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STRAND 1.0: FOUNDATIONS OF AVIATION
SUB-STRAND 1.1: AIRFIELD SAFETY
1.1.1 Introduction to Airfield Safety

Airfield safety is an essential aspect of aviation technology. Airports and airfields are complex
environments where aircraft, vehicles, passengers, ground-handling equipment, airport employees and
other service providers operate within shared spaces.

The movement of aircraft on the ground and in the airfield environment requires strict safety procedures
to prevent accidents, injuries, damage to aircraft and disruption of aviation operations.

Airfield safety involves identifying hazards, assessing risks, implementing preventive measures and
responding appropriately to emergencies.

Learning outcomes
By the end of this sub-strand, the learner should be able to:
1. Explain the meaning of airfield safety and related terminology.
2. ldentify the operational areas of an airfield.
3. Describe safety features in different operational areas of an airfield.
4. |dentify and classify hazards associated with airfield operations.
5. Explain risks associated with unsafe airfield operations.
6. Describe appropriate responses to hazards in an airfield.
7. Interpret basic runway, taxiway and apron markings.
8. Explain the importance of safety in airfield operations.
9. Demonstrate responsible behaviour when working in or visiting an airfield.

10. Apply safety awareness when handling aircraft-support equipment and moving around airside
areas.

Key vocabulary
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Term

Meaning

Airfield An area of land or water prepared and used for aircraft arrival, departure and
movement.

Airside The restricted part of an airport where aircraft operations take place.

Landside The public or non-operational part of an airport, such as public parking and passenger
access areas.

Runway A defined rectangular area prepared for aircraft landing and take-off.

Taxiway A defined path provided for aircraft movement between different parts of an
aerodrome.

Apron An area where aircraft are parked for passenger boarding, loading, unloading, fuelling
and servicing.

Hazard A condition, object or activity with the potential to cause harm.

Risk The likelihood and severity of harm resulting from exposure to a hazard.

FOD Foreign Object Debris or Foreign Object Damage, depending on the context.

Bird strike A collision between a bird and an aircraft.

Incursion An unauthorised presence of an aircraft, vehicle or person on a protected area of an
aerodrome.

Collision An incident in which two or more objects come into physical contact.

Emergency An unexpected situation requiring immediate action to prevent or reduce harm.

Marshalling Guiding an aircraft using recognised visual signals, normally with illuminated wands or

GRADE 11 AVIATION TECHNOLOGY 3 LEARNING SUPPORT NOTES




paddles.

Air traffic A service that manages and separates aircraft movements to promote safe and orderly
control operations.

1.1.2 Meaning and Concept of Airfield Safety

Airfield safety refers to the systematic measures, procedures, equipment and practices used to protect
aircraft, passengers, employees, visitors, airport facilities and the surrounding environment from accidents
and other dangerous occurrences during airfield operations.

It involves all activities intended to ensure that aircraft can land, take off, taxi, park and receive ground
services without unnecessary danger.

Main elements of airfield safety
1. Hazard identification

« Involves recognising anything that may cause an accident or injury.

« Examples include loose stones, fuel leakages, birds, damaged pavement and moving vehicles.
2. Risk assessment

« Involves evaluating the likelihood of an accident occurring and the possible consequences.

o For example, a fuel spill near an operating aircraft presents a serious fire risk.

3. Hazard prevention

« Involves taking measures to prevent dangerous situations from developing.

« Examples include regular inspections, wildlife control and proper storage of equipment.
4. Safety communication

« Involves sharing important safety information among pilots, air traffic controllers, ground handlers,
engineers and other airport personnel.

« Communication may be through radio, warning signs, alarms, hand signals and safety reports.
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5. Emergency preparedness

« Involves preparing personnel and equipment to respond to unexpected incidents.

« Examples include fire engines, rescue equipment, first-aid kits and emergency response plans.
6. Safety monitoring

« Involves continuously checking operational areas to identify unsafe conditions.

o Examples include runway inspections, lighting checks and apron surveillance.
7. Safety training

« Involves equipping airport personnel with the knowledge and skills required to perform their duties
safely.

Why is airfield safety necessary?
Airfield safety is necessary because:
« Aircraft operate at high speeds during take-off and landing.
« Aircraft engines produce powerful suction and exhaust forces.
 Aircraft carry large quantities of highly flammable aviation fuel.
« Several vehicles and machines operate close to aircraft.
« Runways and taxiways must remain clear of obstructions.
« Wildlife can interfere with aircraft movement.
« Poor visibility and adverse weather can increase accident risks.
« Many people work simultaneously within restricted operational areas.
1.1.3 Importance of Safety in an Airfield
Airfield safety is important for the following reasons:
1. Protection of human life

« Prevents injuries and loss of life among passengers, pilots, airport workers and visitors.
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. Prevention of aircraft accidents

« Reduces the possibility of runway collisions, aircraft overruns, ground collisions and other aviation
accidents.

w

. Protection of aircraft
« Prevents damage to aircraft engines, tyres, wings, fuselage and other components.
4. Prevention of Foreign Object Damage
« Ensures that loose objects do not enter aircraft engines or damage aircraft structures.
5. Protection of airport infrastructure

« Prevents damage to runways, taxiways, lighting systems, navigation equipment and buildings.

(o))}

. Continuity of airport operations
« Reduces operational interruptions caused by accidents, runway closures and emergency situations.
7. Protection of airport employees

« Minimises workplace injuries associated with aircraft engines, vehicles, machinery and hazardous
substances.

8. Prevention of fires and explosions

« Promotes safe fuel handling, electrical safety and proper storage of flammable materials.

O

. Protection of the environment
o Reduces fuel spills, chemical contamination, smoke pollution and improper waste disposal.
10. Improvement of passenger confidence
« Passengers feel safer when airport operations are properly managed.
11. Reduction of financial losses

« Minimises repair costs, compensation claims, insurance expenses and losses caused by operational
delays.

12. Compliance with aviation regulations

« Ensures that airfield operators follow applicable national and international aviation safety
requirements.
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13. Improved coordination

« Encourages effective cooperation between pilots, air traffic controllers, ground handlers, security
personnel and emergency teams.

14. Protection of airport reputation
« Safe operations promote public confidence in the airport and aviation industry.
1.1.4 Operational Areas of an Airfield

An airfield is divided into different operational areas. Each area has a specific purpose and safety
requirements.

The areas can be broadly classified into:
« Movement areas.
« Non-movement areas.
 Aircraft servicing areas.
« Passenger and cargo handling areas.
« Navigation and communication facilities.
« Emergency and support service areas.
A. Main operational areas

1. Runway

A runway is a defined re
Functions:
o Provides a surface for aircraft to accelerate durin -off.
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« Provides a surface for aircraft to decelerate after landing.

« Enables aircraft to land safely.

o Provides a clearly defined direction for aircraft movement.

« Supports operations in different weather conditions depending on its design.
Safety features:

« Runway centreline markings.

Threshold markings.

o Runway edge markings.

o Touchdown zone markings where required.

« Runway end identification lights where installed.

o Runway edge and centreline lights where provided.
o Clear runway strips and protected areas.

« Regular pavement inspections.

2. Taxiway

Proper drainage to prevent water accumulation.

A taxiway is a defined path on an aerodrome provided for aircraft movement between different areas,
such as runways, aprons and hangars.

Functions:

« Connects runways to aprons.
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« Connects runways to aircraft hangars.

« Enables aircraft to move from parking positions to runways.

« Reduces unnecessary movement on runways.

« Supports orderly aircraft ground movement.
Safety features:

« Yellow taxiway centreline markings.

« Taxiway edge markings where necessary.

« Taxiway centreline lights where installed.

o Blue taxiway edge lights.

« Runway holding position markings.

« Direction signs and location signs.

« Adequate separation from obstacles.

« Proper pavement maintenance.

3. Apron

An apron is a designated area where aircraft are parked for passenger boarding, loading, unloading,
fuelling, servicing and other ground operations.

Functions:

« Alircraft parking.
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« Passenger boarding and disembarkation.

o Loading and unloading of cargo.

o Aircraft refuelling.

« Cleaning and servicing.

« Minor ground maintenance.

o Ground handling operations.
Safety features:

 Aircraft stand markings.

« Apron safety lines.

« Vehicle traffic lanes.

o Pedestrian walkways.

« Equipment parking areas.

o Fuel spill response equipment.

« Fire extinguishers and emergency access routes.

« Adequate apron lighting.

« Warning signs and restricted-access markings.
4. Aircraft parking stands

These are designated positions on an apron where aircraft are parked for loading, unloading, fuelling and
servicing.

Safety features:
« Stand identification numbers.
 Aircraft stop lines.
o Lead-in lines.
« Equipment restraint areas.

« Clearances for aircraft wings and engines.
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« Ground power connection points.

« Passenger boarding bridge guidance where applicable.
5. Aircraft hangars
A hangar is a large enclosed building used for storing, inspecting, repairing and maintaining aircraft.
Functions:

e Protects aircraft from adverse weather.

Provides space for aircraft maintenance.

Supports inspection and repair activities.

Provides storage for aircraft equipment.

Supports technical training.

Safety features:
« Fire detection and suppression systems.
« Emergency exits.
o Adequate ventilation.
o Proper electrical installations.
« Safe storage of chemicals and flammable substances.
 Aircraft support equipment.
o Clearly marked walkways.

« Safe handling of tools and machinery.

6. Air traffic control tower (ATCT)

The air traffic control tower is a facility from which air traffic controllers observe and manage aircraft
movements on the ground and in the surrounding airspace.

Functions:

e Provides instructions to aircraft.
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« Coordinates take-offs and landings.

« Controls aircraft and vehicle movements in controlled movement areas.

« Communicates important safety information.

« Coordinates emergency responses.

« Provides information about runway conditions and weather.
Safety features:

o Clear visibility of the operational areas.

o Radio communication systems.

« Surveillance equipment where available.

o Backup power supply.

« Emergency communication systems.

« Trained air traffic controllers.
7. Airport terminal

An airport terminal is a building where passengers are received, processed and transferred before
boarding or after leaving an aircraft.

Functions:

Passenger check-in.

Security screening.
« Immigration and customs services where applicable.
« Passenger waiting areas.
« Baggage handling.
o Passenger boarding and arrival.
Safety features:
« Emergency exits.

e Fire alarms.
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« Firefighting equipment.

« Security screening equipment.
« Emergency evacuation routes.
« First-aid facilities.

Passenger information systems.

8. Cargo handling area

This is a designated area used for receiving, storing, processing and transferring goods transported by
aircraft.

Safety features:

Proper storage systems.
« Safe cargo loading equipment.
« Forklift operating procedures.
« Dangerous goods identification.
 Fire prevention systems.
« Controlled access.
« Proper stacking of cargo.
9. Fuel storage and fuelling area
This area contains facilities for storing and supplying aviation fuel.
Safety features:
o Fire suppression systems.
o Fuel spill containment.
o Clearly displayed warning signs.
« Earthing and bonding facilities where required.
« Emergency fuel shut-off systems.

e Restricted access.
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o Proper separation from ignition sources.
10. Aircraft rescue and firefighting station

This is a specialised facility containing firefighting and rescue vehicles, equipment and personnel trained
to respond to aircraft emergencies.

Safety features:
« Fire engines.
« Firefighting foam and other approved extinguishing agents.
« Rescue tools.
o Breathing apparatus.
« Protective clothing.
o Emergency communication systems.
o Rapid access to runways and other operational areas.
B. Other operational and support areas

11. Runway strip: An area surrounding a runway intended to reduce the risk of damage to aircraft that veer
off the runway and to protect aircraft flying over it during take-off and landing.

12. Runway end safety area (RESA): An area beyond the end of a runway strip, where provided, intended
to reduce the risk of damage to an aircraft undershooting or overrunning the runway.

13. Stopway: A defined rectangular area beyond the end of the take-off run available, prepared as a
suitable area in which an aircraft can be stopped in the event of an abandoned take-off.

14. Clearway: A defined area beyond the end of the runway, under the control of the appropriate
authority, selected or prepared as a suitable area over which an aircraft may make part of its initial climb
to a specified height.

15. Helipad: A designated area used for helicopter take-off and landing.
16. Helicopter apron: An area where helicopters are parked, loaded, unloaded and serviced.
17. Vehicle service roads: Designated routes used by authorised airport vehicles.

18. Pedestrian walkways: Marked paths used by airport workers and authorised pedestrians.

GRADE 11 AVIATION TECHNOLOGY 14 LEARNING SUPPORT NOTES



19. Navigation aid facilities: Areas containing equipment that assists aircraft navigation and landing, such
as instrument landing system facilities and visual navigation aids.

20. Weather observation station: A facility used to monitor and report weather conditions affecting aircraft
operations.

21. Airport perimeter road: A road around the boundary of an airport used for security patrols,
maintenance and emergency access.

22. Security screening area: An area where people, baggage and cargo are screened to prevent prohibited
items from entering restricted areas.

23. Aircraft maintenance workshops: Facilities where aircraft components and equipment are inspected,
repaired and serviced.

24. Ground support equipment (GSE) parking area: A designated area for parking equipment such as
baggage tractors, ground power units, passenger stairs and aircraft tugs.

25. De-icing and anti-icing area: A designated area at airports where aircraft are treated to remove or
prevent ice and frost, where such operations are necessary.

26. Engine run-up area: A designated area where aircraft engines may be tested under controlled
conditions.

27. Airport drainage system: Channels and other facilities designed to remove rainwater and prevent
flooding and water accumulation.

28. Perimeter fence and security gates: Facilities that control access and protect the airfield against
unauthorised entry.

29. Isolation parking position: A designated position used to park an aircraft that requires special handling
or separation from other aircraft.

30. Emergency access routes: Routes reserved for emergency vehicles responding to incidents.

Important distinction: Not every airfield has all these facilities. The operational areas available depend on
the size, design, category and purpose of the aerodrome.

1.1.5 Safety Features in the Operational Areas of an Airfield

Safety features are physical structures, equipment, markings, signs, lighting systems and procedures
installed or implemented to prevent accidents.

A. Physical safety features
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1. Runway strips
o Provide a protected area around the runway.
« Reduce the consequences of an aircraft accidentally leaving the runway.
o Help protect aircraft during take-off and landing.
2. Runway end safety areas
o Reduce the severity of damage when an aircraft overruns or undershoots a runway.
« Provide additional safety space beyond the runway strip.
3. Perimeter fencing
« Prevents unauthorised people and animals from entering operational areas.
o Reduces the possibility of wildlife entering runways.
4. Drainage systems
« Remove excess water from runways, taxiways and aprons.
« Reduce water accumulation and the danger of hydroplaning.
5. Safety barriers
o Separate pedestrians from moving vehicles.
« Protect restricted facilities and hazardous areas.
6. Fire protection installations
« Include fire hydrants, extinguishers, alarms and fire suppression systems.
« Help control fires before they spread.
7. Aircraft stand clearance areas
« Provide adequate space for aircraft wings, engines and ground-handling equipment.
« Reduce the possibility of aircraft-ground equipment collisions.
B. Visual safety features
« Runway markings.

« Taxiway markings.
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o Apron markings.

« Mandatory instruction signs.

o Location signs.

« Direction signs.

« Information signs.

« Runway and taxiway lights.

o Obstacle lights.

« Windsocks.

o llluminated aircraft marshalling wands.
C. Operational safety features

« Air traffic control.

« Ground movement control.

o Aircraft marshalling.

o Regular airfield inspections.

« Vehicle speed limits.

o Restricted access procedures.

e Radio communication.

« Safety briefings.

« Emergency response procedures.

« Wildlife management programmes.

o Foreign Object Debris inspection and removal programmes.
1.1.6 Runway Markings, Numbering and Lighting

Runway markings are painted symbols, numbers, lines and patterns placed on the runway surface to
guide pilots during take-off, landing and ground movement.

Most runway markings on paved runways are white. Their purpose is to help pilots identify the runway;, its
edges, its beginning, its centreline and other important operating positions.
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A. Types of runway markings
1. Runway designation markings (runway numbering)
Runway numbers are large white numbers painted near the beginning of a runway.

o They indicate the magnetic direction of the runway in degrees divided by ten and rounded to the
nearest ten.

The final digit is omitted.

o The numbers range from 01 to 36.

« Runway 09 represents a magnetic direction of approximately 090°.
o Runway 27 represents approximately 270°.

o Runway 18 represents approximately 180°.

» Runway 36 represents approximately 360° or north.

i ——

31!

Example:

If a runway has a magnetic direction of approximately 140°, it is designated Runway 14.

If a runway has a magnetic direction of approximately 320°, it is designated Runway 32.
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2. Runway centreline marking
« Consists of a series of white painted dashes along the longitudinal centre of the runway.
« Helps pilots maintain the correct direction during take-off and landing.
o Provides a visual reference for aircraft alignment.
« Helps pilots judge their position on the runway.
3. Runway threshold markings

o These are white longitudinal stripes positioned near the beginning of the portion of the runway
available for landing.

o They are sometimes described as piano keys because of their appearance.
« They help pilots identify the landing threshold.

o Their number and arrangement depend on runway width and applicable standards.

09

JLCLECATRY

4. Runway edge markings
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« These are white lines used to identify the lateral boundaries of a runway.
o They help pilots distinguish the runway from the surrounding pavement.
o They are particularly useful during poor visibility.

5. Aiming point markings

o These are two prominent white rectangular markings positioned on either side of the runway
centreline.

« They provide a visual aiming reference for pilots during landing.

« They help pilots judge the intended touchdown location.

6. Touchdown zone markings

« Consist of pairs of white rectangular markings arranged symmetrically on either side of the runway
centreline.

+ Indicate the touchdown zone.
« Help pilots identify the area where an aircraft should normally touch down.
« Assist in judging the aircraft's landing position.
7. Runway side stripe markings
o These are continuous white lines along the runway edges.
« They help distinguish the runway surface from adjacent shoulders.
« They improve the visibility of runway boundaries.
8. Runway shoulder markings
o Used where necessary to distinguish runway shoulders from the actual runway surface.
« Help prevent pilots from mistaking a shoulder for a usable runway surface.
9. Runway turn pad markings
« Guide aircraft when turning around at the end of a runway.
o Help aircraft make the turn without leaving the designated pavement.
10. Displaced threshold markings
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A displaced threshold is a threshold located at a point other than the physical beginning of the runway.

« The portion before the displaced threshold may be used for taxiing, take-off and landing rollout
from the opposite direction, as permitted.

« Itis not available for landing from the direction for which the threshold is displaced.
« White arrowheads and an arrow shaft identify the displaced portion.

11. Closed runway markings

Used to indicate that a runway or part of a runway is closed to aircraft operations.

The closure marking commonly consists of large crosses.

On a paved runway, the cross is normally yellow.

Pilots must not use a closed runway unless specifically authorised under applicable procedures.

B. Runway numbering and parallel runways

Airports may have two or more runways with similar magnetic directions.
Where parallel runways exist, letters are added to the runway numbers:

o L means Left.
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« Cmeans Centre.

e R means Right.
For example:

o 09L — Runway 09 Left.

o 09C - Runway 09 Centre.

o 09R — Runway 09 Right.
This helps pilots and controllers distinguish between parallel runways.
C. Runway lighting systems

Runway lighting systems help pilots identify runway boundaries, thresholds, centreline and other
important areas, particularly at night and during reduced visibility.
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1. Runway edge lights
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« Installed along the sides of a runway.
o Generally white on a runway.
« Help pilots identify runway boundaries.

« On certain instrument runways, the last portion of the runway edge lights changes to yellow to
warn pilots that they are approaching the runway end.

2. Runway threshold lights
o Usually green when viewed by an approaching aircraft.
« l|dentify the beginning of the runway available for landing.
« Help pilots locate the landing threshold at night.
3. Runway end lights
o Usually red when viewed from the runway.
 Indicate the end of the runway.
« Warn pilots that the usable runway has ended.
4. Runway centreline lights
 Installed along the runway centreline where required.
o Usually white.
« Help pilots maintain alignment during take-off and landing.

« On certain instrument runways, the final portion changes to alternating red and white, followed by
red lights to indicate the remaining runway distance.

5. Touchdown zone lights

« Consist of pairs of transverse light bars symmetrically arranged on either side of the runway
centreline.

 Installed on certain instrument runways.
« Help pilots identify the touchdown zone.
6. Runway end identifier lights (REIL)

« A pair of synchronised flashing lights installed near the runway threshold on some runways.
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« Help pilots identify the runway threshold quickly.
7. Approach lighting system
« A system of lights extending from the runway threshold into the approach area.
o Helps pilots align with the runway during the final approach.
« Supports visual reference during landing, particularly in poor visibility.
8. Runway guard lights
« Usually flashing yellow lights installed at runway holding positions or other designated locations.
« Warn pilots and vehicle drivers that they are approaching a runway.
« Increase awareness of runway entry points.
9. Stopway lights
« Where provided, identify the boundaries of a stopway.
« Their colour and arrangement depend on the applicable aerodrome design standards.
10. Obstacle lights
 Installed on certain structures and obstacles that may endanger aircraft.
o May be red or high-intensity white, depending on the applicable requirements.

« Help pilots identify obstacles, particularly at night.

D. Runway safety signs
Common runway-related signs include:
« Runway designation signs.
« Runway holding position signs.
« Runway distance-remaining signs where provided.
« No-entry signs.
« Runway intersection signs.

o ILS critical-area signs.
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A runway holding position sign commonly has white characters on a red background. It warns pilots and
vehicle operators that they must not proceed beyond the associated holding position without the
required clearance.

Important safety rule: A painted line, light or sign does not give a pilot or driver permission to enter a
runway. Clearance and applicable operating procedures must always be followed.

1.1.7 Taxiway Markings, Signs and Lighting
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Taxiway markings, signs and lighting are visual guidance systems that help pilots navigate safely between

runways, aprons, hangars and other operational areas.
A. Types of taxiway markings

1. Taxiway centreline marking

« Consists of a continuous yellow line painted along the centre of the taxiway.
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« Guides aircraft during ground movement.

o Helps pilots maintain the correct taxiing route.

« Reduces the possibility of aircraft leaving the designated taxiway.
2. Taxiway edge markings

« Used to identify the boundaries of a taxiway.

« Normally consist of two continuous yellow lines or two dashed yellow lines, depending on whether
the boundary is intended to be crossed.

« Help pilots distinguish the taxiway from surrounding pavement.
3. Runway holding position markings

Consist of two solid yellow lines and two dashed yellow lines arranged across a taxiway.

Identify the point at which aircraft must hold before entering a runway.

The aircraft must not cross the holding position without the required clearance.

The solid lines are on the side from which an aircraft is required to hold.

V ‘

4. Intermediate holding position markings
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« Used at designated locations along taxiways.

o May be provided where aircraft need to stop before proceeding.

« Assist in controlling aircraft movement and preventing conflicts.
5. Taxiway shoulder markings

« Used to distinguish taxiway shoulders from the actual taxiway.

« Help pilots avoid treating unsuitable shoulder surfaces as part of the taxiway.
6. Taxiway intersection markings

o Used at points where taxiways meet or intersect.

« Help guide aircraft through the intersection.

« Support orderly aircraft movement.
7. Enhanced taxiway centreline markings

« Consist of additional yellow markings alongside the normal taxiway centreline before a runway
holding position.

« Provide an advance visual warning that the aircraft is approaching a runway.
« Help pilots become aware of the need to stop and obtain clearance.
8. ILS critical-area boundary markings

 Identify the boundary of an area that must be protected to prevent interference with Instrument
Landing System signals.

« Help ground personnel and pilots identify areas where aircraft and vehicles may be required to
hold.

9. No-entry markings
« Used to indicate an area that aircraft or vehicles must not enter.
« May be associated with a red no-entry sign.
« Help prevent entry into prohibited taxiway sections.

B. Taxiway signs

Taxiway signs use different colours to communicate information.
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Sign colour

General meaning

Example

Black background with yellow
letters

Location information

Identifies the taxiway on which an aircraft is
located

Yellow background with black Direction or Shows direction to a taxiway or runway
letters destination

Red background with white Mandatory Runway holding position or no-entry
letters instruction instruction

Black background with white Information Certain information signs

letters

Examples of taxiway signs include:

1. Taxiway location signs.
2. Direction signs.

3. Destination signs.

4. Runway holding position signs.

5. No-entry signs.

6. ILS critical-area signs.

7. Road-holding position signs.

C. Taxiway lighting systems
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1. Taxiway edge lights

Normally blue.

Installed along taxiway edges.

Help pilots identify taxiway boundaries at night.

Help distinguish taxiways from other paved areas.

2. Taxiway centreline lights

Normally green.

Installed along the taxiway centreline where required.

Guide aircraft along the taxiway.

Help pilots follow designated taxiing routes in poor visibility.

3. Runway guard lights
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« Flashing yellow lights.
 Installed at designated runway holding positions.
« Warn pilots and vehicle operators that they are approaching a runway.
4. Stop bars
« Consist of red lights installed across a taxiway at designated holding positions.
 Indicate that aircraft and vehicles must stop.
« Must not be crossed when illuminated, except under applicable authorised procedures.
« Support runway incursion prevention.
5. Taxiway intersection lights
« May be provided at complex taxiway intersections.
« Improve visibility of intersections.
« Help pilots identify changes in taxiing direction.
6. Clearance bar lights
« Used at designated holding positions to improve visibility.
« Help pilots identify locations where they may be required to stop.
7. Lead-on and lead-off lights
« Help guide aircraft when entering or leaving runways.
o« Assist aircraft movement between runways and taxiways.

1.1.8 Apron Markings, Signs and Lighting
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Apron markings are lines, symbols and designated areas used to guide aircraft, vehicles, equipment and
pedestrians during ground operations.

Taxiway markings, runway markings and apron markings have different functions and should not be
confused.

A. Types of apron markings
1. Aircraft stand markings

 l|dentify designated aircraft parking positions.

« Show the location where an aircraft should be parked.

o Help ground handlers guide aircraft into parking positions.
2. Lead-in lines

« Guide an aircraft from the apron taxi route towards-its-parking stand.
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« Help the pilot maintain the correct direction during parking.
3. Lead-out lines
« Guide aircraft away from their parking positions.
« Connect aircraft stands to designated apron taxi routes.
4. Stop lines
 Indicate the point where an aircraft should stop.
« Help ensure that the aircraft is positioned correctly.
5. Aircraft stand identification markings
« Display the identification number or code of an aircraft parking stand.
« Help pilots and ground personnel identify the correct parking position.
6. Apron safety lines
« Separate aircraft movement and parking areas from equipment and pedestrian operating areas.
o Help protect personnel and equipment from aircraft movements.
e Must be conspicuous and contrast with aircraft stand markings.
7. Equipment restraint area markings
« Identify designated areas for parking ground support equipment.
o Prevent equipment from being left in aircraft movement paths.
8. Vehicle lane markings
 Identify designated routes for airport service vehicles.
« Reduce interference between vehicles and aircraft.
9. Pedestrian walkway markings
« Identify safe walking paths for authorised personnel.
o Reduce the risk of pedestrians entering aircraft movement paths.
10. Aircraft clearance markings

o Help indicate the required clearance around parked aircraft.
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« Reduce the possibility of wingtip, engine or tail collisions.

B. Apron lighting

Apron lighting is important because many ground-handling activities take place at night and during

periods of reduced visibility.
Common apron lighting installations include:
1. Floodlights
o llluminate large sections of the apron.
« Improve visibility during aircraft parking and servicing.
2. Aircraft stand lights
o llluminate individual aircraft parking positions.
o Help ground personnel work safely around aircraft.
3. Roadway lights
 llluminate vehicle routes within the apron.
« Help drivers identify pedestrians, equipment and obstacles.
4. Emergency lights
o Provide illumination during power failures or emergencies.

