DISCIPLINE „REGOINAL/RANG AIRPLANE REDIOELECTRONICS SYSTEMS”
LECTURE 1.1
MODULE № 1 „NAVIGATION SYSTEMS”
THEME 1.1: AIRPLANE REDIOELECTRONICS SYSTEMS
1.1.1. GENERAL DESCRIPTION
1.1.1.1. Navigation Systems
The navigation systems compute and display the aircraft position and movement over the earth's surface. They also provide displays of flight data; such as, altitude, airspeed, temperature, heading, attitude, and warnings for unsafe conditions.
Navigation systems are deployed in many areas throughout the aeroplane. Controls and indicators in the flight compartment enable the pilots to guide the aeroplane efficiently and safely throughout the flight. Many of the systems interface with each other and with the flight management system.
[image: image1.png]VEATHER HARKER
sof RADAR BEACOH
y GroND
RADIO. luue
e ome PROXIHITY
ALTINETER | fnaviaTion] | CROMAL
—
ELECTRONIC
FLIGHT
INSTRUMENT
svsten
! H
|
e1T0T- AIR DATA e ! |
sTaric 2l swsten » rsoad i
RECORDER i HANAGENENT |
| SYSTER i
| |
| |
L

TEHPERATURE
PROBE





Fig.1. Navigation systems
The Electronic Flight Instrument System (EFIS) provides displays for most of the aeroplane navigation systems.

The EFIS provides: colour displays of pitch and roll; navigation maps; weather; radio altitude and decision height, autopilot/flight director and flight path information. It also provides displays of: airspeed; pitch/roll comparison annunciation, ADF/VOR bearings, ILS data, and stall warning information.
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The Radio Direction Distance Magnetic Indicator (RDDMI) presents aeroplane magnetic heading, VOR station bearing, and DME distance information.
The Inertial Reference System (IRS) supplies heading, attitude, acceleration, ground speed, drift angle, and similar parameters to EMS subsystems and to navigation systems and instruments for display. 
The VHF navigation system provides accurate enroute navigation data, and vertical and horizontal guidance during approach.
The Marker Beacon (MB) system provides the pilots with visual and aural indications of aeroplane passage over beacons enroute and beacons along an ILS path.
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The Air Traffic Control (ATC) system is used to track the aeroplane movement in the air. The airborne components are also used by TCAS.
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Traffic alert and collision avoidance system (TCAS). TCAS II provides the aeroplane with the capability to alert the flightcrew of other aeroplane traffic in the vicinity. Using the Mode S system, TCAS is also able to communicate and to coordinate vertical manoeuvres with other TCAS/Mode S equipped aeroplanes.
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The Automatic Direction Finding (ADF) system enables automatic determination of Relative Bearing to tuned radio stations.
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The weather radar system provides the pilots with an indication of weather conditions in their flight path, allowing them to divert their flight around severe conditions. The system can also be used as a navigation aid by selecting the map mode that enables the pilots to identify coastlines, hilly and mountain regions, cities or large structures.
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The Low Range Radio Altimeter (LRRA) system provides the pilots with the aircraft height above terrain. The system measures terrain clearance below 2500 feet.
The Ground Proximity Warning System (GPWS) provides aural and visual warnings to the flight crew when the aeroplane is approaching the ground in an unintended way. GPWS is active at heights less than 2500 feet above the ground.
The pitot-static system provides dynamic and static air pressure to electronic components and instruments.
[image: image12.png] Pitot Static
System





The air data system provides for display of the aircraft altitude, airspeed, mach number and air temperature while simultaneously providing air data information to interfacing systems such as, Flight Management, Ground Proximity Warning , Air Traffic Control and Flight Recorder Systems.
Flight management system (FMS). An optimal managed flight involves the selection of those aeroplane performance capabilities that best fit the flight requirements in order to achieve the profit/cost goals established by the operator.
1.1.1.2. Communication Systems
The aeroplane communication systems provide facilities for intercom, radio communication, passenger address, crew call and for flight compartment voice recording.
Communications devices are employed in many areas throughout the aeroplane. There are controls in the flight compartment that enable the pilots to select different modes of communication, such as, the short to medium range VHF radios, the long range HF radio, the flight interphone, attendant/service interphone, the Passenger Address (PA) system. An optional selective calling (SELCAL) system alerts the pilots to radio calls issued by ARINC or company radio networks. All communications and sound from the flight compartment are recorded on the Cockpit Voice Recorder (CVR) tape.

