
Introduction to Aviation Safety

Topic Objective:

At the end of this topic student will be able to understand:

 Introduction to International Civil Aviation Organization

 Activities

 Commercial operations

 Flying schools

 Private flying

 Sports

 Scale

 Trends

 Regulation

 Devolved and self-regulation

 Airworthiness

 Pilot licensing

Definition/Overview:

General aviation in the United Kingdom is defined as a "civil aircraft operation other than a

commercial air transport flight operating to a schedule." Although the International Civil

Aviation Organization (ICAO) definition of general aviation (GA) excludes any form of

remunerated aviation from its definition, some commercial operations are often included within

its scope in the UK. The sector operates business jets, rotorcraft, a wide variety of piston and jet-

engined fixed-wing aircraft, gliders of all descriptions, and lighter than air craft; for the purposes

of transportation, various aerial work applications, flight training, recreation, and sports. Of the

27,000 civil aircraft registered in the UK, 96 per cent are engaged in GA operations, and

annually the GA fleet accounts for between 1.25 and 1.35 million hours flown. The single most

common class of aircraft is the fixed-wing light aircraft associated with "traditional" GA, but the
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main area of growth over the last 20 years has been in the use of more affordable aircraft, such as

microlights, amateur built aeroplanes, and smaller helicopters. There are 28,000 Private Pilot

Licence holders, and 10,000 certified glider pilots. Some of the 19,000 pilots who hold

professional licences are also engaged in GA activities, and a significant proportion of newly

licensed professional pilots begin their training in the GA sector. Although GA operates from

more than 1,800 aerodromes and landing sites, ranging in size from large regional airports,

through predominantly GA airfields, to informal farm strips, over 80 per cent of GA activity is

conducted at 134 of the larger aerodromes. The GA industry is around 7 per cent the size of its

commercial air transport (CAT) cousin, employs 12,000 people, and contributes 1.4 million to

the UK economy. GA is regulated by the Civil Aviation Authority (CAA), although regulatory

powers are being increasingly transferred to the European Aviation Safety Agency (EASA). The

main focus is on standards of airworthiness and pilot licensing, and the objective is to promote

high standards of safety. At the lighter end of the GA spectrum some regulatory authority is

devolved to representative bodies, and gliding is in transition from a self-regulatory model to

more formal governance by EASA. Airspace regulation necessary to protect an increasing

number of commercial air transport (CAT) operations has reduced the area in which GA flights

can be freely conducted. The growth in CAT is also making access to larger airports more

difficult for the GA sector, and smaller aerodromes are vulnerable to closure and re-development

for more profitable uses. Non-aviation regulation in the form of planning policy does not

recognise the national importance of GA public transport operations, and the planning system

generally does not favour the development of smaller aerodromes that cater to the GA market.

The planning process has become a mechanism for restricting their use, as a means of addressing

local environmental issues which, particularly regarding noise, are the main subjects of public

criticism levelled at GA.

Key Points:

1. Introduction to International Civil Aviation Organization
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The International Civil Aviation Organization (ICAO) defines general aviation (GA) as "an

aircraft operation other than a commercial air transport operation or an aerial work operation." It

defines commercial air transport (CAT) as "an aircraft operation involving the transport of

passengers, cargo or mail for remuneration or hire", and aerial work as "an aircraft operation in

which an aircraft is used for specialized services such as agriculture, construction, photography,

surveying, observation and patrol, search and rescue, aerial advertisement, etc." Organisations in

the United Kingdom (UK) describe GA in less restrictive terms that include elements of

commercial aviation. The British Business and General Aviation Association interprets it to be

"all aeroplane and helicopter flying except that performed by the major airlines and the Armed

Services". The General Aviation Awareness Council applies the description "all Civil Aviation

operations other than scheduled air services and non-scheduled air transport operations for

remuneration or hire". For the purposes of a strategic review of GA in the UK, the Civil Aviation

Authority (CAA) defined the scope of GA as "a civil aircraft operation other than a commercial

air transport flight operating to a schedule", and considered it necessary to depart from the ICAO

definition and include aerial work and minor CAT operations.

2. Activities

Flying activities in the GA sector use a range of aircraft, including balloons and airships, gliders,

hang gliders, par gliders, micro lights, gyrocopters, helicopters, amateur built and mass produced

light aircraft, ex-military aircraft, and executive aircraft. Flights can be broadly categorized as

public transport, aerial work, and private flying, the first two of which are commercial activities.

3. Commercial operations

Commercial operations are remunerated activities which fall within the ICAO definition of CAT.

Some are, however, closely aligned to, and considered part of, the GA sector. Public transport

operations are characterised as non-scheduled, on-demand services flying between points

specified by the customer, providing more flexible public transportation than airline travel. Air

taxi operations offer charter services for third parties, and business or corporate aviation uses
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company-owned aircraft to transport employees and clients. Aircraft used in these operations

include business jets, helicopters, and twin-engined piston aeroplanes carrying between six and

ten people. An example of this type of operation is the transport by helicopter of spectators to the

British Formula One grand prix at Silverstone. This involves so many flights that, according to

Cranfield Aviation Services, on race day the heliport is temporarily the worlds busiest airport.

Aerial work is a small but important component of the commercial GA sector, characterised in

its simplest form as remunerated non-transport activities, such as surveying, crop spraying, and

emergency services work (air ambulance and police).

4. Flying schools

Flying schools are commercial businesses engaged in the training of pilots, both for recreational

purposes and for those intending to fly professionally. They make widespread use of the fixed-

wing light aircraft associated with "traditional" GA, not only for flying lessons but also as club

aircraft rented out to qualified pilots for recreational flights. School-owned aircraft account for a

significant amount of GA activity, both in terms of hours flown and aircraft movements. The

pilot training element is regarded by the GA community as a key benefit that is critical to the

supply of pilots for the airline industry. It is claimed by the General Aviation Awareness Council

that between 60 and 70 per cent of professional pilots have self-financed their flight training at

GA schools, and one UK airline operator has stated that the industry must rely on 7080 per cent

of new pilots coming from the GA sector. The CAA estimates that between 1996 and 2006 the

number of new professional pilots following the unsponsored training route rose from 48 per

cent to 59 per cent. The counter argument to this claim is that pilots can be trained outside of the

UK, and that the airline industry is not therefore dependent on a healthy GA sector in the UK for

its supply of pilots. The CAA concludes that a severe reduction in GA would give "some merit to

the argument that pilot recruitment would be threatened", but that the data on flying hours "does

not support such a gloomy outlook."

5. Private flying
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Private flying can be for both recreational purposes and personal transport, using aircraft that are

owned individually, collectively as part of a syndicate, or rented from a flying club. A survey of

pilots conducted between 2001 and 2002 indicated that the most common purposes of

recreational flights were local flights near the base aerodrome, visits to other aerodromes, and

day trips away. Half of all flights landed at the same aerodrome they departed from, and only 9

per cent involved an overnight stay away from home.

Private flying is most associated in its "traditional" form with mass produced two and four-

seater, single-piston engined training and touring aircraft. Examples of these are the Cessna 152,

Cessna 172, and Piper PA28 Cherokee, all with their origins in the 1950s, and the more modern

designs of Cirrus. The average cost per hour to fly such aircraft was estimated in 2006 to be 133,

compared to an estimated 77 per hour for gliders. Recent trends have seen an increase in more

affordable flying offered by microlight aircraft, and the development of smaller and cheaper

helicopters, such as the Robinson R22 and R44, has resulted in an increase in recreational usage

of these aircraft. Another growth area in private flying in recent years has been in the use of

amateur built aircraft, such as the Van's Aircraft RV-4 and Rutan Long-EZ.

There is a strong vintage aircraft movement in the UK, and two-thirds of the 500 registered

historic aircraft are active. These cover the whole spectrum of civil and military aviation,

examples being the de Havilland Dragon Rapide airliner of the 1930s and the World War II

(WWII) Spitfire fighter. There are many post-WWII aircraft which could also be considered

historic under a looser definition, including for example 60 ex-military jets such as the Hawker

Hunter. Historic aircraft are regular exhibits at air displays, claimed to be the second most

popular spectator sport in the UK.

6. Sports

Recreational flying also includes sporting and competitive activities. Sport aviation world-wide

is governed by the Fdration Aronautique Internationale (FAI), which controls world

championships and the registration of world records. The FAI representative and coordinating

body for sport aviation in the UK is the Royal Aero Club (RAeC).
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Responsibility for the oversight of UK handicapped air racing is delegated to the RAeC Records,

Racing and Rally Association. This sport is open to any propeller-driven aircraft capable of

maintaining a minimum speed of 160 kilometres (100 miles) per hour in level flight, and

competing aircraft have ranged from Rollason Condors and Cessna 152s to Sia-Marchetti

SF260s and Beechcraft Barons. Races are a case of "fly low, fly fast, turn left", consisting of 45

laps round a 3240 kilometre (2025 mile) circuit. Faster aircraft are handicapped by starting a

sufficient period of time after slower aircraft that the race concludes with all aircraft diving for

the finish line together. There are up to seven races per year, conducted at airfields in the UK,

France and the Channel Islands, for prizes that include the Schneider Trophy and King's Cup,

and the season culminates with the British Air Racing and European Air Racing Championships.

At international levels Glider racing competitions take place typically over 10 days, involving

courses of between 250 kilometres (160 miles) and 600 kilometres (370 miles), with

checkpoints along the way. Points are awarded for the fastest times or, if conditions force a

landing before completion of the course, the furthest distances completed. The pilot with the

most points at the end of the competition is declared champion. In 2007 the British gliding team

was ranked number one, and British pilots took two women's world championships and the open

class European championship.

The British Aerobatic Association is responsible for aerobatic competitions for both powered

aircraft and gliders, running up to 30 events each year in the UK and ire. Starting at the Beginner

level, pilots can move up to Standard (powered aircraft) or Sports (glider) levels, and then on to

Intermediate, Advanced, and finally Unlimited classes. Each step up requires a wider repertoire

of aerobatic figures and progressively more performance from the aircraft. National

championships are awarded annually at Standard/Sports, Intermediate, Advanced (powered

aircraft only), and Unlimited levels, and pilots who have reached Advanced and Unlimited levels

are eligible for selection to represent the UK in international competition.

7. Scale

There are an estimated 27,000 civil aircraft registered in the UK, 96 per cent of which are

engaged in GA activities. In 2005 the GA fleet comprised 9,000 fixed-wing aircraft, 4,100
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microlights, 1,300 helicopters, 1,800 airships/balloons, 2,500 gliders and some 7,000 hang

gliders. Additionally an estimated 900 foreign-registered GA aircraft are based in the UK.

The number of pilots licenced by the CAA to fly powered aircraft in 2005 was 47,000, of whom

28,000 held a Private Pilot Licence (PPL), a figure which includes 3,400 holders of the more

restricted National Private Pilot Licence (NPPL). The remaining 19,000 held professional pilot

licences, either a Commercial Pilot Licence or an Airline Transport Pilot Licence, although not

all of these would be engaged in GA activities. In addition, there are 10,000 active glider pilots,

and estimates put the membership of aviation-related sport and recreational associations at

36,000.

The number of aerodromes that support GA in the UK is difficult to establish with certainty.

Pooleys 2008 United Kingdom Flight Guide lists 355, and the Airplan Flight Equipment UK

VFR Flight Guide 2008 lists nearly 500. In addition, Lockyears Farm 'Strips' and Private

Airfields Flight Guide lists more than 300 'landing sites'. The General Aviation Small

Aerodrome Research Study (GASAR) estimates 1,100 formal flying sites in England alone, a

figure which includes 160 helicopter landing sites, 43 military airfields, and 400 sites known to

planning authorities but not included in flight guides. Additionally it estimates up to 759

informal sites known only to land owners, customs, and members of the enthusiast group Air-

Britain.

The sector was estimated to employ nearly 12,000 people and directly contribute 1.4 billion to

the UK economy in 2005, making it roughly seven per cent of the size of the CAT industry.

Nearly half of the economic contribution was generated by business aviation.

8. Trends

Most sectors of GA for which data is available have experienced growth in aircraft numbers and

hours flown over the last two decades. The lighter end of the GA spectrum: microlights, amateur

built, and airships and balloons, have in particular shown strong growth, although the last of

these activities was severely curtailed during the foot-and-mouth outbreak in 2001 when access

to farmland was denied . After strong growth in the late 1980s, "traditional" flying has shown a
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slight decline recently, reflecting a move amongst recreational flyers towards microlight aircraft

and increased numbers of foreign-registered aircraft. Recreational helicopter usage has grown

primarily due to the introduction of smaller and cheaper aircraft. Glider activity has remained

relatively static, although there has been a gradual increase in the number of self-launching

motor gliders.

Business aviation has shown strong growth, although the numbers of aircraft on the UK register

have declined. This reflects a shift away from turboprop aircraft towards foreign-registered

business jets based in the UK, which are estimated to be growing in numbers. However, twin

piston-engined aircraft numbers have declined significantly, reflecting pressures on the light air-

taxi segment from increasingly flexible and cheaper scheduled services, and a more sophisticated

corporate charter business. The amount of flight training conducted by UK schools has declined,

largely at the hands of competition from foreign schools where costs are lower and weather

better.

Since 1990 the total number of hours flown by the GA sector has remained in the range 1.251.35

million, the dominant sector being "traditional" GA flying, which accounts for 0.6 million. An

overall increase in aircraft numbers combined with nil growth in hours flown has brought the

annual average utilisation per aircraft down from 157 hours in 1984 to 103 hours in 2002.

9. Regulation

The objective of regulation is to "promote high standards of safety in all aspects of aviation", and

this is the main area of interaction between the CAA and the GA sector. Efforts focus on

providing assurance of appropriate standards of airworthiness, pilot qualification, the rules for

the movement of aircraft, and equipment to be carried. The CAA was established as the primary

regulatory body for all aviation in the UK in 1972. In 1991 it started working within the Joint

Aviation Authorities (JAA) framework to implement agreed common standards, known as the

Joint Aviation Requirements (JAR), throughout the European Union (EU). In 2003 this was

taken a step further when the European Aviation Safety Agency (EASA) was established as the
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central EU regulator, taking over responsibility for legislating airworthiness and environmental

regulation from the national authorities. The CAA acts as an agency of EASA on these issues,

retaining its original regulatory powers in areas not yet transferred to EASA. Proposed

developments seek to establish EASA as the single authority throughout the EU, taking over

from individual member states the power to regulate all aviation other than that specifically

excluded from the scope of EASA.

10. Devolved and self-regulation

Within this framework certain sectors of GA are governed on a devolved basis. In all cases the

CAA/EASA retains responsibility for safety regulation, but representative bodies, particularly of

sectors that are not included in the scope of EASA, are granted greater oversight of their

activities. The majority of microlight aircraft are regulated by the British Microlight Aircraft

Association, although a significant number are regulated by the Light Aircraft Association

(LAA), formerly known as the Popular Flying Association. The LAA is the primary regulator for

amateur built aircraft, as well as vintage and classic aircraft. Parachuting is governed by the

British Parachute Association, although the aircraft used in this activity are generally CAA-

regulated. Balloon and airship flying is overseen by the British Balloon and Airship Club. The

UK-specific National Private Pilot Licence (NPPL) is administered by the National Pilots

Licensing Group Ltd., supported by the LAA, the Aircraft Owners and Pilots Association UK,

the British Gliding Association, and the British Microlight Aircraft Association. Separate from

these devolved groups, gliding in the UK is self-regulated. The British Gliding Association was

until recently responsible for glider airworthiness, now formally regulated as a result of EASA

legislation, and still retains control of pilot certification. Hang gliding and paragliding activities

(i.e. foot-launched gliders) are governed by the British Hang Gliding and Paragliding

Association.