5. Boundary lights

« Help identify the limits of designated operational areas where required.

C. Apron safety precautions
o Keep aircraft stand areas free of unnecessary equipment.
« Never leave tools and materials unattended.
« Maintain safe distances from aircraft engines.
« Observe aircraft propeller danger zones.
« Avoid walking beneath aircraft wings without checking clearance.

« Do not operate vehicles near aircraft without authorisation.
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« Keep fire extinguishers accessible.

o Report fuel and oil spills immediately.

« Do not smoke in designated no-smoking areas.

« Use appropriate personal protective equipment.

« Follow ground-handling instructions.

o Ensure equipment is properly secured before aircraft departure.

1.1.9 Colour Coding of Common Airfield Markings and Lights

The following colour conventions are important in understanding airport visual guidance systems.

Feature

Common colour

Main purpose

Runway pavement White Identify runway features
markings

Taxiway markings Yellow Guide aircraft on taxiways
Aircraft stand markings | Yellow Identify parking positions

Apron safety lines

Conspicuous contrasting colour

Separate operational zones

Runway threshold lights

Green when viewed from approach

Identify runway threshold

Runway end lights

Red when viewed from runway

|dentify runway end

Runway edge lights

White, with specific cautionary changes
where applicable

Identify runway edges

Taxiway edge lights Blue |dentify taxiway edges
Taxiway centreline Green Guide aircraft along taxiways
lights
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Stop bar lights

Red

Indicate stop position

Runway guard lights

Yellow

Warn of approaching runway

Mandatory instruction
signs

Red with white characters

Communicate mandatory
instructions

Location signs

Black with yellow characters

|dentify current location

Direction signs

Yellow with black characters

Show directions

Remember: The colour and arrangement of markings and lighting systems must follow the applicable

aerodrome standards. The meaning of a light may also depend on the direction from which it is viewed.

1.1.10 Hazards Associated with Airfield Safety

A hazard is any object, condition, activity or situation that has the potential to cause injury, damage, loss

or disruption to aviation operations.

Airfields contain numerous hazards because aircraft, vehicles, people, machines, fuel and other materials

operate within a relatively limited space.

Hazards can arise from natural conditions, human activities, mechanical failures, environmental factors

and poor management practices.

A. Major categories of airfield hazards

1. Physical hazards.

2. Environmental hazards.

3. Wildlife hazards.

4. Chemical hazards.

5. Fire and explosion hazards.

6. Mechanical hazards.

7. Electrical hazards.

8. Human-factor hazards.

9. Operational hazards.
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10. Security-related hazards.

11. Infrastructure hazards.

12. Weather-related hazards.
B. Detailed list and explanation of airfield hazards
1. Foreign Object Debris (FOD)

Foreign Object Debris refers to any object found in an inappropriate location within the airfield that can
cause damage to aircraft or interfere with operations.

Examples include:

Loose stones.

Broken glass.

« Nuts and bolts.

o Metal fragments.

o Loose screws.

« Plastic bags.

o Paper and cardboard.

o Pieces of rubber.

« Broken tools.

o Packaging materials.

o Tyre fragments.

o Loose gravel.

« Construction materials.

o Discarded personal belongings.

o Pieces of damaged aircraft components.
 Bird feathers and animal remains.

How FOD becomes dangerous:
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« It may be sucked into aircraft engines.

It may puncture aircraft tyres.

« It may damage propellers.

It may strike aircraft wings or fuselage.

« It may interfere with aircraft control surfaces.

« It may cause damage to ground support equipment.

v “_r_ ,

Prevention and control:

Conduct regular runway and taxiway inspections.

Use designated waste disposal containers.
« Secure tools and equipment.
« Inspect vehicles before entering operational areas.
« Remove debris immediately using approved procedures.
« Ensure construction sites are properly controlled.
o Conduct FOD awareness training.
e Report and document FOD discoveries.
2. Wildlife hazards

Wildlife hazards occur when animals or birds enter operational areas and interfere with aircraft
movement.

Examples include:
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Birds.
Bats.
Dogs.
Cats.
Monkeys.
Cattle.
Goats.
Sheep.
Rodents.
Snakes.
Rabbits.
Insects.
Wild pigs.

Other small and large mammals.

How wildlife becomes dangerous:

Birds may collide with aircraft during take-off or landing.
Large animals may obstruct runways.

Animals may damage runway lights and cables.

Bird remains may attract other wildlife.

Animals may damage airport fences.

Wildlife may cause pilots to make sudden manoeuvres.
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Prevention and control:

« Maintain perimeter fencing.

« Remove food waste properly.

« Control vegetation growth.

« Avoid creating stagnant water pools.

o Conduct wildlife monitoring.

o Use approved wildlife dispersal techniques.

e Remove animal carcasses promptly.

« Report wildlife sightings.

« Avoid feeding wildlife around the airport.
3. Fuel spillage

Fuel spillage occurs when aviation fuel escapes from storage tanks, pipelines, refuelling vehicles or aircraft
fuel systems.

Causes include:

o Damaged fuel hoses.
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« Faulty fuel connections.

o Overfilling of aircraft tanks.

« Leaking storage tanks.

o Improper fuel transfer.

« Damaged valves.

e Human error during refuelling.

« Vehicle accidents involving fuel tankers.
Dangers of fuel spillage:

« Causes fire outbreaks.

« May lead to explosions when vapour encounters an ignition source.

« Causes environmental pollution.

o Makes pavement surfaces slippery.

« May damage aircraft and airport equipment.

o Exposes workers to harmful vapours.
Prevention:

« Inspect fuelling equipment regularly.

o Use trained refuelling personnel.

o Monitor fuel transfer operations.

« Avoid overfilling.

« Maintain hoses and connections.

« Provide suitable spill containment equipment.

« Follow approved emergency spill procedures.
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4. Adverse weather conditions

Adverse weather refers to weather conditions that make aircraft movement and airport operations

difficult or dangerous.
Examples include:
a) Heavy rainfall

Reduces visibility.

Causes water accumulation on runways.

May lead to hydroplaning.

Can cause flooding of operational areas.

b) Fog

e Reduces visibility.

o Makes it difficult for pilots to identify runway and taxiway markings.

 Increases the possibility of runway incursions and collisions.
¢) Strong winds
o May affect aircraft directional control.

« May move unsecured equipment.
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« Can cause difficulties during aircraft take-off and landing.
d) Thunderstorms

Produce lightning.

May cause strong wind gusts.

Can produce heavy rain and hail.

May interfere with outdoor ground operations.
e) Hailstorms
o (Can damage aircraft surfaces.
« May damage windscreens and airport facilities.
« Can make pavement surfaces slippery.
f) Dust storms
o Reduce visibility.
« May affect aircraft engines.
« May cover runway markings.
o Can interfere with airport operations.
g) Lightning
o Presents an electrical hazard to personnel.
« Can damage aircraft and airport equipment.
« May cause power failures.
h) Extreme heat
« Can affect aircraft performance.
« May cause heat stress among airport personnel.
« Can damage some equipment and pavement materials.
i) Extreme cold and frost

o May reduce tyre and pavement friction.
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« May cause ice formation.

o May affect aircraft surfaces and control systems.
j) Wind shear

o Refers to a sudden change in wind speed or direction over a short distance.

« Can significantly affect aircraft performance, especially during take-off and landing.
k) Microbursts

« Strong localised downdrafts that spread outward when reaching the ground.

« Can create dangerous wind changes for aircraft.
5. Aircraft engine hazards
Aircraft engines produce powerful forces that can injure people and damage equipment.
Examples include:

« Jet engine intake suction.

Jet engine exhaust blast.

« Rotating propellers.

« Hot engine surfaces.

« Engine noise.

« Engine vibration.

« Loose objects being drawn into engines.
Possible consequences:

Severe injuries.

« Fatal accidents.

« Damage to aircraft engines.

« Damage to nearby vehicles.

« Displacement of unsecured equipment.

Safety precautions:
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Maintain designated engine safety zones.

Observe engine operating restrictions.

Never approach a running engine without proper authorisation and training.

Keep equipment secured.

Wear hearing protection where necessary.

Follow aircraft manufacturer and airport procedures.

r v

6. Aircraft propeller hazards
Propellers rotate at high speeds and may be difficult to see when operating.
Hazards include:

« Contact with rotating propellers.

o Propeller blade injuries.

« Objects being thrown by propeller airflow.

« Damage caused by loose equipment.

« Poor visibility of propeller movement.

GRADE 11 AVIATION TECHNOLOGY LEARNING SUPPORT NOTES



Safety measures:
« Maintain safe clearance.
o Observe warning signs.

« Never approach a rotating propeller.

« Follow authorised aircraft servicing procedures.

7. Vehicle movement hazards
Many vehicles operate around aircraft.
Examples include:

« Baggage tractors.

Fuel tankers.

« Fire engines.

« Aircraft towing tractors.

« Ambulances.

o« Forklifts.

o Passenger buses.

« Ground power units.

« Catering vehicles.

« Maintenance vehicles.

« Cargo transport vehicles.
Possible hazards:

« Vehicle collisions.

« Reversing accidents.

« Runway incursions.

o Striking aircraft wings.

Hitting pedestrians.
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Equipment falling from vehicles.
Excessive vehicle speed.

Poor vehicle visibility.

8. Aircraft movement hazards

These occur when aircraft move within operational areas.

Examples:

Aircraft taxiing too close to other aircraft.
Aircraft wingtip collisions.

Aircraft tail strikes.

Aircraft collisions with vehicles.

Aircraft ground handling mistakes.
Aircraft entering occupied runways.

Aircraft moving without proper clearance.

9. Slippery surfaces

Slippery surfaces may occur due to:

Rainwater.

Fuel spills.

Oil leakage.
Hydraulic fluid.

Ice.

Mud.

Algae.

Cleaning chemicals.

Wet grass.
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« Spilled lubricants.
Dangers:
« Workers may slip and fall.
« Vehicles may lose traction.
« Aircraft may experience reduced braking effectiveness.
o Equipment may slide into aircraft movement paths.
10. Fire hazards
Fire hazards arise from conditions that can cause ignition or support the spread of fire.
Examples:

« Aviation fuel.

Lubricating oils.

o Electrical short circuits.

o Overheated engines.

o Smoking materials.

o Sparks from machinery.

« Hot work such as welding.

o Faulty electrical installations.
« Improper fuel storage.

« Lightning strikes.

Battery charging failures.

11. Electrical hazards

Examples include:
« Exposed electrical wires.
« Damaged power cables.

« Faulty lighting systems.
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Electrical short circuits.
Damaged ground power units.
Wet electrical installations.
Overloaded sockets.

Poor electrical earthing.

Faulty charging equipment.

Dangers:

Electric shock.
Burns.

Fire.

Equipment failure.

Power interruption.

12. Construction and maintenance hazards

Examples include:

Open trenches.

Unprotected excavations.
Loose building materials.
Construction vehicles.

Cranes.

Scaffolding.

Damaged pavement.
Unmarked construction areas.
Exposed cables.

Welding sparks.

Unsecured tools.
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13. Human-factor hazards
These arise from human behaviour, limitations or mistakes.
Examples:

« Fatigue.

Poor communication.
o Lack of training.
« Negligence.
« Distraction.
o Carelessness.
o Stress.
« Alcohol or drug impairment.
o Failure to follow instructions.
o Poor decision-making.
« Inadequate supervision.
e Misunderstanding radio communication.
« Working under pressure.
« Failure to use protective equipment.
14. Noise hazards
Aircraft engines and ground support machinery produce high levels of noise.
Possible effects:
e Hearing damage.
« Difficulty communicating.
o Reduced concentration.
o Stress.

 Failure to hear warning alarms.
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15. Poor lighting hazards

Poor lighting may result from:

Failed runway lights.

Faulty taxiway lights.
Inadequate apron floodlighting.
Power failures.

Damaged electrical systems.

Poorly maintained lighting equipment.

Dangers:

Misidentification of aircraft routes.
Collisions with obstacles.
Difficulty identifying markings.

Increased accident risks at night.

16. Obstacle hazards

Examples include:

These may interfere with aircraft approach, departure and navigation.

Buildings.

Tall trees.
Communication masts.
Cranes.

Construction equipment.
Unmarked poles.

Power lines.

Wind turbines.

Temporary structures.
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17. Fuel vapour hazards

Fuel vapours may accumulate around fuelling areas and other locations where petroleum products are
handled.

Dangers:
e Fire.
o Explosion.

« Respiratory irritation.

o Worker exposure.

18. Chemical hazards
Examples:

o Cleaning chemicals.

« Aircraft hydraulic fluids.

o Paints.

« Solvents.

« Battery acids.

o Lubricants.

o De-icing chemicals.

« Corrosive substances.
Possible consequences:

o Skin burns.

« Eyeinjuries.

« Poisoning.

« Respiratory problems.
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Environmental contamination.

19. Security-related hazards

Examples:

Unauthorised entry.

Intruders entering runways.
Sabotage.

Suspicious packages.

Theft of airport equipment.
Deliberate damage to aircraft.

Unauthorised drone operations.

Uncontrolled access to restricted areas.

20. Communication hazards

Examples:

Radio failure.

Incorrect instructions.

Unclear communication.

Language barriers.

Radio frequency interference.
Failure to acknowledge instructions.

Use of incorrect aviation terminology.

These may cause misunderstandings between pilots, controllers and ground personnel.

21. Fatigue-related hazards

Fatigue occurs when a person experiences physical or mental tiredness that reduces their ability to

perform tasks effectively.

Possible causes:
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Long working hours.
Night shifts.
Insufficient sleep.
Heavy workload.

Poor working conditions.

Effects:

Slow reaction time.
Poor judgement.
Reduced concentration.

Increased human error.

22. Wildlife-related environmental hazards

Additional hazards include:

Insects attracted to airport lights.

Birds feeding near waste disposal sites.
Animals attracted to stagnant water.
Rodents nesting in airport buildings.

Vegetation attracting grazing animals.

23. Water hazards

Examples:

Flooded taxiways.

Blocked drainage channels.
Standing water on runways.
Waterlogged grass areas.

Erosion around runway surfaces.

24. Structural hazards
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Examples:

o Cracked pavement.

Potholes.

« Damaged manhole covers.

o Loose concrete.

« Broken fences.

« Damaged hangar doors.

« Falling building materials.

25. Unsecured equipment

Examples:

e Loose ladders.

Unsecured baggage carts.

« Unattended tools.

« Unsecured aircraft covers.

o Loose ropes.

« Unsecured ground power cables.

« Mobile stairs left in aircraft paths.

C. Summary of airfield hazards

Category Examples

FOD Stones, bolts, metal pieces, plastic
Wildlife Birds, dogs, cattle, snakes
Weather Fog, rain, lightning, strong winds
Fuel Fuel leakage, vapour, spills
Mechanical Engines, propellers, machinery
Electrical Exposed cables, short circuits

Human factors

Fatigue, negligence, poor communication

Fire

Sparks, fuel, overheating

Vehicle

Fuel tankers, tractors, forklifts

Structural

Cracks, potholes, broken lights
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Chemical Solvents, acids, cleaning agents

Security Intruders, unauthorised drones
Noise Aircraft engines, ground equipment
Water Flooding, standing water, poor drainage

Obstructions ~ Cranes, poles, trees, buildings

1.1.11 Risks Associated with Airfield Operations

A risk is the possibility that a hazard will cause harm, injury, damage or disruption, together with the
seriousness of its consequences.

A hazard is the source of potential harm, while a risk describes the possibility and consequences of that
harm occurring.

Difference between a hazard and a risk

Hazard Possible risk

Loose metal bolt on runway | Aircraft tyre damage or engine damage
Birds near runway Bird strike

Fuel spillage Fire, explosion or slipping

Heavy rainfall Hydroplaning and runway excursion
Poor lighting Collision or runway incursion
Unauthorised vehicle Aircraft-vehicle collision

Damaged electrical cable Electric shock or fire

Fatigued worker Human error or workplace accident
Strong wind Loss of control or movement of unsecured equipment
Open drainage trench Fall or vehicle accident

A. Major types of risks in an airfield
1. Foreign Object Damage (FOD)
Foreign Object Damage refers to damage caused to an aircraft or its components by foreign objects.

Possible consequences:

Damage to jet engines.

o Punctured tyres.

o Damaged propeller blades.
« Damaged windscreens.

« Damage to aircraft wings.

Delays due to aircraft inspection and repairs.
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« Increased maintenance costs.

Important distinction: FOD can mean Foreign Object Debris or Foreign Object Damage. The first refers to
the object; the second refers to the damage caused.

2. Bird strike

A bird strike occurs when a bird collides with an aircraft.

Causes:

o Large bird populations near airports.

Birds feeding near runways.

Birds nesting around airport facilities.

Poor waste disposal.

Aircraft taking off or landing near bird habitats.
Possible consequences:

« Damage to aircraft engines.
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o Cracked windscreens.

« Damage to aircraft wings.

« Engine failure in severe cases.
« Emergency landings.

« Flight delays and cancellations.

o Injury or loss of life in serious incidents.

3. Aircraft-to-aircraft collision
This occurs when two aircraft come into physical contact while moving or parked on the ground.

Causes:

Poor ground movement coordination.

« Inadequate aircraft separation.
 Incorrect parking.

o Poor visibility.

o Miscommunication.

o Failure to follow marshalling instructions.

Consequences:

Damage to aircraft wings.

« Damage to aircraft fuselage.
« Damaged engines.

o Passenger injuries.

o Operational disruption.

Financial losses.

4. Aircraft-to-vehicle collision

Occurs when an aircraft collides with a vehicle operating on the airfield.
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Causes:

Unauthorised vehicle entry.

o Failure to observe aircraft movement.
o Excessive speed.
e Poor communication.

« Failure to follow traffic routes.

Poor visibility.
Consequences:
« Aircraft damage.
« Vehicle destruction.
o Worker injuries.
 Fire or fuel leakage.

Flight delays.

5. Runway incursion

A runway incursion is any occurrence at an aerodrome involving the incorrect presence of an aircraft,

vehicle or person on the protected area of a surface designated for aircraft landing and take-off.

Causes:
« An aircraft entering a runway without clearance.
« A vehicle crossing a runway without authorisation.
o A pedestrian entering a runway.
« Misunderstanding air traffic control instructions.
« Poor runway signage.

Failure to observe holding position markings.

Consequences:

e Collision between aircraft.
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« Collision between aircraft and vehicles.
o Aborted take-off.

« Emergency manoeuvres.

o Loss of life.

o Damage to aircraft.

6. Runway excursion
A runway excursion occurs when an aircraft unintentionally leaves the runway during take-off or landing.
It may involve:
« Overrunning the end of the runway.
« Veering off the side of the runway.
Causes:
o Excessive speed.
o Wet or slippery runway.
o Poor braking performance.
« Strong crosswinds.
« Incorrect landing technique.
« Runway contamination.
e Mechanical failure.
Consequences:

Aircraft structural damage.

Tyre failure.

Fire.

Injury or loss of life.

Damage to airport infrastructure.
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7. Runway overrun

An aircraft runway overrun occurs when an aircraft continues beyond the end of the runway during

landing or an abandoned take-off.

Possible causes:

Excessive landing speed.
Late touchdown.

Wet runway.

Poor braking.

Incorrect runway assessment.

Engine or braking system problems.

8. Runway undershoot

Occurs when an aircraft lands before reaching the designated runway threshold.

Possible causes:

Poor visibility.

Incorrect approach path.
Misjudgement of aircraft altitude.
Wind shear.

Mechanical problems.

9. Fire and explosion

Fire may occur due to:

Fuel spillage.
Electrical faults.
Engine overheating.
Sparks.

Smoking materials.
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o Chemical reactions.
o Battery failures.
Possible consequences:

Burns.

« Smoke inhalation.
 Aircraft destruction.

« Damage to airport facilities.
o Explosions.

o Loss of life.

10. Slips, trips and falls

These occur when workers lose balance or fall due to unsafe surfaces or obstacles.

Causes:

o Wet floors.

o Oil spills.

o Fuel spills.

o Loose cables.

« Uneven pavement.

o Poor footwear.

« Poor lighting.

o Unmarked trenches.
Consequences:

o Fractures.

o Bruises.

o Head injuries.

o Sprains.
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« Disability.

o Lost working time.

11. Hydroplaning

Hydroplaning occurs when an aircraft tyre rides on a layer of water instead of maintaining adequate
contact with the runway surface.

Consequences:

Reduced braking effectiveness.

Loss of directional control.

Runway excursion.

Increased landing distance.
12. Jet blast injury
Jet blast is the powerful flow of hot air and gases expelled from a jet engine.
Risks include:
o People being knocked down.
« Vehicles being overturned.
« Equipment being displaced.
« Damage to airport property.
« Serious burns from hot exhaust gases.
13. Engine ingestion

Engine ingestion occurs when an aircraft engine draws in foreign objects or materials through its air
intake.

Objects may include:
o Stones.
e Birds.
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o Loose tools.

« Plastic materials.

« Metal fragments.
Consequences:

« Engine blade damage.

Reduced engine performance.

Engine failure.

Expensive repairs.

14. Propeller injury

May occur when a person comes into contact with a moving aircraft propeller.
Consequences:

o Deep cuts.

Severe injuries.

Amputation.

Fatality.

15. Aircraft ground-handling accidents
May occur during:

 Aircraft towing.

 Aircraft parking.

« Baggage loading.

« Cargo handling.

o Aircraft fuelling.

 Aircraft servicing.
Consequences:

« Damage to aircraft.

GRADE 11 AVIATION TECHNOLOGY 64 LEARNING SUPPORT NOTES



 Injury to ground handlers.
« Damage to equipment.
o Operational delays.

16. Fuel contamination

Fuel contamination occurs when unwanted substances enter aviation fuel.

Examples:
o Water.
o Dirt.

e Microbial growth.

« Other petroleum products.

e Rust particles.
Consequences:

Engine malfunction.

Reduced engine performance.

Fuel system blockage.

Aircraft operational failure.

17. Electrical shock
Occurs when a person comes into contact with an electrical source.
Consequences:

o Burns.

o Muscle injury.

« Cardiac arrest.

o Fatality.

e Fire outbreaks.
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18. Noise-induced hearing loss
Prolonged exposure to high aircraft and machinery noise may damage hearing.
Consequences:

o Permanent hearing loss.

Tinnitus.

Poor communication.

Reduced workplace awareness.

19. Chemical exposure
Workers may inhale, swallow or come into contact with hazardous chemicals.
Consequences:

o Skin irritation.

Chemical burns.

Eye damage.

Respiratory problems.

Poisoning.

20. Heat stress

Occurs when the body becomes overheated due to high environmental temperatures and physical
activity.

Consequences:
« Dehydration.
o Dizziness.
o Exhaustion.
o Heat stroke.

o Reduced concentration.
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21. Aircraft damage from ground support equipment
Examples:

Baggage carts striking aircraft.

Passenger stairs hitting aircraft doors.

Forklifts damaging cargo doors.

Fuel trucks striking aircraft wings.

Ground power cables damaging aircraft structures.

22. Obstacle collision

Occurs when an aircraft strikes an obstacle during movement or flight.

Possible obstacles:
o Buildings.

Cranes.

Trees.

Masts.

Unmarked structures.

23. Loss of communication
Failure to communicate effectively may lead to:
« Wrong aircraft movement.

Incorrect taxiing directions.

Runway incursions.

Ground collisions.

Delayed emergency responses.

24. Aircraft towing accidents
May occur when an aircraft is being moved using a towing tractor.

Causes:

GRADE 11 AVIATION TECHNOLOGY 67

LEARNING SUPPORT NOTES



« Incorrect attachment of towing equipment.
o Poor communication.
o Excessive towing speed.
e Mechanical failure.
 Failure to follow towing procedures.
25. Damage from adverse weather
Examples:
« Lightning damage.

Hail damage.

« Flooding.
e Wind damage.
e Reduced runway friction.

e Aircraft control difficulties.

B. Relationship between hazards, risks and consequences

Hazard Risk Possible consequence
Birds near runway Bird strike Engine damage

Fuel leakage Fire outbreak Aircraft destruction
Loose metal FOD Engine damage
Poor lighting Collision Aircraft damage
Heavy rainfall Hydroplaning Runway excursion
Unauthorised vehicle Runway incursion Collision

Open trench Fall Injury

Exposed wire Electric shock Burns or fatality
Strong wind Unsecured equipment movement Aircraft damage
Worker fatigue Human error Operational accident

1.1.12 Risk Assessment in Airfield Operations
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Risk assessment is the systematic process of identifying hazards, determining the likelihood of harm

occurring and evaluating the severity of the possible consequences.

It helps airport management decide which safety measures should be introduced to control risks.

A. Steps in risk assessment

Step 1: Identify the hazard

Example: A fuel spill is discovered on an aircraft parking stand.

Observe the operational area.
Inspect equipment and facilities.
Examine reported incidents.

Identify unsafe working conditions.

Step 2: Identify who or what may be harmed

Pilots.

Passengers.
Ground handlers.
Airport employees.
Aircraft.

Vehicles.

Airport facilities.

Step 3: Assess the risk

Consider:

How likely is the accident to occur?
How serious would the consequences be?
How many people or aircraft may be affected?

How frequently do people encounter the hazard?
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Step 4: Introduce control measures
Examples:
« lsolate the affected area.

Stop activities that could cause ignition.

Notify the appropriate personnel.

Use approved spill-response procedures.

Arrange safe clean-up.
Step 5: Monitor and review

Check whether the control measures are effective.

Conduct follow-up inspections.

Record findings.

Update safety procedures where necessary.
B. Risk levels
Risks may be classified as:
1. Low risk
« The likelihood and severity of harm are relatively low.
« Routine controls may be sufficient.
2. Medium risk
o The hazard may cause moderate harm.
« Additional control measures may be necessary.

3. High risk

« There is a significant possibility of serious injury or damage.

« Immediate corrective action may be required.
4. Extreme risk

o The hazard presents an unacceptable danger.
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« The affected operation may need to stop until the risk is controlled.
C. Simple risk assessment matrix

The following is an educational example. Actual aerodrome operators must use their approved safety
management system and risk assessment criteria.

Likelihood / Severity Minor Moderate Major Catastrophic

Rare Low Low Medium High
Unlikely Low Medium  High High
Possible Medium Medium  High Extreme
Likely Medium High High Extreme
Almost certain High High Extreme Extreme

D. Hierarchy of risk control
The hierarchy of controls is a method of selecting the most effective ways of controlling hazards.
1. Elimination

o Completely remove the hazard.

o Example: Remove unnecessary construction debris from a runway.
2. Substitution

« Replace a dangerous material or process with a safer alternative.

o Example: Use a less hazardous cleaning chemical where technically suitable.
3. Engineering controls

« Use physical systems or equipment to isolate people from hazards.

o Example: Install barriers and protective fencing.
4. Administrative controls

« Introduce rules, training and procedures to reduce exposure.

o Example: Establish vehicle speed limits and access permits.

5. Personal Protective Equipment (PPE)
« Provide protective clothing and equipment.

« Example: Reflective jackets, safety boots, gloves, helmets and hearing protection.
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Important: PPE is important, but it should not replace more effective hazard-control measures where
those measures are reasonably practicable.

1.1.13 Responses to Hazards in an Airfield

Hazard response refers to the actions taken by airport personnel to control, eliminate or reduce danger
when an unsafe condition is identified.

Every airport should have established procedures for reporting hazards, responding to incidents and
coordinating emergency operations.