The pilots and flight attendants communicate via the attendants/service interphone system and crew members are alerted to a call by the chimes and lights of the crew call system. The passengers are informed with the PA system.
1.1.1.3. Flight Warning System

The purpose of the Flight Warning System (FWS) is to produce cautions and warnings for the crew to increase their situation awareness and to give them suitable indications of the action necessary to avoid impending danger.
The proliferation of various warning systems in today's aircraft poses a severe problem in that the crew could be confused by the multiplicity of warnings. It is therefore necessary to install an integrated flight warning system that will prioritise the warnings. By producing warnings relevant to a particular stage of flight and inhibiting other warnings the system enables the crew to respond to the warning posing the most immediate threat to safety.
The alerting and warning system produces the following levels of alerts:

1) Warnings or Level A alerts. These require immediate crew action. Warnings must attract the pilot's attention in sufficient time for appropriate action to be taken.

2) Cautions or Level B alerts. These require immediate crew alertness and possible future action.

3) Advisories or Level C alerts. These require crew alertness.

The alerting and warning messages are presented to the crew in visual, aural and sensory forms:

a) VISUAL. The level of alert is indicated by colours as follows:
1) Warnings are presented in Red

2) Cautions are shown in Amber or yellow

3) Advisories are also shown in Amber or yellow

These visual indications can be presented in two different forms: Electronic Screens and Lights or Flags.

b) AURAL. An audible warning is mandatory if the pilot is required to assume control. This can be in a variety of forms depending upon the type of aircraft. The alert can be in the form of sounds or synthetic voice messages or a combination of both.
c) SENSORY. A vibratory mode on the controls is used to indicate stall approach and demands immediate action to avert loss of control. In some aircraft a stick-pusher provides guidance to prevent a further deterioration of the situation that demanded the vibratory warning.
To rationalize warnings systems, a Master Warning Indicator light is often provided near the centre of scan. In older systems the crew member would then refer to a Master Warnings Panel where warnings were assembled in a rational order and annotated. In the modern Electronic Instrumentation Systems most of the alerts and warnings appear on appropriate electronic screens together with associated aural messages and master warning lights.
Figure shows the cockpit displays and warnings of an Airbus A320.
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The Flight Warning System generates alerts and warnings for the following situations:

1) Engine and Airframe systems malfunctions

2) Aerodynamic limits exceeded

3) Presence of external Hazards.

1.1.1.4. Recording equipment

Commercial aircraft have a flight recorder which records various aircraft parameters during the entire duration of the flight The main function of the flight data recorder (FDR) is to preserve the aircraft data in order to determine the cause of any aircraft accident. It is also used to gather information for trend analysis and trouble shooting. In smaller aircraft the FDR may be combined with a cockpit voice recorder.
The FDR records the last 10 or 25 hours of aircraft data on a digital storage device housed in a fire and shock resistant box. The box that is painted red or orange and located at the rear of the aircraft, normally under the fm.
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The principle function of a Cockpit Voice Recorder (CVR) system is to preserve, in the event of an air accident. The CVR automatically records the last 30 minutes of communications and conversations on the flight deck.
The tape recorder is located inside a crash-proof metal box that is painted red or orange and normally placed at the rear of the aircraft, often adjacent to the flight data recorder. The high impact case should be able to withstand shock, high temperature and fire.
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