11. Airworthiness
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Under CAA and EASA rules, all aircraft are required to meet certain standards of airworthiness

to safely and legally fly. Aircraft that meet these standards are issued with a Certificate of

Airworthiness. However, British registered aircraft excluded from the scope of EASA which

cannot satisfy the requirements for the issue of a Certificate of Airworthiness, such as vintage

and historic aircraft, amateur built aircraft, and microlights, may be issued with a Permit to Fly.

This allows such aircraft to fly in UK airspace subject to certain limitations, for example being

restricted to day-time flights under visual flight rules only.

12. Pilot licensing

The pilot qualification most relevant to GA is the Private Pilot Licence (PPL), which permits the

holder to fly for recreational purposes without remuneration. In addition to the European-wide

Joint Aviation Regulations Flight Crew Licensing (JAR-FCL) standard, the CAA also issues

UK-specific national licences: in the absence of European standards for gyroplane, balloon, and

airship pilots, the CAA licenses these according to the original UK PPL standard; and as a

response to the perception that JAR pilot licensing standards are excessively bureaucratic and

expensive for the purposes of recreational pilots, the National Private Pilot Licence (NPPL) was

introduced in 2002. The NPPL is easier to obtain than the JAR-FCL licence, has less stringent

medical requirements, is more restrictive in the privileges it grants, and is valid only for flights in

British-registered aircraft flying in UK airspace. Although there are plans to bring glider pilot

licensing within the regulatory framework of EASA, the gliding sector is currently self-

regulating in this respect. The British Gliding Association is responsible for defining the

standards of initial training, and certifying, via a badge system, pilots who meet those standards.

Pilots working in sectors of GA that are commercial operations, such as aerial work and business

aviation, are required to hold a professional pilot license which, at a minimum, is the

Commercial Pilot Licence.

Topic Objective:

At the end of this topic student will be able to understand:
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 History

 Organization

 Investigations

Definition/Overview:

The National Transportation Safety Board (NTSB) is an independent agency responsible for

investigation of accidents involving aviation, highway, marine, pipelines and railroads in the

United States (except aircraft of the armed forces and the intelligence agencies). It is charged by

the U.S. Congress to investigate every civil aviation accident in the United States, as well as

sensational accidents in other modes of transportation (such as the Big Bayou Canot train

disaster near Mobile, Alabama). The organization is also in charge of investigating cases of

hazardous waste releases that occur from modes of transportation. Mark Rosenker was appointed

as Vice Chairman in 2003 and Acting Chairman in March 2005. He has held the position of the

Chairman since August 2006. Robert Sumwalt is the vice chairman. The board is based in

Washington, D.C.

Key Points:

1. History

It was established as an independent organization in 1967, taking over the investigative functions

of the Civil Aeronautics Board, among other duties. Originally established with strong ties to the

US Department of Transportation, these ties were later severed under the Independent Safety

Board Act of 1975. The organization receives its authority from Chapter 11, Title 49 of the

United States Code. It has investigated over 124,000 aviation incidents since its establishment. In

1982, U.S. President Ronald W. Reagan appointed an Arkansas lawyer, James "Jim" Burnett to

head the board.
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2. Organization

The board has five members appointed by the President for five year terms, one of whom is

designated the chairman by the U.S. President and then approved by the U.S. Senate for a fixed

2-year term. Another member is designated as vice chairman, and becomes acting chairman

when there is no formal chairman. No more than three of the five members can be from the same

political party. Organization within the Board is composed of separate sub-offices for highway

safety, maritime safety, aviation safety, railroad, pipeline, and hazardous material investigations,

research and engineering, recommendations and communications, academy and administrative

law judges. These sub-offices report to the Office of Management.

3. Investigations

The NTSB is normally the lead organization in the investigation of a transportation accident

within its sphere. However, this power can be surrendered to other organizations if the US

Attorney General declares the case to be linked to an intentional criminal act. This occurred

during the investigation of the September 11th, 2001 attacks, when the US Justice Department

took over the investigation. An investigation of an incident within the United States typically

starts with the creation of a "go team", composed of specialists in fields relating to the incident.

This is followed by the designation of other organizations or corporations as parties to the

investigation. The Board may then choose to hold public hearings on the issue. Finally, it will

compose a final statement and may issue safety recommendations. The Board has no legal

authority to implement, or impose, its recommendations, upon the causative entities. That burden

falls upon regulators of the varying modalities, at either the federal or state level.

The NTSB may investigate incidents or accidents occurring outside the United States under

certain circumstances. These may include:
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 accidents or incidents occurring to American-registered or American-owned aircraft

(other than an aircraft operated by the Armed Forces or by an intelligence agency of the United

States) in foreign airspace if the aircraft both departed and was scheduled to land in the United

States. This has happened on rare occasion with respect to flights to and within Alaska that have

crashed in Canada.

 Accidents or incidents occurring to American-registered or American-owned aircraft in

countries without a transportation investigative board.

 The NTSB, if asked, will also provide technical and other advice for a fee to

transportation investigative boards in countries that do not have the equipment or specialized

technicians available to undertake all aspects of a complex investigation.

In Section 2 of this course you will cover these topics:
Recording And Reporting Of Safety Data

Review Of Safety Statistics

Accident Causation Models

You may take as much time as you want to complete the topic coverd in section 2.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:

 At the end of this topic student will be able to understand:

 History

 Design

 Future devices

 Flight Data Recorders for Radio Controlled Models

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

13
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Definition/Overview:

The flight data recorder (FDR) or Black Box is a flight recorder used to record specific aircraft

performance parameters. A separate device is the cockpit voice recorder (CVR), although some

versions (including the original) combine both in one unit. Popularly known as the black box

used for aircraft mishap analysis, the FDR is also used to study air safety issues, material

degradation, and jet engine performance. These ICAO regulated "black box" devices are often

used as an aid in investigating aircraft mishaps, and its recovery is second only in importance to

the recovery of survivors and victims' bodies. The device's shroud is usually painted bright

orange and generally located in the tail section of the aircraft. It is also designed to withstand

intense heat and pressure.

Key Points:

1. History

The first prototype FDR was produced in 1956 by Dr. David Warren of the then Aeronautical

Research Laboratories of Melbourne, Australia. In 1953 and 1954, a series of fatal accidents

involving the De Havilland DH106 Comet prompted the grounding of the entire fleet pending an

investigation. Dr. Warren, a chemist specializing in aircraft fuels, was involved in a professional

committee discussing the possible causes. Since there had been neither witnesses nor survivors,

Dr. Warren conceived of a crash-survivable method to record the flight crew's conversation (and

other pre-crash data), reasoning they would greatly assist in determining a cause and enabling the

prevention of future, avoidable accidents of the same type. Despite his 1954 report entitled "A

Device for Assisting Investigation into Aircraft Accidents" and a 1957 prototype FDR called

"The ARL Flight Memory Unit", aviation authorities from around the world were largely
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uninterested. This changed in 1958 when Sir Robert Hardingham, the Secretary of the UK Air

Registration Board, visited the ARL and was introduced to Warren.

The Aeronautical Research Laboratory allocated Dr. Warren an engineering team to develop the

prototype to airborne stage. The team, consisting of electronics engineers Lane Sear, Wally

Boswell and Ken Fraser developed a working design incorporating a fire and shockproof case, a

reliable system for encoding and recording aircraft instrument readings and voice on one wire,

and a ground-based decoding device. The ARL system became the "Red Egg", the world's first

commercial FDR, made by the British firm of S. Davall & Son. The "Red Egg" got its name

from its shape and bright red color.

The term "Black Box" came from a meeting about the "Red Egg", when afterwards a journalist

told Dr. Warren, "This is a wonderful black box." The unit itself was based on an EMI Minifon

wire recorder (originally a 1950's espionage gadget from the west-German manufacturer Protona

Monske) fitted into a perspex box firmly screwed together.

2. Design

The design of today's FDR is governed by the internationally recognized standards and

recommended practices relating to flight recorders which are contained in ICAO Annex 6 which

makes reference to industry crashworthiness and fire protection specifications such as those to be

found in the European Organization for Civil Aviation Equipment documents EUROCAE ED55,

ED56A and ED112 (Minimum Operational Performance Specification for Crash Protected

Airborne Recorder Systems). In the United States, the Federal Aviation Administration (FAA)

regulates all aspects of U.S. aviation, and cites design requirements in their Technical Standard

Order, based on the EUROCAE documents (as do the aviation authorities of many other

countries). Currently, EUROCAE specifies that a recorder must be able to withstand an

acceleration of 3400 g (33 km/s) for 6.5 milliseconds. This is roughly equivalent to an impact

velocity of 270 knots and a deceleration or crushing distance of 450 cm. additionally, there are
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requirements for penetration resistance, static crush, high and low temperature fires, deep sea

pressure, sea water immersion, and fluid immersion.

Modern day FDRs are typically plugged into the aircraft's fly-by-wire main data bus. They

record significant flight parameters, including the control and actuator positions, engine

information and time of day. There are 88 parameters required as a minimum under current U.S.

federal regulations (only 29 were required until 2002), but some systems monitor many more

variables. Generally each parameter is recorded a few times per second, though some units store

"bursts" of data at a much higher frequency if the data begins to change quickly. Most FDRs

record approximately 17-25 hours worth of data in a continuous loop. This has also given rise to

flight data monitoring programs, whereby flights are analyzed for optimum fuel consumption

and dangerous flight crew habits. The data from the FDR is transferred, in situ, to a solid state

recording device and then periodically analyzed with some of the same technology used for

accident investigations. FDRs are usually located in the rear of the aircraft, typically in the tail.

In this position, the entire front of the aircraft acts as a "crush zone" to reduce the shock that

reaches the recorder. Also, modern FDRs are typically double wrapped, in strong corrosion-

resistant stainless steel or titanium, with high-temperature insulation inside.

3. Future devices

Since the recorders can sometimes be crushed into unreadable pieces or even never located in

deep water, some modern units are self-ejecting (taking advantage of kinetic energy at impact to

separate themselves from the aircraft) and also equipped with radio and sonar beacons to aid in

their location. Alternatively other aircraft such as the Space Shuttle Orbiter do not possess an

FDR, but instead use down-links to transfer such data. This kind of system could potentially see

wider use in aviation in modified form.

On 19 July 2005, the Safe Aviation and Flight Enhancement Act of 2005 was introduced and

referred to the Committee on Transportation and Infrastructure of the U.S. House of

Representatives. This bill would require installation of a second cockpit voice recorder, digital
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flight data recorder system and emergency locator transmitter that utilizes combination

deployable recorder technology in each commercial passenger aircraft, currently required to

carry each of those recorders. The deployable recorder system would be ejected from the rear of

the aircraft at the moment of an accident. The bill was referred to the Subcommittee on Aviation

and has not progressed since. One problem for the military is that these commercial devices offer

no protection of the data that has been recorded thus have the potential for exposing military

secrets if the device is captured by non-friendly forces and exploited.

4. Flight Data Recorders for Radio Controlled Models

Reductions in the cost and size of electronic components, coupled with the increased

sophistication and popularity of radio controlled vehicles, have led to the development of

miniature, low cost RC Flight Data Recorders which measure many of the same parameters

logged by full sized Recorders. An example of one of these recorders (pictured) measures

altitude, airspeed, motor RPM, temperatures, servo positions, and several other parameters, and

weighs less than 30 grams (1 ounce).

Topic Objective:

At the end of this topic student will be able to understand:

 History

 Causes

 Safety

 Turbine Engine durability improvements

 Statistics

 Investigation

 Major disasters
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Definition/Overview:

An aviation accident is defined in the International Civil Aviation Organization Annex 13. It is

roughly defined as an occurrence associated with the operation of an aircraft which takes place

between the time any person boards the aircraft with the intention of flight and all such persons

have disembarked, in which a person is fatally or seriously injured, the aircraft sustains damage

or structural failure and/or the aircraft is missing or is completely inaccessible. An aviation

incident is also defined as an occurrence other than an accident, associated with the operation of

an aircraft, which affects or could affect the safety of operations. An accident in which the

damage to the plane is such that it must be written off, or in which the plane is totally destroyed

is often referred to as a hull loss.

Key Points:

1. History

Since the birth of flight, aircraft have crashed, often with serious consequences. This is because

of the unforgiving nature of flight, where a relatively insubstantial medium, air, supports a

significant mass. Should this support fail, there is limited opportunity for a positive outcome.

Because of this, aircraft design is concerned with minimizing the chance of failure, and pilots are

trained with safety a primary consideration. Despite this, accidents still occur, though statistically

flying is the safest form of transportation. In fact, the relative rarity of incidents, coupled with the

often dramatic outcome, is one reason why they still make headline news. Nevertheless, while

the odds of actually getting caught in a plane crash are nowadays distinctly low compared to

other means of transportation, the chances of dying in such a disaster are notably higher.

Many early attempts at flight ended in failure when a design raised to a height for a launch would

fail to generate enough lift and crash to the ground. Some of the earliest aviation pioneers lost

their lives testing aircraft they built.
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Otto Lilienthal died after a failure of one of his gliders. On his roughly 2,500th flight, he stalled

in a gust of wind, causing him to fall from a height of roughly 56 ft (17 m), fracturing his spine.

He died the next day, with his last words being reported as Opfer mssen gebracht werden!

("Sacrifices must be made.")

Percy Pilcher was another promising aviation pioneer who died testing The Hawk. Just as with

Lilienthal, promising designs and ideas for motorized planes were scrapped after his death. Some

other early attempts experienced rough landings, such as Richard Pearse who is generally

accepted to have crash landed (survived) a motorized aircraft in some bushes, unable to gain

altitude after launching it from some height. The Wright Flyer nearly crashed on the day of its

historic flight, sustaining some damage when landing. Three days before, on a previous flight

attempt, Wilbur Wright over controlled the aircraft in pitch and crashed it on takeoff, causing

minor damage in the first known case of pilot-induced oscillation. US Army Lt. Thomas

Selfridge became the first person killed in a powered fixed-wing aircraft on September 17, 1908

when his aircraft, piloted by Orville Wright, crashed after propeller separation failure during

military tests at Fort Myer in Virginia. Selfridge died of a fractured skull. Wright suffered broken

ribs, pelvis and a leg. Plane crashes with large numbers of casualties set in with the early

passenger flights of the 1920s. The yearly death toll of plane crashes exceeded 100 for the first

time in 1928, and 1,000 for the first time in 1943. Since 1945, the number of deaths has remained

below 1,000 only twice, in 2004 and 2007.