The response must be appropriate to the nature and seriousness of the hazard.

A. General procedure for responding to hazards

Step 1: Identify the hazard

Observe the operational area.

Recognise the unsafe condition.

Determine the location of the hazard.

|dentify the possible danger to people and aircraft.

Step 2: Protect yourself and others
« Avoid direct contact with dangerous materials.

« Keep away from moving aircraft.
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Warn nearby personnel.

Do not expose yourself to unnecessary danger.

Step 3: Raise an alarm or report the hazard

Inform the relevant airport authority.

Notify air traffic control when the hazard may affect aircraft movement.

Use the established communication channel.

Give accurate information about the location and nature of the hazard.

Step 4: Isolate the affected area

Prevent unauthorised entry.
Use approved barriers and warning signs.
Stop affected activities where necessary.

Keep people and vehicles away from the danger zone.

Step 5: Assess the danger

Determine the seriousness of the hazard.
|dentify the possible consequences.
Establish whether aircraft movements are affected.

Determine the appropriate response team.

Step 6: Control or eliminate the hazard

Remove debris using approved procedures.
Clean up spills using trained personnel.
Arrange repairs to damaged facilities.
Control wildlife using approved methods.

Correct unsafe working practices.

Step 7: Inspect the affected area

Ensure that the hazard has been removed or controlled.
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« Confirm that the affected area is safe for use.
« Obtain the required operational clearance.
Step 8: Record and report the incident

Document the nature of the hazard.

Record the location and time.

Record the action taken.

|dentify measures to prevent recurrence.

B. Specific responses to different airfield hazards

1. Response to Foreign Object Debris (FOD)

When foreign objects are discovered on a runway, taxiway or apron:
« Report the debris immediately.
« Notify air traffic control if it affects an active movement area.
« Arrange for the affected area to be inspected.
« Remove the debris using approved equipment and procedures.
o Check for additional debris.
« Inspect the pavement if damage is suspected.
o Record the incident.
 Investigate the source of the debiris.
 Introduce preventive measures.

Example: If a metal bolt is discovered on a runway, it should be reported immediately because it could
puncture aircraft tyres or be ingested into an aircraft engine.

2. Response to bird strikes
« Inform the relevant aviation authorities and operational personnel.
o Assess whether the aircraft has sustained damage.

« Arrange an aircraft inspection by qualified maintenance personnel where necessary.
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Remove bird remains from the operational area using approved procedures.
Inspect the affected area for additional wildlife.
Review wildlife control measures.

Document and report the bird strike.

3. Response to fuel spillage

STETARRRRMASes

Stop or isolate the fuel source if this can be done safely by authorised personnel.
Raise the alarm.

Notify the airport emergency response team.

Keep unauthorised people away.

Eliminate ignition sources in accordance with emergency procedures.

Avoid starting or moving vehicles through the spill.

Prevent fuel from entering drains and waterways where safe and appropriate.
Use approved spill-response materials.

Arrange safe clean-up by trained personnel.

GRADE 11 AVIATION TECHNOLOGY LEARNING SUPPORT NOTES



 Inspect the area before operations resume.
4. Response to fire outbreaks
 Raise the fire alarm immediately.
« Notify the airport rescue and firefighting service.
« Evacuate people from the danger zone.
« Do not approach a fire without appropriate training and protection.
« Keep emergency access routes clear.
« Use a suitable fire extinguisher only if trained, authorised and safe to do so.
« Follow instructions from the emergency response team.
« Account for personnel and passengers.
« Do not resume operations until the area has been declared safe.

5. Response to wildlife hazards

Report wildlife sightings to the responsible airport personnel.

o Keep people away from dangerous animals.

« Notify air traffic control where wildlife affects aircraft operations.
o Apply approved wildlife dispersal methods.

« Arrange removal of dangerous animals by authorised personnel.
« Inspect the affected area.

« Investigate factors attracting wildlife.

Improve fencing, drainage and waste management.

6. Response to adverse weather
During fog:
« Monitor visibility reports.
« Follow applicable low-visibility procedures.

« Use approved lighting and navigation aids.
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« Restrict ground movement where necessary.
« Follow air traffic control instructions.
During heavy rainfall:
« Inspect runway and taxiway surfaces.
« Monitor standing water and drainage.
o Assess runway surface conditions.
« Report flooding.

Apply the approved runway closure or restriction procedures where required.

During strong winds:

o Secure loose equipment.

Restrict exposed activities where necessary.

Follow weather warnings.

Inspect airport facilities for damage.

Follow aircraft operational restrictions.

During lightning:
« Follow the airport's lightning warning system.
« Suspend exposed outdoor activities where required.
« Move personnel to designated safe shelters.
« Avoid exposed metal structures and equipment.
7. Response to aircraft engine hazards

Keep personnel outside designated danger areas.

Stop unnecessary vehicle movement.

Secure loose materials.

Follow aircraft engine operating procedures.

Use hearing protection where necessary.
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Never approach an operating engine without proper authorisation.

8. Response to aircraft collisions

Raise the alarm.

Notify airport emergency services.

Stop affected ground movements.

Keep people away from damaged aircraft.

Evacuate passengers if required under emergency procedures.
Arrange medical assistance.

Prevent further collisions.

Preserve relevant evidence for investigation.

9. Response to runway incursions

10.

Report the occurrence immediately.

Follow air traffic control instructions.

Stop or hold affected movements as directed.

Notify the appropriate airport operational personnel.
Protect the runway until it is confirmed safe.
Investigate the cause.

Improve communication and movement-control procedures.

Response to slippery surfaces

Warn people approaching the affected area.
Isolate the affected section where necessary.
Identify the substance causing the slippery surface.
Arrange safe cleaning.

Use approved absorbent materials for spills.

Inspect the surface before reopening it.
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« Provide appropriate warning signs.
11. Response to electrical hazards
« Keep people away from exposed electrical installations.
« Do not touch damaged cables.
« Notify authorised electrical personnel.
« Isolate the electrical supply through authorised procedures.
« Provide emergency assistance to affected persons.
« Arrange inspection and repair.
« Test the installation before reuse.
12. Response to chemical spills
 ldentify the chemical where possible without exposing yourself.
« Consult the relevant safety data sheet.
« Notify trained emergency personnel.
« Isolate the affected area.
« Use suitable protective equipment.
« Prevent the chemical from spreading.
« Arrange clean-up and disposal using approved procedures.
C. Emergency response teams in an airfield

Different teams work together to manage emergencies.

Team Main responsibility

Airport rescue and firefighting Aircraft rescue, firefighting and emergency response

service

Air traffic control Coordinates aircraft movement and communicates operational
restrictions

Airport operations team Inspects and manages operational areas

Airport security Controls access and secures affected areas

Medical response team Provides emergency medical care

Maintenance team Repairs damaged infrastructure and equipment

Ground handling team Supports aircraft ground operations and safe servicing
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Wildlife control team Monitors and manages wildlife hazards

Safety management team Monitors hazards, investigates safety issues and recommends

controls

1.1.14 Airport Emergency Situations

An airport emergency is an unexpected occurrence that threatens the safety of aircraft, passengers,

employees, airport facilities or the surrounding environment.
Emergencies require rapid coordination and action.
A. Types of airport emergencies

1. Aircraft fire.

2. Aircraft engine failure.

3. Aircraft crash.

4. Fuel tanker fire.

5. Fuel spillage.

6. Aircraft ground collision.

7. Runway incursion.

8. Medical emergency.

9. Bomb threat.

10. Security breach.

11. Severe weather.

12. Electrical power failure.

13. Structural collapse.

14. Hazardous chemical leakage.

15. Dangerous goods incident.

16. Wildlife-related aircraft incident.

17. Aircraft emergency landing.

18. Unauthorised drone activity.

GRADE 11 AVIATION TECHNOLOGY 80

LEARNING SUPPORT NOTES



19. Smoke or fire in airport buildings.

20. Aircraft evacuation.

B. Important emergency equipment

1. Aircraft rescue and firefighting vehicles
« Specialised vehicles designed to respond to aircraft fires.
« Carry firefighting agents and rescue equipment.
o Provide rapid emergency response.
2. Fire extinguishers
e Used to control small fires when appropriate.
« Different extinguishers are suitable for different types of fires.

e Personnel must be trained in their correct use.
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3. Fire hydrants

- Provide water supplies for firefighting operations.

4. Emergency medical kits

- Contain materials used to provide first aid.

5. Ambulances

- Transport injured or sick persons to medical facilities.

6. Rescue tools
« Include equipment used to gain access to aircraft and rescue trapped occupants.
o Examples include cutters, spreaders and lifting tools.

7. Breathing apparatus

- Provides respiratory protection in smoke-filled or oxygen-deficient environments when used by trained
personnel.

8. Emergency communication equipment
« Includes radios, telephones and alarm systems.
« Supports coordination between response teams.
9. Personal protective equipment
- Includes helmets, gloves, protective clothing, safety boots and reflective jackets.
10. Emergency lighting
- Helps illuminate accident scenes and evacuation routes.
C. Importance of emergency preparedness

Reduces response time.

Saves lives.

Reduces the spread of fire.
e Minimises aircraft damage.

Protects airport facilities.
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o Improves coordination.
« Supports effective evacuation.
o Reduces environmental damage.
o Helps restore airport operations.
1.1.15 Personal Protective Equipment (PPE) in Airfield Operations

Personal Protective Equipment refers to clothing and devices worn by workers to reduce exposure to
workplace hazards.

PPE is important because airfield personnel work near moving aircraft, vehicles, machinery, chemicals,
electrical installations and noisy equipment.

-

A. Types of PPE and their uses
1. High-visibility reflective jackets
« Make workers visible to pilots and vehicle drivers.
« Reduce the risk of being struck by moving vehicles.
 Particularly important during night operations.
2. Safety boots
« Protect feet against falling objects.

« Reduce the risk of foot injuries.
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« Provide grip on slippery surfaces.

« Protect against certain workplace hazards.
3. Safety helmets

« Protect the head against falling objects.

o Reduce the risk of head injuries.

« Used during construction and maintenance operations where required.

4. Hearing protection
Examples:
o Earplugs.
o Earmuffs.
Uses:
o Reduce exposure to aircraft engine noise.
o Protect against hearing damage.
« Improve occupational health.
5. Protective gloves
« Protect hands from cuts and abrasions.
o Protect against certain chemicals.
« Reduce exposure to oils and other substances.
« Provide grip when handling equipment.
The type of glove must be appropriate to the material being handled.
6. Safety goggles
« Protect the eyes from dust and flying particles.
« Protect against chemical splashes where suitable.
« Reduce the risk of eye injuries.

7. Face shields
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« Protect the face from flying particles and splashes during certain operations.
e May be used during maintenance and chemical handling.
8. Respiratory protective equipment
o Protects workers from harmful dust, fumes and vapours when required.
o Must be selected according to the particular hazard.
9. Protective overalls
« Protect the body and personal clothing from dirt, oils and certain workplace contaminants.
« May provide additional protection during maintenance operations.
10. Safety harnesses
« Protect workers against falls when working at heights.
o Must be used with appropriate fall-protection systems.
B. Importance of PPE
1. Prevents workplace injuries.
2. Reduces exposure to hazardous substances.
3. Protects workers against noise.
4. Improves visibility.
5. Reduces the severity of accidents.
6. Promotes safe working practices.
7. Supports compliance with occupational safety requirements.
1.1.16 Safe Movement of People and Vehicles in an Airfield

Movement of people and vehicles in operational areas must be controlled because aircraft have limited
ability to avoid unexpected obstacles.

A. Safety rules for pedestrians
o Use designated pedestrian walkways.

« Wear high-visibility clothing where required.
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Avoid walking across aircraft movement paths.
Never enter a runway without authorisation.
Keep away from operating aircraft engines.

Do not walk behind aircraft without checking the danger zone.

Avoid using mobile phones in situations where attention is required.

Observe warning signs.
Follow instructions from authorised personnel.

Report unsafe conditions.

B. Safety rules for vehicle operators

Only authorised and trained drivers should operate airside vehicles.
Obtain the necessary airside driving authorisation.

Follow designated vehicle routes.

Observe speed limits.

Use warning lights where required.

Give way according to airport traffic rules and aircraft movement priorities.

Maintain a safe distance from aircraft.

Never drive beneath aircraft wings unless the route is approved and clearance is sufficient.

Do not reverse without ensuring the area is clear.
Keep vehicles in good mechanical condition.
Avoid unauthorised runway crossings.

Maintain radio communication where required.
Secure loads before moving.

Park vehicles in designated parking areas.

C. Aircraft marshalling
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Aircraft marshalling is the process of guiding an aircraft on the ground using recognised hand signals or
illuminated wands.

A marshaller assists the pilot in safely positioning an aircraft at a parking stand.
Functions of an aircraft marshaller:

1. Guides aircraft into parking positions.

2. Communicates stopping instructions.

3. Indicates turning directions.

4. Helps prevent collisions.

5. Guides aircraft away from obstacles.

6. Coordinates with ground handlers.

7. Ensures that aircraft parking procedures are followed.
Safety requirements for marshallers:

Wear high-visibility clothing.

o Use approved signals.

« Maintain eye contact where possible.
o Stand in a clearly visible position.

« Avoid aircraft engine danger zones.
o Ensure the aircraft has a clear route.

« Stop the operation if an unsafe condition develops.
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1.1.17 Safety Management System (SMS) in Aviation

A Safety Management System (SMS) is a systematic approach to managing safety in aviation. It includes
organisational structures, responsibilities, policies and procedures for identifying hazards and controlling
safety risks.

An SMS helps an airport or aviation organisation manage safety proactively rather than waiting for
accidents to occur.

A. Four main components of an SMS
1. Safety policy and objectives
This establishes the organisation's commitment to safety.

It includes:

Management commitment.

Safety responsibilities.

Appointment of responsible personnel.

Safety objectives.

Allocation of safety resources.

2. Safety risk management
This involves identifying hazards and controlling risks.
Activities include:

« Hazard identification.

Risk assessment.

Risk evaluation.

Introduction of control measures.

Monitoring of risk controls.

3. Safety assurance

This involves checking whether safety procedures and controls are working effectively.
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Activities include:

Safety inspections.

Internal audits.

Safety performance monitoring.
Incident investigations.

Corrective action.

4. Safety promotion

This involves building a positive safety culture.

Activities include:

Safety training.

Safety awareness campaigns.
Communication of safety information.
Staff meetings.

Safety briefings.

Sharing lessons from incidents.

B. Importance of SMS in airfield operations

Promotes proactive hazard identification.
Reduces accidents and incidents.
Improves safety reporting.

Strengthens management accountability.
Encourages continuous improvement.

Promotes effective communication.

Supports compliance with aviation requirements.

Improves operational efficiency.

C. Safety reporting
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Safety reporting is the process of communicating hazards, incidents, near misses and unsafe conditions to
the relevant authorities.

Examples of reportable safety concerns include:
« Foreign object debris.
« Wildlife activity.
« Damaged runway lights.
o Fuel leakage.
o Unauthorised runway entry.
« Aircraft ground damage.
o Unsafe vehicle movement.
o Poor communication.
« Dangerous pavement conditions.
« Near collisions.

A near miss is an event in which an accident almost occurs but is avoided, often by chance or timely
intervention.

For example, a vehicle may approach a runway without authorisation but stop before an aircraft arrives.
This should still be reported and investigated.

1.1.18 Airfield Safety Inspection and Maintenance

An airfield safety inspection is a systematic examination of operational areas, facilities and equipment to
identify unsafe conditions.

Regular inspections help detect problems before they cause accidents.
A. Areas inspected

1. Runways.

2. Taxiways.

3. Aprons.

4. Aircraft parking stands.
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10.

11.

12.

13.

Runway and taxiway lights.
Markings and signs.
Drainage systems.
Perimeter fencing.
Firefighting facilities.
Ground support equipment.
Fuel storage facilities.
Navigation aid installations.

Hangars.

14. Vehicle service roads.

15.

Pedestrian walkways.

B. Common inspection activities

1. Runway inspection

Check for foreign object debris.

Inspect pavement cracks.
Identify potholes.

Check surface drainage.
Examine runway markings.
Check lighting systems.

Inspect for animal activity.

2. Taxiway inspection

GRADE 11

Check the centreline.
Inspect edge markings.

Check signs and lights.
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« Identify obstructions.
o Inspect pavement conditions.
3. Apron inspection

o Check aircraft stand markings.

Inspect safety lines.

« Identify fuel and oil spills.

o Check equipment parking areas.
« Inspect lighting.

 Identify obstructions.

4. Wildlife inspection

Check for birds and animals.

Identify animal tracks.

Inspect perimeter fencing.

Check for nests.

Identify food and water sources that may attract wildlife.

5. Fire safety inspection
o Check fire extinguishers.
« Inspect firefighting equipment.
« Ensure emergency routes are clear.
o Check alarm systems.
o Inspect fuel storage areas.
C. Importance of regular airfield inspection
« ldentifies hazards early.
o Prevents aircraft damage.

« Improves pavement conditions.
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o Ensures markings remain visible.

« Maintains effective lighting.

« Supports emergency preparedness.
o Reduces operational interruptions.

« Promotes compliance with safety standards.

SUBSTRAND REVISION EXERCISE

SECTION A: MULTIPLE CHOICE QUESTIONS (20 MARKS)

Answer all questions. Each question carries 1 mark.

1. Which one of the following best describes airfield safety?

A. The process of maintaining aircraft engines only.

B. The measures taken to protect people, aircraft and facilities from dangers during airfield operations.
C. The process of constructing airport terminals.

D. The procedures used to sell airline tickets.

2. Which operational area of an airfield is specifically prepared for aircraft landing and take-off?
A. Apron

B. Taxiway

C. Runway

D. Hangar

3. An aircraft moves from the runway towards its parking position after landing. Which operational area is
primarily used for this movement?
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A. Taxiway

B. Terminal

C. Control tower

D. Cargo warehouse

4. Which one of the following is the main purpose of an aircraft apron?
A. Controlling aircraft in the air.

B. Providing space for aircraft parking and ground servicing.

C. Storing passenger luggage only.

D. Providing weather information to pilots.

5. Runway designation number 09 indicates an approximate magnetic direction of:
A. 009°

B. 090°

C. 900°

D. 190°

6. Which colour is commonly used for runway markings?

A. Yellow

B. Blue

C. White

D. Red

7. A pilot observes two solid yellow lines and two dashed yellow lines across a taxiway. What do these
markings indicate?

A. Aircraft parking position.
B. Runway holding position.

C. Taxiway centreline.
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D. Apron equipment parking area.

8. Which colour is commonly used for taxiway edge lights?
A. Red

B. Green

C. Blue

D. White

9. Which colour is commonly used for taxiway centreline lights?

A. Green

B. Blue

C. Red

D. Yellow

10. What is the main function of runway threshold lights when viewed by an approaching aircraft?
A. To indicate the runway end.

B. To identify the beginning of the runway available for landing.

C. To indicate an aircraft parking position.

D. To identify a taxiway intersection.

11. Which one of the following is an example of Foreign Object Debris (FOD)?
A. Windsock

B. Runway centreline

C. Loose metal bolt on a runway.
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D. Aircraft navigation light.

12. Birds gathering near an airport runway mainly create which type of hazard?
A. Electrical hazard.

B. Wildlife hazard.

C. Chemical hazard.

D. Noise hazard.

13. Which one of the following is a possible consequence of fuel spillage on an aircraft apron?
A. Improved runway visibility.

B. Increased aircraft stability.

C. Fire outbreak.

D. Improved aircraft braking.

14. Hydroplaning occurs when:

A. Aircraft tyres ride on a layer of water, reducing contact with the runway surface.
B. Aircraft engines become overheated.

C. Birds collide with aircraft.

D. Aircraft fuel becomes contaminated.

15. Which one of the following is a common cause of runway incursion?

A. Proper runway inspection.

B. Unauthorised entry of a vehicle onto a runway.

C. Correct use of runway markings.

D. Regular aircraft maintenance.
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16. Which one of the following is the most appropriate response when fuel spillage is discovered near an
aircraft?

A. Ignore the spill until the aircraft departs.
B. Wash the fuel into nearby drains.
C. Report the spill and initiate the approved emergency response procedures.

D. Allow passengers to walk through the affected area.

17. Which personal protective equipment improves the visibility of airport ground personnel?
A. Earplugs.

B. High-visibility reflective jacket.

C. Safety goggles.

D. Respiratory mask.

18. What is the primary responsibility of an aircraft marshaller?

A. Repairing aircraft engines.

B. Guiding aircraft during ground movement using recognised signals.

C. Inspecting passenger passports.

D. Controlling airport finances.

19. Which component of a Safety Management System involves identifying hazards and evaluating
associated risks?

A. Safety promotion.

B. Safety policy.

C. Safety risk management.

D. Safety communication only.
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20. A worker discovers damaged electrical cables in an airport operational area. What should the worker
do first?

A. Touch the cables to determine the extent of damage.
B. Ignore the cables.
C. Keep away from the danger and report the hazard to authorised personnel.

D. Pour water over the cables.

SECTION B: STRUCTURED QUESTIONS (50 MARKS)

Answer all questions.

21.

a) Define the term airfield safety. (2 marks)

b) State four reasons why airfield safety is important. (4 marks)
22.

a) Define an operational area of an airfield. (2 marks)

b) State four operational areas found in an airfield. (2 marks)
23.

a) Differentiate between a runway and a taxiway. (2 marks)

b) Explain three functions of an aircraft apron. (3 marks)

24,

a) What is meant by runway numbering? (2 marks)

b) Explain the meaning of the following runway designations: (3 marks)
i) Runway 009.

i) Runway 18.

i) Runway 27.
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25.

a) ldentify four types of runway markings. (2 marks)

b) Explain three functions of runway markings. (3 marks)
26.

a) State four types of runway lighting systems. (2 marks)

b) Explain three functions of runway lighting systems. (3 marks)

27.

a) State four types of taxiway markings. (2 marks)

b) Explain three safety functions of taxiway markings. (3 marks)

28.

a) State four types of taxiway lighting systems. (2 marks)

b) Explain three ways in which taxiway lighting improves aircraft safety. (3 marks)
29.

a) Define Foreign Object Debris (FOD). (2 marks)

b) Give four examples of foreign object debris commonly found in an airfield. (2 marks)
30.

a) ldentify five wildlife hazards associated with airfield operations. (2% marks)

b) Explain three dangers associated with bird strikes. (3 marks)

31.

a) State four causes of fuel spillage in an airfield. (2 marks)

b) Explain three dangers associated with fuel spillage. (3 marks)

32.

a) ldentify five adverse weather conditions that may affect airfield operations. (2% marks)
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b) Explain three ways in which adverse weather conditions affect aircraft operations. (3 marks)
33.
a) Differentiate between a hazard and a risk in airfield operations. (2 marks)

b) Give three examples showing the relationship between an airfield hazard and its associated risk. (3
marks)

34.

a) State four risks associated with unsafe airfield operations. (2 marks)

b) Explain three possible causes of runway incursions. (3 marks)

35.

a) State four personal protective equipment used by airfield personnel. (2 marks)

b) Explain three appropriate responses to hazards discovered in an airfield. (3 marks)
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STRAND 1.0: FOUNDATIONS OF AVIATION
SUB-STRAND 1.2: HANGAR SAFETY
Introduction

An aircraft hangar is a large enclosed or semi-enclosed building where aircraft are parked, inspected,
serviced, repaired, maintained and sometimes assembled. Hangars provide shelter for aircraft and a
controlled working environment for aviation technicians, engineers and other ground personnel.

Hangar safety refers to the rules, procedures, equipment and practices used to prevent accidents, injuries,
fires, damage to aircraft and harm to property within a hangar.

Hangar operations involve people, aircraft, tools, machinery, electrical systems, fuel, oils, chemicals and
other materials. These activities can expose workers to hazards if proper safety measures are not
followed.

Every person working in or entering an aircraft hangar has a responsibility to maintain a safe working
environment.

1.2.2 Meaning of key terms
1. Aircraft hangar

A large building or covered structure used for parking, storing, inspecting, servicing, repairing and
maintaining aircraft.

2. Hangar safety

The application of safety rules and procedures to prevent accidents, injuries, aircraft damage and
environmental harm within an aircraft hangar.

3. Aircraft maintenance
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The inspection, servicing, repair and replacement of aircraft components to ensure that an aircraft
remains safe and fit for operation.

4. Hazard

Anything with the potential to cause injury, illness, damage to property or harm to the environment.
Example: An oil spill on the hangar floor is a hazard because it can cause someone to slip and fall.
5. Risk

The likelihood that a hazard will cause harm and the possible seriousness of that harm.

Example: Walking across an oil spill without cleaning it increases the risk of slipping and sustaining an
injury.

6. Personal Protective Equipment (PPE)
Special clothing and equipment worn by workers to protect them from workplace hazards.
Examples include:

Safety boots.

Protective gloves.
« Safety goggles.
o Ear protectors.
o Overalls.
« Respirators.
« Safety helmets.
7. Housekeeping

The practice of keeping the hangar clean, orderly and free from unnecessary materials, waste and
obstructions.

8. Fire extinguisher

A portable device used to control or put out small fires during their early stages, provided it is safe to do
so and the person is trained.

9. Foreign Object Debris (FOD)
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Any loose object, material or substance in an area where it could cause injury, damage to aircraft or
interfere with maintenance operations.

Examples include:

o Loose bolts and nuts.

o Metal fragments.

o Broken tools.

o Plastic pieces.

o Wire offcuts.

« Rags and packaging materials.
10. Electrical shock (electrocution hazard)

A hazard arising when a person comes into contact with an electric current. Severe electric shock can
cause burns, muscle injury, cardiac arrest or death.

11. Safe working procedure

An approved sequence of steps followed when carrying out a task to reduce the likelihood of accidents
and injuries.

1.2.3 Layout of an aircraft hangar
Meaning of hangar layout

Hangar layout refers to the planned arrangement of working areas, aircraft parking positions, equipment,
tools, stores, offices, safety facilities and movement routes within a hangar.

A well-designed hangar layout enables workers to perform maintenance activities efficiently while
reducing accidents and damage to aircraft.

Main areas and sections of an aircraft hangar

1. Aircraft parking and maintenance bay
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This is the main working area where aircraft are positioned for inspection, servicing, repair and
maintenance.

Functions:

« Provides space for parking aircraft.

« Allows technicians to inspect aircraft structures.

« Provides room for maintenance platforms and access equipment.

o Enables workers to carry out repairs.

« Allows safe movement around the aircraft.

« Provides sufficient clearance for aircraft wings, tail sections and engines.
Safety considerations:

Aircraft must be parked in designated positions.

o Parking brakes and wheel chocks should be applied as required.

« Aircraft movement must be controlled.

« Tools and equipment should not obstruct aircraft movement.

« Workers should avoid walking beneath unsupported aircraft components.
« Adequate clearance must be maintained around aircraft.

2. Tool storage room
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This is an area where tools used during aircraft maintenance are stored, issued, inspected and returned.
Functions:

« Provides secure storage for tools.

o Prevents loss of tools.

« Supports tool accountability.

o Protects tools from damage.

« Enables technicians to obtain the correct tools for maintenance tasks.
Safety considerations:

« Tools should be arranged systematically.

« Damaged tools should be withdrawn from service.

« Tools should be counted before and after maintenance.

o Tools should never be left inside aircraft compartments.

« Tool storage areas should remain locked or controlled when necessary.
3. Equipment storage area
This is the section used for storing maintenance equipment such as:

e Hydraulic jacks.

« Aircraft towing equipment.
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o Ladders.

