future more-electric aircrafts (MEA) will undergo
 significant changes. Many
 functions that used to be
 operated by hydraulic,
 pneumatic and mechanical
 power are being replaced
 by electric power due to
 recent advances in
 power electronics,
 electric drives, control electronics and microprocessors, improving the performance and
 the reliability of the aircraft EPS, reducing fuel consumption per passenger per mile and
 increasing the availability of the aircraft.
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 For safe and effective flight, visual reference to the aviator‟s outside world is essential.
 During the daylight hours and in visual meteorological conditions (VMC), the pilot relies
 heavily on the out-the-windshield view of the airspace and terrain for situational
 awareness.
 In addition, the pilot‟s visual system is augmented by the avionics which provide
 navigation, mission, communication, flight control and aircraft systems information.
 During nighttime VMC, the pilot can improve the out-the-windshield view with the use
 of night vision goggles (NVG).
 NVG lets the pilot see in the dark during VMC conditions.
 NVG are electronic widgets that allow
 the pilot to see things at night when it is
 too dark to see things with the eyes
 alone. NVG are light image
 intensification devices that amplify the
 night-ambient-illuminated scenes by a
 factor of 104. [2] For this application
 “light” includes visual light and near
 infrared. NVG are miniature packaging
 of image intensifiers into a small,
 lightweight, helmet-mounted pair of
 goggles.
 With the NVG, the pilot views the
 outside scene as a green phosphor
 image displayed in the eyepieces.
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 NVG does not work without compatible lighting!
 NVG lighting compatibility is required for effective NVG use by pilots. If the cockpit
 lighting is not compatible and it emits energy with spectral wavelengths within the
 sensitivity range of the night vision goggles, the lighting will be amplified by the NVG
 and will overpower the amplification of the lower illumination in the outside visual
 scene.
 Compatibility can be defined as a lighting system that does not render the NVG useless
 or hamper the crew‟s visual tasks (with or without NVG).
 NVG have application to civil aviation. The NVG enhances night bad situation awareness
 and obstacle avoidance by allowing direct vision of the horizon, shadows, terrain, and
 other aircraft.
 While NVG were primarily developed for military applications, civilian and commercial
 use of NVG in aircraft, land vehicles, and ships is growing. NVG are being used in a
 variety of civilian situations requiring increased night viewing and safe night flying
 conditions. Emergency Medical Services (EMS) helicopters utilize NVG for navigating
 into remote rescue sites. The forestry service uses NVG, not only to increase the safety in
 night fire-fighting operations, but also to find hot spots not readily seen by the unaided
 eye.
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 Aviation is an effective and efficient mode of transportation affecting worldwide social
 and economy stability. As such, aviation is a target that both terrorists and criminals
 highly desire.
 The ability of aviation to move people and property faster than competing forms of
 transportation is essential to its economic viability. The internet and related technologies
 such as videoconferencing and telecommuting provide additional options to transport
 information, knowledge or products and services. The advantage aviation has over rail,
 trucking, and watercraft is speed, whereas its advantage over videoconferencing is that
 people still generally prefer face-to-face communication.
 Despite its complex nature, the aviation industry‟s primary infrastructure consists of
 aircraft operations, airports, and supporting agencies. Many types of aircraft are used in
 various operations around the world. These are commonly categorized as commercial
 service, private operations (i.e. general aviation), and military operations. Airports are
 usually categorized as commercial service, general aviation, private or military.
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