2. Causes

Approximately 80 percent of all aviation accidents occur shortly before, after, or during takeoff

or landing, and are often described as resulting from 'human error'; mid-flight disasters are rare

but not entirely unheard of. Among other things, the latter have been caused by bombs, as in the
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1988 Lockerbie incident, mid-air collisions such as in the 2002 berlingen crash and structural

failure, as in the 1954 Comet disasters and 1988 Aloha Airlines incident.

An accident survey of 1,843 aircraft accidents from 1950 through 2006 determined the causes to

be as follows:

 53%: Pilot error

 21%: Mechanical failure

 11%: Weather

 8%: Other human error (air traffic controller error, improper loading of aircraft, improper

maintenance, fuel contamination, language miscommunication etc.)

 6%: Sabotage (bombs, hijackings, shoot-downs)

 1%: Other cause

 The survey excluded military, private, and charter aircraft.

 A study by Boeing determined the primary cause of Airline hull loss accidents

(worldwide commercial jet fleet), from 1996 through 2005, to be:

 55%: Flight crew error

 17%: Airplane

 13%: Weather

 7%: Misc./Other

 5%: Air traffic control

 3%: Maintenance

That study included 183 accidents, with known causes for 134 of them. The remaining 49 were

unknown, or awaiting final reports.

Previous Boeing studies showed higher rates for Flight Crew Error:

 70%: 1988 - 1997

 67%: 1990 - 1999

 66%: 1992 - 2001

 62%: 1994 - 2003

 56%: 1995 - 2004
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Aircraft manufacturers are often slow to accept that aspects of design might play a role in

accident causation, finding it more convenient to state that human crew members were

responsible. In fact, the complex interaction between the human crew and the aircraft often

creates a fertile ground in which human error may flourish. This is examined by Simon Bennett

in his book Human Error - by Design.

3. Major disasters

The March 27, 1977, Tenerife disaster remains the deadliest accident in aviation history with the

highest number of airliner passenger fatalities. In this disaster, 583 people died when a KLM

Boeing 747 attempted take-off and collided with a taxiing Pan Am 747 at Los Rodeos Airport.

Pilot error, communications problems, fog, and airfield congestion (due to a bomb threat at

another airport) all contributed to this catastrophe.

The crash of Japan Airlines Flight 123 in 1985 is the single-aircraft disaster with the highest

number of fatalities. In this crash, 520 died on board a Boeing 747. The aircraft suffered an

explosive decompression which destroyed its vertical stabilizer and severed hydraulic lines,

making the 747 virtually uncontrollable. The world's deadliest mid-air collision with the highest

number of fatalities is the 1996 Charkhi Dadri mid-air collision involving Saudia Flight 763 and

Air Kazakhstan Flight 1907 over Haryana, India, in 1996. The crash was mainly the result of the

Kazakh pilot flying lower than the altitude for which his aircraft was given clearance. 349

passengers and crew died from both aircraft. The Ramesh Chandra Lahoti Commission,

empowered to study the causes, also recommended the creation of "air corridors" to prevent

planes from flying in opposite directions at the same altitude. The deadliest aviation-related

disaster of any kind with the highest number of total fatalities, including fatalities on both the

aircraft and the ground, was the destruction of the World Trade Center in New York City on

September 11, 2001, which occurred along with the intentional crashing of American Airlines

Flight 11 and United Airlines Flight 175. 2,974 people were killed, mostly rescue workers and

the occupants of the destroyed buildings.
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4. Safety

Aviation safety has come a long way in over one hundred years of implementation. In modern

times, two major manufacturers still produce heavy passenger aircraft for the civilian market:

Boeing of the United States of America and the European Airbus. Both have placed huge

emphasis on the use of aviation safety equipment, now a billion-dollar industry in its own right,

and made safety a major selling point -- realizing that a poor safety record in the aviation

industry is a threat to corporate survival. Some major safety devices now required in commercial

aircraft involve:

Evacuation slides - aid rapid passenger exit from an aircraft in an emergency situation.

Advanced avionics - Computerized auto-recovery and alert systems.

5. Turbine Engine durability improvements

Landing gear that can be lowered even after loss of power and hydraulics.

Air travel is the safest form of transportation available. Trains have .04 deaths for every 100

million miles while air travel has .01 deaths for every 100 million miles traveled. Compared to

the automobile, with .94 deaths per 100 million miles, both figures are low. According to the

BBC: "UK airline operations are among the safest anywhere. When compared against all other

modes of transport on a fatality per mile basis air transport is the safest - six times safer than

traveling by car and twice as safe as rail." A 2007 study by Popular Mechanics found that

passengers sitting at the back of a plane are 40% more likely to survive a crash than those sitting

in the front.

6. Statistics

The Geneva-based Aircraft Crashes Record Office (ACRO) compiles statistics on aviation

accidents of aircraft capable of carrying more than six passengers, not including helicopters,

balloons, or fighter airplanes. The ACRO announced that the year 2007 was the safest year in
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aviation since 1963 in terms of number of accidents. There had been 136 accidents registered

(compared to 164 in 2006), resulting in a total of 965 deaths (compared to 1,293 in 2006). 2004

was the year with the lowest number of fatalities since the end of World War II, with 766 deaths.

The year with most fatalities was 1972, with 3,214 deaths.

year deaths nr. of accidents

2007 965 136

2006 1,293 164

2005 1,454 184

2004 766 165

2003 1,224 198

2002 1,399 173

2001 1,535 187

2000 1,567 179

1999 1,130 198

[Table 1: 51% of accidents recorded occurred during landing, 27% during flight and 20% during

takeoff. 37% of accidents concern scheduled passenger flight, 12% military flights, 11% cargo

flights, 8% private flights.]

7. Investigation

7.1. United States
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In the United States, many civil aviation incidents have been investigated by the National

Transportation Safety Board (NTSB). When investigating an aviation disaster, NTSB

investigators piece together evidence from the crash and determine the likely cause or

causes.

7.2. United Kingdom

In the United Kingdom, the agency responsible for investigation of civilian air crashes is

the Air Accidents Investigation Branch (AAIB) of the Department for Transport. Its

purpose is to establish the circumstances and causes of the accident and to make

recommendations for their future avoidance.

7.3. Canada

The Transportation Safety Board of Canada (BST/TSB), an independent agency which

reports directly to Parliament, is the Canadian agency responsible for the advancement of

transportation safety through the investigation and reporting upon accident and incident

occurrences in all prevalent Canadian modes of transportation - marine, air, rail and

pipeline.

7.4. Retirement of flight numbers

It is common for an airline to cease using the flight number after a fatal crash. This is not

always the case.

Topic Objective:

At the end of this topic student will be able to understand:

 Lightning

 Ice and snow
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 Engine failure

 Metal fatigue

 Delamination

 Stalling

 Fire

 Bird strike

 Ground damage

 Volcanic ash

 Certification

Definition/Overview:

Air safety is a term encompassing the theory, investigation and categorization of flight failures,

and the prevention of such failures through regulation, as well as through education and training.

It can also be applied in the context of campaigns that inform the public as to the safety of air

travel. The nervous passenger may have phobias concerning the journey ahead, such as fear of

heights, fear of enclosed spaces, surrender of control and fear for their safety.

Key Points:

1. Certification

In most countries, civil aircraft have to be certified by the Civil Aviation Authority (CAA) to be

allowed to fly. The major aviation authorities worldwide are the US Federal Aviation

Administration (FAA) the European Aviation Safety Agency (EASA) (which provides

regulatory advice to the European Union and to a degree supplanted the regulatory bodies of

member countries) and the Joint Aviation Authorities (JAA) which advises the CAAs that are

members of the European Civil Aviation Conference). FAA, EASA and JAA collaborate on
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many issues, especially in order to provide streamlined procedure and avoid conflicting or

duplicate requirements. FAA and EASA are, in particular, primarily responsible for the

certification of the airliners from the two major manufacturers, Boeing and Airbus. Aircraft are

certified against standards set out in the code for each CAA. Those codes are very similar and

differ primarily in equipment and environmental standards. Regulations on maintenance, repair

and operation provide further direction to the owners of the aircraft so that the aircraft continues

to meet design standards.

2. Lightning

Boeing studies have shown that airliners are struck by lightning on average of twice per year.

While the "flash and bang" is startling to the passengers and crew, aircraft are able to withstand

normal lightning strikes. The dangers of more powerful positive lightning were not understood

until the destruction of a glider in 1999. It has since been suggested that positive lightning may

have caused the crash of Pan Am Flight 214 in 1963. At that time aircraft were not designed to

withstand such strikes, since their existence was unknown at the time standards were set. The

effects of normal lightning on traditional metal-covered aircraft are well understood and serious

damage from a lightning strike on an airplane is rare. However, as more and more aircraft, like

the upcoming Boeing 787, whos whole exterior is made of non-conducting composite materials

take to the skies, additional design effort and testing must be made before certification

authorities will permit these aircraft in commercial service.

3. Ice and snow

Snowy and icy conditions are frequent contributors to airline accidents. The December 8, 2005

accident where Southwest Airlines Flight 1248 slid off the end of the runway in heavy snow

conditions is just one of many examples. Just as on a road, ice and snow buildup can make

braking and steering difficult or impossible.

The icing of wings is another problem and measures have been developed to combat it. Even a

small amount of ice or coarse frost can greatly decrease the ability of a wing to develop lift. This
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could prevent an aircraft from taking off. If ice builds up during flight the result can be

catastrophic as evidenced by the crash of American Eagle Flight 4184 (an ATR 72 aircraft) near

Roselawn, Indiana on October 31, 1994, killing 68, or Air Florida Flight 90. Airlines and airports

ensure that aircraft are properly de-iced before takeoff whenever the weather threatens to create

icing conditions. Modern airliners are designed to prevent ice buildup on wings, engines, and

tails (empennage) by either routing heated air from jet engines through the leading edges of the

wing, tail, and inlets, or on slower aircraft, by use of inflatable rubber "boots" that expand and

break off any accumulated ice. Finally, airline dispatch offices keep watch on weather along the

routes of their flights, helping the pilots avoid the worst of in-flight icing conditions. Pilots can

also be equipped with an ice detector in order to leave icy areas they have flown into.

4. Engine failure

Although aircraft are now designed to fly even after the failure of one or more aircraft engines,

the failure of the second engine on one side for example is obviously serious. Losing all engine

power is even more serious, as illustrated by the 1970 Dominicana DC-9 air disaster, when fuel

contamination caused the failure of both engines. To have an emergency landing site is then very

important. In the 1983 Gimli Glider incident, an Air Canada flight suffered fuel exhaustion

during cruise flight, forcing the pilot to glide the plane to an emergency dead stick landing. The

automatic deployment of the ram air turbine maintained the necessary hydraulic pressure to the

flight controls, so that the pilot was able to land with only a minimal amount of damage to the

plane, and minor (evacuation) injuries to a few passengers. The ultimate form of engine failure,

physical separation, occurred in 1979 when a complete engine detached from American Airlines

Flight 191, causing damage to the aircraft and loss of control.

5. Metal fatigue

Metal fatigue has caused failure either of the engine (for example in the January 8, 1989

Kegworth air disaster), or of the aircraft body, for example the De Havilland Comets in 1953 and
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1954 and Aloha Airlines Flight 243 in 1988. Now that the subject is better understood, rigorous

inspection and nondestructive testing procedures are in place.

6. Delamination

Composite materials consist of layers of fibers embedded in a resin matrix. In some cases,

especially when subjected to cyclic stress, the fibers may tear off the matrix, the layers of the

material then separate from each other - a process called delamination, and form a mica-like

structure which then falls apart. As the failure develops inside the material, nothing is shown on

the surface; instrument methods (often ultrasound-based) have to be used. Aircraft have

developed delamination problems, but most were discovered before they caused a catastrophic

failure. Delamination risk is as old as composite material. Even in the 1940s, several Yakovlev

Yak-9s experienced delamination of plywood in their construction.

7. Stalling

Stalling an aircraft (increasing the angle of attack to a point at which the wings fail to produce

enough lift) is a danger, but is normally recoverable. Devices have been developed to warn the

pilot as stall approaches. These include stall warning horns (now standard on virtually all

powered aircraft), stick shakers and voice warnings. Two stall-related airline accidents were

British European Airways Flight 548 in 1972, and the United Airlines Flight 553 crash, while on

approach to Chicago Midway International Airport, also in 1972.

8. Fire

Safety regulations control aircraft materials and the requirements for automated fire safety

systems. Usually these requirements take the form of required tests. The tests measure
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flammability and the toxicity of smoke. When the tests fail, they fail on a prototype in an

engineering laboratory, rather than in an aircraft. Fire on board the aircraft, and more especially

the toxic smoke generated, have been the cause of incidents. An electrical fire on Air Canada

Flight 797 in 1983 caused the deaths of 23 of the 46 passengers, resulting in the introduction of

floor level lighting to assist people to evacuate a smoke-filled aircraft. Two years later a fire on

the runway caused the loss of 55 lives, 48 from the effects of incapacitating and subsequently

lethal toxic gas and smoke, in the 1985 British Airtours Flight 28M. This incident raised serious

concerns relating to survivability, something that prior to 1985 had not been studied in such

detail. The swift incursion of the fire into the fuselage and the layout of the aircraft impaired

passengers' ability to evacuate, with areas such as the forward galley area becoming a bottle-neck

for escaping passengers, with some dying very close to the exits. A large amount of research into

evacuation and cabin and seating layouts was carried at Cranfield Institute to try to measure what

makes a good evacuation route which led to the seat layout by Overwing exits being changed by

mandate and the examination of evacuation requirements relating to the design of galley areas.

The use of smoke hoods or misting systems was also examined although both were rejected.

The cargo holds of most airliners are equipped with "fire bottles" (essentially remote-controlled

fire extinguishers) to combat a fire that might occur in with the baggage and freight below the

passenger cabin. This was due to an accident in 1996. In May of that year ValuJet Airlines Flight

592 crashed into the Florida Everglades a few minutes after takeoff after a fire broke out in the

forward cargo hold. All 110 aboard were killed.

The investigation determined that improperly packaged chemical oxygen generators (used for the

drop-down oxygen masks in the aircraft cabin) had been loaded into the cargo hold. Oxygen

generators produce oxygen through a chemical reaction that also generates hundreds of degrees

of heat. When installed for use in the ceiling above the passenger seats they are surrounded by

heat-resistant shielding and present no fire hazard. On this flight they had been put loosely into a

cardboard box for shipment from a maintenance facility.
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It is likely that one or more of the generators ignited, during or immediately after takeoff,

producing an oxygen-rich environment. The cardboard box containing the generators would have

quickly caught fire from the heat of the ignited generator. The fire spread to an aircraft tire that

was also carried in the hold. Ordinarily the fire would have smothered itself, because of the

airtight design of that cargo compartment. But the oxygen generators kept feeding oxygen to the

fire, defeating the smothering design of the McDonnell Douglas DC-9 cargo hold. The fire

rapidly burned through the passenger cabin floor, incapacitating all aboard with smoke and

poisonous gases very quickly. The pilots, although having smoke masks and separate oxygen

supplies, had no hope of maintaining control as control cables and electrical wiring burned

through.