« Maintenance platforms.

e Air compressors.

o Electrical testing equipment.
« Ground support equipment.

Safety considerations:

Heavy equipment should be stored securely.

Equipment should not block emergency exits.

Moving equipment should be parked in designated positions.

Defective equipment should be labelled and isolated.

4. Parts and components storage room
This area is used to store aircraft components and spare parts.
Examples:

Filters.

« Bolts and nuts.

o Aircraft tyres.

o Electrical components.
« Hydraulic components.
« Engine accessories.

Control cables.

Safety considerations:
« Parts should be labelled correctly.
« Sensitive components should be protected from dust and moisture.
« Heavy components should be stored on suitable shelves.

o Chemicals and flammable materials should be stored separately in approved facilities.
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« Unserviceable parts should be clearly identified and segregated.

5. Maintenance workshop

e |

This is a designated area where technicians perform detailed repairs, testing and maintenance of aircraft
components.

Activities carried out include:
o Electrical repairs.
« Component inspection.

« Metalwork.
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o Instrument testing.
« Hydraulic system maintenance.
« Mechanical repairs.
Safety considerations:
« Machines should only be operated by trained personnel.
« Machine guards should remain in position.
« Workbenches should be kept clean.
o Appropriate PPE should be worn.
o Tools should be used for their intended purposes.
6. Office and control area
This area is used by supervisors, engineers, maintenance planners and other administrative personnel.
Functions:

Planning maintenance activities.

« Keeping aircraft maintenance records.

o Issuing work instructions.

« Coordinating workers.

« Recording safety incidents.

o Communicating with other departments.
7. Chemical and hazardous materials storage area
This is a designated and appropriately controlled area for storing materials used in aircraft maintenance.
Examples:

« Cleaning solvents.

o Paints.

o Lubricants.

« Hydraulic fluids.
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o Adhesives.
o Sealants.
o Approved maintenance chemicals.
Safety considerations:
o Chemicals should be kept in suitable labelled containers.
« Safety Data Sheets (SDS) should be accessible.
« Incompatible chemicals should be separated.
« Adequate ventilation should be provided.
« Ignition sources should be controlled.
« Spills should be handled using approved procedures.
8. Waste disposal area
This area is used for collecting and temporarily holding waste generated during maintenance.
Examples:

Used oil.

Empty chemical containers.

« Contaminated rags.

e Metal scraps.

« Packaging materials.

« Damaged components.

Safety considerations:

Waste should be separated according to its type.

« Hazardous waste should be handled separately.

« Waste containers should be clearly labelled.

« Used oily rags should be placed in approved closed containers.

« Waste should be removed according to environmental and workplace procedures.
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9. Emergency exit routes
These are clearly identified routes used by workers to leave the hangar during emergencies.
Safety considerations:

Exits should be clearly marked.

« Doors and routes should remain unobstructed.

« Emergency lighting should be available where required.

o Workers should know the nearest emergency exit.

« Evacuation routes should lead to designated assembly points.
10. Firefighting equipment station

This is an area where fire extinguishers, fire blankets, hose reels and other approved firefighting
equipment are placed.

Safety considerations:

Fire equipment should be visible and accessible.

« Equipment should be inspected regularly.

« Fire extinguishers should be suitable for the possible fire hazards.

o Workers should receive fire-safety training.

« Fire equipment must not be blocked by tools or materials.
11. First-aid station
This is a designated location where first-aid supplies and emergency assistance are available.
Examples of facilities:

o First-aid kits.

Emergency eye-wash facilities where required.

Emergency contact information.

First-aid treatment area.

Trained first-aiders.
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12. Ground support equipment (GSE) parking area
This area is used to park equipment that supports aircraft maintenance and ground operations.
Examples:

Aircraft tractors.

o Ground power units.

« Air-conditioning units.

« Hydraulic service units.

« Mobile stairs.

 Aircraft maintenance platforms.
Safety considerations:

« Equipment should be parked in designated locations.

« Engines should be switched off when not required.

o Brakes should be applied.

o Cables and hoses should be stored safely.

« Equipment should not obstruct pedestrian walkways.
1.2.4 lllustrative layout of an aircraft hangar

The following simplified diagram illustrates how different sections of an aircraft maintenance hangar may
be arranged. It is a learning illustration; actual layouts differ according to the size of the hangar and the
type of aircraft maintained.
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Important considerations when planning a hangar layout
A safe hangar layout should provide:

1. Adequate working space: Sufficient room for aircraft, technicians, tools and maintenance
equipment.

2. Clear movement routes: Designated routes for pedestrians, vehicles and ground support
equipment.

3. Emergency access: Clear access to emergency exits, fire equipment and first-aid facilities.

4. Proper ventilation: Adequate air circulation to remove fumes, dust and other harmful substances.
5. Suitable lighting: Adequate lighting for inspection, maintenance and movement.

6. Safe storage: Designated storage areas for tools, spare parts, chemicals and waste.

7. Fire protection: Appropriate fire detection, alarm and firefighting facilities.

8. Electrical safety: Properly installed electrical systems, protected sockets and safe cable
arrangements.

9. Floor safety: Floors that are maintained in good condition and kept free from oil, grease and
obstructions.

10. Security: Controlled access to aircraft, equipment, tools and restricted working areas.
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1.2.5 Importance of safety in an aircraft hangar

Hangar safety is important because aircraft maintenance involves potentially dangerous machinery,
electrical equipment, chemicals, fuels and heavy components.

The following are the main reasons for maintaining safety in an aircraft hangar.
1. Prevention of injuries and loss of life
« Safety measures protect technicians, engineers, cleaners and other personnel from injuries.
« They reduce accidents caused by falling objects, moving machinery and electrical equipment.
o They help prevent serious injuries and fatalities.
« They promote a safe working environment for everyone.
2. Protection of aircraft

« Aircraft are expensive and technically complex machines.

Safe maintenance practices prevent accidental damage to aircraft structures.

They reduce the possibility of tools being left inside aircraft.

They prevent scratches, dents and damage caused by poorly handled equipment.

They protect aircraft components during inspection and repair.

3. Prevention of fire and explosions
« Hangars may contain flammable liquids, paints, solvents and fuel vapours.
o Proper storage and handling of these materials reduce fire risks.
« Controlling ignition sources helps prevent explosions.
 Fire safety procedures improve emergency preparedness.
4. Improvement of maintenance quality
« A clean and organised hangar allows technicians to work accurately.
« Proper tool control reduces maintenance errors.
o Good lighting enables workers to identify defects.

« Safe procedures help ensure that maintenance tasks are completed correctly.
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5. Reduction of operational costs

Preventing accidents reduces medical expenses and compensation costs.

It minimises damage to aircraft and equipment.

It reduces delays caused by workplace incidents.

It prevents unnecessary replacement of damaged tools and components.

6. Protection of the environment

Safe chemical handling prevents pollution.

Proper waste disposal prevents contamination of soil and water.

Oil and fuel spills are controlled before they spread.

Hazardous materials are disposed of according to approved procedures.

7. Compliance with aviation safety requirements

« Aviation maintenance organisations must follow applicable aviation regulations and approved
maintenance procedures.

« Safety practices support compliance with workplace health and safety requirements.
« They promote accountability and professional conduct.
« They support safe aircraft maintenance operations.
8. Promotion of teamwork and responsibility
« Workers learn to communicate hazards.
« Technicians cooperate when handling heavy aircraft components.
« Everyone becomes responsible for maintaining a safe workplace.
« Workers develop positive safety attitudes.
9. Prevention of foreign object damage (FOD)
« Good housekeeping prevents loose materials from entering aircraft engines or systems.
o Proper tool control reduces the risk of missing tools.

e Waste is removed from work areas.

GRADE 11 AVIATION TECHNOLOGY 114 LEARNING SUPPORT NOTES



« Aircraft components are protected from contamination.
10. Improvement of productivity
o Workers spend less time searching for tools and equipment.
« Organised workstations make tasks easier.
« Accidents and interruptions are reduced.
e Maintenance work can be completed more efficiently.
1.2.6 General safety rules related to aircraft hangar operations

General hangar safety rules are instructions that guide workers on how to behave and perform tasks
safely within an aircraft maintenance facility.

These rules apply to all personnel, including aircraft technicians, engineers, cleaners, supervisors, visitors
and contractors.

A. Personal safety rules

Personal safety rules are practices followed by individuals to protect themselves and others from
workplace injuries.

1. Always wear appropriate personal protective equipment before starting work.
2. Follow instructions given by supervisors and authorised personnel.

3. Never operate machinery or equipment without proper training.

4. Avoid running, pushing or playing inside the hangar.

5. Do not engage in horseplay or distracting activities.

6. Never work under the influence of alcohol or prohibited drugs.

7. Report injuries, accidents and unsafe conditions immediately.

8. Maintain personal cleanliness after handling oils, chemicals and other hazardous substances.
9. Avoid wearing loose clothing near rotating machinery.

10. Secure long hair when working near moving equipment.

11. Remove jewellery where it could become caught in machinery.

12. Use appropriate lifting techniques when handling heavy objects.
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13. Do not enter restricted areas without permission.
14. Avoid eating or drinking in areas where chemicals and hazardous materials are handled.
15. Wash hands before eating and after completing maintenance tasks.
16. Do not ignore warning signs or safety instructions.
17. Remain alert and avoid unnecessary distractions.
18. Know the location of emergency exits and safety equipment.
B. Housekeeping safety rules

Housekeeping refers to keeping the hangar clean, orderly and free from materials that may cause
accidents.

| } ,l ,7 N

Rules include:
1. Keep floors clean and dry.
2. Remove oil, grease and hydraulic fluid spills promptly using approved procedures.
3. Store tools in their designated places after use.
4. Dispose of waste in appropriate containers.
5. Keep walkways free from cables, hoses and loose materials.
6. Arrange equipment neatly after completing work.

7. Keep emergency exits and firefighting equipment accessible.
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8. Store materials on appropriate shelves and racks.
9. Remove unnecessary materials from aircraft working areas.
10. Keep workbenches clean and organised.
11. Do not leave sharp metal objects on the floor.
12. Place contaminated rags in approved closed containers.
13. Separate hazardous waste from ordinary waste.
14. Clean work areas after completing maintenance activities.
15. Conduct regular inspections to identify poor housekeeping practices.
Importance of good housekeeping
o Prevents slips, trips and falls.
o Reduces fire hazards.
o Prevents loss of tools.
e Reduces FOD.
« Improves efficiency.
« Creates a professional working environment.
« Makes emergency evacuation easier.
C. Tool safety rules

Tools are essential in aircraft maintenance. Incorrect use or poor control of tools can cause injuries and
aircraft damage.
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Safety rules when handling tools:

1.

2.

10.

11.

12.

13.

Use the correct tool for each maintenance task.

Inspect tools before use.

Never use cracked, broken or damaged tools.

Do not use a spanner as a hammer.

Do not use screwdrivers as chisels.

Use insulated tools when working on electrical systems where appropriate.

Keep cutting tools sharp and in good condition.

. Store tools in designated toolboxes or shadow boards.

Count tools before and after maintenance tasks where tool control is required.
Never leave tools on aircraft surfaces where they can fall or cause damage.

Do not throw tools to another worker.

Keep tools away from moving aircraft components.

Use tool lanyards where required when working at height or in locations where dropped objects
may cause damage.

14. Clean tools after use.
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15. Report missing tools immediately.
16. Remove defective tools from service and identify them clearly.
17. Use measuring instruments according to the manufacturer's instructions.
18. Return borrowed tools to the correct storage location.
Importance of tool control
o Prevents tools from being lost.

Prevents FOD in aircraft.

o Reduces injuries caused by defective tools.

o Ensures the correct tools are available.

« Supports accurate maintenance work.

o Protects aircraft systems from accidental damage.
D. Equipment safety rules

Equipment used in hangars includes lifting devices, compressors, maintenance platforms, hydraulic jacks,
electrical units and ground support equipment.

Safety rules include:
1. Only trained and authorised personnel should operate equipment.
2. Inspect equipment before use.
3. Follow the manufacturer's operating instructions.
4. Never exceed the equipment's rated capacity.
5. Ensure that guards and safety devices are in position.
6. Switch off equipment when it is not in use, where appropriate.
7. lsolate equipment before carrying out maintenance or repairs.
8. Do not use equipment with damaged electrical cables.
9. Secure mobile equipment before working near it.

10. Keep equipment away from emergency routes.
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11.

12.

13.

14.

15.

16.

17.

18.

Never stand beneath an unsupported aircraft or suspended load.

Use approved lifting points when raising aircraft.

Ensure that lifting equipment is suitable for the load.

Report abnormal noise, vibration or overheating.

Store equipment in designated areas.

Do not modify equipment without proper authorisation.

Apply lockout/tagout procedures where required during maintenance.

Ensure equipment inspections and servicing are carried out as scheduled.

E. Aircraft safety rules

1.

2.

10.

11.

12.

13.

14.

15.

Only authorised personnel should carry out aircraft maintenance.

Follow approved aircraft maintenance manuals and work instructions.
Ensure the aircraft is properly secured before maintenance begins.

Use wheel chocks and parking brakes as required.

Do not open aircraft panels or access systems without authorisation.

Use suitable access platforms when working at height.

Avoid placing tools or materials on aircraft wings and fuselage.

Protect sensitive aircraft components from contamination.

Keep clear of propellers, engine intakes and exhaust areas.

Observe warnings relating to electrical, hydraulic and pressurised systems.
Confirm that aircraft systems are made safe before working on them.
Record maintenance activities accurately.

Remove temporary protective covers and equipment as required before aircraft release.
Ensure that all tools and materials are accounted for after maintenance.

Report any accidental aircraft damage immediately.

F. Fire safety rules
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1. Know the location of fire extinguishers and fire alarms.

2. Do not smoke in prohibited areas.

3. Keep flammable materials in approved storage facilities.

4. Keep ignition sources away from fuel and solvent vapours.

5. Avoid overloading electrical sockets.

6. Switch off electrical equipment when not required.

7. Report damaged electrical installations.

8. Dispose of oily rags in suitable approved containers.

9. Keep fire exits unobstructed.

10. Never use water on a fire involving energised electrical equipment or flammable liquids.

11. Use only a suitable fire extinguisher if trained and it is safe to do so.

12. Raise the alarm and evacuate when a fire cannot be safely controlled.
G. Electrical safety rules

1. Never touch exposed electrical wires.

2. Do not use equipment with damaged plugs or cables.

3. Keep electrical equipment away from water and wet floors.

4. Switch off and isolate electrical supplies before authorised maintenance.
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5. Use appropriate electrical protective equipment.
6. Avoid connecting too many devices to one socket.
7. Never attempt electrical repairs without appropriate training and authorisation.
8. Report sparks, burning smells and overheating immediately.
9. Keep electrical panels accessible.
10. Follow lockout/tagout procedures when required.
H. Chemical safety rules
1. Read product labels before using chemicals.
2. Consult the Safety Data Sheet (SDS).
3. Wear suitable gloves and eye protection.
4. Use chemicals in adequately ventilated areas.
5. Keep chemicals in approved containers.
6. Never mix chemicals unless the procedure specifically permits it.
7. Avoid inhaling chemical vapours.
8. Do not use food or drink containers to store chemicals.
9. Clean spills using approved spill-control procedures.
10. Dispose of chemical waste safely.
1.2.7 Hazards associated with aircraft hangar safety
Meaning of hangar hazards

Hangar hazards are conditions, substances, activities or objects within an aircraft maintenance facility that
can cause injury, illness, aircraft damage, equipment damage or environmental pollution.

Hazards may arise from:
« Aircraft maintenance activities.
e Electrical installations.

« Machines and mechanical equipment.
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« Fuels and chemicals.

o Poor housekeeping.

« Human behaviour.

« Environmental conditions.

 Incorrect handling of tools and equipment.

Types of hangar hazards

1. Fire hazards
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A fire hazard is anything that can start or contribute to the spread of fire.
Common sources of fire in hangars:

o Flammable aviation fuels and fuel vapours.

« Paints and cleaning solvents.

« Oil and grease.

« Welding and grinding sparks.

« Smoking in prohibited areas.

o Overheated electrical equipment.

o Faulty electrical wiring.

o Improper storage of combustible materials.

o Hot surfaces and open flames.
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« Accumulation of combustible waste.
Possible effects:

« Severe burns and injuries.

o Damage to aircraft and equipment.

o Destruction of hangar facilities.

« Smoke inhalation.

o Loss of life.

« Disruption of aviation operations.
Preventive measures:

« Store flammable materials in approved facilities.

« Control ignition sources.

« Provide appropriate fire detection and alarm systems.

« Keep fire extinguishers accessible.

« Maintain electrical installations.

e Remove combustible waste regularly.

« Train workers in fire prevention and evacuation procedures.

« Follow hot-work permit procedures for welding, cutting and grinding.
2. Explosion hazards
An explosion is a sudden release of energy that produces pressure, heat and sometimes fire.
Causes of explosions in hangars:

« Ignition of fuel vapours.

Accumulation of flammable gases.

Incorrect handling of pressurised gas cylinders.

Sparks in areas containing flammable vapours.

Incorrect use of compressed-air equipment.
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Poor ventilation in areas where flammable substances are used.

Unsafe storage of incompatible chemicals.

Effects:

Serious injuries.

Damage to aircraft structures.
Destruction of equipment.
Building damage.

Fire outbreaks.

Loss of life.

Preventive measures:

1.

2.

Ensure adequate ventilation.

Store gas cylinders securely in approved areas.

Keep flammable vapours away from ignition sources.
Follow approved fuel-system maintenance procedures.
Use appropriate equipment in hazardous areas.

Observe chemical storage requirements.

Do not use compressed air for cleaning clothing or the body.

Follow approved procedures before carrying out hot work.

3. Noise hazards
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Noise is unwanted or excessive sound that may affect hearing, concentration and communication.
Sources of noise:

« Aircraft engines during testing.

o Air compressors.

« Power tools.

« Grinding machines.

o Drilling machines.

« Hydraulic equipment.

« Metal cutting operations.

« Aircraft towing equipment.

o Workshop machinery.
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Effects of excessive noise:

Temporary hearing loss.

Permanent hearing damage.

« Tinnitus (ringing or buzzing in the ears).

« Headaches.

« Stress and fatigue.

« Poor concentration.

o Difficulty communicating.

« Increased likelihood of accidents due to missed warnings.
Control measures:

1. Use earplugs or earmuffs where required.

2. Maintain machinery to reduce unnecessary noise.

3. Isolate noisy operations where possible.

4. Restrict access to high-noise areas.

5. Display hearing protection warning signs.

6. Limit exposure time according to workplace controls.

7. Use quieter equipment where practicable.

8. Conduct workplace noise assessments.

9. Provide hearing conservation training.

4. Electrical hazards and electrocution
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Electrical hazards arise from unsafe electrical installations, equipment or working practices.

Sources:

Exposed electrical wires.

o Damaged cables.

« Faulty power sockets.

« Overloaded electrical circuits.

o Wet electrical equipment.

« Incorrect grounding or earthing.

« Unauthorised electrical repairs.

« Contact with energised aircraft electrical systems.
Possible effects:

Electric shock.

e Burns.
e Muscle spasms.
o Cardiac arrest.

e Fire.
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o Death.
Preventive measures:
« Inspect electrical equipment before use.
« Avoid handling electrical equipment with wet hands.
o Use appropriate circuit protection.
o Ensure electrical installations are maintained by qualified personnel.
« lsolate power before authorised repair work.
o Apply lockout/tagout procedures where required.

» Keep cables away from water and moving machinery.

5. Slips, trips and falls

Report exposed wires and damaged sockets immediately.

Slips, trips and falls are common workplace accidents that occur when workers lose their balance or
encounter obstacles.

« Slip: Occurs when a person loses footing on a slippery surface.
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Trip: Occurs when a person's foot strikes an object or obstruction.

Fall: Occurs when a person loses balance and falls to a lower or similar level.

Causes:

Oil and grease spills.

Wet floors.

Loose cables and hoses.

Tools left on walkways.

Uneven flooring.

Poor lighting.

Incorrect footwear.

Climbing on unsuitable surfaces.
Unsecured ladders.

Working at heights without suitable protection.

Effects:

Bruises and cuts.
Fractures.

Head injuries.

Back injuries.

Sprains.

Damage to equipment.

Temporary or permanent disability.

Preventive measures:

1.

Keep floors clean and dry.

2. Clean spills promptly using approved procedures.

3. Place warning signs around wet areas.
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4. Keep walkways free from obstructions.

5. Wear appropriate non-slip safety footwear.

6. Use approved ladders and access platforms.

7. Maintain good lighting.

8. Secure cables and hoses.

9. Use suitable fall-protection systems where required.

10. Never climb on aircraft components or unstable objects.
6. Chemical hazards

Chemical hazards arise from exposure to substances used during aircraft cleaning, painting, lubrication

and maintenance.

Examples:
e Paints.
« Solvents.

o Degreasers.

« Hydraulic fluids.
« Lubricating oils.
o Adhesives.

o Sealants.

« C(Cleaning agents.

Battery chemicals.

Routes of exposure:
« Inhalation: breathing in vapours, gases or dust.
« Skin contact: chemicals touching the skin.
o Eye contact: splashes entering the eyes.

« Ingestion: swallowing contaminated substances.
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Possible effects:

Skin irritation.

o Chemical burns.

« Eye damage.

o Respiratory problems.

o Headaches and dizziness.
« Poisoning.

Allergic reactions.

Control measures:
o Read chemical labels and SDS information.
« Wear appropriate gloves, goggles and protective clothing.
« Provide suitable ventilation.
o Use approved chemical containers.
« Avoid direct contact with chemicals.
o Use suitable respiratory protection when required.
o Wash hands after handling chemicals.
« Dispose of chemical waste correctly.
7. Falling objects and dropped tools

These hazards occur when tools, aircraft components or materials fall from shelves, platforms, ladders or
aircraft structures.

Causes:
« Poor storage practices.
« Unsecured materials.
« Overloaded shelves.

 Incorrect lifting.
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« Tools left on elevated surfaces.

« Working above other people.

o Failure to secure components.
Effects:

o Head injuries.

Cuts and bruises.

o Broken bones.

« Damage to aircraft surfaces.

« Damage to equipment.

« Fatal injuries in severe cases.
Control measures:

1. Store materials securely.

2. Do not overload shelves.

3. Use tool lanyards where appropriate.

4. Wear safety helmets in designated areas.

5. Secure loads before lifting.

6. Restrict access beneath overhead work.

7. Keep elevated platforms organised.

8. Use proper lifting and handling techniques.
8. Machinery and mechanical hazards
These hazards arise from machines and equipment with moving or rotating parts.
Examples:

« Grinding machines.

o Drilling machines.

e Lathes.
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Compressors.
Hydraulic equipment.
Powered cutting tools.

Belt-driven machinery.

Possible injuries:

Cuts.

Crushing injuries.
Amputations.
Entanglement.
Burns.

Eye injuries.

Preventive measures:

Use machines only when trained.

Keep guards in position.

Avoid loose clothing near rotating parts.

Tie back long hair.

Use appropriate PPE.

Switch off machines before adjustments.

Isolate equipment before maintenance.

Never remove safety guards while machinery is operating.

9. Manual handling hazards

Manual handling involves lifting, carrying, pushing, pulling or moving objects using physical effort.

Examples:

Lifting aircraft components.

Carrying tyres.
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« Moving toolboxes.
« Handling batteries.
« Carrying heavy maintenance equipment.
o Pushing aircraft service carts.
Possible injuries:
o Back pain.
o Muscle strains.
« Jointinjuries.
o Hernias.
e Sprains.
o Crush injuries.
Preventive measures:
1. Assess the load before lifting.
2. Use mechanical lifting aids for heavy loads.
3. Keep the load close to the body.
4. Bend the knees and maintain a stable posture.
5. Avoid twisting while lifting.
6. Ask for assistance when necessary.
7. Use team lifting for suitable loads.
8. Wear protective gloves and footwear.
9. Follow approved lifting procedures.
10. Fuel and oil hazards
Aviation fuels and oils can create serious hazards when improperly handled.
Sources:

e Fuel leaks from aircraft.
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o Oil spills.

 Incorrect refuelling procedures.

« Damaged fuel containers.

« Improper storage.

« Leaking hydraulic systems.

o Fuel vapours accumulating in poorly ventilated spaces.
Effects:

Fire and explosion.

Skin irritation.

« Slips and falls.

o Environmental pollution.

« Respiratory irritation.

« Damage to aircraft and hangar floors.
Preventive measures:

Use approved fuel-handling procedures.

Inspect fuel and oil containers.

« Control ignition sources.
« Maintain ventilation.
o Use appropriate spill kits.
« Wear suitable protective equipment.
o Report leaks immediately.
« Dispose of contaminated materials safely.
11. Aircraft movement hazards
Aircraft can move within hangars during towing, positioning or maintenance operations.

Sources:
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 Aircraft towing.
« Incorrect use of tractors.
« Uncontrolled aircraft movement.
o Failure to use wheel chocks.
« Poor communication between the towing team.
o Obstructed visibility.
 Failure to follow marshalling signals.
Possible effects:
« Collision with workers.
« Damage to aircraft wings and tail sections.
« Damage to hangar doors.
« Collision with equipment.
« Crushing injuries.
Preventive measures:
1. Use trained towing personnel.
2. Follow approved towing procedures.
3. Establish clear communication.
4. Keep unauthorised persons away from movement routes.
5. Ensure adequate clearance.
6. Use suitable towing equipment.
7. Assign a competent person to guide movement where required.
8. Secure the aircraft after positioning.
12. Poor lighting hazards
Insufficient lighting can make it difficult for workers to see hazards and perform maintenance accurately.

Causes:
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« Failed light fittings.

« Poor lighting design.

« Dirty light covers.

« Shadows around aircraft.

Inadequate emergency lighting.

Effects:

o Errors during inspection.

Incorrect installation of components.
o Trips and falls.

« Collisions.

« Eye strain.

 Failure to identify defects.

Control measures:

Provide adequate lighting.

Replace faulty lamps.

Use suitable inspection lights.

Keep lighting equipment clean.

Provide emergency lighting where required.

Avoid glare and excessive shadows.

13. Poor ventilation hazards

Poor ventilation occurs when air circulation is inadequate to remove harmful fumes, vapours, dust and
heat.

Sources:
« Paint spraying.

e Solvent use.
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« Welding fumes.

o Exhaust gases.

o Chemical cleaning.

o Accumulation of fuel vapours.
Effects:

o Breathing difficulties.

o Dizziness.

« Headaches.

« Poisoning.

o Heat stress.

« Fire and explosion risks where flammable vapours accumulate.
Control measures:

Provide suitable ventilation systems.

o Use local exhaust ventilation where necessary.
o Follow approved procedures for paint spraying and chemical work.

« Avoid running engines indoors unless specifically authorised and suitable exhaust controls are
provided.

« Monitor air quality where required.
14. Heat hazards
Heat hazards arise from exposure to high temperatures or hot surfaces.
Sources:

« Aircraft engines.

« Welding operations.

o Heated machinery.

« Hot exhaust systems.
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« High ambient temperatures.

o Steam and hot fluids.
Effects:

o Burns.

o Heat exhaustion.

o Dehydration.

o Heatstroke.

« Fatigue.
Control measures:

« Allow hot components to cool before handling where required.

Use suitable heat-resistant gloves.

Provide drinking water and suitable rest arrangements.

Use warning signs for hot surfaces.

Follow safe procedures when working with hot equipment.

15. Compressed air hazards
Compressed air is used for cleaning, operating pneumatic tools and supporting maintenance activities.
Hazards include:

 Flying particles.