The maintenance facility (SabreTech) was subjected to large fines and ValuJet, due to this

accident and other irregularities, was grounded. The airline reemerged as a smaller airline and

eventually merged with AirTran Airways, a smaller carrier. Adopting the acquired airline's

name, the airline has since provided safe service. For the airline industry, rules for the shipment

of oxygen generators was severely restricted and cargo holds on larger airliners were required to

have "fire bottles" installed. At one time fire fighting foam paths were laid down before an

emergency landing, but the practice was considered only marginally effective, and concerns

about the depletion of fire fighting capability due to pre-foaming led the United States FAA to

withdraw its recommendation in 1987.

9. Bird strike

Bird strike is an aviation term for a collision between a bird and an aircraft. It is a common threat

to aircraft safety and has caused a number of fatal accidents. In 1988 an Ethiopian Airlines

Boeing 737 sucked pigeons into both engines during take-off and then crashed in an attempt to

return to the Bahir Dar airport; of the 104 people aboard, 35 died and 21 were injured. In another

incident in 1995, a Dassault Falcon 20 crashed at a Paris airport during an emergency landing

attempt after sucking lapwings into an engine, which caused an engine failure and a fire in the

airplane fuselage; all 10 people on board were killed.
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Modern jet engines have the capability of surviving an ingestion of a bird. Small fast planes,

such as military jet fighters, are at higher risk than big heavy multi-engine ones. This is due to

the fact that the fan of a high-bypass turbofan engine, typical on transport aircraft, acts as a

centrifugal separator to force ingested materials (birds, ice, etc.) to the outside of the fan's disc.

As a result, such materials go through the relatively unobstructed bypass duct, rather than

through the core of the engine, which contains the smaller and more delicate compressor blades.

Military aircraft designed for high-speed flight typically have pure turbojet, or low-bypass

turbofan engines, increasing the risk that ingested materials will get into the core of the engine to

cause damage.

The highest risk of the bird strike is during the takeoff and landing, in low altitudes, which is in

the vicinity of the airports. Some airports use active countermeasures, ranging from a person

with a shotgun through recorded sounds of predators to employing falconers. Poisonous grass

can be planted that is not palatable to birds, nor to insects that attract insectivorous birds. Passive

countermeasures involve sensible land-use management, avoiding conditions attracting flocks of

birds to the area (e.g. landfills). Another tactic found effective is to let the grass at the airfield

grow taller (approximately 12 inches (30 centimetres)) as some species of birds won't land if

they cannot see one another.

10. Ground damage

Aircraft are occasionally damaged by ground equipment at the airport. In the act of servicing the

aircraft between flights a great deal of ground equipment must operate in close proximity to the

fuselage and wings. Occasionally the aircraft gets bumped or worse. Damage may be in the form

of simple scratches in the paint or small dents in the skin. However, because aircraft structures

(including the outer skin) play such a critical role in the safe operation of a flight, all damage is

inspected, measured and possibly tested to ensure that any damage is within safe tolerances. A

dent that may look no worse than common "parking lot damage" to an automobile can be serious

enough to ground an airplane until a repair can be made. An example of the seriousness of this

problem was the December 26, 2005 depressurization incident on Alaska Airlines flight 536.

During ground services a baggage handler hit the side of the aircraft with a tug towing a train of
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baggage carts. This damaged the metal skin of the aircraft. This damage was not reported and the

plane departed. Climbing through 26,000 feet (7,925 metres) the damaged section of the skin

gave way due to the growing difference in pressure between the inside of the aircraft and the

outside air. The cabin depressurized with a bang, frightening all aboard and necessitating a rapid

descent back to denser (breathable) air and an emergency landing. Post landing examination of

the fuselage revealed a 12 in 6 in (30 cm 15 cm) hole between the middle and forward cargo

doors on the right side of the airplane. The three pieces of ground equipment that most frequently

damage aircraft are the passenger boarding bridge, catering trucks, and cargo "beltloaders."

However, any other equipment found on an airport ramp can damage an aircraft through careless

use, high winds, mechanical failure, and so on. The generic industry colloquial term for this

damage is "ramp rash", or "hangar rash".

11. Volcanic ash

Plumes of volcanic ash near active volcanoes present a risk especially for night flights. The ash

is hard and abrasive and can quickly cause significant wear on the propellers and turbo

compressor blades, and scratch the cabin windows, impairing visibility. It contaminates fuel and

water systems, can jam gears, and can cause a flameout of the engines. Its particles have low

melting point, so they melt in the combustion chamber and the ceramic mass then sticks on the

turbine blades, fuel nozzles, and the combustors, which can lead to a total engine failure. It can

get inside the cabin and contaminate everything there, and can damage the airplane electronics.

There are many instances of damage to jet aircraft from ash encounters. In one of them in 1982,

British Airways Flight 009 flew through an ash cloud, lost all four engines, and descended from

36,000 ft (11,000 m) to only 12,000 ft (3,700 m) before the flight crew managed to restart the

engines. With the growing density of air traffic, encounters like this are becoming more

common. In 1991 the aviation industry decided to set up Volcanic Ash Advisory Centers

(VAACs), one for each of 9 regions of the world, acting as liaisons between meteorologists,

volcanologists, and the aviation industry.
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1. Swiss Cheese Model

The Swiss Cheese model of accident causation is a model used in the risk analysis and risk

management of human systems. It likens human systems to multiple slices of Swiss cheese,

stacked together, side by side. It was originally propounded by British psychologist James T.

Reason in 1990, and has since gained widespread acceptance and use in healthcare, in the

aviation safety industry, and in emergency service organizations. It is sometimes called the

cumulative act effect. Reason hypothesizes that most accidents can be traced to one or more of

four levels of failure: Organizational influences, unsafe supervision, preconditions for unsafe

acts, and the unsafe acts themselves. In the Swiss Cheese model, an organization's defenses

against failure are modeled as a series of barriers, represented as slices of Swiss cheese. The

holes in the cheese slices represent individual weaknesses in individual parts of the system, and

are continually varying in size and position in all slices. The system as a whole produces failures

when all of the holes in each of the slices momentarily align, permitting (in Reason's words) "a

trajectory of accident opportunity", so that a hazard passes through all of the holes in all of the

defenses, leading to a failure.

Frosch describes Reason's model in mathematical terms as a being a model in percolation theory,

which he analyses as a Bethe lattice. The Swiss Cheese model includes, in the causal sequence of

human failures that leads to an accident or an error, both active failures and latent failures. The

former concept of active failures encompasses the unsafe acts that can be directly linked to an

accident, such as (in the case of aircraft accidents) pilot errors. The latter concept of latent

failures is particularly useful in the process of aircraft accident investigation, since it encourages

the study of contributory factors in the system that may have lain dormant for a long time (days,

weeks, or months) until they finally contributed to the accident. Latent failures span the first

three levels of failure in Reason's model. Preconditions for unsafe acts include fatigued air crew

or improper communications practices. Unsafe supervision encompasses such things as, for

example, two inexperienced pilots being paired together and sent on a flight into known adverse

weather at night. Organizational influences encompass such things as reduction in expenditure

on pilot training in times of financial austerity.
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The same analyses and models apply in the field of healthcare, and many researchers have

provided descriptive summaries, anecdotes, and analyses of Reason's work in the field. For

example, a latent failure could be the similar packaging of two different prescription drugs that

are then stored close to each other in a pharmacy. Such a failure would be a contributory factor

in the administration of the wrong drug to a patient. Such research has led to the realization that

medical error can be the result of "system flaws, not character flaws", and that individual greed,

ignorance, malice, or laziness are not the only causes of error. Lubnau, Lubnau, and Okray apply

Reason's Swiss Cheese model to the engineering of human systems in the field of firefighting,

with the aim of reducing human errors by "inserting additional layers of cheese into the system",

namely the techniques of Crew Resource Management.

In Section 3 of this course you will cover these topics:
Human Factors In Aviation Safety

Air Traffic Safety Systems

You may take as much time as you want to complete the topic coverd in section 3.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:

At the end of this topic student will be able to understand:

 Human factors studies

 Flight Deck Management reports

Definition/Overview:
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The airplane is a Boeing 720 testing a new form of jet fuel. Human factors including pilot error

are another potential danger, and currently the most common factor of aviation crashes. Much

progress in applying human factors to improving aviation safety was made around the time of

World War II by people such as Paul Fitts and Alphonse Chapanis. However, there has been

progress in safety throughout the history of aviation, such as the development of the pilot's

checklist in 1937. Pilot error and improper communication are often factors in the collision of

aircraft. This can take place in the air (1978 Pacific Southwest Airlines Flight 182) (TCAS) or on

the ground (1977 Tenerife disaster) (RAAS). The ability of the flight crew to maintain situational

awareness is a critical human factor in air safety. Human factors training is available to general

aviation pilots and called single pilot resource management training. Failure of the pilots to

properly monitor the flight instruments resulted in the crash of Eastern Air Lines Flight 40 in

1972 (CFIT), and error during take-off and landing can have catastrophic consequences, for

example cause the crash of Prinair Flight 191 on landing, also in 1972. Rarely, flight crew

members are arrested or subject to disciplinary action for being intoxicated on the job. In 1990,

three Northwest Airlines crew members were sentenced to jail for flying from Fargo, North

Dakota to Minneapolis-Saint Paul International Airport while drunk. In 2001, Northwest fired a

pilot who failed a breathalyzer test after flying from San Antonio, Texas to Minneapolis-Saint

Paul. In July 2002, two America West Airlines pilots were arrested just before they were

scheduled to fly from Miami, Florida to Phoenix, Arizona because they had been drinking

alcohol. The pilots have been fired from America West and the FAA revoked their pilot's

licenses. As of 2005 they await trial in a Florida court. The incident created a public relations

problem and America West has become the object of many jokes about drunk pilots. At least one

fatal airliner accident involving drunk pilots has occurred when Aero Flight 311 crashed killing

all 25 on board in 1961, which underscores the role that poor human choices can play in air

accidents. Human factors incidents are not limited to errors by the pilots. The failure to close a

cargo door properly on Turkish Airlines Flight 981 in 1974 resulted in the loss of the aircraft -

however the design of the cargo door latch was also a major factor in the incident. In the case of

Japan Airlines Flight 123, improper maintenance resulted in the loss of the vertical stabilizer.
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Key Points:

1. Human factors studies

Human factors studies human capabilities, system analysis and design, process control and

automation, skill acquisition, information processing and display, operator workload, and task-

induced stress, human-computer interaction, environmental effects on performance, and accident

prevention. Organizations that research human errors in aviation include the Center for Applied

Human Factors in Aviation (CAHFA) and the Federal Aviation Administration.

2. Flight Deck Management reports

 In 76% of accidents over the 30 years up to 1989 the main causal factors were due to

cockpit crew human errors.

 In 1988, 80% of hull losses were classified as being due to human factor errors.

 The primary cause in many accidents is the Captain's failure to control, and the Co-pilot's

failure to monitor.

 Crew members are the final opportunity to stop errors, but the crew are also human.

Because many accidents when flying an aircraft are due to human error, cockpit/crew resource

management was developed to addresses the interactions of aviation team members and how

those interactions affect the safety and effectiveness of the aircrew's mission. Specifically, the

goal is to develop effective interpersonal communication, stress management, and task allocation

skills so that decision making during abnormal or emergency situation is optimized. Aviation

psychologists can draw inferences about the psychological processes of pilots and controllers by

analyzing the errors that they have made. The aviation psychologist will look at incidents and

accidents. Incidence refers to the mistakes that did not result in accidents. An accident can be

attributable to pilot or air traffic controller error. The Aviation Safety Reporting System is a large

database of incidents. The National Transportation Safety Board provides detailed reports of

accidents. Other safety information can be found in the Flight Safety Foundation or the Bureau

of Air Safety Investigation.
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Topic Objective:

At the end of this topic student will be able to understand:

 Instrument Landing System

 Principle of operation

 Localizer

 Marker beacons

 Outer marker

 Middle marker

 Inner marker

 DME

 Monitoring

 Approach lighting

 Use of the Instrument Landing System

 Rate of Descent Formula

 Decision Altitude/Height

 ILS categories

 History

 Future

Definition/Overview:

Air safety is a term encompassing the theory, investigation and categorization of flight failures,

and the prevention of such failures through regulation, as well as through education and training.

It can also be applied in the context of campaigns that inform the public as to the safety of air

travel. The nervous passenger may have phobias concerning the journey ahead, such as fear of

heights, fear of enclosed spaces, surrender of control and fear for their safety.
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Key Points:

1. Instrument Landing System

The Instrument Landing System (ILS) is a ground-based instrument approach system which

provides precision guidance to an aircraft approaching a runway, using a combination of radio

signals and, in many cases, high-intensity lighting arrays to enable a safe landing during

Instrument meteorological conditions (IMC), such as low ceilings or reduced visibility due to

fog, rain, or blowing snow. Instrument Approach Procedure charts (or "approach plates") are

published for each ILS approach, providing pilots with the needed information to fly an ILS

approach during Instrument flight rules (IFR) operations, including the radio frequencies used by

the ILS components or navaids and the minimum visibility requirements prescribed for the

specific approach.

2. Principle of operation

An ILS consists of two independent sub-systems, one providing lateral guidance (Localizer), the

other vertical guidance (Glideslope or Glide Path) to aircraft approaching a runway. Aircraft

guidance is provided by the ILS receivers in the aircraft by performing a modulation depth

comparison.

A localizer (LOC, or LLZ in Europe) antenna array is normally located beyond the departure end

of the runway and generally consists of several pairs of directional antennas. Two signals are

transmitted on one out of 40 ILS channels between the carrier frequency range 108.10 MHz and

111.95 MHz (but only the odd kHz, so 108.10 108.15 108.30 and so on are LOC frequencies but
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108.20 108.25 108.40 and so on are not). One is modulated at 90 Hz, the other at 150 Hz and

these are transmitted from separate but co-located antennas. Each antenna transmits a narrow

beam, one slightly to the left of the runway centerline, the other to the right. The localizer

receiver on the aircraft measures the Difference in the Depth of Modulation (DDM) of the 90 Hz

and 150 Hz signals. For the localizer, the depth of modulation for each of the modulating

frequencies is 20 percent. The difference between the two signals varies depending on the

position of the approaching aircraft from the centerline.

If there is a predominance of either 90 Hz or 150 Hz modulation, the aircraft is off the centerline.

In the cockpit, the needle on the Horizontal Situation Indicator, or HSI (The Instrument part of

the ILS), or CDI (Course deviation indicator), will show that the aircraft needs to fly left or right

to correct the error to fly down the center of the runway. If the DDM is zero the aircraft is on the

centerline of the localizer coinciding with the physical runway centerline. A glideslope or

Glidepath (GP) antenna array is sited to one side of the runway touchdown zone. The GP signal

is transmitted on a carrier frequency between 329.15 and 335 MHz using a technique similar to

that of the localizer. The centerline of the glideslope signal is arranged to define a glideslope of

approximately 3 above horizontal (ground level). Localizer and glideslope carrier frequencies are

paired so that only one selection is required to tune both receivers. These signals are displayed

on an indicator in the instrument panel. This instrument is generally called the omni-bearing

indicator or nav indicator. The pilot controls the aircraft so that the indications on the instrument

(i.e. the course deviation indicator) remain centered on the display. This ensures the aircraft is

following the ILS centreline (i.e. it provides lateral guidance). Vertical guidance, shown on the

instrument by the glideslope indicator, aids the pilot in reaching the runway at the proper

touchdown point. Some aircraft possess the ability to route signals into the autopilot, allowing

the approach to be flown automatically by the autopilot.

3. Localizer
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In addition to the previously mentioned navigational signals, the localizer provides for ILS

facility identification by periodically transmitting a 1020 Hz morse code identification signal.

For example, the ILS for runway 04R at John F. Kennedy International Airport transmits IJFK to

identify itself, while runway 04L is known as IHIQ. This lets users know the facility is operating

normally and that they are tuned to the correct ILS. The glideslope transmits no identification

signal, so ILS equipment relies on the localizer for identification. Modern localizer antennas are

highly directional. However, usage of older, less directional antennas allows a runway to have a

non-precision approach called a localizer back course. This lets aircraft land using the signal

transmitted from the back of the localizer array. This signal is reverse sensing so a pilot may

have to fly opposite the needle indication (depending on the equipment installed in the aircraft).

Highly directional antennas do not provide a sufficient signal to support a back course. In the

United States, back course approaches are commonly associated with Category I systems at

smaller airports that do not have an ILS on both ends of the primary runway.

4. Marker beacons

On most installations marker beacons operating at a carrier frequency of 75 MHz are provided.

When the transmission from a marker beacon is received it activates an indicator on the pilot's

instrument panel and the tone of the beacon is audible to the pilot. The distance from the runway

at which this indication should be received is promulgated in the documentation for that

approach, together with the height at which the aircraft should be if correctly established on the

ILS. This provides a check on the correct function of the glideslope. In modern ILS installations

a DME is installed, co-located with the ILS, to augment or replace marker beacons. A DME

continuously displays the aircraft's distance to the runway.

5. Outer marker

The outer marker should be located 7.2 km (3.9 NM) from the threshold except that, where this

distance is not practicable, the outer marker may be located between 6.5 and 11.1 km (3.5 and 6
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NM) from the threshold. The modulation is repeated Morse-style dashes of a 400 Hz tone. The

cockpit indicator is a blue lamp that flashes in unison with the received audio code. The purpose

of this beacon is to provide height, distance and equipment functioning checks to aircraft on

intermediate and final approach. In the United States, an NDB is often combined with the outer

marker beacon in the ILS approach (called a Locator Outer Marker, or LOM); in Canada, low-

powered NDBs have replaced marker beacons entirely.

6. Middle marker

The middle marker should be located so as to indicate, in low visibility conditions, the missed

approach point, and the point that visual contact with the runway is imminent, Ideally at a

distance of approximately 3,500 ft (1,100 m) from the threshold. It is modulated with a 1300 Hz

tone as alternating dots and dashes. The cockpit indicator is an amber lamp that flashes in unison

with the received audio code.

7. Inner marker

The inner marker, when installed, shall be located so as to indicate in low visibility conditions

the imminence of arrival at the runway threshold. This is typically the position of an aircraft on

the ILS as it reaches Category II minima. Ideally at a distance of approximately 100 ft (30 m)

from the threshold. The modulation is Morse-style dots at 3000 Hz. The cockpit indicator is a

white lamp that flashes in unison with the received audio code.

8. DME

Distance Measuring Equipment (DME) provides pilots with a slant range measurement of

distance to the runway in nautical miles. DMEs are augmenting or replacing markers in many

installations. The DME provides more accurate and continuous monitoring of correct progress on

the ILS glideslope to the pilot, and does not require an installation outside the airport boundary.

When used in conjunction with an ILS, the DME is often sited midway between the reciprocal
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runway thresholds with the internal delay modified so that one unit can provide distance

information to either runway threshold. On approaches where a DME is specified in lieu of

marker beacons, the aircraft must have at least one operating DME unit to begin the approach,

and a "DME Required" restriction will be noted on the Instrument Approach Procedure.

9. Monitoring

It is essential that any failure of the ILS to provide safe guidance be detected immediately by the

pilot. To achieve this, monitors continually assess the vital characteristics of the transmissions. If

any significant deviation beyond strict limits is detected, either the ILS is automatically switched

off or the navigation and identification components are removed from the carrier. Either of these

actions will activate an indication ('failure flag') on the instruments of an aircraft using the ILS.

10. Approach lighting

Some installations include medium or high intensity approach light systems. Most often, these

are at larger airports. The Approach Lighting System (abbreviated ALS) assists the pilot in

transitioning from instrument to visual flight, and to align the aircraft visually with the runway

centerline. At many non-towered airports, the intensity of the lighting system can be adjusted by

the pilot.

11. Use of the Instrument Landing System

At large airports, air traffic control will direct aircraft to the localizer via assigned headings,

making sure aircraft do not get too close to each other (maintain separation), but also avoiding

delay as much as possible. Several aircraft can be on the ILS at the same time, several miles

apart. An aircraft that has intercepted both the localizer and the glideslope signal is said to be
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established on the approach. Typically, an aircraft will be established by 6 nautical miles (11 km)

from the runway, or just after reaching the Final Approach Fix. Aircraft deviation from the

optimal path is indicated to the flight crew by means of display with "needles" (a carry over from

when an analog meter movement would indicate deviation from the course line via voltages sent

from the ILS receiver).

The output from the ILS receiver goes both to the display system (Head Down Display and

Head-Up Display if installed) and can also go to the Flight Control Computer. An aircraft

landing procedure can be either "coupled", where the Flight Control Computer directly flies the

aircraft and the flight crew monitors the operation; or "uncoupled" (manual) where the flight

crew flies the aircraft uses the HUD and manually control the aircraft to minimize the deviation

from flight path to the runway centreline.

12. Rate of Descent Formula

A useful formula pilots use to calculate the descent rate on the glideslope.

Rate of Descent = Glideslope Angle ( Groundspeed / 60 ) 100

Where:

 Rate of Descent is in feet per minute

 Glideslope angle is in degrees from the horizontal (Usually 3 degrees)

 Groundspeed is in knots

 If the glideslope is the standard 3 degrees then the formula can be further simplified to:

 Rate of Descent = 5 Groundspeed

13. Decision Altitude/Height

Once established on an approach, the Autoland system or pilot will follow the ILS and descend

along the glideslope, until the Decision Altitude is reached (for a typical Category I ILS, this

altitude is 200 feet above the runway). At this point, the pilot must have the runway or its

approach lights in sight to continue the approach.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

43
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



If neither can be seen, the approach must be aborted and a missed approach procedure will be

performed. This is where the aircraft will climb back to a predetermined altitude and position.

From there the pilot will either try the same approach again or divert to another airport. Aborting

the approach (as well as the ATC instruction to do so) is called executing a missed approach.

14. ILS categories

There are three categories of ILS which support similarly named categories of operation.

Information below is based on ICAO - certain states may have filed differences. Check with your

state's documentation.

 Category I - A precision instrument approach and landing with a decision height not

lower than 200 feet (61 m) above touchdown zone elevation and with either a visibility not less

than 800 meters (2,625 ft) or a runway visual range not less than 550 meters (1,804 ft).

 Category II - Category II operation: A precision instrument approach and landing with a

decision height lower than 200 feet (61 m) above touchdown zone elevation but not lower than

100 feet (30 m), and a runway visual range not less than 300 meters (984 ft).

 Category III is further subdivided

o Category III A - A precision instrument approach and landing with:

 a) a decision height lower than 100 feet (30 m) above touchdown zone

elevation, or no decision height; and

 b) a runway visual range not less than 200 meters (656 ft).

o Category III B - A precision instrument approach and landing with:

 a) a decision height lower than 50 feet (15 m) above touchdown zone

elevation, or no decision height; and

 b) a runway visual range less than 200 meters (656 ft) but not less than

50 meters (164 ft).

o Category III C - A precision instrument approach and landing with no decision

height and no runway visual range limitations. A Category III C system is capable of using an

aircraft's autopilot to land the aircraft and can also provide guidance along the runway surface.

In each case a suitably equipped aircraft and appropriately qualified crew are required. For

example, Cat IIIc requires a fail-operational system, along with a Landing Pilot (LP) who holds a
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Cat IIIc endorsement in their logbook, Cat I does not. A Head-Up Display which allows the pilot

to perform aircraft maneuvers rather than an automatic system is considered as fail-operational.

Cat I relies only on altimeter indications for decision height, whereas Cat II and Cat III

approaches use radar altimeter to determine decision height.[2]

An ILS is required to shut down upon internal detection of a fault condition as mentioned in the

monitoring section. With the increasing categories, ILS equipment is required to shut down

faster since higher categories require shorter response times. For example, a Cat I localizer must

shutdown within 10 seconds of detecting a fault, but a Cat III localizer must shut down in less

than 2 seconds.[1]

15. Limitations and alternatives

Due to the complexity of ILS localizer and glideslope systems, there are some limitations.

Localizer systems are sensitive to obstructions in the signal broadcast area like large buildings or

hangars. Glideslope systems are also limited by the terrain in front of the glideslope antennas. If

terrain is sloping or uneven, reflections can create an uneven glidepath causing unwanted needle

deflections. Additionally, since the ILS signals are pointed in one direction by the positioning of

the arrays, ILS only supports straight in approaches (though a modified ILS called an Instrument

Guidance System (IGS) was in use at Kai Tak Airport, Hong Kong to accommodate a non-

straight approach).Installation of ILS can also be costly due to the complexity of the antenna

system and siting criteria. In the 1970s there was a major US & European effort to establish the

Microwave Landing System, which are not similarly limited and which allow curved approaches.

However, a combination of slow development, airline reluctance to invest in MLS, and the rise

of GPS has resulted in its failure to be widely adopted. The Transponder Landing System (TLS)

is another alternative to an ILS that can be used where a conventional ILS will not work or is not

cost-effective.
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16. History

Tests of the ILS system began in 1929, and the Civil Aeronautics Administration (CAA)

authorized installation of the system in 1941 at six locations. The first landing of a scheduled

U.S. passenger airliner using ILS was on January 26, 1938, as a Pennsylvania-Central Airlines

Boeing 247-D flew from Washington, D.C., to Pittsburgh and landed in a snowstorm using only

the Instrument Landing System.

17. Future

The advent of the Global Positioning System (GPS) provides an alternative source of precision

approach for aircraft. The Wide Area Augmentation System (WAAS) will provide guidance to

Category I standards beginning 2007. Other methods of augmentation are in development to

provide for Category III minimums or better, such as the Local Area Augmentation System

(LAAS).

In Section 4 of this course you will cover these topics:
Aircraft Safety Systems

Airport Safety

You may take as much time as you want to complete the topic coverd in section 4.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.
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Topic Objective:

At the end of this topic student will be able to understand:

 Ice and snow

 Engine failure

 Metal fatigue

 Delamination

 Stalling

 Bird strike

 Ground damage

 Volcanic ash

 Human factors

 Controlled flight into terrain

 Terrorism

 Airport design

 Infection

 Emergency airplane evacuations

Definition/Overview:

Boeing studies have shown that airliners are struck by lightning on average of twice per year.

While the "flash and bang" is startling to the passengers and crew, aircraft are able to withstand

normal lightning strikes. The dangers of more powerful positive lightning were not understood

until the destruction of a glider in 1999. It has since been suggested that positive lightning may

have caused the crash of Pan Am Flight 214 in 1963. At that time aircraft were not designed to

withstand such strikes, since their existence was unknown at the time standards were set. The

effects of normal lightning on traditional metal-covered aircraft are well understood and serious
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damage from a lightning strike on an airplane is rare. However, as more and more aircraft, like

the upcoming Boeing 787, whose whole exterior is made of non-conducting composite materials

take to the skies, additional design effort and testing must be made before certification

authorities will permit these aircraft in commercial service.

Key Points:

1. Ice and snow

Snowy and icy conditions are frequent contributors to airline accidents. The December 8, 2005

accident where Southwest Airlines Flight 1248 slid off the end of the runway in heavy snow

conditions is just one of many examples. Just as on a road, ice and snow buildup can make

braking and steering difficult or impossible. The icing of wings is another problem and measures

have been developed to combat it. Even a small amount of ice or coarse frost can greatly

decrease the ability of a wing to develop lift. This could prevent an aircraft from taking off. If ice

builds up during flight the result can be catastrophic as evidenced by the crash of American

Eagle Flight 4184 (an ATR 72 aircraft) near Roselawn, Indiana on October 31, 1994, killing 68,

or Air Florida Flight 90.

Airlines and airports ensure that aircraft are properly de-iced before takeoff whenever the

weather threatens to create icing conditions. Modern airliners are designed to prevent ice buildup

on wings, engines, and tails (empennage) by either routing heated air from jet engines through

the leading edges of the wing, tail, and inlets, or on slower aircraft, by use of inflatable rubber

"boots" that expand and break off any accumulated ice.

Finally, airline dispatch offices keep watch on weather along the routes of their flights, helping

the pilots avoid the worst of inflight icing conditions. Pilots can also be equipped with an ice

detector in order to leave icy areas they have flown into.
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2. Engine failure

Although aircraft are now designed to fly even after the failure of one or more aircraft engines,

the failure of the second engine on one side for example is obviously serious. Losing all engine

power is even more serious, as illustrated by the 1970 Dominicana DC-9 air disaster, when fuel

contamination caused the failure of both engines. To have an emergency landing site is then very

important. In the 1983 Gimli Glider incident, an Air Canada flight suffered fuel exhaustion

during cruise flight, forcing the pilot to glide the plane to an emergency deadstick landing. The

automatic deployment of the ram air turbine maintained the necessary hydraulic pressure to the

flight controls, so that the pilot was able to land with only a minimal amount of damage to the

plane, and minor (evacuation) injuries to a few passengers. The ultimate form of engine failure,

physical separation, occurred in 1979 when a complete engine detached from American Airlines

Flight 191, causing damage to the aircraft and loss of control.

3. Metal fatigue

Metal fatigue has caused failure either of the engine (for example in the January 8, 1989

Kegworth air disaster), or of the aircraft body, for example the De Havilland Comets in 1953 and

1954 and Aloha Airlines Flight 243 in 1988. Now that the subject is better understood, rigorous

inspection and nondestructive testing procedures are in place.

4. Delamination

Composite materials consist of layers of fibers embedded in a resin matrix. In some cases,

especially when subjected to cyclic stress, the fibers may tear off the matrix, the layers of the

material then separate from each other - a process called delamination, and form a mica-like

structure which then falls apart. As the failure develops inside the material, nothing is shown on

the surface; instrument methods (often ultrasound-based) have to be used. Aircraft have

developed delamination problems, but most were discovered before they caused a catastrophic
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failure. Delamination risk is as old as composite material. Even in the 1940s, several Yakovlev

Yak-9s experienced delamination of plywood in their construction.

5. Stalling

Stalling an aircraft (increasing the angle of attack to a point at which the wings fail to produce

enough lift) is a danger, but is normally recoverable. Devices have been developed to warn the

pilot as stall approaches. These include stall warning horns (now standard on virtually all

powered aircraft), stick shakers and voice warnings. Two stall-related airline accidents were

British European Airways Flight 548 in 1972, and the United Airlines Flight 553 crash, while on

approach to Chicago Midway International Airport, also in 1972.