« Hose failure.

o Excessive noise.

« Eyeinjuries.

o Skin injuries.

« Uncontrolled movement of hoses.

Safety measures:
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« Inspect hoses and fittings before use.

« Use approved pressure settings.

« Secure connections.

o Wear eye protection.

o Never direct compressed air towards a person.

« Never use compressed air to clean clothing or skin.

o Depressurise systems before disconnecting where required.
16. Biological hazards

Biological hazards arise from organisms or biological materials that can cause illness.

Examples:
o Bacteria.
o Viruses.
« Mould.

« Contaminated waste.

 Bird droppings.

o Pests and rodents.
Possible effects:

« Infections.

« Allergic reactions.

« Respiratory irritation.

« Skin irritation.
Control measures:

« Maintain cleanliness.

« Use appropriate gloves and other PPE.

« Dispose of biological waste safely.
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« Control pests.

o Wash hands regularly.

« Follow approved cleaning and disinfection procedures.
17. Stress, fatigue and human-factor hazards

Human factors are conditions relating to people's physical and mental capabilities that can affect their
performance.

Examples:

Fatigue.

Stress.

o Poor communication.

o Lack of training.

« Distraction.

« Overconfidence.

o Time pressure.

« Inadequate supervision.

« Working for long periods without sufficient rest.
Effects:

e Poor judgement.

Incorrect maintenance.

o Forgetting important procedures.
« Failure to identify hazards.
o Accidents and injuries.
o Reduced work quality.
Control measures:

1. Provide appropriate training.
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2. Encourage clear communication.

3. Ensure adequate rest arrangements.

4. Follow approved working hours.

5. Avoid unnecessary distractions.

6. Encourage workers to report fatigue.

7. Use checklists and approved maintenance procedures.

8. Promote teamwork and supervision.
18. Security hazards
These arise from unauthorised access, theft, interference or deliberate damage within the hangar.
Examples:

« Unauthorised persons entering the hangar.

Theft of aircraft components.

Tampering with aircraft systems.

Loss of maintenance tools.

Unauthorised photography or access to restricted information.

Control measures:

« Restrict access to authorised personnel.

Use identification badges.
« Secure tools and components.
« Report suspicious activities.
« Maintain appropriate security procedures.
« Protect aircraft and maintenance records.
1.2.8 Safe handling of tools and equipment in an aircraft hangar

Meaning of safe handling
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Safe handling refers to the correct methods used when selecting, carrying, operating, storing and
maintaining tools and equipment to prevent accidents, injuries and damage.

Aircraft maintenance requires specialised tools and equipment. Their safe use is essential because even a
small mistake can cause damage to aircraft systems or endanger workers.

A. Safe handling of hand tools

BN <3

Hand tools are manually operated tools used to carry out maintenance and repair tasks.

Examples:

Tool Main use

Spanner Tightening and loosening nuts and bolts
Screwdriver Tightening and loosening screws

Pliers Holding, gripping and bending materials

Hammer Striking suitable components

Allen key Tightening and loosening hexagonal socket screws
Torque wrench | Applying a specified tightening torque
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File Smoothing or shaping surfaces
Hacksaw Cutting suitable materials
Wire cutters Cutting electrical wires

Measuring tape | Measuring lengths and distances

Safe handling procedures:

1.

2.

8.

9.

Select the correct tool for the job.
Check the tool for cracks, damage and wear.

Ensure handles are firmly attached.

Use tools according to their intended purpose.

Maintain a firm grip when working.
Avoid applying excessive force.
Keep fingers away from cutting edges.

Wear suitable protective equipment.

Do not use tools with damaged insulation for electrical tasks.

10. Clean and return tools after use.

B. Safe handling of power tools
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Power tools are tools operated using electricity, batteries, compressed air or other power sources.

Examples:

Electric drills.

Angle grinders.

« Electric screwdrivers.
o Pneumatic rivet guns.
o Power saws.

o Sanders.

Portable grinding machines.

Safe handling procedures:
1. Read the manufacturer's operating instructions.
2. Inspect the tool before switching it on.

3. Ensure guards and protective devices are fitted.
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4. Check cables, plugs and connectors.

5. Use the correct attachment or accessory.

6. Wear suitable eye and hearing protection.

7. Keep hands away from moving parts.

8. Secure the workpiece before operating the tool.

9. Do not operate tools in wet conditions unless they are specifically designed and approved for such
use.

10. Disconnect the power supply before changing accessories where required.
11. Never carry a powered tool by its cable.

12. Switch off and store the tool after use.

13. Report defective equipment.

14. Keep unauthorised persons away from operating machinery.

C. Safe handling of lifting equipment

Lifting equipment is used to raise aircraft, engines, components and heavy maintenance materials.
Examples:
« Hydraulic jacks.

o Engine hoists.
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o Overhead cranes.
o Chain blocks.
« Forklifts.
o Lifting slings.
 Aircraft maintenance stands.
Safety procedures:
1. Use lifting equipment with adequate rated capacity.
2. Inspect lifting equipment before use.
3. Check lifting slings, chains and hooks for damage.
4. Ensure loads are properly balanced.
5. Use approved aircraft lifting points.
6. Position jacks on suitable supporting surfaces.
7. Ensure aircraft are supported using approved methods.
8. Never stand beneath a suspended load.
9. Keep unauthorised persons away from lifting operations.
10. Only trained and authorised workers should operate lifting equipment.
11. Do not exceed the safe working load (SWL).
12. Follow approved lifting and lowering procedures.

Safe Working Load (SWL): The maximum load that lifting equipment is permitted to carry safely under
specified conditions.

D. Safe handling of ladders and maintenance platforms
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Ladders and maintenance platforms provide access to elevated parts of aircraft.

Examples:

Mobile maintenance platforms.
Step ladders.

Fixed ladders.

Aircraft access stands.

Work platforms.

Safety procedures:

1.

2.

Inspect ladders and platforms before use.

Use the correct platform for the working height.

Ensure the ladder is stable.

Lock platform wheels before climbing.

Keep platforms within their rated load.

Use guardrails where provided and required.

Do not climb on platform handrails.
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8.

9.

Avoid overreaching.

Keep access routes clear.

10. Do not move a mobile platform while a person is on it unless the equipment is specifically

designed and approved for that purpose.

11. Use suitable fall-protection systems where required.

12. Keep tools secure to prevent falling objects.

E. Safe handling of electrical equipment

Examples:

Ground power units.
Battery chargers.

Electrical testing meters.
Extension cables.

Portable inspection lamps.

Electrical maintenance tools.

Safety procedures:

1.

2.

8.
9.

10. Follow the relevant electrical safety procedures.

Check cables and connectors before use.

Ensure equipment is suitable for the task.

Keep electrical equipment dry where required.

Use correct protective devices.
Avoid overloading circuits.
Isolate equipment before authorised repairs.

Do not pull plugs out by their cables.

Keep electrical cables away from sharp edges and moving machinery.

Report damaged equipment.
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F. Safe handling of compressed-air equipment
Examples:

Air compressors.

Pneumatic drills.

Pneumatic rivet guns.

Air hoses.

Air pressure regulators.
Safety procedures:
1. Inspect hoses and connectors.
2. Use the recommended operating pressure.
3. Secure connections.
4. Keep hoses away from walkways.
5. Wear eye protection.
6. Release pressure safely before disconnecting equipment.
7. Never point an air nozzle at another person.
8. Report damaged hoses and fittings.
G. Safe handling of chemicals and maintenance materials
Safety procedures:
1. ldentify the chemical before use.
2. Read the label and SDS.
3. Wear suitable protective equipment.
4. Use the recommended quantity.
5. Avoid mixing chemicals without authorisation.
6. Work in adequately ventilated areas.

7. Keep chemicals in approved containers.
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8. Clean spills using the correct procedure.

9. Dispose of waste according to approved requirements.

10. Wash hands after handling chemicals.
H. Safe storage of tools and equipment
Proper storage prevents accidents, damage and loss of equipment.
Rules:

« Store tools in designated toolboxes and cabinets.

o Use shadow boards to identify missing tools.

« Store heavy equipment on suitable shelves or the floor in designated positions.

« Keep sharp tools protected.

« Store electrical equipment in suitable dry areas.

« Keep chemicals in approved storage facilities.

« Secure gas cylinders in designated areas.

« Store lifting equipment correctly.

o Label defective equipment and remove it from use.

« Keep storage areas clean and organised.
1.2.9 Personal Protective Equipment (PPE) used in an aircraft hangar
Meaning of Personal Protective Equipment

Personal Protective Equipment (PPE) refers to clothing and protective devices worn by workers to reduce
exposure to workplace hazards that cannot be adequately controlled through other safety measures.

PPE is an important part of hangar safety because technicians may be exposed to noise, chemicals, sharp
objects, dust, falling objects, hot surfaces and electrical hazards.
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Types of PPE and their uses
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1. Safety boots
Purpose:

Protect the feet from falling objects.

Prevent injuries from sharp objects on the floor.

Provide grip on slippery surfaces.

Protect against some mechanical and workplace hazards.
Features:

Reinforced toe protection where required.

Slip-resistant soles.

Durable construction.

Suitable protection for the working environment.
2. Safety goggles
Purpose:
o Protect the eyes from flying particles.
o Prevent dust from entering the eyes.
« Protect against chemical splashes when the goggles are suitable for that purpose.
o Protect the eyes during grinding, drilling and cutting activities.
3. Protective gloves
Purpose:

Protect hands from cuts and abrasions.

Reduce direct contact with oils and chemicals when suitable gloves are selected.

Protect against heat when using appropriate heat-resistant gloves.

Improve grip when handling certain materials.
Examples:

o Chemical-resistant gloves.
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o Cut-resistant gloves.
» Heat-resistant gloves.
o General-purpose work gloves.
« Electrical insulating gloves for specific authorised electrical work.
4. Earplugs and earmuffs
Purpose:
o Reduce exposure to excessive noise.
« Protect against noise-related hearing damage.
« Improve safety during noisy maintenance operations.
5. Safety helmets
Purpose:
« Protect the head from falling objects.
o Reduce the severity of head injuries.
« Provide protection in designated areas where head hazards exist.
6. Protective overalls
Purpose:
o Protect the body and ordinary clothing from dirt, grease and certain workplace contaminants.
« Reduce exposure to minor splashes when the material is suitable.
« Provide convenient work clothing during maintenance activities.
7. Respirators
Purpose:
« Protect the respiratory system from specified airborne hazards.

o Reduce inhalation of harmful dust, fumes or vapours when the correct respirator and filter are
selected.

« Support safe work during certain painting, cleaning and maintenance activities.
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Important: Respirators must be selected for the particular hazard. Some vapours require specific
cartridges, while oxygen-deficient or immediately dangerous environments require specialised respiratory
protection and procedures.

8. Face shields
Purpose:
o Protect the face from flying particles and splashes.
« Provide additional protection during grinding and certain maintenance operations.
« Protect against certain hot particles when the shield is designed for that task.
A face shield should not automatically replace safety goggles where eye protection is required.
9. High-visibility clothing
Purpose:
o Make workers more visible to vehicle operators.
« Reduce the likelihood of collisions.
« Improve visibility in areas with moving aircraft or ground support equipment.
10. Safety harnesses
Purpose:
o Protect workers from falls when working at height.
o Form part of an approved fall-protection system.
« Reduce the risk of serious injury when used with suitable anchorage and other required equipment.
Importance of PPE in hangar operations
1. Reduces the risk of workplace injuries.
2. Protects workers against specified hazards.
3. Reduces exposure to harmful chemicals.
4. Helps prevent eye and hand injuries.
5. Protects hearing in noisy environments.
6. Improves visibility around moving equipment.
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7.

8.

Supports compliance with workplace safety requirements.

Promotes a professional safety culture.

Correct use and maintenance of PPE

Select PPE according to the hazard assessment.
Ensure that PPE fits the individual correctly.
Inspect PPE before use.

Replace damaged or expired PPE.

Clean reusable PPE according to instructions.
Store PPE in suitable conditions.

Do not share contaminated PPE.

Follow the manufacturer's instructions.

Receive training on the correct use of specialised PPE.

1.2.10 Safe working practices during aircraft maintenance

Safe working practices are approved methods and behaviours followed when carrying out aircraft

maintenance activities.

A. Safety before starting maintenance

Before starting maintenance work, a technician should:

1.

2.

Read and understand the maintenance work instructions.
Confirm that the task has been authorised.

Identify the hazards associated with the task.

Conduct or participate in a risk assessment where required.

Wear appropriate PPE.
Inspect tools and equipment.
Confirm that the working area is clean and organised.

Check that adequate lighting is available.
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9. ldentify emergency exits and safety equipment.
10. Ensure that the aircraft and relevant systems are in the required safe condition.
11. Confirm that appropriate warnings and safety notices are displayed.
12. Ensure that other workers are aware of the maintenance activity.
B. Safety during maintenance
1. Follow approved maintenance manuals and instructions.
2. Use the correct tools and equipment.
3. Avoid shortcuts and unauthorised procedures.
4. Maintain communication with other team members.
5. Keep the work area clean.
6. Secure removed components and fasteners.
7. Avoid damaging aircraft wiring and systems.
8. Observe warnings on electrical and mechanical systems.
9. Do not leave equipment in aircraft openings or compartments.
10. Report unexpected defects.
11. Stop work when an unsafe condition develops.
12. Seek guidance when uncertain about a procedure.
C. Safety after maintenance
1. Inspect the work area.
2. Account for tools and equipment.
3. Remove unnecessary materials and waste.
4. Ensure that temporary equipment and protective covers are accounted for.
5. Confirm that all required maintenance checks have been completed.
6. Record the work carried out accurately.

7. Report defects that require further attention.
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8. Return tools and equipment to their designated storage locations.
9. Ensure that the aircraft is released only through the authorised procedures.
D. Tool control during maintenance
Tool control is the process of recording, monitoring and accounting for tools used during maintenance.

It is particularly important in aviation because a tool left inside an aircraft can become foreign object
debris and cause serious damage.

Procedures involved in tool control:
1. Issue tools through an approved system.
2. Record tools taken for maintenance.
3. Count tools before beginning work.
4. Keep tools in designated containers during maintenance.
5. Count tools when work is completed.
6. Investigate missing tools immediately.
7. Inspect the work area for loose materials.
8. Record the return of tools.
9. Report damaged tools.

10. Follow the organisation's tool-control procedures before releasing an aircraft after maintenance.
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1.2.11 Fire prevention and firefighting in an aircraft hangar

Meaning of fire prevention
Fire prevention refers to the measures taken to stop fires from starting and spreading.

Hangars may contain flammable liquids, fuel vapours, electrical equipment, chemicals and combustible
materials. Therefore, fire prevention is a major part of hangar safety.

Elements required for fire

Fire generally requires three basic elements, commonly called the fire triangle.
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1. Heat

Heat is the energy required to raise a material to a temperature at which it can ignite.

Examples:

2. Fuel

Welding sparks.
Open flames.
Hot surfaces.
Electrical sparks.

Overheated machinery.

Fuel is any material that can burn.

Examples:

GRADE 11

Aviation fuel.
Petrol.
Diesel.
Paints.
Solvents.
Paper.
Wood.

Oily rags.
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3. Oxygen

Oxygen supports combustion. It is normally available in the air.

The fire tetrahedron

The fire tetrahedron adds a fourth element called the chemical chain reaction.

|

HEAT

CHEMICAL CHAIN
REACTION

OXYGEN

The four elements are:
1. Heat.
2. Fuel.
3. Oxygen.

4. Chemical chain reaction.

Removing or controlling one of the elements can help extinguish a fire.

Common causes of fire in aircraft hangars
 Electrical short circuits.
« Welding and cutting sparks.
« Smoking in prohibited areas.
« Improper fuel handling.
o Poor storage of flammable liquids.

o Overheated equipment.
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« Accumulation of combustible waste.

o Open flames near flammable substances.

« Incorrect use of electrical equipment.

o Failure to follow hot-work procedures.
Fire prevention measures

1. Store flammable materials in approved storage facilities.

2. Keep ignition sources away from flammable substances.

3. Maintain electrical equipment.

4. Avoid overloading electrical circuits.

5. Provide adequate ventilation.

6. Dispose of oily rags safely.

7. Maintain clean working areas.

8. Prohibit smoking in restricted areas.

9. Display appropriate fire warning signs.

10. Inspect firefighting equipment regularly.

11. Train personnel in fire prevention.

12. Follow approved procedures for welding and other hot work.
Types of fire and suitable extinguishing methods

The fire classification system may vary between countries and standards. The following common
classification is useful for learning purposes.

Fire class | Material involved Examples
Class A | Ordinary solid combustible materials Paper, wood, cloth
Class B | Flammable liquids Petrol, paints, solvents
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Class C | Flammable gases in systems using this classification | Propane, butane

Class D | Combustible metals Magnesium, sodium

Class F | Cooking oils and fats Cooking all

Some standards classify electrical fires separately, while others describe them as fires involving energised
electrical equipment rather than a separate fire class.

Common types of fire extinguishers

1. Water extinguisher
Uses:
- Suitable for many Class A fires involving ordinary solid materials.
Limitations:
« Must not be used on energised electrical equipment.
e Must not be used on flammable liquid fires where it could spread the burning liquid.
« Must not be used on fires involving reactive metals.
2. Foam extinguisher
Uses:
« Suitable for certain Class A fires.
« Suitable for certain Class B flammable liquid fires,.depending on the foam type.
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Limitations:
« Not suitable for energised electrical equipment unless specifically approved for that use.
« Not suitable for fires involving incompatible reactive substances.
3. Carbon dioxide (CO,) extinguisher
Uses:
« Suitable for certain fires involving energised electrical equipment.
« Suitable for certain flammable liquid fires.
Advantages:
o Does not leave powder residue.
o Useful around some electrical and electronic equipment.
Limitations:
« Can cause cold burns if the discharge horn is handled incorrectly.
« Has limited effectiveness in open or windy areas.
« Can create an asphyxiation hazard in enclosed spaces.
4. Dry chemical powder extinguisher
Uses:
« Suitable for fire types indicated on the extinguisher label.

« Certain multipurpose powders can be used on Class A, B and C fires under the applicable
classification system.

Limitations:
« Powder may contaminate sensitive equipment.
o It can reduce visibility.

o It may cause respiratory irritation.

5. Wet chemical extinguisher
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Uses:
« Mainly suitable for Class F fires involving cooking oils and fats.
« Some types may also be approved for Class A fires.
General procedure for responding to a fire
When a fire is discovered:
1. Raise the alarm immediately.
2. Warn people nearby.
3. Inform the responsible emergency personnel.
4. Evacuate the area using the designated escape routes.
5. Do not use lifts where evacuation procedures prohibit them.
6. Move to the designated assembly point.
7. Do not re-enter the hangar until authorised.

8. Only attempt to extinguish a small fire if trained, the correct extinguisher is available, and a safe
escape route remains available.

9. Report missing or injured persons to emergency responders.

Important: Life safety takes priority over protecting aircraft, tools and equipment. Workers should not
attempt to fight a spreading fire or enter a smoke-filled hangar.

1.2.12 Emergency procedures in an aircraft hangar
Meaning of an emergency

An emergency is an unexpected situation that creates an immediate threat to human life, aircraft,
property or the environment and requires urgent action.

Examples:
e Fire.
« Explosion.

o Serious injury.

o Chemical spill.
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o Electrical accident.
o Structural collapse.
« Major fuel leak.
« Severe equipment failure.
Common emergency situations and appropriate responses
1. Fire outbreak
Actions:
 Raise the fire alarm.
« Warn nearby workers.
« Evacuate the affected area.
« Contact the designated emergency response team.
« Use an appropriate extinguisher only if trained and safe.
o Assemble at the designated point.
« Wait for clearance before re-entering.
2. Electrical shock
Actions:
« Do not touch the victim while they are still in contact with an energised electrical source.
« Arrange for the power supply to be isolated by an authorised person if this can be done safely.
« Call for emergency assistance.
« Once the area is confirmed safe, a trained first-aider should assess the victim.

o Begin CPR and use an automated external defibrillator (AED) if indicated and the responder is
trained.

« Obtain urgent medical attention.
3. Chemical spill

Actions:
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o Alert people in the affected area.
o Keep unauthorised persons away.
o lIdentify the substance only if it is safe to do so.
o Consult the SDS and the organisation's spill-response procedure.
o Use trained spill-response personnel.
o Wear the specified protective equipment.
« Prevent the chemical from spreading where this can be done safely.
o Dispose of contaminated materials correctly.
« Report the incident.
4. Serious injury
Actions:
« Stop the activity if it is safe to do so.
« Call for first aid and emergency assistance.
« Do not move a seriously injured person unless there is immediate danger.
« Provide first aid within the limits of one's training.
« Keep the injured person comfortable and monitor their condition.
« Arrange medical attention.
« Report the accident.
5. Explosion
Actions:
o Raise the alarm immediately.
« Move away from the affected area.
« Evacuate through safe routes.
« Avoid touching damaged equipment or materials.

« Report missing or injured persons.
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« Allow emergency responders to control the scene.
« Do not re-enter until authorised.

6. Major fuel or oil leak

Actions:

« Stop work and warn nearby personnel.

Keep people away from the affected area.
« Eliminate ignition sources only where safe and authorised.

« Do not operate switches or equipment if doing so could create an ignition source in a hazardous
atmosphere.

« Inform the designated emergency team.
« Follow approved spill-control procedures.
o Evacuate if instructed.
7. Aircraft or equipment collision
Actions:
« Stop movement in the affected area.
« Warn other personnel.
« Secure the area.
« Avoid moving damaged equipment unnecessarily.
o Report injuries and aircraft damage.
e Request technical and emergency assistance.
o Preserve the scene where required for investigation.
Emergency equipment found in hangars
Examples include:
« Fire extinguishers.

o Fire alarm systems.
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Fire hose reels.

First-aid kits.

Emergency eye-wash stations.
Emergency showers where required.
Spill-control kits.

Emergency lighting.

Fire blankets for appropriate uses.
Emergency communication systems.
Personal protective equipment.

Rescue equipment.

Importance of emergency preparedness

1.

2.

1.2.13 Safety signs and symbols used in aircraft hangars

Reduces loss of life.

Minimises injuries.

Reduces damage to aircraft and equipment.

Helps workers respond quickly.

Improves coordination among emergency teams.

Reduces confusion during evacuation.

Supports business continuity.

Promotes confidence and safety awareness.

Meaning of safety signs

Safety signs are visual symbols, colours and written messages used to communicate warnings,

instructions, prohibitions and emergency information.

They help workers identify hazards and understand the safety precautions required in different areas.
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Main categories of safety signs
1. Prohibition signs
These signs indicate activities that are not allowed.

Examples:

No smoking.

No unauthorised entry.

No open flames.

No photography in restricted areas.
Common appearance:

« Circular shape.
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Red border and diagonal line.

Black symbol on a light background.

2. Warning signs

These signs alert workers to potential hazards.

Examples:

High voltage.
Flammable materials.
Slippery floor.
Moving machinery.
Toxic substances.

Overhead loads.

Common appearance:

Triangular shape.
Yellow background.

Black symbol.

3. Mandatory signs

These signs indicate actions that must be followed.

Examples:

Wear safety boots.

Wear eye protection.
Wear hearing protection.
Wear a safety helmet.

Wear protective gloves.

Common appearance:

Circular shape.
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o Blue background.
o White symbol.
4. Safe-condition signs
These signs indicate emergency facilities or safe routes.
Examples:
o Emergency exit.
o First-aid station.
o Emergency assembly point.
« Emergency shower.
o Eye-wash station.
Common appearance:
o Green background.
« White symbol.
5. Fire equipment signs
These signs identify the location of firefighting equipment.
Examples:
 Fire extinguisher.
o Fire hose reel.
o Fire alarm.
« Fire blanket.
Common appearance:
¢ Red background.
« White symbol.
Importance of safety signs

« Warn workers about potential dangers.
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o Communicate safety instructions.

e Reduce accidents.

« Guide emergency evacuation.

« ldentify firefighting equipment.

« Promote safe behaviour.

« Support workplace safety management.
1.2.14 Risk assessment in aircraft hangar operations
Meaning of risk assessment

Risk assessment is the systematic process of identifying hazards, determining the likelihood and possible
severity of harm, and deciding on suitable measures to control the risks.

It helps an aviation maintenance organisation identify unsafe conditions before accidents occur.
Steps involved in risk assessment

Step 1: Identify hazards

Identify anything that may cause harm.

Examples:

Oil spills.

Exposed wires.

Excessive noise.

Falling objects.

e Flammable substances.
Step 2: Identify who may be harmed
Consider:

o Aircraft technicians.

« Engineers.

e Cleaners.

GRADE 11 AVIATION TECHNOLOGY 176 LEARNING SUPPORT NOTES



e Supervisors.
« Contractors.
« Visitors.
o Other workers.
Step 3: Evaluate the risk
Consider:
o How likely is an accident to occur?
o How serious could the injury or damage be?
« How many people could be affected?
o How often are workers exposed?
Step 4: Decide on control measures
Choose measures that can eliminate or reduce the risk.
Examples:

Clean spills.

Repair damaged cables.

« Install machine guards.

« Improve ventilation.

« Provide suitable PPE.

« Restrict access to hazardous areas.
Step 5: Record the findings
Record:

o The identified hazard.

o People exposed.

o The assessed risk.

« Existing control measures.
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« Additional control measures required.
e Responsible persons.
o Review dates.
Step 6: Review the assessment
Review the assessment:
« After an accident or near miss.
« When working procedures change.
o When new equipment is introduced.
« When a new hazard is identified.
o At scheduled intervals.

Example of a hangar risk assessment

Activity Hazard Possible harm Control measure

Aircraft cleaning

Chemical splashes

Eye or skin injury

Goggles and suitable gloves

Grinding Flying particles Eye injury Machine guards and eye protection
Walking in hangar | Oil spill Slips and falls Clean spill and mark area
Lifting components | Heavy load Back injury Use lifting equipment

Electrical repair

Live electrical parts

Electric shock

Isolation and authorised work

Engine testing

Excessive noise

Hearing damage

Noise controls and hearing protection

Hierarchy of risk control

The hierarchy of control is a system used to select the most effective ways of reducing workplace hazards.
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most  Hjerarchy of Controls

effective

Physically remove
the hazard

Replace
the hazard

Isolate people
from the hazard

Change the way
people work

Least
effective

1. Elimination

Removing the hazard completely.
Example:

- Removing unnecessary combustible waste from a hangar.

2. Substitution

Replacing a hazardous substance or activity with a safer alternative.

Example:

- Using a less hazardous approved cleaning product where technically suitable.

3. Engineering controls

Using physical systems or equipment to isolate people from hazards.

Examples:

e Machine guards.

o Local exhaust ventilation.

GRADE 11 AVIATION TECHNOLOGY LEARNING SUPPORT NOTES



« Noise barriers.

« Protective enclosures.
4. Administrative controls
Using rules, procedures and training to reduce exposure.
Examples:

« Safety training.

« Warning signs.

« Work schedules.

e Restricted access.

« Maintenance procedures.
5. Personal Protective Equipment
Providing protective clothing and equipment.
Examples:

« Safety boots.

o Gloves.

« Goggles.

o Respirators.

o Ear protection.

Important: PPE is generally the last level of protection in the hierarchy. It should not replace more
effective controls where those controls are reasonably practicable.

1.2.15 Housekeeping and waste management in aircraft hangars
Meaning of housekeeping

Housekeeping is the systematic organisation, cleaning and maintenance of the hangar to ensure that the
working environment remains safe, clean and orderly.