Fire Safety regulations control aircraft materials and the requirements for automated fire safety

systems. Usually these requirements take the form of required tests. The tests measure

flammability and the toxicity of smoke. When the tests fail, they fail on a prototype in an

engineering laboratory, rather than in an aircraft. Fire on board the aircraft, and more especially

the toxic smoke generated, have been the cause of incidents. An electrical fire on Air Canada

Flight 797 in 1983 caused the deaths of 23 of the 46 passengers, resulting in the introduction of

floor level lighting to assist people to evacuate a smoke-filled aircraft. Two years later a fire on

the runway caused the loss of 55 lives, 48 from the effects of incapacitating and subsequently

lethal toxic gas and smoke, in the 1985 British Airtours Flight 28M. This incident raised serious

concerns relating to survivability, something that prior to 1985 had not been studied in such

detail. The swift incursion of the fire into the fuselage and the layout of the aircraft impaired

passengers' ability to evacuate, with areas such as the forward galley area becoming a bottle-neck

for escaping passengers, with some dying very close to the exits. A large amount of research into

evacuation and cabin and seating layouts was carried at Cranfield Institute to try to measure what

makes a good evacuation route which led to the seat layout by Overwing exits being changed by

mandate and the examination of evacuation requirements relating to the design of galley areas.

The use of smoke hoods or misting systems was also examined although both were rejected.
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The cargo holds of most airliners are equipped with "fire bottles" (essentially remote-controlled

fire extinguishers) to combat a fire that might occur in with the baggage and freight below the

passenger cabin. This was due to an accident in 1996. In May of that year ValuJet Airlines Flight

592 crashed into the Florida Everglades a few minutes after takeoff after a fire broke out in the

forward cargo hold. All 110 aboard were killed. The investigation determined that improperly

packaged chemical oxygen generators (used for the drop-down oxygen masks in the aircraft

cabin) had been loaded into the cargo hold. Oxygen generators produce oxygen through a

chemical reaction that also generates hundreds of degrees of heat. When installed for use in the

ceiling above the passenger seats they are surrounded by heat-resistant shielding and present no

fire hazard. On this flight they had been put loosely into a cardboard box for shipment from a

maintenance facility. It is likely that one or more of the generators ignited, during or immediately

after takeoff, producing an oxygen-rich environment. The cardboard box containing the

generators would have quickly caught fire from the heat of the ignited generator. The fire spread

to an aircraft tire that was also carried in the hold. Ordinarily the fire would have smothered

itself, because of the airtight design of that cargo compartment. But the oxygen generators kept

feeding oxygen to the fire, defeating the smothering design of the McDonnell Douglas DC-9

cargo hold. The fire rapidly burned through the passenger cabin floor, incapacitating all aboard

with smoke and poisonous gases very quickly. The pilots, although having smoke masks and

separate oxygen supplies, had no hope of maintaining control as control cables and electrical

wiring burned through. The maintenance facility (SabreTech) was subjected to large fines and

ValuJet, due to this accident and other irregularities, was grounded. The airline reemerged as a

smaller airline and eventually merged with AirTran Airways, a smaller carrier. Adopting the

acquired airline's name, the airline has since provided safe service. For the airline industry, rules

for the shipment of oxygen generators was severely restricted and cargo holds on larger airliners

were required to have "fire bottles" installed. At one time fire fighting foam paths were laid

down before an emergency landing, but the practice was considered only marginally effective,

and concerns about the depletion of fire fighting capability due to pre-foaming led the United

States FAA to withdraw its recommendation in 1987.
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6. Bird strike

Bird strike is an aviation term for a collision between a bird and an aircraft. It is a common threat

to aircraft safety and has caused a number of fatal accidents. In 1988 an Ethiopian Airlines

Boeing 737 sucked pigeons into both engines during take-off and then crashed in an attempt to

return to the Bahir Dar airport; of the 104 people aboard, 35 died and 21 were injured. In another

incident in 1995, a Dassault Falcon 20 crashed at a Paris airport during an emergency landing

attempt after sucking lapwings into an engine, which caused an engine failure and a fire in the

airplane fuselage; all 10 people on board were killed. Modern jet engines have the capability of

surviving an ingestion of a bird. Small fast planes, such as military jet fighters, are at higher risk

than big heavy multi-engine ones. This is due to the fact that the fan of a high-bypass turbofan

engine, typical on transport aircraft, acts as a centrifugal separator to force ingested materials

(birds, ice, etc.) to the outside of the fan's disc. As a result, such materials go through the

relatively unobstructed bypass duct, rather than through the core of the engine, which contains

the smaller and more delicate compressor blades. Military aircraft designed for high-speed flight

typically have pure turbojet, or low-bypass turbofan engines, increasing the risk that ingested

materials will get into the core of the engine to cause damage. The highest risk of the bird strike

is during the takeoff and landing, in low altitudes, which is in the vicinity of the airports. Some

airports use active countermeasures, ranging from a person with a shotgun through recorded

sounds of predators to employing falconers. Poisonous grass can be planted that is not palatable

to birds, nor to insects that attract insectivorous birds. Passive countermeasures involve sensible

land-use management, avoiding conditions attracting flocks of birds to the area (eg. landfills).

Another tactic found effective is to let the grass at the airfield grow taller (approximately

12 inches (30 centimetres)) as some species of birds won't land if they cannot see one another.

7. Ground damage

Aircraft are occasionally damaged by ground equipment at the airport. In the act of servicing the

aircraft between flights a great deal of ground equipment must operate in close proximity to the

fuselage and wings. Occasionally the aircraft gets bumped or worse. Damage may be in the form
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of simple scratches in the paint or small dents in the skin. However, because aircraft structures

(including the outer skin) play such a critical role in the safe operation of a flight, all damage is

inspected, measured and possibly tested to ensure that any damage is within safe tolerances. A

dent that may look no worse than common "parking lot damage" to an automobile can be serious

enough to ground an airplane until a repair can be made. An example of the seriousness of this

problem was the December 26, 2005 depressurization incident on Alaska Airlines flight 536.

During ground services a baggage handler hit the side of the aircraft with a tug towing a train of

baggage carts. This damaged the metal skin of the aircraft. This damage was not reported and the

plane departed. Climbing through 26,000 feet (7,925 metres) the damaged section of the skin

gave way due to the growing difference in pressure between the inside of the aircraft and the

outside air. The cabin depressurized with a bang, frightening all aboard and necessitating a rapid

descent back to denser (breathable) air and an emergency landing. Post landing examination of

the fuselage revealed a 12 in 6 in (30 cm 15 cm) hole between the middle and forward cargo

doors on the right side of the airplane.

The three pieces of ground equipment that most frequently damage aircraft are the passenger

boarding bridge, catering trucks, and cargo "beltloaders." However, any other equipment found

on an airport ramp can damage an aircraft through careless use, high winds, mechanical failure,

and so on. The generic industry colloquial term for this damage is "ramp rash", or "hangar rash".

8. Volcanic ash

Plumes of volcanic ash near active volcanoes present a risk especially for night flights. The ash

is hard and abrasive and can quickly cause significant wear on the propellers and

turbocompressor blades, and scratch the cabin windows, impairing visibility. It contaminates fuel

and water systems, can jam gears, and can cause a flameout of the engines. Its particles have low

melting point, so they melt in the combustion chamber and the ceramic mass then sticks on the

turbine blades, fuel nozzles, and the combustors, which can lead to a total engine failure. It can

get inside the cabin and contaminate everything there, and can damage the airplane electronics.
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There are many instances of damage to jet aircraft from ash encounters. In one of them in 1982,

British Airways Flight 009 flew through an ash cloud, lost all four engines, and descended from

36,000 ft (11,000 m) to only 12,000 ft (3,700 m) before the flight crew managed to restart the

engines. With the growing density of air traffic, encounters like this are becoming more

common. In 1991 the aviation industry decided to set up Volcanic Ash Advisory Centers

(VAACs), one for each of 9 regions of the world, acting as liaisons between meteorologists,

volcanologists, and the aviation industry.

9. Human factors

Human factors including pilot error are another potential danger, and currently the most common

factor of aviation crashes. Much progress in applying human factors to improving aviation safety

was made around the time of World War II by people such as Paul Fitts and Alphonse Chapanis.

However, there has been progress in safety throughout the history of aviation, such as the

development of the pilot's checklist in 1937. Pilot error and improper communication are often

factors in the collision of aircraft. This can take place in the air (1978 Pacific Southwest Airlines

Flight 182) (TCAS) or on the ground (1977 Tenerife disaster) (RAAS). The ability of the flight

crew to maintain situational awareness is a critical human factor in air safety. Human factors

training is available to general aviation pilots and called single pilot resource management

training.

Failure of the pilots to properly monitor the flight instruments resulted in the crash of Eastern Air

Lines Flight 40 in 1972 (CFIT), and error during take-off and landing can have catastrophic

consequences, for example cause the crash of Prinair Flight 191 on landing, also in 1972.

Rarely, flight crew members are arrested or subject to disciplinary action for being intoxicated

on the job. In 1990, three Northwest Airlines crew members were sentenced to jail for flying

from Fargo, North Dakota to Minneapolis-Saint Paul International Airport while drunk. In 2001,

Northwest fired a pilot who failed a breathalyzer test after flying from San Antonio, Texas to
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Minneapolis-Saint Paul. In July 2002, two America West Airlines pilots were arrested just before

they were scheduled to fly from Miami, Florida to Phoenix, Arizona because they had been

drinking alcohol. The pilots have been fired from America West and the FAA revoked their

pilot's licenses. As of 2005 they await trial in a Florida court. The incident created a public

relations problem and America West has become the object of many jokes about drunk pilots. At

least one fatal airliner accident involving drunk pilots has occurred when Aero Flight 311

crashed killing all 25 on board in 1961, which underscores the role that poor human choices can

play in air accidents. Human factors incidents are not limited to errors by the pilots. The failure

to close a cargo door properly on Turkish Airlines Flight 981 in 1974 resulted in the loss of the

aircraft - however the design of the cargo door latch was also a major factor in the incident. In

the case of Japan Airlines Flight 123, improper maintenance resulted in the loss of the vertical

stabilizer.

10. Controlled flight into terrain

Controlled flight into terrain is a class of accident in which an undamaged aircraft is flown,

under control, into terrain. CFIT accidents typically are a result of pilot error or of navigational

system error. Some pilots, convinced that advanced electronic navigation systems such as GPS

and inertial guidance systems (inertial navigation system or INS) coupled with flight

management system computers , or over-relianced on them, are partially responsible for these

accidents, have called CFIT accidents "computerized flight into terrain". Failure to protect

Instrument Landing System critical areas can also cause controlled flight into terrain. Crew

awareness and monitoring of navigational systems can prevent or eliminate CFIT accidents.

Crew Resource Management is a modern method now widely used to improve the human factors

of air safety. The Aviation Safety Reporting System or ASRS is another. Other technical aids can

be used to help pilots maintain situational awareness. A ground proximity warning system is an

on-board system that will alert a pilot if the aircraft is about to fly into the ground. Also, air

traffic controllers constantly monitor flights from the ground and at airports.
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11. Terrorism

Terrorism can also be considered a human factor. Crews are normally trained to handle hijack

situations. Prior to the September 11, 2001 attacks, hijackings involved hostage negotiations.

After the September 11, 2001 attacks, stricter airport security measures are in place to prevent

terrorism using a Computer Assisted Passenger Prescreening System, Air Marshals, and

precautionary policies. In addition, counter-terrorist organizations monitor potential terrorist

activity. Although most air crews are screened for psychological fitness, some may take suicidal

actions. In the case of Egypt Air Flight 990, it appears that the first officer (co-pilot) deliberately

dived his aircraft into the Atlantic Ocean while the captain was away from his station, in 1999

off Nantucket, Massachusetts. Motivations are unclear, but recorded inputs from the black boxes

showed no mechanical problem, no other aircraft in the area, and were corroborated by the

cockpit voice recorder.

The use of certain electronic equipment is partially or entirely prohibited as it may interfere with

aircraft operation, such as causing compass deviations. Use of personal electronic devices and

calculators may be prohibited when an aircraft is below 10,000', taking off, or landing. The

American Federal Communications Commission (FCC) prohibits the use of a cell phone on most

flights, because in-flight usage creates problems with ground-based cells. There is also concern

about possible interference with aircraft navigation systems, although that has never been proven

to be a non-serious risk on airliners. A few flights now allow use of cell phones, where the

aircraft have been specially wired and certified to meet both FAA and FCC regulations.

12. Airport design

Airport design and location can have a big impact on air safety, especially since some airports

such as Chicago Midway International Airport were originally built for propeller planes and

many airports are in congested areas where it is difficult to meet newer safety standards. For

instance, the FAA issued rules in 1999 calling for a runway safety area, usually extending

500 feet (150 m) to each side and 1,000 feet (300 m) beyond the end of a runway. This is
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intended to cover ninety percent of the cases of an aircraft leaving the runway by providing a

buffer space free of obstacles. Since this is a recent rule, many airports do not meet it. One

method of substituting for the 1,000 feet (300 m) at the end of a runway for airports in congested

areas is to install an Engineered materials arrestor system, or EMAS. These systems are usually

made of a lightweight, crushable concrete that absorbs the energy of the aircraft to bring it to a

rapid stop. They have stopped three aircraft (as of 2005) at JFK Airport.

13. Infection

On an airplane, hundreds of people sit in a confined space for extended periods of time, which

increases the risk of transmission of airborne infections. For this reason, airlines place

restrictions on the travel of passengers with known airborne contagious diseases (e.g.

tuberculosis). During the severe acute respiratory syndrome (SARS) epidemic of 2003,

awareness of the possibility of acquisition of infection on a commercial aircraft reached it zenith

when on one flight from Hong Kong to Beijing, 16 of 120 people on the flight developed proven

SARS from a single index case. There is very limited research (and this has been edited) done on

contagious diseases on aircraft. The two most common respiratory pathogens to which air

passengers are exposed are parainfluenza and influenza. Certainly, the flight ban imposed

following the attacks of September 11, 2001 restricted the ability of influenza to spread around

the globe, resulting in a much milder influenza season that year, and the ability of influenza to

spread on aircraft has been well documented. There is no data on the relative contributions of

large droplets, small particles, close contact, surface contamination, and certainly no data on the

relative importance of any of these methods of transmission for specific diseases, and therefore

very little information on how to control the risk of infection. There is no standardisation of air

handling by aircraft, installation of HEPA filters or of hand washing by air crew, and no

published information on the relative efficacy of any of these interventions in reducing the

spread of infection.
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14. Emergency airplane evacuations

According to a 2000 report by the National Transportation Safety Board, emergency airplane

evacuations happen about once every 11 days in the U.S. While some situations are extremely

dire, such as when the plane is on fire, in many cases the greatest challenge for passengers can be

the use of the airplane slide. In a TIME article on the subject, Amanda Ripley reported that when

a new supersized Airbus A380 underwent mandatory evacuation tests in 2006, 33 of the 873

evacuating volunteers got hurt. While the evacuation was generally considered a success, one

volunteer suffered a broken leg, while the remaining 32 received slide burns. Such accidents are

common. In her article, Ripley provides tips on how to make it down the airplane slide without

injury.