Good housekeeping practices
1. Clean floors regularly.

°
GRADE 11 AVIATION TECHNOLOGY 1 SU LEARNING SUPPORT NOTES



10.

11.

12.

13.

14.

15.

Remove oil and grease spills promptly.
Store tools after use.

Keep workbenches organised.

Dispose of waste appropriately.

Keep walkways and emergency exits clear.
Arrange materials on suitable shelves.
Keep fire equipment accessible.

Store cables and hoses safely.

Clean machinery according to approved procedures.

Remove unnecessary materials from aircraft work areas.

Inspect the hangar regularly.
Keep drains and waste collection points maintained.
Use suitable containers for hazardous waste.

Return equipment to its designated storage position.

Types of waste generated in aircraft hangars

1. General waste

Examples:

Paper.
Cardboard.
Packaging materials.

Ordinary office waste.

2. Metal waste

Examples:

Metal offcuts.

Scrap components.
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o Wire pieces.

o Damaged metal fasteners.
3. Chemical waste
Examples:

« Used solvents.

o Paint residues.

o Chemical cleaning agents.

« Contaminated containers.
4. Oil and fuel waste
Examples:

o Used lubricating oil.

o Contaminated fuel.

« Qil-soaked absorbent materials.
5. Electrical and electronic waste
Examples:

Damaged cables.

Old batteries.

Faulty electronic components.

Unserviceable electrical equipment.

Importance of proper waste management
o Prevents fire outbreaks.
o Reduces FOD.
o Prevents environmental pollution.
o Protects workers from hazardous substances.

« Maintains a clean working environment.
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« Improves organisation and productivity.
« Supports environmental compliance.

1.2.16 Environmental safety in an aircraft hangar

Environmental safety involves protecting the surrounding environment from pollution and damage

caused by maintenance activities.
Common environmental concerns
1. Air pollution

Caused by:

Paint fumes.

« Solvent vapours.

« Welding fumes.

o Exhaust gases.

o Chemical vapours.
Control measures:

Provide suitable ventilation.

Use appropriate extraction systems.

Follow chemical-handling procedures.

Maintain equipment.

Use approved products and methods.

2. Water pollution
Caused by:

o Oil spills.

o Fuel leaks.

o Chemical discharge.
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« Improper disposal of cleaning liquids.
Control measures:

Prevent spills from entering drains.

Use approved spill kits.

Store chemicals safely.

Dispose of hazardous liquids properly.

Follow environmental procedures.
3. Soil contamination
Caused by:
o Fuel leakage.
« Used oil disposal.
o Chemical spills.
o Improper waste storage.
Control measures:

Use suitable storage facilities.

Maintain containers.

Clean spills promptly.

Dispose of waste through approved channels.

4. Noise pollution
Caused by:
« Engine testing.
o Compressors.

« Grinding operations.
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« Mechanical equipment.

Control measures:

Maintain machinery.

Use designated testing areas.

Install suitable noise controls.

Restrict unnecessary noisy operations.
Importance of environmental protection
1. Protects human health.
2. Prevents pollution.
3. Conserves natural resources.
4. Promotes responsible aviation operations.
5. Supports sustainable development.
6. Protects nearby communities and wildlife.
1.2.17 Safety management and reporting in aircraft hangars
Meaning of safety management

Safety management refers to the organised activities, responsibilities and procedures used to identify
hazards, control risks and improve safety performance.

Aviation organisations use a Safety Management System (SMS) to manage safety risks systematically.

Main components of a Safety Management System

1. Safety policy and objectives
« Establishes the organisation's commitment to safety.
« Defines safety responsibilities.

« Provides guidance on safety expectations.
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« Promotes accountability.
2. Safety risk management

|dentifies hazards.

Assesses risks.

Introduces control measures.

Monitors whether controls are effective.

3. Safety assurance

Monitors safety performance.

Conducts inspections and audits.

Investigates incidents.

Reviews safety procedures.

|dentifies areas requiring improvement.
4. Safety promotion

Provides safety training.

o Communicates safety information.

Encourages safety reporting.

Promotes teamwork and safety awareness.

Meaning of a safety incident

A safety incident is an occurrence that has affected or could affect safety.

Examples:
« A worker slipping on an oily floor.
« A tool falling from a maintenance platform.
« An aircraft component being damaged.

« A vehicle nearly colliding with an aircraft.
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o A chemical spill.
Meaning of a near miss
A near miss is an unplanned event that did not cause injury or damage but had the potential to do so.
Examples:

« A technician nearly falling from an unsecured platform.

« A toolbox falling close to a worker.

« A ground support vehicle narrowly avoiding an aircraft.

« A worker noticing a damaged electrical cable before using it.
Importance of reporting hazards and incidents

1. Prevents similar accidents from happening again.

2. Helps identify unsafe working conditions.

3. Improves maintenance procedures.

4. Supports investigations.

5. Helps management make informed safety decisions.

6. Encourages workers to take responsibility.

7. Improves the organisation's safety culture.

Information included in a safety report
A safety report may include:

Date and time of the occurrence.

« Location of the incident.

« Name or identification of the reporting person, where required.
« Description of the event.

« Hazard identified.

o People or equipment involved.
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 Injury or damage sustained.

« Immediate action taken.

« Witness information.

« Recommendations for preventing recurrence.
1.2.18 Safety permits and special maintenance activities

Some maintenance activities involve additional risks and require special authorisation or permits under an
organisation's safety procedures.

1. Hot-work permit

A hot-work permit is an authorisation used to control activities that produce heat, flames or sparks.

Examples:
o Welding.
o Cutting.
« Brazing.
o Grinding.

Certain heating operations.

Safety requirements may include:

o Assessment of fire and explosion risks.

Removal or protection of combustible materials.
 Suitable fire extinguishers.
« Adequate ventilation.
« Fire watch where required.
 Inspection of the work area after completion.
2. Work-at-height permit
This may be required for tasks performed at heights where workers could fall and sustain serious injuries.

Examples:
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« Working on elevated aircraft surfaces.

o Accessing hangar roof structures.

« Carrying out maintenance on high platforms.
Safety requirements:

« Use suitable access equipment.

Inspect ladders and platforms.

Provide appropriate fall-protection systems.

Secure tools and materials.

Restrict access beneath the work area.

3. Electrical isolation permit

This is an authorisation or controlled procedure used to ensure electrical equipment is safely isolated
before maintenance.

Safety requirements:

|dentify the correct energy source.

« Isolate the equipment.

« Apply locks and warning tags where required.

« Verify that the equipment is de-energised.

o Allow only authorised personnel to perform the work.

o Restore power only after the work is completed and the area is confirmed safe.
4. Confined-space entry permit

A confined space is an enclosed or partially enclosed area that may present special hazards, such as
limited entry and exit, poor ventilation or dangerous atmospheres.

Examples may include:
« Certain aircraft tanks.
o Restricted maintenance compartments.
« Some enclosed service spaces.
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Safety requirements:
o Conduct a risk assessment.
« Obtain required authorisation.
o Test the atmosphere where necessary.
« Provide ventilation where required.
o Use suitable protective equipment.
o Maintain communication.
o Prepare an appropriate rescue plan.
o Ensure trained personnel supervise the work.

Important: Aircraft fuel tanks and other confined spaces require specialised training and approved entry
procedures. They should never be entered casually or without proper authorisation.

1.2.19 Responsibilities of personnel in maintaining hangar safety

Safety is a shared responsibility. Every person working in or visiting an aircraft hangar has a role to play.

A. Responsibilities of the hangar manager or supervisor
1. Ensure that safety procedures are implemented.
2. Provide suitable tools and equipment.
3. Arrange safety training.
4. Ensure that workers use appropriate PPE.
5. Conduct workplace inspections.
6. Ensure that hazards are reported and controlled.
7. Maintain emergency preparedness.
8. Monitor housekeeping standards.
9. Ensure that defective equipment is removed from service.

10. Promote a positive safety culture.
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B. Responsibilities of aircraft technicians

1.

2.

8.

9.

Follow approved maintenance procedures.
Use tools and equipment correctly.

Wear suitable PPE.

Maintain tool accountability.

Keep work areas clean.

Report hazards and defects.

Avoid unauthorised maintenance.

Follow aircraft safety precautions.

Cooperate with other technicians.

10. Record maintenance work accurately.

C. Responsibilities of cleaners and support staff

1.

2.

7.

8.

Maintain cleanliness.

Use approved cleaning materials.

Display warning signs when floors are wet.
Dispose of waste correctly.

Avoid interfering with aircraft maintenance.
Report spills and unsafe conditions.

Wear appropriate PPE.

Keep walkways and exits clear.

D. Responsibilities of visitors and contractors

1.

2.

3.

Follow hangar entry procedures.
Wear the required protective equipment.

Remain within authorised areas.

4. Follow instructions from supervisors.
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5. Avoid touching aircraft or equipment without permission.
6. Report hazards immediately.
7. Respect warning signs and restricted areas.

1.2.20 Developing a positive hangar safety culture

Meaning of safety culture

Safety culture refers to the shared attitudes, values, beliefs and behaviours that influence how people
manage safety in an organisation.

A positive safety culture exists when everyone considers safety an essential part of daily work.
Characteristics of a positive safety culture

1. Workers report hazards without fear of unfair treatment.

2. Supervisors take safety concerns seriously.

3. Workers follow approved procedures.

4. Management provides suitable safety resources.

5. Accidents and near misses are investigated.

6. Workers participate in safety training.

7. Team members communicate effectively.

8. Unsafe practices are corrected.

9. Everyone accepts responsibility for safety.

10. Safety improvements are introduced continuously.
Ways of promoting safety culture

« Conduct regular safety briefings.

Display clear safety instructions.

Encourage hazard reporting.

Provide refresher training.

Conduct workplace inspections.
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« Recognise responsible safety behaviour.
« Investigate incidents fairly.

« Encourage teamwork.

o Lead by example.

Review safety procedures regularly.

1.2.21 Summary of important hangar safety practices

Area Main safety practice

Personal safety Wear appropriate PPE and follow instructions
Housekeeping Keep floors, workbenches and walkways clean
Tool safety Use the correct tools and account for them
Equipment safety Inspect equipment and operate it correctly
Aircraft safety Follow approved maintenance procedures

Fire safety Control ignition sources and store flammable materials safely
Electrical safety Isolate equipment before authorised repairs
Chemical safety Read labels and SDS information

Noise safety Use suitable hearing protection

Working at height Use approved platforms and fall protection
Manual handling Use correct lifting methods and mechanical aids

Emergency response Raise alarms and follow evacuation procedures

Environmental safety Prevent spills and dispose of waste correctly

Safety reporting Report hazards, incidents and near misses

1.2.22 Practical learning activities

The following activities enable learners to develop practical competencies in identifying and controlling
hangar hazards.

Activity 1: Identification of hangar sections
Task: Study an aircraft maintenance hangar diagram or a suitable photograph.
|dentify:

1. Aircraft maintenance bay.

2. Tool storage area.

3. Equipment storage area.

4. Maintenance workshop.
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5. Emergency exits.

6. Firefighting equipment station.

7. First-aid station.

8. Chemical storage area.

9. Waste disposal area.

10. Ground support equipment parking area.

Expected competency: Ability to identify the main sections of an aircraft hangar and explain their
functions.

Activity 2: Identification of hangar hazards
Task: Observe a simulated hangar environment or a collection of workplace photographs.

Identify at least ten hazards and suggest a suitable control measure for each.

Examples:

Hazard observed Suggested control

Oil spill Clean using approved spill procedures
Loose electrical cable Secure and inspect the cable
Unprotected eyes during grinding Wear suitable eye protection

Blocked emergency exit Remove the obstruction

Unsecured ladder Secure or replace the ladder

Poorly stored chemicals Use approved storage facilities

Expected competency: Ability to identify hazards and recommend appropriate control measures.
Activity 3: Demonstration of PPE

Task: Learners identify and demonstrate the correct use of PPE for different maintenance activities.
Examples:

Safety boots for general hangar work.

Goggles for grinding.

Hearing protection for noisy work.

Chemical-resistant gloves for approved chemical handling.

Suitable respirators for specified airborne hazards.
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Expected competency: Ability to select PPE according to the task and hazard.
Activity 4: Tool handling and storage
Task: Learners inspect a collection of hand tools and demonstrate how to:

1. Identify each tool.

2. Explain its function.

3. Inspect it for damage.

4. Select the correct tool for a task.

5. Use it safely.

6. Clean and store it.

7. Account for tools after use.
Expected competency: Ability to handle tools safely and practise tool accountability.
Activity 5: Emergency response simulation
Task: In groups, learners simulate a hangar emergency involving a fire, chemical spill or workplace injury.
Demonstrate:

« Recognising the emergency.

« Raising the alarm.

« Warning other people.

« Evacuating safely.

« Contacting emergency personnel.

« Reporting the incident.

Expected competency: Ability to respond appropriately to simulated hangar emergencies.

Activity 6: Hangar housekeeping inspection
Task: Conduct a simulated inspection of a hangar or workshop.

Check:
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e Cleanliness of floors.

« Storage of tools.

« Arrangement of equipment.

o Waste disposal.

« Availability of safety signs.

o Access to emergency exits.

o Condition of electrical cables.

o Accessibility of firefighting equipment.

Expected competency: Ability to assess housekeeping conditions and recommend improvements.

Key terms and definitions for revision

Term

Meaning

Hangar

A building used for aircraft parking, storage and maintenance

Hangar safety

Measures used to prevent accidents in an aircraft hangar

Hazard

Anything with the potential to cause harm

Risk

The likelihood and possible severity of harm

PPE

Equipment worn to protect workers from hazards

Housekeeping

Keeping a workplace clean and organised

FOD

Foreign object debris that may cause damage or injury

Tool control Monitoring and accounting for tools used during maintenance
Electrocution Death caused by electric shock

Fire triangle Heat, fuel and oxygen

Fire tetrahedron Heat, fuel, oxygen and chemical chain reaction

SDS Safety Data Sheet containing information about a chemical
SWL Safe Working Load

Risk assessment The process of identifying hazards and controlling risks

Near miss An event that could have caused harm but did not

Emergency exit

A designated route for leaving a building during an emergency

Safety culture

Shared attitudes and behaviours that support safety

Hot work

Work that produces heat, sparks or flames

Lockout/tagout A procedure for isolating hazardous energy during maintenance

Confined space An enclosed or partially enclosed space with potential special hazards

Ground support equipment Equipment used to support aircraft operations and maintenance
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REVISION QUESTION

SECTION A: MULTIPLE-CHOICE QUESTIONS

Choose the correct answer from the alternatives A, B, C and D.

1. What is the main purpose of an aircraft hangar?

A. To provide accommodation for aircraft passengers.

B. To provide shelter for aircraft and a facility for maintenance activities.

C. To control aircraft movement in the air.

D. To provide accommodation for airport visitors.

2. Which one of the following is a major safety feature that should be provided in an aircraft hangar?
A. Unrestricted access to all workers.

B. Blocked emergency exits.

C. Adequate firefighting equipment.

D. Poor ventilation.

3. A technician finds oil spilled on the hangar floor. Which action should be taken first?
A. Ignore the spill and continue working.

B. Warn other workers and arrange safe spill control.
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C. Cover the spill with paper.

D. Walk through the spill carefully.

4. Which one of the following is an example of a fire hazard in an aircraft hangar?
A. Properly stored tools.

B. Clean working surfaces.

C. Accumulation of flammable vapours.

D. Clearly marked emergency exits.

5. Which element of the fire triangle supports combustion?
A. Water. B. Oxygen. C. Sand. D. Carbon dioxide.

6. Which type of fire extinguisher is commonly suitable for certain fires involving energised electrical
equipment?

A. Water extinguisher.

B. Carbon dioxide extinguisher.

C. Wet chemical extinguisher.

D. Ordinary water bucket.

7. What is the main purpose of wearing ear protection in an aircraft hangar?
A. To prevent chemical splashes.

B. To protect the feet from falling objects.

C. To reduce exposure to excessive noise.

D. To prevent electrical shock.

8. Which one of the following is a common cause of slips, trips and falls in an aircraft hangar?
A. Proper storage of tools.

B. Oil and grease spills on floors.

C. Adequate lighting.
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D. Clearly marked walkways.

9. What does PPE stand for?

A. Personal Protection Equipment.

B. Personal Protective Equipment.

C. Professional Protection Environment.

D. Public Protection Equipment.

10. Which one of the following is the correct use of a torque wrench?
A. Cutting electrical cables.

B. Measuring the temperature of an engine.

C. Tightening fasteners to a specified torque.

D. Removing paint from aircraft surfaces.

11. Why is tool control important during aircraft maintenance?

A. To increase the weight of aircraft.

B. To prevent tools from being left inside aircraft.

C. To reduce the number of maintenance workers.

D. To increase the use of electrical equipment.

12. Which one of the following is an example of lifting equipment used in aircraft maintenance?

A. Screwdriver. B. Pliers.

C. Hydraulic jack. D. Hacksaw.

13. What is the meaning of SWL in lifting operations?
A. Standard Working Location.

B. Safe Working Load.

C. Safety Warning Label.
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D. Special Work Limit.

14. Which one of the following is a suitable safety precaution when using a power drill?

A. Removing the protective guard.
B. Using the drill with damaged cables.
C. Inspecting the drill before use.

D. Holding the rotating drill bit with bare hands.

15. Which safety sign indicates that workers must wear protective equipment?
A. Prohibition sign. B. Warning sign.

C. Mandatory sign. D. Safe-condition sign.

16. Which one of the following is a characteristic of a warning safety sign?

A. Green background with a white symbol.

B. Blue circular background with a white symbol.

C. Yellow triangular background with a black symbol.

D. Red rectangular background with a white symbol.

17. Which one of the following is an appropriate measure when handling chemicals in a hangar?

A. Mixing chemicals without instructions.

B. Reading the chemical label and Safety Data Sheet.

C. Storing chemicals in drinking-water containers.

D. Handling all chemicals with bare hands.

18. What is the main purpose of a risk assessment?

A. To increase the number of workers in a hangar.

B. To identify hazards and determine suitable control measures.

C. To reduce the amount of maintenance carried out.
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D. To replace all maintenance procedures.

19. Which one of the following is an example of a near miss?
A. A worker sustaining a serious injury.

B. An aircraft being destroyed by fire.

C. A toolbox falling close to a worker without causing injury.
D. A technician completing maintenance successfully.

20. Which one of the following is the most effective level in the hierarchy of risk control?
A. Personal protective equipment.

B. Administrative controls.

C. Engineering controls.

D. Elimination of the hazard.

SECTION B: STRUCTURED QUESTIONS

Answer all questions.

21.
a) Define the term aircraft hangar. (1 mark)

b) State four functions of an aircraft hangar. (4 marks)

22.
a) ldentify five important sections or facilities found in an aircraft hangar. (2% marks)

b) Explain three reasons why proper arrangement of hangar facilities is important. (3 marks)
23. State five general safety rules that should be followed by workers in an aircraft hangar. (2% marks)

24.
a) Define the term hangar hazard. (1 mark)

b) Identify six common hazards found in an aircraft hangar. (3 marks)
c) Explain two possible effects of hangar hazards on workers. (2 marks)

25.
a) Differentiate between a slip and a trip. (2 marks)
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b) Explain four measures that can be used to prevent slips, trips and falls in an aircraft hangar. (2 marks)

26.
a) State four causes of fire in an aircraft hangar. (2 marks)

b) Name the three elements of the fire triangle. (1%2 marks)
) Explain one measure that can be used to prevent fire outbreaks in an aircraft hangar. (1 mark)

27. Describe five safety precautions that should be observed when handling electrical equipment in an
aircraft hangar. (2% marks)

28.
a) What is meant by Personal Protective Equipment (PPE)? (1 mark)

b) Identify five types of PPE used in aircraft maintenance. (2% marks)
c) Explain three benefits of using PPE in an aircraft hangar. (1% marks)

29. Explain five safety precautions that should be followed when using power tools during aircraft
maintenance. (2% marks)

30.
a) Define tool control in aircraft maintenance. (1 mark)

b) Explain four reasons why tool control is important in an aircraft hangar. (2 marks)

31.
a) What is meant by housekeeping in an aircraft hangar? (1 mark)

b) Explain four good housekeeping practices that should be observed in an aircraft hangar. (2 marks)

32.
a) State four types of waste generated in an aircraft hangar. (2 marks)

b) Explain two reasons why proper waste management is important in an aircraft maintenance facility. (1

mark)

33.
a) Define risk assessment. (1 mark)

b) Outline the five main steps involved in conducting a risk assessment in an aircraft hangar. (2% marks)

34. A technician is carrying out maintenance on an aircraft when a container of flammable cleaning

solvent accidentally spills near an electrical power source.
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a) ldentify three hazards associated with the situation. (1% marks)
b) State three immediate actions that should be taken to control the situation. (1¥2 marks)
c) Explain one possible consequence of ignoring the spill. (1 mark)

35.
a) Explain the meaning of a Safety Management System (SMS). (1 mark)

b) Identify the four main components of a Safety Management System. (2 marks)

c) State two reasons why workers should report accidents and near misses in an aircraft hangar. (1 mark)
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STRAND 2.0: BASIC AIRCRAFT CONSTRUCTION

SUB-STRAND 2.1: AIRCRAFT STRUCTURES

Key terminology

Term

Meaning

Aircraft structure

The framework and outer surfaces that form and support an aircraft.

Structural member

A component that carries or transfers loads within a structure.

Load An external force or weight acting on a structure.

Stress Internal force per unit area developed in a material when it is loaded.

Strain The deformation of a material resulting from applied stress.

Fastener A device used to join two or more components.

Fuselage The main body of an aircraft to which other major parts are attached.

Spar A principal spanwise structural member of a wing or tail surface.

Rib A member that gives a wing or tail its aerofoil shape and supports its skin.

Bulkhead A transverse structural partition that strengthens or divides the fuselage.

Stringer A longitudinal member that stiffens the aircraft skin.

Fairing A shaped covering used to reduce aerodynamic drag or provide a smooth transition.

Landing gear

The structure that supports an aircraft while on the ground and during landing.
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PART I: AIRCRAFT STRUCTURES AND STRUCTURAL LOADS
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1.0 Meaning of aircraft structures

An aircraft structure refers to the framework, components and external surfaces that form an aircraft and

enable it to maintain its shape, carry loads and withstand forces during flight and ground operations.

Aircraft structures are designed to:

« Support the weight of the aircraft, passengers, crew, fuel, cargo and equipment.

Withstand aerodynamic forces produced during flight.

« Resist forces experienced during take-off, landing and taxiing.

« Maintain the correct aerodynamic shape of the aircraft.

« Support engines, landing gear, control surfaces and other equipment.
« Protect occupants and important aircraft systems.

« Transfer forces safely from one structural component to another.
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1.1 Main structural parts of an aircraft

The major structural parts of a conventional fixed-wing aircraft include:

1.

2.

Fuselage: The main body of the aircraft.

Wings: Produce lift and support fuel tanks or engines where fitted.

Empennage (tail assembly): Provides stability and directional control.

Landing gear: Supports the aircraft on the ground and absorbs landing loads.
Flight control surfaces: Move to control the aircraft's attitude and direction.
Engine mounting structures: Support and transfer engine forces to the airframe.

Structural joints and fasteners: Connect structural components together.

Wing = Empennage

Fuselage

Landing gear

GRADE 11 AVIATION TECHNOLOGY @ LEARNING SUPPORT NOTES



1.2 Importance of aircraft structures in aircraft construction

Aircraft structures are important because they:

1.

2.

10.

Provide strength: They enable the aircraft to withstand forces acting on it during operation.
Maintain shape: They preserve the designed aerodynamic shape of the fuselage, wings and tail.

Support aircraft components: They provide attachment points for engines, seats, fuel tanks,
instruments and landing gear.

Ensure stability: The wings, fuselage and tail assembly work together to maintain stable flight.
Improve safety: Properly designed structures reduce the risk of structural failure.

Distribute loads: They transfer forces from one part of the aircraft to other supporting parts.
Protect occupants: The fuselage and its internal structural members provide a protective enclosure.

Reduce aircraft weight: Modern construction methods aim to achieve high strength with minimum
weight.

Support maintenance: Properly designed structures allow inspection, servicing and approved
repairs.

Improve durability: Suitable materials and structural arrangements help aircraft withstand repeated

loading and environmental conditions.

Example: During landing, the landing gear receives forces from the runway. These forces are transferred

through the landing gear attachment points into the supporting aircraft structure.

2.0 Loads acting on aircraft structures

2.1 Meaning of a load

A load is an external force or weight acting on an aircraft or any of its structural components.

Aircraft structures experience different loads during:

Parking.
Taxiing.
Take-off.
Climbing.

Cruising.
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« Turning.
o Descending.
« Landing.
 Aircraft towing.
« Maintenance and ground handling.
A structure must be designed to withstand the loads expected during its approved operating conditions.
2.2 Main types of loads acting on aircraft structures
A. Aerodynamic loads
These are forces exerted on aircraft surfaces by moving air.
Examples include:
o Lift acting on the wings.
« Drag acting opposite to the direction of motion.
o Forces acting on the tail surfaces.
o Pressure differences across the upper and lower wing surfaces.

Explanation: As an aircraft moves through air, air flows around its wings and other surfaces. The resulting
pressure distribution produces forces that are transmitted through the aircraft structure.

B. Gravitational loads
These are loads caused by the weight of the aircraft and everything carried in it.
They include the weight of:

« Aircraft components.

Passengers and crew.

e Fuel.

Baggage and cargo.

Equipment and installed systems.

Example: When an aircraft is parked, its weight is supported by the landing gear and transferred to the
ground.
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C. Inertia loads
These are forces associated with the resistance of an aircraft or its components to changes in motion.
They occur when an aircraft:

o Accelerates during take-off.

o Decelerates during landing.

« Changes direction during a turn.

« Experiences sudden movement or turbulence.

Example: During rapid deceleration, passengers and unsecured equipment tend to continue moving
forward.

D. Landing and ground loads

These are forces experienced by the aircraft when its landing gear contacts the runway or when it moves

on the ground.
They may arise from:
o Touchdown.
« Braking.
« Taxiing over uneven surfaces.
« Turning while taxiing.
« Towing.

« Ground handling.

E. Pressurisation loads

These are forces produced by differences between the pressure inside a pressurised aircraft cabin and the

outside atmospheric pressure.

The fuselage must be designed to withstand repeated expansion and contraction associated with

pressurisation and depressurisation.

F. Engine and propulsion loads
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These are forces transmitted from the engine and propeller or other propulsion system to the aircraft
structure.

They include:

Engine vibration.

Engine torque.

Thrust forces.

Propeller-related forces.

Engine mounting loads.

G. Environmental loads
These are forces or effects caused by environmental conditions.
Examples include:

« Wind gusts.

Turbulence.

« Rain and water exposure.
o Temperature changes.
o lce accumulation.

« Lightning-related effects.

2.3 Classification of loads according to how they act

Loads may also be classified according to the manner in which they act on a structural member.

Type of load Description Aircraft example

Tensile load Pulls a member apart A loaded tie member or tension-loaded
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cable

Compressive

Pushes or squeezes a member

A compression strut

load

Shear load Causes parts to slide across one A loaded riveted or bolted joint
another

Bending load Causes a member to curve A wing spar under flight loading

Torsional load

Twists a member about its axis

A wing structure subjected to twisting forces

A load is an external action, while stress is the internal response developed within the material. The same

structural member can experience several types of stress at the same time.

3.0 Stresses acting on aircraft structures

3.1 Meaning of stress

Stress is the internal resisting force developed within a material per unit area when an external load is

applied.

It describes how the material internally responds to an applied force.

The Sl unit of stress is the pascal (Pa). In aircraft engineering, stress is commonly expressed in

megapascals (MPa).

3.2 Difference between load, stress and strain

Term | Explanation

Load | External force acting on a component.

Stress | Internal resisting force per unit area within the material.
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Strain | The amount of deformation compared with the original dimension.

Example: When a metal rod is pulled at both ends:
« The pulling force is the load.
« The internal resistance developed in the rod is tensile stress.
o Theincrease in the rod's length is tensile strain.

3.3 Main types of stress

com-

tension 4 assion

A. Tension

shear bending torsion

Tension is a type of stress that develops when a force pulls a material and tends to stretch or lengthen it.

Characteristics:

« Acts by pulling a material in opposite directions.

« Tends to increase the length of a structural member.

« May cause a component to stretch or eventually break.

« Common in cables, tie rods and tension-loaded structural members.
Aircraft examples:

« Control cables carrying tensile force.

« Certain wing-bracing members.

« Structural straps subjected to pulling forces.

llustration: Imagine pulling both ends of a straight metal wire away from each other. The wire experiences

tension.
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B. Compression

Compression is a type of stress that develops when forces push towards one another and tend to shorten
or squeeze a material.

Characteristics:

« Acts by pushing a material together.

o Tends to reduce the length of a member.

« May cause crushing or buckling.

o Common in struts, supports and certain structural members.
Aircraft examples:

o Compression members in truss structures.

« Landing gear supporting aircraft weight.

o Structural supports subjected to compressive forces.
lllustration: Pressing both ends of a short spring towards one another produces compression.
C. Shear

Shear is a type of stress that occurs when forces act parallel to a surface or cross-section in opposite
directions, tending to make adjacent parts slide past one another.

Characteristics:
o Acts across a material or joint.
« May cause sliding or cutting failure.
« Isimportant in the design of riveted and bolted joints.
« Can occur in aircraft fittings and structural connections.
Aircraft examples:
« Rivets connecting aircraft skin to structural members.
« Bolts holding structural fittings together.
o Pinsin mechanical linkages.
lllustration: When scissors cut paper, the blades produce.a shearing action.
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D. Bending

Bending is a type of stress produced when a force causes a structural member to curve or deflect.
It usually involves a combination of tension and compression.
Characteristics:

« One side of the member experiences tension.

« The opposite side experiences compression.

« The member changes its original straight shape.

e Itis common in beams and wing structures.

Aircraft example:

During flight, lift acting on a wing produces an upward bending effect. The wing's structural members

resist this bending and transfer the loads towards the fuselage.

4 ™
Wing top is
under tension
Wing bottom is
under compression
\_
E. Torsion

Torsion is a type of stress that occurs when a force twists a structural member about its longitudinal axis.

Characteristics:
o Produces twisting deformation.

o May cause shear stresses within the material.
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« Can affect the alignment of structural components.

« Isimportant in the design of wing boxes and other closed structural sections.

Aircraft examples:

o A wing subjected to aerodynamic twisting forces.
« A torque tube transmitting rotational movement.

« An aircraft structural member resisting twisting.

lllustration: Twisting a screwdriver handle while holding its tip produces torsion in the shaft.

3.4 Comparison of the five main stresses

Stress Main action | Effect on material

Tension Pulling Stretches or lengthens
Compression | Pushing Shortens or squeezes

Shear Sliding Causes adjacent parts to slide
Bending Curving Produces tension and compression
Torsion Twisting Produces rotational deformation

3.5 Importance of understanding loads and stresses

Understanding loads and stresses helps aircraft designers and maintenance personnel to:

1. Select suitable materials.

2. Determine the required dimensions of structural members.

3. Design strong structural joints.
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4. Prevent excessive deformation.

5. Reduce the risk of structural failure.
6. ldentify areas that require inspection.
7. Understand fatigue and cracking.

8. Maintain aircraft structural integrity.

Important: Actual aircraft structural limits, inspection criteria and repair methods must be obtained from
the applicable aircraft maintenance manual (AMM), structural repair manual (SRM) and approved
engineering instructions.

PART II: AIRCRAFT STRUCTURAL MEMBERS AND CONSTRUCTION
4.0 Aircraft structural members
4.1 Meaning of structural members

Structural members are individual components that form the framework of an aircraft and help to carry,
resist and transfer loads.

They are joined together to form strong and lightweight structures such as the fuselage, wings and tail
assembly.

Structural members are designed to perform different functions depending on their position, shape,
material and the forces acting on them.

4.2 Main structural members and their functions

—
/j - Frames & Bulkheads
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A. Longerons
Longerons are strong longitudinal structural members that run along the length of the fuselage.
Functions:
1. Provide longitudinal strength to the fuselage.
2. Help resist bending forces.
3. Support and stiffen the fuselage skin.
4. Transfer loads along the aircraft body.
5. Connect or work together with frames and bulkheads.
Example: Longerons run from the forward fuselage towards the rear section of an aircraft.
B. Stringers

Stringers are relatively small longitudinal members attached to the aircraft skin to strengthen and stiffen
it.

Functions:
1. Prevent excessive deformation of the skin.
2. Improve the strength of the fuselage or wing covering.
3. Help distribute loads along the aircraft structure.
4. Reduce the unsupported width of sheet material.
5. Help the aircraft skin maintain its intended shape.

Difference between longerons and stringers: Longerons are generally larger and carry more significant
longitudinal structural loads. Stringers are usually smaller stiffening members attached to the skin. Their
exact sizes and roles depend on the aircraft design.

C. Frames

Frames are transverse structural members fitted at intervals along the fuselage.

GRADE 11 AVIATION TECHNOLOGY 217 LEARNING SUPPORT NOTES



Functions:

1.

2.

3.

4.

5.

Maintain the cross-sectional shape of the fuselage.

Support the aircraft skin.

Provide attachment points for other structural components.
Distribute loads around the fuselage.

Help prevent distortion of the aircraft body.

Example: Circular or oval frames help maintain the shape of a cylindrical fuselage.

D. Bulkheads

Bulkheads are relatively strong transverse structural partitions within an aircraft.

Functions:

1.

2.

Divide the fuselage into sections.

Provide structural strength and rigidity.
Support major equipment and fittings.
Transfer loads between structural sections.

Form strong boundaries around areas such as the cockpit, cabin, pressure compartments or tail
attachment zones.

Example: A pressure bulkhead separates a pressurised cabin from a non-pressurised section.

E. Spars

Spars are major spanwise structural members that form the main load-carrying framework of wings and

tail surfaces.

Functions:

1.

2.

3.

4.

Provide major structural strength to the wing.
Resist bending and shear forces.
Transfer wing loads towards the fuselage.

Support ribs and other wing components.
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5. Help maintain the structural shape of the wing.
Example: A wing may have a front spar and a rear spar.
F. Ribs
Ribs are transverse structural members fitted inside a wing or tail surface.
Functions:
1. Maintain the aerofoil shape of the wing.
2. Support the wing skin.
3. Transfer loads from the skin to the spars.
4. Provide support for fuel tanks and other installations where designed.
5. Maintain the spacing and alignment of wing components.
G. Skin
Skin is the outer covering of an aircraft structure.

It may be made from aluminium alloy, composite material or other approved aircraft construction
materials.

Functions:
1. Gives the aircraft its external aerodynamic shape.
2. Protects internal structural members.
3. Carries part of the structural loads in stressed-skin construction.
4. Helps resist aerodynamic pressure.
5. Provides a smooth surface that reduces unnecessary drag.
H. Formers

Formers are shaping members used to establish or maintain the contour of an aircraft structure,
particularly in certain fuselage and non-metallic construction methods.

Functions:
1. Help maintain the required shape.
2. Support covering materials.
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3. Provide a framework for attaching other components.
4. Assist in maintaining the cross-sectional profile.
l. Gussets
Gussets are reinforcing plates or fittings used to strengthen joints between structural members.
Functions:
1. Reinforce structural connections.
2. Distribute forces across a joint.
3. Reduce local stress concentration when properly designed.
4. Improve the rigidity of certain framework joints.
J. Webs and flanges
A structural beam such as a spar may contain two important parts:
« Web: The central section of a beam that mainly carries shear loads.

« Flanges: The upper and lower sections of a beam that mainly resist bending stresses.

GRADE 11 AVIATION TECHNOLOGY 220 LEARNING SUPPORT NOTES



 Lower spar cap

4.3 Summary of aircraft structural members

- Upper spar cap

- Rivets

Structural member

Position

Main function

Longerons Along the fuselage Provide longitudinal strength
Stringers Along the skin Stiffen the skin
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Frames Across the fuselage Maintain body shape

Bulkheads Across the fuselage Provide strong partitions and load transfer
Spars Along the wing span Carry major wing loads

Ribs Across the wing Maintain aerofoil shape

Skin Outer surface Covers and contributes to structural strength
Formers Within shaped structures | Maintain contour

Gussets At joints Reinforce connections

Webs Within beams and spars | Resist shear

Flanges Along beam edges Resist bending

5.0 Methods of aircraft structural construction

Aircraft structures are constructed using different arrangements of structural members. The choice
depends on the type of aircraft, its size, operating conditions, materials and intended use.

The three traditional fuselage construction methods are:
1. Truss construction.

2. Monocoque construction.
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3. Semi-monocoque construction.
5.1 Truss construction

Truss construction is a method in which a framework of interconnected structural members is arranged in

triangular patterns to provide strength and rigidity.

A truss may be made from metal tubes, wooden members or other suitable materials.

Longeron

Diagonal web members

- Vertical web members

Main parts of a truss structure
1. Longitudinal members: Run along the length of the structure.
2. Vertical members: Connect upper and lower parts of the framework.
3. Diagonal members: Provide bracing and help resist deformation.
4. Joints: Connect the different members.
5. External covering: Covers the framework where required.
Characteristics of truss construction

Uses a framework of interconnected members.

Often contains triangular arrangements.

Loads are carried through the framework.

May be relatively easy to inspect in exposed areas.
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« Can use steel tubing or other structural materials.

o Requires suitable covering to achieve the required aerodynamic shape.
Advantages of truss construction

1. Provides good strength when properly designed.

2. Can be relatively simple to manufacture.

3. Allows access to some internal members for inspection.

4. Can be economical for certain light aircraft.

5. Damaged individual members may be replaceable under approved repair procedures.
Disadvantages of truss construction

1. May require many individual joints.

2. Can be labour-intensive to assemble.

3. Additional covering may be required.

4. Some arrangements may be heavier than alternative designs.

5. Internal members can be difficult to inspect when covered.
Examples of applications

Truss construction is associated with some older aircraft designs and certain light aircraft, including tube-
and-fabric aircraft.

5.2 Monocoque construction

Monocoque construction is a structural method in which the outer skin carries a major proportion of the
structural loads and provides much of the strength of the structure.

The term monocogue is derived from words meaning a single shell.
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Main features
1. Uses a strong outer shell.
2. The skin carries a significant proportion of the applied loads.
3. Internal formers or frames may be used to maintain the shape.
4. The shell must resist bending, compression and other forces.
5. The construction depends heavily on the strength and stability of the outer covering.
Advantages
1. Can produce a smooth external surface.
2. May reduce the number of internal structural members.
3. Can provide good strength-to-weight performance when properly designed.
4. Supports efficient aerodynamic shaping.
Disadvantages
1. The skin is structurally important and may be vulnerable to damage.

2. Local damage can affect the strength of a relatively large area.
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3. Inspection and repair require specialised knowledge.

4. Maintaining the shell's shape and strength is important.
Applications
Monocoque principles are used in certain aircraft structures and other shell-type structures.
5.3 Semi-monocoque construction

Semi-monocoque construction is @ method in which the outer skin works together with internal structural
members to carry loads.

These internal members include:

Frames.

o Bulkheads.

« Longerons.
« Stringers.

o Skin.

Derivative of FAA, Public domain

Characteristics of semi-monocoque construction
1. Uses a load-carrying outer skin.
2. Contains internal frames and bulkheads.

3. Uses longerons and stringers to strengthen the fuselage.
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4. Distributes loads among the skin and internal members.

5. Provides a strong but relatively lightweight structure.

6. Is widely used in modern metal aircraft construction.
Advantages

1. Provides a good balance between strength and weight.

2. Distributes loads among several structural components.

3. Maintains the required fuselage shape.

4. Can provide good resistance to bending and torsion.

5. Can be designed to accommodate openings such as doors and windows using appropriate

reinforcement.
Disadvantages

1. Requires accurate manufacturing and assembly.

2. Damage to skin, frames or stringers may affect structural integrity.

3. Inspection requires knowledge of internal structural arrangements.

4. Repairs must follow approved technical data.

Comparison of fuselage construction methods

Feature Truss Monocoque

Semi-monocoque

Basic Interconnected Load-carrying shell

Skin reinforced by internal members
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arrangement framework
Main load Truss members Outer shell Skin and internal members
carriers
Internal Tubes, braces and joints | Formers or frames Frames, stringers, longerons and
members bulkheads
External skin Often covering Structurally Structurally important
important

Inspection Framework may be Shell requires Skin and internal members require

exposed inspection inspection
Typical Some light and older Shell-type structures | Many modern aircraft fuselages
application aircraft

Key point: Monocoque and semi-monocoque are not interchangeable terms. In true monocoque
construction, the shell carries most of the structural load. In semi-monocoque construction, the skin and
internal framework share the loads.

6.0 Construction materials used in aircraft structures

Although the main focus of this sub-strand is structural members and hardware, learners should
understand that the materials selected determine the strength, weight, durability and performance of an
aircraft structure.

6.1 Aluminium alloys

Aluminium alloys are widely used in many aircraft structures.
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Properties:

o Relatively low density.

Good strength-to-weight ratio.
o Can be formed into different shapes.
o Good machinability in suitable grades.

« Can be susceptible to corrosion if not properly protected.

o Fuselage skin.

o Wing skin.
e Ribs.
o Frames.

Structural fittings.
6.2 Steel and steel alloys
Properties:
« High strength.
« Good resistance to wear in suitable grades.
« Relatively high density compared with aluminium.

« Some types require corrosion protection.

« Landing gear components.

« Engine mounts.

« High-strength fittings.

« Certain control-system components.
6.3 Titanium alloys

Properties:
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« High strength-to-weight ratio.
« Good corrosion resistance.
« Good performance at elevated temperatures in suitable applications.

« More expensive and difficult to work than many common metals.

« Selected engine and airframe components.

« High-strength structural fittings.

« Components exposed to demanding operating conditions.
6.4 Composite materials
Composite materials are made by combining two or more different materials to achieve useful properties.
Common examples include:

o Carbon-fibre-reinforced polymer.

o Glass-fibre-reinforced polymer.

o Aramid-fibre composites.
Properties:

« Can have a high strength-to-weight ratio.

« Can be shaped into complex forms.

« May provide good corrosion resistance.

« Require specialised inspection and repair methods.

« May suffer internal damage that is not obvious from the outside.

o Aircraft fairings.
« Control surfaces.
« Wing and fuselage panels in selected aircraft.

e Radomes and other specialised components.
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6.5 Wood and fabric

Wood and fabric were widely used in earlier aircraft construction and remain relevant to certain
specialised or historical aircraft.

Examples:
« Wooden spars and ribs.
o Fabric-covered wings.
o Fabric-covered fuselage frameworks.
Modern aircraft construction uses materials selected and approved for the specific aircraft design.
PART Ill: WING STRUCTURES AND LANDING GEAR
7.0 Aircraft wing structures
7.1 Meaning of an aircraft wing

An aircraft wing is an aerofoil-shaped lifting surface attached to the fuselage and designed to produce lift
as air flows around it.

Wings are among the most important aircraft structural components because they generate the
aerodynamic force that enables an aircraft to remain in flight.

7.2 Functions of aircraft wings
1. Producing lift: The wings generate the aerodynamic force that supports the aircraft in flight.
2. Supporting fuel: Some aircraft wings contain fuel tanks.
3. Supporting engines: Engines may be mounted on the wings of certain aircraft.
4. Supporting control surfaces: Wings carry ailerons and may carry flaps and other high-lift devices.
5. Carrying structural loads: Wing structures resist bending, shear and torsion.
6. Providing attachment points: Wings connect to the fuselage through designed structural fittings.

7. Housing systems: Wings may contain electrical wiring, fuel pipes and other aircraft systems.
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Figure 3-7. Wing components.
7.3 Main parts of a wing
A. Wing root
The wing root is the section of the wing nearest to the fuselage.
Functions:
« Connects the wing to the fuselage.
« Transfers wing loads to the central aircraft structure.
« Provides attachment points for structural fittings and systems.
B. Wingtip
The wingtip is the outermost end of a wing.
Functions:
o Forms the outer boundary of the wing.

o Influences aerodynamic performance.
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« May support wingtip devices designed to improve efficiency.

C. Leading edge

The leading edge is the front edge of a wing that first meets the airflow during normal forward flight.

Functions:
« Helps guide airflow over the wing.
o Forms part of the aerofoil shape.
« May contain leading-edge devices such as slats.

D. Trailing edge

The trailing edge is the rear edge of the wing where the upper and lower wing surfaces meet.

Functions:
o Forms the rear boundary of the aerofoil.
« Provides attachment areas for control surfaces.
« May support flaps and ailerons.
E. Wing skin
The wing skin forms the upper and lower outer surfaces of the wing.
Functions:

Gives the wing its aerodynamic shape.

Protects internal structural components.

Carries structural loads in stressed-skin designs.

« Transfers aerodynamic forces to ribs and spars.

F. Wing spars

Spars are major structural members running along the span of the wing.

Functions:
« Carry major bending loads.

e Resist shear forces.
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o Support wing ribs and skin.

« Transfer loads towards the wing root and fuselage.
G. Wing ribs
Ribs are transverse members that give the wing its required aerofoil shape.
Functions:

« Maintain the wing profile.

« Support the wing skin.

o Transfer loads to the spars.

« Provide structural support for internal installations.
H. Wing stringers
Stringers strengthen and stiffen the wing skin.
Functions:

Reduce skin deformation.

Support the outer wing surface.

Help distribute loads along the wing.

Improve structural rigidity.
8.0 Types and shapes of aircraft wings

Aircraft wings are classified according to their planform shape, position on the fuselage and method of
structural support.

8.1 Wing shapes according to planform

A wing planform is the shape of a wing when viewed from above.
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(d) Swept (e) Delta (f) Ogival

A. Rectangular wing

A rectangular wing has approximately parallel leading and trailing edges, giving it a nearly constant chord
along much of its span.

Characteristics:
o Simple geometric design.
« Nearly constant chord.
« Relatively straightforward to manufacture.
« Common in some training and light aircraft.
Example: Certain basic trainer aircraft use rectangular or near-rectangular wings.

B. Tapered wing
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A tapered wing gradually reduces in chord from the wing root towards the wingtip.
Characteristics:
« Narrower towards the tip.
« Can improve aerodynamic efficiency.
« Requires careful structural design.
« Common in many modern aircraft.
C. Elliptical wing
An elliptical wing has a planform that resembles an ellipse.
Characteristics:

Smoothly curved leading and trailing edges.

Can provide favourable lift distribution under suitable conditions.

More complex to manufacture.

Requires careful structural shaping.

D. Swept wing

A swept wing has its leading edge, trailing edge or both angled backwards or forwards relative to a line
perpendicular to the aircraft's longitudinal axis.

Characteristics:
o Common in many high-speed aircraft.
o Helps improve aerodynamic performance at high subsonic speeds.
« Has structural and handling considerations that must be addressed during design.
E. Delta wing
A delta wing has a broad triangular planform.
Characteristics:
o Broad root and narrow tip.

« Swept leading edges.
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« Common in some high-speed aircraft.
« Provides a distinctive structural and aerodynamic arrangement.

8.2 Wing shapes comparison

Wing shape Main feature Typical application

Rectangular Nearly constant chord Some training aircraft

Tapered Chord reduces towards tip  Many general aviation and transport aircraft
Elliptical Ellipse-like planform Selected specialised and historical designs
Swept Angled leading edge Many high-speed aircraft

Delta Triangular planform Selected high-speed aircraft

9.0 Wing attachment positions

Wing attachment position describes where the wings are mounted on the fuselage.

'

HIGH WING LOW WING
Example: Cessna 172 Example: Airbus A320

MID WING PARASOL WING
Example: IAl Westwind Example: PBY Catalina

9.1 High-wing aircraft

A high-wing aircraft has its wings attached to the upper part of the fuselage.
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Characteristics:

Wings are positioned above the fuselage.

May provide good downward visibility in some directions.

Can provide convenient access to the cabin in certain designs.

May provide useful clearance between the wing and ground.
Advantages:

1. Can provide good downward visibility from the aircraft in some areas.

2. May offer useful ground clearance for wing-mounted components.

3. Can be suitable for operations from certain airstrips.

4. In some designs, the wing can contribute to cabin shading.
Disadvantages:

1. May make access to upper wing surfaces more difficult.

2. Structural support arrangements can add design complexity.

3. Some high-wing configurations may have visibility limitations in particular directions.
9.2 Low-wing aircraft
A low-wing aircraft has its wings attached near the lower part of the fuselage.
Characteristics:

« Wings are positioned below the fuselage centreline.

« Common in many light aircraft and transport aircraft.

« Often provides convenient access to upper fuselage areas.
Advantages:

1. Can provide good upward visibility in certain directions.

2. May allow convenient boarding arrangements in some aircraft.

3. Can be suitable for certain retractable landing gear arrangements.

4. May provide useful aerodynamic and structural arrangements.
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Disadvantages:

1. Wing clearance from the ground may be reduced.

2. The wing may be more exposed to ground damage.

3. Boarding and ground access may require careful arrangements.
9.3 Mid-wing aircraft
A mid-wing aircraft has its wings attached approximately at the middle height of the fuselage.
Characteristics:

« Wing passes through or attaches near the fuselage's middle section.

« Can provide an aerodynamically efficient arrangement.

« May require careful structural arrangements where the wing crosses the fuselage.
9.4 Parasol-wing aircraft

A parasol-wing aircraft has its wing mounted above the fuselage on supporting struts or other structural
arrangements rather than directly on the upper fuselage surface.

Characteristics:

« Wing is separated from the fuselage by a gap.

« Often uses supporting struts.

« Found in certain historical and specialised aircraft designs.
9.5 Wing support arrangements
Wings can also be classified according to how they are supported.
A. Cantilever wing

A cantilever wing is designed to support its loads primarily through its internal structural framework
without external supporting struts.

Features:
o Uses spars, ribs, skin and internal structural members.
o Has no external wing-support struts in the normal arrangement.
« Requires strong internal load-carrying structures.
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B. Strut-braced wing

A strut-braced wing uses external supporting struts to connect the wing to the fuselage or another
structural point.

Features:

Uses additional external support members.

Transfers some loads through the struts.

May allow a suitable lightweight wing arrangement.

External struts produce aerodynamic drag.
10.0 Structural designs of aircraft wings
The arrangement of spars and other members determines how a wing carries and distributes loads.
Three important wing structural designs are:
1. Monospar wing.
2. Multispar wing. SE < g2 (i
3. Box-beam wing. @ v v I

’,—ﬂv"'i \ 4 !Mmml

i - . -
@ ' Vi ] e

10.1 Monospar wing design

A monospar wing is a wing structure that uses one principal spar as its main spanwise load-carrying
member.

Characteristics:
o Has one main spar.
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« Uses ribs to maintain the aerofoil shape.
o May use auxiliary structural members.
« Uses skin and other components to contribute to structural strength.
Functions of the main spar:
1. Carries major bending loads.
2. Resists shear forces.
3. Supports the ribs.
4. Transfers loads towards the wing root.
Advantages:
o May simplify the main structural arrangement.
o Can reduce the number of principal spars.
« May be suitable for certain light aircraft designs.
Limitations:
« The main spar carries a large proportion of the principal structural load.
o Other components must be designed to provide adequate support and torsional rigidity.

« The arrangement must meet all required structural strength and stiffness limits.

10.2 Multispar wing design
A multispar wing is a wing structure that uses two or more principal spars to provide structural support.
Characteristics:

« Contains multiple spanwise spars.

o Uses ribs and skin.
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 Distributes structural loads among several spars.

« Can provide support for complex wing arrangements.
Functions:

1. Distributes loads among multiple spars.

2. Provides structural support for ribs and skin.

3. Resists bending and shear.

4. Helps maintain wing rigidity.

5. Provides attachment locations for other components.
Advantages:

« Can distribute loads across several structural members.

« Provides flexibility in wing design.

« Can support complex aircraft installations.
Limitations:

« May involve more components.

« Can increase manufacturing complexity.

« Requires accurate assembly and inspection.

10.3 Box-beam wing design

A box-beam wing uses a closed or box-like structural arrangement, commonly formed by spars, upper
and lower skin panels and other reinforcing members.
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Wing flap

Rear spar

Stringers

Ribs

FfOﬂ! Spar 2 L'avionnalre

Main parts may include:
e Front spar.
e Rear spar.
o Upper skin.
o Lower skin.
o Ribs.
o Internal stiffeners.
Functions:
1. Carries bending loads.
2. Resists torsional loads.
3. Provides structural rigidity.

4. Distributes aerodynamic loads.
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5. Supports other wing components.
Why is a box structure useful?

A closed box-like section can provide good resistance to twisting because the enclosed structural
arrangement helps carry torsional shear flows around the section.

10.4 Comparison of wing structural designs

Design Main feature Main structural contribution
Monospar | One principal spar Main wing support and load carrying
Multispar | Two or more principal spars Distributes loads among multiple spars

Box beam | Closed box-like structural section | Strong bending and torsional resistance

11.0 Aircraft landing gear
11.1 Meaning of landing gear

Landing gear is the structural system that supports an aircraft while it is on the ground and enables it to
take off, land, taxi and manoeuvre on the airport surface.

Landing gear is sometimes referred to as the undercarriage.

Major Structutal Parts

= Shock Absorber G
e Rudder Pedals
\.’

: Tight Turns
J . 2

', Retraction 7 3
System ~ e
b

11.2 Functions of landing gear = -

1. Supports the aircraft while parked.

2. Supports the aircraft during taxiing.
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3. Absorbs and reduces landing impact loads.
4. Provides stability on the ground.
5. Supports braking systems.
6. Enables the aircraft to move along the runway.
7. Transfers ground loads to the aircraft structure.
8. Helps maintain suitable clearance between the aircraft and the ground.
11.3 Main parts of landing gear
A. Shock strut
A shock strut absorbs and dissipates energy associated with landing and ground movement.
It may use compressed gas, hydraulic fluid or another approved energy-absorbing arrangement.
B. Wheel
The wheel supports the tyre and enables the aircraft to roll along the runway.
C. Tyre
The tyre provides contact with the runway and contributes to cushioning and traction.
D. Axle
The axle supports the wheel and provides the axis around which it rotates.
E. Braking system
The braking system slows down or stops the aircraft during ground movement.
F. Supporting struts and linkages

These members connect and support landing gear components and help maintain correct alignment and
movement.

G. Retraction mechanism

In retractable landing gear, the mechanism moves the landing gear between the extended and retracted
positions.
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H. Doors and fairings
These cover or streamline landing gear openings and components in certain retractable systems.
12.0 Types of landing gear according to arrangement
12.1 Tricycle landing gear
Tricycle landing gear consists of:
o One nose wheel or nose-wheel assembly.

« Two main landing gear assemblies positioned behind the nose wheel.