Topic Objective:

At the end of this topic student will be able to understand:

 Airport

 Airport security

 Airport enforcement authority

 Process and equipment

 Notable incidents

 Airport security by country

Definition/Overview:

Safety is the state of being "safe" (from French sauf), the condition of being protected against

physical, social, spiritual, financial, political, emotional, occupational, psychological, educational

or other types or consequences of failure, damage, error, accidents, harm or any other event

which could be considered non-desirable. This can take the form of being protected from the
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event or from exposure to something that causes health or economical losses. It can include

protection of people or of possessions.

Key Points:

1. Airport

An airport is a facility where aircraft such as airplanes, helicopters, and blimps take off and land.

Aircraft may also be stored or maintained at an airport. An airport consists of at least one surface

such as a runway, a helipad, or water for takeoffs and landings, and often includes buildings such

as hangars and terminal buildings. Larger airports may have a variety of facilities and

infrastructure, including fixed base operator services, seaplane docks and ramps, air traffic

control, passenger facilities such as restaurants and lounges, and emergency services. A military

airport is known as an airbase or air station. The terms airfield, airstrip, and aerodrome may also

be used to refer to airports, and the terms heliport, seaplane base, and STOLport refer to airports

dedicated exclusively to helicopters, seaplanes, or short takeoff and landing aircraft. In some

jurisdictions, the term airport is used where the facility is licensed as such by the relevant

government organization (e.g. Federal Aviation Administration (FAA), Transport Canada).

Elsewhere the distinction is merely one of general appearance. Yet other areas define an airport

by its having the necessary customs offices etc expected of a port,though the more general term

is airport of entry.
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2. Airport security

Airport security refers to the techniques and methods used in protecting airports and by extension

aircraft from crime and terrorism. Large numbers of people pass through airports every day.

Such a large gathering of people presents a natural target for terrorism and other forms of crime

due to the number of people located in a small area. Similarly, the high concentration of people

on large airliners, the potential high lethality rate of attacks on aircraft, and the ability to use a

hijacked airplane as a lethal weapon provide an alluring target for terrorism. Airport security

arguably provides a first line of defense by attempting to stop would-be attackers from bringing

weapons or bombs into the airport. If they can succeed in this, then the chances of these devices

getting on to aircraft are greatly reduced. As such, airport security serves two purposes: To

protect the airport from attacks and crime and to protect the aircraft from attack. Monte R. Belger

of the U.S. Federal Aviation Administration notes "The goal of aviation security is to prevent

harm to aircraft, passengers, and crew, as well as support national security and counter-terrorism

policy."

3. Airport enforcement authority

While some countries may have uniform protection at all of their airports, in other countries like

the United States, the protection is controlled at the state or local level. The primary personnel

will vary and can include:

 A police force hired and dedicated to the airport

 A branch (substation) of the local police department stationed at the airport

 Members of the local police department assigned to the airport as their normal patrol area

 Members of a country's military

 Members of a country's airport protection service

 Police dog services for explosive detection, drug detection and other purposes
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 When additional personnel are required, then several of the groups listed above can be

used and as required supplemented by other resources that include:

 Officers from the normal agency, but in larger numbers using personnel not normally

assigned to the airport

 Security guards

 Paramilitary forces

 Military forces
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4. Process and equipment

Many past tragedies were the result of travelers being permitted to carry either weapons or items

that could be used as weapons on board aircraft so that they can hijack the plane. Travelers are

quickly screened by a metal detector. More advanced explosive detection machines are being

used in screening. Passengers must be screened to discourage the carrying of bombs aboard an

aircraft. X-ray machines are often used to speed up this process. Explosive detection machines

can also used for both carry on and checked baggage. These detect volatile compounds given off

from explosives using a kind of gas chromatography . A recent development is the use of

backscatter X-ray scanners to detect hidden weapons and explosives on passengers. These

devices, which use Compton scattering, require that the passenger stand close to a flat panel and

produce a high resolution image.

Generally people are screened through airport security into the concourses, where the gates are

all located. This area is often called a secure or sterile area, and is referred to as airside.

Passengers are discharged from airliners into the sterile area so that they usually will not have to

be re screened if disembarking from a domestic flight; however they are still subject to search at

any time. Eating establishments have started using plastic glasses and utensils as opposed to

glasses made out of glass and utensils made out of metal to reduce the usefulness of such items

as weapons. Traditionally, non-passengers were allowed on the concourses to meet arriving

friends or relatives at their gates, but this is greatly restricted now in the interest of security in the

United States. Non-passengers must obtain a gate pass to enter the secure area of the airport. The

most common reasons that a non-passenger may obtain a gate pass is to assist children and the

elderly as well as for attending business meetings that take place in the secure area of the airport.

In the United States, at least 24 hours notice is generally required for those planning to attend a

business meeting inside the secure area of the airport.
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In some countries, specially trained individuals may engage passengers in a conversation to

detect threats rather than solely relying on equipment to find threats. In the United States the

TSA has run several dummy tests in several major airports to measure the success of catching

people with bombs. In 2002, the TSA reported that roughly 60% of fake bombs or component

parts to bombs were missed by covert screeners. In 2007, that percentage rose to 75%. The tests

are done by using undercover agents to carry fake bombs/parts in their carry on luggage and

counting how many are successful with getting through security checkpoints. The TSA runs

covert tests everyday and when a screener misses an undercover agent carrying dangerous items,

they are immediately sent to remedial training. Throughout the world, there have been a few

dozen airports that have instituded a version of a "trusted traveler program". Proponents argue

that security screening can be made more efficient by detecting the people that are threats, and

then searching them. Searching trusted, verified individuals should not take the amount of time it

currently does and biometrics will help to solve this problem.

5. Notable incidents

The single deadliest airline catastrophe resulting from the failure of airport security to detect an

onboard bomb was Air India Flight 182 in 1985, which killed 329 people.

Another notable failure was the 1994 bombing of Philippine Airlines Flight 434, which turned

out to be a test run for a planned terrorist attack called Operation Bojinka. The explosion was

small, killing one person, and the plane made an emergency landing. Operation Bojinka was

discovered and foiled by Manila police in 1995. On May 30, 1972 three members of the Japanese

Red Army undertook a terrorist attack, popularly called the Lod Airport massacre, at the Lod

Airport, now known as the Ben Gurion International Airport, in Tel Aviv. Firing indiscriminately

with automatic firearms and throwing grenades, they managed to kill 24 people and injure 78

others before being neutralized (one of them through suicide). One of the three terrorists, Kozo

Okamoto, survived the incident. The Rome and Vienna airport attacks in December 1985 were

two more instances of airport security failures. The attacks left 20 people dead when gunmen

threw grenades and opened fire on travelers at El Al airline ticket counters. On August 10, 2006,

security at airports in the United Kingdom and the United States was raised significantly due to
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the uncovering by British authorities of a terror plot aimed at detonating liquid explosives on

flights originating from these countries. This is also notable as it was the first time the US Terror

Alert Level ever reached Red. The incident also led to tighter restrictions on carrying liquids and

gels in hand luggage in the EU.

6. Airport security by country

6.1. Canada

All restrictions involving airport security are determined by Transport Canada and are

enforced by the Canadian Air Transport Security Authority (CATSA). Since the September

11, 2001 attacks, as well as the Air India bombing in 1985 and other incidents, airport

security has tightened in Canada in order to prevent any attacks in Canadian Airspace.

CATSA uses x-ray machines to verify the contents of all carry-ons as well as metal detectors,

explosive trace detection (EDT) equipment and random physical searches of passengers at

the pre-board screening points. X-ray machines, CTX machines, high-resolution x-rays and

EDTs are also used to scan checked bags. All checked baggage is always x-rayed at all major

commercial airports. CATSA also completed the first phase of its Restricted Area Identity

Credential (RAIC) program in January 2007. This program replaces the old Airport

Restricted Area Passes issued to airport employees after security checks by the Canadian

Security Intelligence Service, the Royal Canadian Mounted Police and Transport Canada

with new cards (issued after the same checks are conducted) that contain biometric

information (fingerprints and iris scans) belonging to the person issued the RAIC.

The RAIC has yet to be extended to the security perimeter of Canadian airports for vehicles

and persons entering from checkpoints not within airport terminals.

While CATSA is responsible for pre-board passenger and random non-passenger screening,

they contract out to third-party "service providers" such as Aeroguard and Garda to train,
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manage and employ the screening officers. In addition, individual airport authroties which

were privatized in the 1990s by the Canadian Government are responsible for general airport

security rather than CATSA and normally contract out to private companies and in the case

of large airports, pay for a small contingent of local police officers to remain onsite as well.

6.2. China

The Hong Kong International Airport is secured by the Hong Kong Police Force and

Aviation Security Company (AVSECO). Within the police force, the Airport District is

responsible for the safety and security of the airport island. Airport Security Unit (ASU)

members are deployed around the airport and are visibly armed with H&K MP5 A3

Submachine Gun. The security of the restricted area is the responsibility of the police and

AVSECO. While the airport is under the control of the Airport Authority Hong Kong

(AAHK), the security power has been delegated to the AVSECO staffs. All persons and

baggages carried by them must be X-Rayed and checked at the security screening points of

the AVSECO (with a few exceptions at the Tenant Restricted Area). The Customs and

Excise Department will check passengers and crews' luggage to discourage smuggling of

drugs and contraband from entering Hong Kong. New regulations have been made similar to

Europe as of April 2007, no liquids can be brought onto a plane which exceed 100ml.

6.3. France

French security has been stepped up since terrorist attacks in France in 1986. In response

France established the Vigipirate program. After a brief drop of the program it was reinstated

in 1991. The program involves using troops to reinforce local security. The program

increases requirements in screenings and ID checks. Since 1996 security check-points have

transferred from the Police Nationale/Gendarmerie de l'Air to private companies hired by the

airport authorities.
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6.4. India

India stepped up its airport security after the 1999 Kandahar hijacking. The Central Industrial

Security Force, a paramilitary organisation is in charge of airport security. CISF formed an

Airport Security Group this security force is dedicated to protect Indian airports. Each and

every airport has now been given an APSU (Airport Security Unit), a highly trained unit to

counter unlawful interference with civil aviation, apart from the CISF every airline has a

highly trained aviation security force which is a separate department. Terrorist threats and

narcotics are the main threats in Indian airports. Another problem that some airports face is

the proliferation of slums around the airport boundaries in places like Mumbai. Before

boarding an aeroplane, searching of hand luggage is likely.

6.5.Singapore

Security for the country's two international passenger airports comes under the purview of

the Airport Police Division of the Singapore Police Force, although resources are

concentrated at Singapore Changi Airport where scheduled passenger traffic dominate.

Seletar Airport, which specializes in handling non-scheduled and training flights, is seen as

posing less of a security issue. Since the September 11, 2001 attacks, and the naming of

Changi Airport as a terrorism target by the Jemaah Islamiyah, the airport's security has been

stepped up. Roving patrol teams comprising of two soldiers and a police officer armed with

machine guns patrol the terminals at random. Assisting the state organizations, are the

security services provided by the ground handlers, namely that of the Singapore Airport

Terminal Services's SATS Security Services, and the Aetos Security Management Private

Limited, formed from a merger of the Changi International Airport Services's airport security

unit and that of other companies to become a single island-wide auxiliary police company.

These officers man check-in counters to screen luggage, control movements into restricted

areas, and so forth. Since 2005, an upgrade in screening technology and rising security
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concerns led to all luggage-screening processes to be conducted behind closed-doors. Plans

are also in place to install over 400 cameras around the airport to monitor passenger activity

around the clock and to check on suspicious parcels and activity to discourage bomb attacks

similar to the 2005 Songkhla bombings in Southern Thailand where Hat Yai International

Airport was targeted. Tenders to incorporate such a system were called in late September

2005.

6.6. Spain

Airport security in Spain is provided by different police forces, as well as private security

guards. The Polica Nacional provides general security as well as passport (in international

airports) and documentation checking. In Catalonia and Basque Country, the Mossos

d'Esquadra and the Ertzaintza, respectively, have replaced the Polica Nacional except for

documentation functions. The Guardia Civil handles the security and customs checking,

often aided by private security guards. Local police provide security and traffic control

outside the airport building itself.

Safety measures are controlled by the state owned company Aena, and are bound to

European Commission Regulations, as in other European Union countries.

6.7. United Kingdom

The Department for Transport (DFT) is the heart of airport security in the United Kingdom.

In September 2004, Along with the Home Office, DFT started an initiative called the "Multi

Agency Threat and Risk Assessment" (MATRA), which was initially piloted at five of the

United Kingdom's major airports - Heathrow, Birmingham, East Midlands, Newcastle and

Glasgow. Following successful trials, the scheme has now been rolled out across 44 airports.
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Since the September 11 attacks in New York, the United Kingdom has been assessed as a high

risk country due to its support of the United States both in its invasion of Afghanistan and Iraq.

From 7 January 2008, travellers are no longer limited to a single piece of carry-on luggage at

most of the UK's major airports; however travellers are urged to check with their airlines for

other baggage restrictions. Currently, hand luggage is limited to bags that are no larger than 56

cm (22.0 in) tall, 45 cm (17.7in) wide, 25 cm (9.8 in) deep. In addition, there is generally a

weight limit again, check with the airline.

Passengers are not permitted to take any liquids over 100 ml past security, although liquids in

larger containers purchased in the secure area are allowed on flights. Any liquids under 100 ml

must be placed in "a single, transparent, re-sealable plastic bag (about the size of a small freezer

bag), which itself must not exceed 1 litre in capacity (approximately 20cm x 20cm)". All bags

are screened via X-ray before being put on the plane. All passengers must walk through metal

detectors. Human airport security has also been increased and people are highly likely to be

searched. There are also the usual checks of passports and boarding cards. On-line check-in is

also now in use.

The UK is considering new methods of screening passengers to further improve airport security,

such as advanced X-ray machines that provide a 360-degree view of a person, as well as "see"

under clothes, right down to the skin and bones. Various criticisms have been brought up about

this method. The latest X-ray machines (Backscatters) are planned to be tested in several U.S.

airports through 2005 and at London's Heathrow Airport. Due to their accuracy in looking under

someone's clothes genitalia have been displayed during tests, meaning it would be equal to that

of a strip search they will have to be carried out by someone of the same sex in accordance with

strict rules. It is unlikely that everyone going through an airport would be liable to such a search.

6.8. United States

Prior to the 1970s American airports had minimal security arrangements to prevent aircraft

hijackings. Measures were introduced starting in the late 1960s after several high-profile
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hijackings. Sky marshals were introduced in 1970 but there were insufficient numbers to protect

every flight and hijackings continued to take place. Consequently in late 1972, the FAA required

that all airlines begin screening passengers and their carry-on baggage by January 5, 1973. This

screening was generally contracted to private security companies. Private companies would bid

on these contracts, with the lowest bid usually being the winning one. The airline that had

operational control of the departure concourse controlled by a given checkpoint would hold that

contract. Although an airline would control the operation of a checkpoint, oversight authority

was held by the FAA. C.F.R. Title 14 restrictions did not permit a relevant airport authority to

exercise any oversight over checkpoint operations. The September 11, 2001 attacks prompted

even tougher regulations, such as limiting the number of and types of items passengers could

carry on board aircraft and requiring increased screening for passengers who fail to present a

government issued photo ID.

The Aviation and Transportation Security Act generally required that by November 19, 2002 all

passenger screening must be conducted by Federal employees. As a result, passenger and

baggage screening is now provided by the Transportation Security Administration (TSA), part of

the Department of Homeland Security. Provisions to improve the technology for detecting

explosives were included in the Terrorism Prevention Act of 2004. Noticing the demand for new

technology in airport security, General Electric (GE) started to develop the Secure Registered

Traveler System. The new system would use newly developed technology such as automated

carry-on scanning, automatic biological pathogen detection, millimeter-wave full body scanning

and a quadruple resonance carpet that would detect threats in shoes without having to take them

off. The SRT program also works with smartcard technology along with fingerprint technology

to help verify passengers. The fingerprint scanner also detects for explosive material traces on

the persons fingers. These new sophisticated technologies will help improve efficiency at

airports, but will also provide a more detailed search that is less intrusive to the passengers.

Millimeter waves are less harmful than the previous X-rays, making millimeter-waves less

harmful to the body. With the increase in security screening, some airports were led to have

extensive security lines. To alleviate some of the lines, airports created Premium lines for
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passengers traveling in First or Business Class, or those who were elite members of a particular

airlines Frequent Flyer program.

The "screening passengers by observation techniques" (SPOT) program is currently operating at

some U.S. airports.

6.9. United States incidents

On February 27, 2006, at the Will Rogers World Airport in Oklahoma City, in an airliner cargo

area (accessible only to authorized personnel), threatening graffiti was found.

On March 6, 2006 at John F. Kennedy International Airport in New York, an elderly man drove

his car onto the runway through two security gates. He made it to an active runway where an Air

France aircraft was preparing to land. Although eventually apprehended, the man drove around

for approximately 23 minutes before being stopped. On the same day a man made it on to the

runway by running though a secure gate while it was being opened at Midway International

Airport in Chicago. The man made it through one of the three perimeter entrances that did not

have a camera, resulting in four different runways being closed down. This incident led to 222

aviation security officers being retrained and a redesign of all perimeter gates. On March 11,

2006, after four years of continuous security breaches and staffing problems news reports

indicated that federal officials removed the head of security at Newark Liberty International

Airport. On March 31, 2006, at Honolulu International Airport two baggage screeners pleaded

guilty to stealing thousands of dollars in yen from outbound Japanese tourist luggage. According

to prosecutors, the baggage screeners were part of a group of screeners who stole money from

outgoing luggage and divided the money amongst the group.
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In Section 5 of this course you will cover these topics:
Aviation Security

Airline Safety

You may take as much time as you want to complete the topic coverd in section 5.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:

At the end of this topic student will be able to understand:

 Regulation and safety

 Commercial Aviation Safety Team (CAST)

 European Strategic Safety Initiative (ESSI)

 The European Commercial Aviation Safety Team (ECAST)

 The European Helicopter Safety Team (EHEST)

 The European General Aviation Safety Team (EGAST)

 Other Safety improvement Initiatives in the world

Definition/Overview:

General aviation refers to all flights other than military and scheduled airline flights, both private

and commercial. General aviation flights range from gliders and powered parachutes to large,

non-scheduled cargo jet flights. As a result, the majority of the world's air traffic falls into this

category, and most of the world's airports serve general aviation exclusively. In the United

States, there are 5,288 community airports, almost all of which exclusively serve general aviation

aircraft. According to the U.S. Aircraft Owners and Pilots Association, general aviation provides
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more than one percent of the United States' GDP, accounting for 1.3 million jobs in professional

services and manufacturing. General aviation covers a huge range of activities, both commercial

and non-commercial, including private flying, flight training, air ambulance, police aircraft,

aerial firefighting, air charter, bush flying, gliding and many others.

Key Points:

1. Regulation and safety

Most countries have authorities that oversee all civil aviation, including general aviation,

adhering to the standardized codes of the International Civil Aviation Organization (ICAO).

Examples include the Civil Aviation Authority (CAA) in Great Britain, the Luftfahrt-Bundesamt

(LBA) in Germany, Transport Canada in Canada, Director General of Civil Aviation (DGCA) in

India and the Federal Aviation Administration (FAA) in the United States. Since it includes both

non-scheduled commercial operations and private operations, with aircraft of many different

types and sizes, and pilots with a variety of different training and experience levels, it is not

possible to make blanket statements about the regulation or safety record of general aviation. At

one extreme, in most countries business jets and large cargo jets face most of the same

regulations as scheduled air transport and fly mostly to the same airports. Commercial bush

flying and air ambulance operations normally do not operate under as heavy a regulatory burden,

and often only use small airports or off-airport strips, where there is less governmental oversight.

Nonetheless they must obey the same regulations as any other type of flying.

Aviation accident rate statistics are necessarily estimates. According to the U.S. National

Transportation Safety Board, in 2005 general aviation in the United States (excluding charter)

suffered 1.31 fatal accidents for every 100,000 hours of flying in that country, compared to 0.016

for scheduled airline flights. In Canada, recreational flying accounted for 0.7 fatal accidents for

every 100,000 hours, while air taxi accounted for 1.0 fatal accident for every 100,000 hours.
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2. Commercial Aviation Safety Team (CAST)

The Commercial Aviation Safety Team was founded in 1998 with a goal to reduce the

commercial aviation fatality rate in the United States by 80 percent by 2007. By 2007 CAST was

able to report that by implementing safety enhancements, the fatality rate of commercial air

travel in the United States was reduced by 83 percent.

3. European Strategic Safety Initiative (ESSI)

The European Strategic Safety Initiative (ESSI ) is an aviation safety partnership between

EASA, other regulators and the industry. The initiatives objective is to further enhance safety for

citizens in Europe and worldwide through safety analysis, implementation of cost effective

action plans, and coordination with other safety initiatives worldwide. Participants are drawn

from the EASA Member States, the ECAC countries, manufacturers, operators and professional

unions, research organisations, the FAA and international organisations such as

EUROCONTROL and ICAO.

ESSI was launched by EASA as a ten year programme on 28 June 2006 and has three

components:

 ECAST: European Commercial Aviation Safety Team

 EHEST: European Helicopter Safety Team

 EGAST: European General Aviation Safety Team

4. The European Commercial Aviation Safety Team (ECAST)

ECAST addresses large aircraft operations. It was launched in October 2006 by the team that

created the ESSI. ECAST is in Europe the equivalent of CAST in the US. ECAST aims at

further enhancing commercial aviation safety in Europe, and for European citizen worldwide.

5. The European Helicopter Safety Team (EHEST)

EHEST features representatives of manufacturers, operators, research organisations, regulators,

accident investigators and military from across Europe. EHEST is also the European component

of the International Helicopter Safety Team (IHST). The IHST was established in the US in 2006

with the goal of achieving 80% reduction of the accident rate by 2016. To address the

specificities of the safety of helicopter operations in Europe, the European members of the IHST
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have established EHEST in November 2006. The European Helicopter Safety Analysis Team

(EHSAT) is the safety team of EHEST. EHSAT has been formed with the purpose of developing

a process for analysis of European helicopter accidents and then the performance of the analysis.

To tackle the variety of languages used in accident reports and optimise the use of resources,

EHSAT has set up seven regional analysis teams across Europe, with the objective of covering

more than 89% of the European fleet in 2007. Consolidation of results is performed by EHSAT

with the support of EASA.

6. The European General Aviation Safety Team (EGAST)

In Europe, like in other regions of the world, General Aviation is a dispersed community. Air

sports and recreational aviation embrace a wide spectrum of airborne activities, ranging from

powered flying, ballooning and gliding to newly-invented activities such as sky-surfing, micro

light flying and paragliding. EGAST builds on the national general aviation initiatives in Europe

and create a forum for sharing safety data and best practices in Europe.

7. Other Safety improvement Initiatives in the world

 Africa African Safety Enhancement Team (ASET)

 COSCAP Bangul Accord Group

 COSCAP Communate Economique et Montaire de l'Afrique Centrale (CEMAC)

 COSCAP Union Economique et Montaire Ouest Africaine (UEMOA)

 Asia/Pacific Cooperative Development of Operational Safety and Continuing

Airworthiness Program (COSCAP).

 Central/South America Pan American Aviation Safety Team (PAAST)

 Middle East COSCAP Gulf States Russia COSCAP Commonwealth of Independent

States

Topic Objective:

At the end of this topic student will be able to understand:

 Aviation safety improvement initiative
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 Navigation aids and instrument flight

 Emergency airplane evacuations

 Airport design

 Human factors

Definition/Overview:

Airline safety is a term encompassing the theory, investigation and categorization of flight

failures, and the prevention of such failures through regulation, as well as through education and

training. It can also be applied in the context of campaigns that inform the public as to the safety

of air travel. The nervous passenger may have phobias concerning the journey ahead, such as

fear of heights, fear of enclosed spaces, surrender of control and fear for their safety.

Key Points:

1. Aviation safety improvement initiative

The Safety Improvement Initiatives are aviation safety partnerships between Regulators,

manufacturers, operators and professional unions, research organisations, international

organisations to further enhance safety. The major Safety initiatives worldwide are:

 Commercial Aviation Safety Team (CAST) in the US. The Commercial Aviation Safety

Team (CAST) was founded in 1998 with a goal to reduce the commercial aviation fatality rate in

the United States by 80 percent by 2007.

 European Strategic Safety Initiative (ESSI). The European Strategic Safety Initiative

(ESSI) is an aviation safety partnership between EASA, other regulators and the industry. The

initiative objective is to further enhance safety for citizens in Europe and worldwide through

safety analysis, implementation of cost effective action plans, and coordination with other safety

initiatives worldwide.
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2. Navigation aids and instrument flight

One of the first navigation aids to be introduced (in the USA in the late 1920s) was airfield

lighting to assist pilots to make landings in poor weather or after dark. The Precision Approach

Path Indicator was developed from this in the 1930s, indicating to the pilot the angle of descent

to the airfield. This later became adopted internationally through the standards of the

International Civil Aviation Organization (ICAO).

In 1929 Jimmy Doolittle developed instrument flight. With the spread of radio technology,

several experimental radio based navigation aids were developed from the late 1920s onwards.

These were most successfully used in conjunction with instruments in the cockpit in the form of

Instrument landing systems (ILS), first used by a scheduled flight to make a landing in a

snowstorm at Pittsburgh in 1938. A form of ILS was adopted by the ICAO for international use

in 1949. Following the development of radar in World War II, it was deployed as a landing aid

for civil aviation in the form of Ground-controlled approach (GCA) systems, joined in 1948 by

distance measuring equipment (DME), and in the 1950s by airport surveillance radar as an aid to

air traffic control. VHF omnidirectional range (VOR) became the predominate means of route

navigation during the 1960s superseding the Non-directional beacon (NDB). The ground based

VOR stations were often co-located with DME, so that pilots could know both their radials in

degrees with respect to north to, and their slant range distance to, that beacon.

All of the ground-based navigation aids are being supplemented by satellite-based aids like

Global Positioning System (GPS), which make it possible for aircrews to know their position

with great precision anywhere in the world. With the arrival of Wide Area Augmentation System

(WAAS), GPS navigation has become accurate enough for vertical (altitude) as well as

horizontal use, and is being used increasingly for instrument approaches as well as en-route

navigation. However, since the GPS constellation is a single-point of failure that can be switched

off by the U.S. military in time of crisis, onboard Inertial Navigation System (INS) or ground-

based navigation aids are still required for backup.

3. Emergency airplane evacuations

According to a 2000 report by the National Transportation Safety Board, emergency airplane

evacuations happen about once every 11 days in the U.S. While some situations are extremely
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dire, such as when the plane is on fire, in many cases the greatest challenge for passengers can be

the use of the airplane slide. In a TIME article on the subject, Amanda Ripley reported that when

a new supersized Airbus A380 underwent mandatory evacuation tests in 2006, 33 of the 873

evacuating volunteers got hurt. While the evacuation was generally considered a success, one

volunteer suffered a broken leg, while the remaining 32 received slide burns. Such accidents are

common. In her article, Ripley provides tips on how to make it down the airplane slide without

injury.

4. Airport design

Airport design and location can have a big impact on air safety, especially since some airports

such as Chicago Midway International Airport were originally built for propeller planes and

many airports are in congested areas where it is difficult to meet newer safety standards. For

instance, the FAA issued rules in 1999 calling for a runway safety area, usually extending

500 feet (150 m) to each side and 1,000 feet (300 m) beyond the end of a runway. This is

intended to cover ninety percent of the cases of an aircraft leaving the runway by providing a

buffer space free of obstacles. Since this is a recent rule, many airports do not meet it. One

method of substituting for the 1,000 feet (300 m) at the end of a runway for airports in congested

areas is to install an Engineered materials arrestor system, or EMAS. These systems are usually

made of a lightweight, crushable concrete that absorbs the energy of the aircraft to bring it to a

rapid stop. They have stopped three aircraft (as of 2005) at JFK Airport.

5. Human factors

NASA air safety experiment. The airplane is a Boeing 720 testing a new form of jet fuel.

Human factors including pilot error are another potential danger, and currently the most common

factor of aviation crashes. Much progress in applying human factors to improving aviation safety

was made around the time of World War II by people such as Paul Fitts and Alphonse Chapanis.

However, there has been progress in safety throughout the history of aviation, such as the

development of the pilot's checklist in 1937. Pilot error and improper communication are often

factors in the collision of aircraft. This can take place in the air (1978 Pacific Southwest Airlines

Flight 182) (TCAS) or on the ground (1977 Tenerife disaster) (RAAS). The ability of the flight

crew to maintain situational awareness is a critical human factor in air safety. Human factors
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training is available to general aviation pilots and called single pilot resource management

training. Failure of the pilots to properly monitor the flight instruments resulted in the crash of

Eastern Air Lines Flight 40 in 1972 (CFIT), and error during take-off and landing can have

catastrophic consequences, for example cause the crash of Prinair Flight 191 on landing, also in

1972.

Rarely, flight crew members are arrested or subject to disciplinary action for being intoxicated

on the job. In 1990, three Northwest Airlines crew members were sentenced to jail for flying

from Fargo, North Dakota to Minneapolis-Saint Paul International Airport while drunk. In 2001,

Northwest fired a pilot who failed a breathalyzer test after flying from San Antonio, Texas to

Minneapolis-Saint Paul. In July 2002, two America West Airlines pilots were arrested just before

they were scheduled to fly from Miami, Florida to Phoenix, Arizona because they had been

drinking alcohol. The pilots have been fired from America West and the FAA revoked their

pilot's licenses. As of 2005 they await trial in a Florida court. The incident created a public

relations problem and America West has become the object of many jokes about drunk pilots. At

least one fatal airliner accident involving drunken pilots has occurred when Aero Flight 311

crashed killing all 25 on board in 1961, which underscores the role that poor human choices can

play in air accidents. Human factors incidents are not limited to errors by the pilots. The failure

to close a cargo door properly on Turkish Airlines Flight 981 in 1974 resulted in the loss of the

aircraft - however the design of the cargo door latch was also a major factor in the incident. In

the case of Japan Airlines Flight 123, improper maintenance resulted in the loss of the vertical

stabilizer.
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