Tricycle Landing Gear Tailwheel Landing Gear

Characteristics:

o The aircraft normally rests with its nose slightly raised.

« The nose wheel is positioned in front of the main wheels.

« Common in many modern light and transport aircraft.
Advantages:

1. Provides good directional stability during ground movement.

2. Reduces the likelihood of nose-over accidents during normal ground operations.
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3. Gives the pilot good forward visibility while taxiing.

4. Makes normal braking and ground handling easier in many designs.
12.2 Tailwheel landing gear
Tailwheel landing gear consists of:

« Two main wheels near the front or central part of the aircraft.

e A smaller wheel or skid at the rear.

Main Gear
(2 wheels)

Tail Wheel

Characteristics:
o The aircraft rests with its nose higher than the tail.
o The small tailwheel supports the rear section.
o Found in certain older, light and specialised aircraft.
Advantages:
1. Can be suitable for some aircraft designed for rough or unprepared airstrips.
2. May provide useful propeller ground clearance in certain designs.
3. Can be relatively simple in some aircraft arrangements.

Disadvantages:
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1. Requires careful directional control during taxiing.

2. May be more susceptible to ground-looping.

3. Forward visibility can be restricted while on the ground.
12.3 Tandem landing gear

Tandem landing gear has the main landing gear assemblies arranged one behind the other along the
aircraft's longitudinal axis.

Characteristics:

o Uses a fore-and-aft wheel arrangement.

« May be found on specialised aircraft.

o May require additional balancing or support arrangements.
12.4 Fixed landing gear
Fixed landing gear remains extended during flight.
Advantages:

« Mechanically simpler than many retractable systems.

« Easier to inspect visually.

« May require less complex maintenance arrangements.
Disadvantages:

o Produces additional aerodynamic drag.

« May reduce aircraft performance compared with a suitable retractable design.
12.5 Retractable landing gear

Retractable landing gear is designed to fold into the aircraft structure or designated compartments
during flight.

Advantages:
e Reduces aerodynamic drag.
« Can improve aircraft performance.
o Provides a smoother external aerodynamic shape.
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Disadvantages:

o Has more complex mechanisms.

« Requires additional inspection and maintenance.

« May be affected by hydraulic, electrical or mechanical failures.

12.6 Comparison of landing gear types

Type Arrangement Main characteristic

Tricycle Nose wheel and two main wheels | Nose wheel ahead of main wheels

Tailwheel | Two main wheels and rear wheel | Tail supported by small rear wheel

Tandem Fore-and-aft main assemblies Main supports arranged along aircraft length
Fixed Remains extended Simple arrangement, additional drag

Retractable

Folds into aircraft

Reduces drag during flight

13.0 Shock absorption in aircraft landing gear

13.1 Meaning of shock absorption

Shock absorption is the process of reducing the effects of sudden forces or impacts by absorbing and

dissipating energy.

In an aircraft, landing gear shock absorption reduces the loads transmitted to the airframe when the

wheels contact the runway.

13.2 Importance of shock absorption

1. Reduces the force transmitted to the aircraft structure.

2. Protects passengers and crew from excessive impact.

3. Reduces the risk of damage to landing gear components.

4. Improves aircraft stability during landing.

5. Helps maintain the structural integrity of the aircraft.
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6. Reduces the effects of uneven runway surfaces.
7. Improves comfort during ground movement.
13.3 Types of shock absorption systems
A. Oleo-pneumatic shock absorber

An oleo-pneumatic shock absorber uses hydraulic fluid and compressed gas, commonly nitrogen, to
absorb landing energy.

@j’ Q-

= Absorb landing forces « Touchdown compresses piston

* Reduce landing shock « Fluid forced through orifice

« Prevent bounce « Gas compresses and resists motion
« Control recoil « Kinetic energy » heat

| COMPRESSION FORCE | rRECcon pamPENING

Main components:

Outer cylinder.

 Inner sliding piston.

« Hydraulic fluid.

o Compressed gas chamber.
« Metering arrangement.

o Seals.

Attachment fittings.

How it works:
1. When the wheel contacts the runway, the landing gear experiences an upward force.
2. The shock strut compresses as the piston moves into the cylinder.

3. The hydraulic fluid is forced through a restricted passage.
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4. The compressed gas acts as a spring and stores energy.

5. The restricted flow of hydraulic fluid helps control movement and dissipate energy.

6. As the load reduces, the compressed gas helps extend the strut.
Advantages:

Provides effective shock absorption.

Can handle substantial landing loads.

Combines spring action with damping.

o Common in many aircraft landing gear designs.
B. Spring-steel shock absorption
This system uses the elastic properties of spring steel to absorb energy.
How it works:

1. The landing load causes the steel member to flex.

2. The member stores some energy through elastic deformation.

3. It returns towards its original shape when the load is removed.
Advantages:

« Relatively simple construction.

o Few moving parts.

« May require less complex maintenance than some other systems.

C. Rubber shock absorption

Rubber components are used to absorb impact through elastic deformation.

Examples:
« Rubber blocks.
e Rubber compression units.
o Rubber shock elements in selected landing gear designs.

D. Bungee-cord shock absorption
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Bungee systems use elastic cords or rubber-based elements to absorb landing loads in certain aircraft.
Characteristics:

« Use elastic stretching or deformation.

o Can be relatively simple.

« Require inspection for deterioration, wear and correct condition.

13.4 Comparison of shock absorption systems

System Energy-absorbing method Main feature

Oleo-pneumatic | Compressed gas and hydraulic fluid | Combines spring and damping action

Spring steel Elastic bending Uses metal flexibility
Rubber Elastic deformation Uses rubber components
Bungee Stretching of elastic cords Uses elastic tension

Important safety note: Aircraft landing gear is a safety-critical system. Learners should identify its
components and understand their functions, but must not attempt to inflate, dismantle, service or adjust
an actual shock strut without approved training, equipment and aircraft-specific maintenance instructions.

PART IV: AIRCRAFT CONSTRUCTION HARDWARE AND FASTENERS
14.0 Aircraft construction hardware
14.1 Meaning of aircraft hardware

Aircraft hardware refers to the standard and specialised components used to assemble, connect, secure,
support, adjust and operate aircraft structures and systems.

Aircraft hardware includes:

° BOltS.
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e Screws.

o Nuts.

« Washers.
« Rivets.

e Pins.

o Locking devices.
« Cable fittings.

o Turnbuckles.

« Pulleys.

o Fairleads.

« Control rods.

« Torque tubes.

o Bell cranks.

o Quadrants.

o Safety wire.

« Locking clips.

Hardware is important because even a strong aircraft structural member can fail if its joints and

connections are poorly designed, incorrectly selected or improperly installed.
14.2 Functions of aircraft hardware
Aircraft hardware is used to:

1. Join structural members together.

2. Secure aircraft components in position.

3. Transfer loads across structural joints.

4. Connect mechanical systems.

5. Transmit movement from one component to another.
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6. Adjust control-system tension and alignment.

7. Prevent fasteners from loosening due to vibration.

8. Support removable panels and access covers.

9. Maintain correct alignment of moving components.

10. Facilitate approved inspection, maintenance and replacement.
15.0 Classification of aircraft hardware

Aircraft hardware can be classified according to its design, function, method of installation and ability to
be removed.

15.1 Classification according to method of joining
A. Threaded fasteners

These are hardware components that use screw threads to hold components together.

Examples:
« Bolts.
o Screws.
e Nuts.

Characteristics:

o Use matching threads.

« Can often be removed during approved maintenance.

« May require washers or locking devices.

« Must be correctly selected for the intended load and application.
B. Non-threaded fasteners

These are fastening components that do not depend on conventional screw threads to perform their
main fastening function.

Examples:
e Rivets.
o Certain pins.
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« Special locking fasteners.

Characteristics:

« May provide permanent or semi-permanent joints.

« Some require special installation tools.

« Their removal may require a specific approved procedure.

C. Locking and safety devices

These are components used to prevent fasteners or mechanical connections from becoming loose or

disconnected.

Examples:

Cotter pins.

Safety wire.

Locking clips.

Locking plates.

Certain self-locking nuts.

15.2 Classification according to removability

Category Description Examples

Permanent Designed to remain in place and normally require Solid-shank rivets
fasteners destructive or special removal

Removable Can be removed and reinstalled when permitted by Bolts, screws and nuts
fasteners approved instructions

Special fasteners | Designed for particular installation or operating Hi-Lok, Dzus and
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requirements Camloc types

Safety devices Prevent loosening or unintended movement Cotter pins and safety

wire

15.3 Classification according to function

1.

2.

5.

6.

Structural fasteners: Join load-carrying structural members.
General-purpose fasteners: Secure covers, fittings and other components.
Control-system hardware: Connect and transmit control movement.
Locking hardware: Prevent unwanted loosening or disconnection.
Adjustment hardware: Allow approved adjustment of mechanical systems.

Mounting hardware: Secure equipment and components to the aircraft.

16.0 Aircraft bolts

16.1 Meaning of an aircraft bolt

An aircraft bolt is a threaded metal fastener used with a suitable nut, threaded fitting or other approved

arrangement to secure aircraft components together.

Aircraft bolts are manufactured to specific standards and must be selected according to their intended

application.
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16.2 Main parts of an aircraft bolt
1. Head: The enlarged end used to hold or turn the bolt during installation.
2. Shank: The main cylindrical body of the bolt.
3. Grip length: The unthreaded portion intended to pass through the parts being joined.
4. Threaded portion: The section that engages with the nut or threaded component.
5. Thread: The helical ridge that enables the bolt to engage with a matching nut.
16.3 Functions of aircraft bolts
1. Join structural components.

2. Secure fittings and brackets.
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3. Support removable assemblies.
4. Transfer loads through structural joints.
5. Hold mechanical components in position.
6. Provide secure connections in selected aircraft systems.
16.4 Types of aircraft bolts
A. General-purpose bolts
These are bolts used for ordinary approved aircraft fastening applications.
B. Close-tolerance bolts
These are manufactured to provide a close fit in accurately prepared holes.
They are used where the design requires controlled fit and reduced unwanted movement.
C. Internal-wrenching bolts
These have a recessed driving feature that allows installation using an appropriate tool.
D. Special-purpose bolts

These are designed for specific applications and may have special head shapes, threads or structural
characteristics.

16.5 Important considerations when selecting aircraft bolts
1. Correct bolt diameter.
2. Correct bolt length.
3. Suitable grip length.
4. Correct material and strength classification.
5. Appropriate thread type.
6. Suitable head and driving arrangement.
7. Correct locking arrangement.
8. Compliance with the aircraft manufacturer's instructions.

Important: Ordinary hardware-store bolts must not be substituted for specified aircraft bolts. Aircraft
fasteners must meet the required specifications and be approved for the particular application.
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17.0 Aircraft screws
17.1 Meaning of an aircraft screw

An aircraft screw is a threaded fastener used to secure aircraft components, panels, fittings and other
parts, usually by engaging with a threaded hole, nut plate or suitable receiving component.

AN503 Fillister Head
coarse thread

AN525 Washer Head Screw
I CRQIGED \ = e
ANS502 Fillister Head
fine thread

-

MS24694 100 degree
countersink fine thread

MS27039 Pan Heéd NAS517 100 degree
fine thread countersink fine thread

17.2 Functions of aircraft screws
1. Secure aircraft access panels.
2. Attach non-structural covers.
3. Fasten selected structural components where specified.

4. Secure instrument panels and interior fittings.

Ul

. Attach equipment and brackets.

6. Allow removal of panels for inspection and maintenance.

17.3 Types of aircraft screws

A. Machine screws
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These have accurately formed threads and are used with matching threaded holes or nuts.
Uses:
o Instrument panels.
o Electrical equipment mounting.
o Selected aircraft fittings.
B. Structural screws
These are specially designed screws used in approved structural applications.
They are manufactured to meet specific strength and installation requirements.
C. Self-tapping screws
These form or cut mating threads as they are installed into suitable materials.
They must only be used in locations where the aircraft design specifically permits them.
D. Countersunk-head screws
These have a conical head designed to sit flush with a suitably prepared surface.
Advantages:
o Provide a relatively smooth external surface.
« Reduce protrusions.
« Can be useful where aerodynamic smoothness is important.
E. Pan-head screws
These have a rounded or slightly raised head and are used in suitable fastening applications.
17.4 Precautions when using aircraft screws
o Use the correct screw type and size.
« Do not force a screw into a damaged thread.
o Use the correct screwdriver or driving tool.
« Avoid damaging the screw head.

« Follow the required tightening instructions.
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« Use approved locking methods where specified.
18.0 Aircraft nuts
18.1 Meaning of an aircraft nut

An aircraft nut is a threaded fastening component that engages with a bolt, stud or threaded shaft to
hold aircraft components securely together.
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CHANNEL NUT ASSEMBLY
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CHANNEL
CASTELLATED WING NUT ASSEMBLY NUT
SHEAR NUT
ANS03018

AMANTT

18.2 Functions of aircraft nuts
1. Secure bolts and threaded fasteners.
2. Maintain tightness of structural joints.
3. Provide adjustable fastening arrangements.
4. Support removable aircraft components.
5. Work with locking devices to prevent loosening.
18.3 Types of aircraft nuts
A. Plain nuts
These are conventional threaded nuts without an inbuilt locking feature.
They are used with suitable locking arrangements where required by the design.

B. Self-locking nuts
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These are designed to resist loosening caused by vibration.

They may use a non-metallic insert or an all-metal locking arrangement.

C. Castellated nuts

These have slots or castellations around one end.

They are commonly used with a drilled bolt or stud and a suitable cotter pin.

D. Wing nuts

These have projecting wings that allow hand tightening in suitable non-critical applications.
They are not suitable substitutes for specified structural aircraft fasteners.

E. Anchor nuts or nut plates

These are fixed threaded nuts attached to a supporting structure, allowing a screw or bolt to be installed
where direct access to the rear side is limited.

18.4 Importance of self-locking nuts
Self-locking nuts:
1. Help resist loosening under vibration.
2. Maintain secure connections.
3. Reduce the likelihood of unintended movement.
4. Improve fastening reliability when correctly selected and installed.

A self-locking nut must be inspected and replaced when required by the manufacturer's instructions.
Reuse must not be assumed to be acceptable.

19.0 Aircraft washers
19.1 Meaning of a washer

A washer is a thin, usually circular component fitted beneath a nut, bolt head or screw head to provide a
suitable bearing surface or perform another specified fastening function.
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19.2 Functions of aircraft washers
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1. Distribute fastening pressure over a larger area.

2. Protect surfaces from damage during tightening.

3. Provide suitable bearing surfaces.

4. Help maintain correct fastener positioning.

5. Provide locking functions in certain designs.

6. Assist with spacing where specifically approved.

19.3 Types of aircraft washers

A. Plain washers

These are flat washers used to provide a bearing surface and distribute loads.
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B. Lock washers

These are designed to provide a locking effect in applications where their use is permitted.

C. Tab washers

These have one or more tabs that can be bent against a nut or bolt feature to prevent rotation.
D. Special washers

These are manufactured for particular aircraft applications, including spacing, sealing or other special
requirements.

Important: Not every locking washer is suitable for every aircraft joint. The manufacturer's specified
washer type must be used.

20.0 Aircraft rivets
20.1 Meaning of a rivet

A rivet is a permanent mechanical fastener used to join two or more components by inserting it through

prepared holes and forming a second head or locking feature.
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20.2 Main parts of a solid rivet
1. Manufactured head: The head formed during manufacture.
2. Shank: The cylindrical portion inserted through the prepared holes.

3. Shop head: The head formed during installation to hold the joined components together.
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20.3 Functions of aircraft rivets
1. Join aircraft skin to structural members.
2. Attach ribs to spars in approved designs.
3. Secure stringers and stiffeners.
4. Form permanent sheet-metal joints.
5. Transfer shear loads across joints.
6. Maintain structural alignment.

20.4 Types of aircraft rivets

A. Solid-shank rivets

These are solid metal rivets installed by forming a second head on the opposite side of the joint.

Uses:
o Aircraft sheet-metal structures.
« Skin-to-frame joints.
o Selected structural connections.

B. Blind rivets

These are rivets designed to be installed when access to only one side of the joint is available.

Uses:
« Suitable aircraft installations where specifically approved.
o Selected assemblies with limited rear access.

C. Special rivets

These are rivets designed for particular fastening conditions.

Examples include certain mechanically locked or specialised rivet designs.

20.5 Advantages of rivets
1. Provide permanent joints.

2. Can be suitable for thin sheet materials.
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3. Can provide reliable connections when correctly installed.
4. Do not require conventional nuts.
5. Are available in different head shapes and materials.
20.6 Limitations of rivets
1. Their removal normally destroys or damages the rivet.
2. Installation requires suitable tools and skill.
3. Incorrect installation may damage the surrounding material.

4. Incorrect rivet selection can reduce joint strength.

ul

. Drilling or removing rivets must follow approved procedures.

20.7 Comparison of common fasteners

Hardware Main function Typical application

Bolt Holds components together Structural fittings

Screw Secures components using threads Panels and equipment

Nut Engages with a bolt or stud Threaded joints

Washer Provides a bearing or specified locking function = Under bolt heads and nuts
Rivet Forms a permanent joint Aircraft skin and framework
Cotter pin  Secures certain mechanical connections Castellated nut and drilled bolt

21.0 Aircraft hardware identification and handling
Aircraft hardware should not be selected by appearance alone.
The correct identification process considers:

1. Manufacturer's part number.

2. Applicable specification.

3. Material and strength requirements.

4. Diameter and length.

5. Thread characteristics.

6. Head configuration.

7. Grip length.

8. Corrosion condition.
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9.

Compatibility with joined materials.

10. Installation and locking requirements.

211 Common hardware defects

Corrosion.

Cracked fasteners.

Damaged threads.

Bent bolts.

Worn screw heads.

Distorted nuts.

Damaged rivet heads.
Incorrect fastener dimensions.
Missing locking devices.

Evidence of improper installation.

21.2 Precautions when handling aircraft hardware

1.

2.

8.

9.

Store hardware in clean, labelled containers.
Avoid mixing different sizes and specifications.
Keep components free from dirt and moisture.
Inspect fasteners before use.

Use suitable tools.

Avoid damaging threads.

Follow approved installation torque requirements.
Never substitute unapproved hardware.

Dispose of defective hardware appropriately.

10. Record replacements and maintenance activities where required.

PART V: AIRCRAFT CONTROL SYSTEMS AND CONTROL-SYSTEM HARDWARE

GRADE 11 AVIATION TECHNOLOGY 267

LEARNING SUPPORT NOTES



22.0 Aircraft control system
22.1 Meaning of an aircraft control system

An aircraft control system is a mechanical, electrical, hydraulic or electronic arrangement that enables the
pilot to control the aircraft's movement and attitude.

In conventional aircraft, mechanical linkages may transmit movement from the pilot's controls to the
flight control surfaces.

22.2 Main functions of aircraft control systems
1. Control the aircraft's direction.
2. Control the aircraft's pitch attitude.
3. Control the aircraft's roll attitude.
4. Operate primary and secondary control surfaces.
5. Transmit pilot commands to the appropriate control surfaces.
6. Maintain suitable control response.

7. Enable the pilot to manoeuvre the aircraft safely.

22.3 Primary flight control surfaces
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Ailerons

PRIMARY FLIGHT CONTROLS

A. Ailerons

Ailerons are hinged control surfaces, normally located near the outer trailing edges of the wings.
Function:

- Control the aircraft's roll movement.

When one aileron moves upwards, the other generally moves downwards in a conventional arrangement,
creating a difference in lift between the two wings.

B. Elevator

The elevator is a movable control surface commonly fitted to the horizontal stabiliser.
Function:

- Controls the aircraft's pitch movement.

C. Rudder

The rudder is a movable control surface fitted to the vertical stabiliser.

Function:

GRADE 11 AVIATION TECHNOLOGY 269 LEARNING SUPPORT NOTES



- Controls the aircraft's yaw movement.
22.4 Secondary flight control surfaces

These may include:

o Flaps.
o Slats.
o Spoilers.

o Speed brakes.

o Trim tabs.
Their functions depend on the aircraft design.
23.0 Aircraft control cables

23.1 Meaning of control cables

&>

Surface

Control Column

Pushrod

Cable 0\_/

Sector  Pulley Sector

Elevator

Stabilizer

Aircraft control cables are flexible, high-strength cables used in certain mechanical flight-control systems
to transmit movement and force between the pilot's controls and the control surfaces.

23.2 Functions of control cables
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1. Transmit movement from cockpit controls.

2. Transfer tensile forces to control linkages.

3. Operate selected flight-control surfaces.

4. Connect mechanical control components.

5. Allow control movement along a routed path.

6. Provide flexibility where rigid rods would be unsuitable.

23.3 Characteristics of aircraft control cables

Made from suitable high-strength wire strands.

« Flexible enough to pass through designed routes.

« Used with approved end fittings.

« Require correct tension and routing.

o Must be inspected for wear, corrosion and damage.

« Must be protected against rubbing and interference.
23.4 Types of control cable damage

1. Broken wire strands.

2. Corrosion.

3. Kinks.

4. Flattening.

5. Fraying.

6. Damaged terminals.

7. Incorrect tension.

8. Rubbing against surrounding structures.

Example: A cable that has broken strands may lose strength and reliability. It must be assessed according
to the aircraft maintenance instructions.

24.0 Pulleys
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24.1 Meaning of a pulley

A pulley is a grooved wheel used to guide a cable and change the direction of the cable's movement or
force.

' Solid fairlead

- Bulkhead groove

24.2 Functions of aircraft control pulleys

1. Change the direction of a control cable.

A

. Guide cables along an approved route.
3. Support cable movement.
4. Reduce unwanted friction when correctly designed and maintained.
5. Maintain cable alignment.
6. Help transmit control movement between different aircraft sections.
24.3 Main parts of a pulley assembly
o Grooved wheel.

o Axle or bearing.
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« Supporting bracket.

o Attachment fittings.

« Cable guard where fitted.
24.4 Common pulley defects

« Worn grooves.

Cracks.

« Corrosion.

o Bearing seizure.

« Misalignment.

o Excessive friction.

« Damaged cable guards.

Precaution: Control cables must not rub against pulley brackets or surrounding structures. Correct pulley
alignment and cable routing are essential.

25.0 Fairleads
25.1 Meaning of a fairlead

A fairlead is a guide or support fitted along the route of a control cable to maintain its alignment and
prevent unwanted movement or contact with surrounding structures.

25.2 Functions of fairleads

1. Guide control cables along the correct route.

GRADE 11 AVIATION TECHNOLOGY 273 LEARNING SUPPORT NOTES



2. Prevent cables from rubbing against aircraft structures.
3. Maintain cable alignment.
4. Reduce the risk of abrasion.
5. Support the cable at designated locations.
6. Prevent unnecessary cable movement.
25.3 Common fairlead materials
Depending on the design, fairleads may be manufactured from:
« Suitable plastics.
e Rubber-like materials.
o Metal.
o Other approved wear-resistant materials.
25.4 Fairlead defects
« Cracking.
o Wear.
» Excessive clearance.
« Incorrect installation.
« Distortion.
« Sharp edges.

« Damage that may cause cable abrasion.

26.0 Turnbuckles

26.1 Meaning of a turnbuckle
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A turnbuckle is an adjustable mechanical device used to alter the tension of a cable or other connected
member.

It commonly consists of a central threaded barrel and two threaded end fittings.

l Length (threads flush with ends of barrel)

Swaged terminal Barrel Pin eye

26.2 Main parts of a turnbuckle
1. Central barrel: Contains the internal threads.
2. Threaded end fittings: Connect the turnbuckle to the cable or other components.
3. Locking or safety arrangement: Prevents unwanted rotation after adjustment.
26.3 Functions of turnbuckles

1. Adjust control-cable tension.

n

Allow approved adjustment of cable length.
3. Maintain correct mechanical alignment.
4. Compensate for specified installation or adjustment requirements.
5. Help maintain correct control-system operation.
26.4 Working principle of a turnbuckle
1. The two threaded end fittings engage with the central barrel.
2. Rotating the barrel changes the distance between the fittings.
3. This changes the tension or effective length of the connected assembly.

4. Once the required adjustment is achieved, the turnbuckle is secured using the specified safety
method.

26.5 Precautions when handling turnbuckles
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« Use the correct turnbuckle specification.
« Avoid damaging threads.
o Ensure adequate thread engagement.
« Follow aircraft-specific tension requirements.
« Use the approved safetying method.
« Inspect the locking arrangement.
« Never adjust flight-control cable tension by guesswork.
27.0 Push-pull rods
27.1 Meaning of a push-pull rod
A push-pull rod is a rigid mechanical linkage used to transmit movement by both pushing and pulling.

Unlike a flexible control cable, a push-pull rod can transmit force in either direction through its rigid
structure.

27.2 Functions of push-pull rods
1. Transmit pilot control movement.
2. Transfer mechanical force to control surfaces.
3. Connect control levers and bell cranks.

4. Operate selected mechanical systems.
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5. Maintain a defined movement path.
6. Provide positive mechanical linkage.
27.3 Main parts

Rod body.

¢ Rod-end bearings or rod-end fittings.

o Clevis fittings where used.

« Attachment bolts or pins.

o Locking devices.
27.4 Advantages

1. Can transmit both pushing and pulling forces.

2. Provides direct mechanical movement.

3. Can provide accurate movement when correctly installed.

4. Does not require the same routing arrangements as a flexible cable.
27.5 Possible defects

Bending.

« Corrosion.

o Loose end fittings.

« Worn bearings.

o Cracked components.

« Incorrect adjustment.

 Interference with other structures.
28.0 Torque tubes
28.1 Meaning of a torque tube

A torque tube is a hollow or solid shaft-like structural component used to transmit rotational movement
and torque from one point to another.
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28.2 Functions of torque tubes
1. Transmit rotational movement.
2. Transfer torque through a mechanical system.
3. Connect control levers to other linkages.
4. Operate certain control or mechanical systems.

5. Maintain coordinated movement between connected components.

28.3 Working principle

When one end of a torque tube is rotated, the tube transmits rotational movement to the connected
component at the other end.

The connected component then performs the required mechanical movement.
28.4 Defects associated with torque tubes

« Twisting beyond permitted limits.
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« Cracking.
o Corrosion.
« Worn attachment points.
o Loose connections.
« Misalignment.
29.0 Bell cranks
29.1 Meaning of a bell crank

A bell crank is a pivoted lever used to change the direction of movement or force in a mechanical linkage.

A

Pivot points E
Elevator _‘T
Bell crank | /}

29.2 Main parts of a bell crank
1. Pivot point.
2. Lever arms.
3. Attachment holes.
4. Connecting rods or cables.

5. Supporting bracket.
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29.3 Functions of bell cranks
1. Change the direction of mechanical movement.
2. Transfer force between connected linkages.
3. Connect components that move in different directions.

4. Provide mechanical leverage where designed.

e

Coordinate the movement of aircraft control components.
29.4 Example

If a control rod moves horizontally but the connected mechanism needs to move vertically, a bell crank
can redirect the movement through its pivoted lever arrangement.

30.0 Quadrants
30.1 Meaning of a quadrant

A quadrant is a sector-shaped mechanical component used in certain aircraft control systems to guide,
support or transmit movement through cables or linkages.

Control stick

Elevator
Pulleys i ;

Cable Push rod

30.2 Functions of quadrants
1. Guide control cables.
2. Transfer movement between mechanical components.
3. Maintain cable routing and alignment.
4. Provide an attachment point for cables.

5. Convert movement of one component into a suitable movement of another.

°
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6. Support selected control-system arrangements.
30.3 Common defects

o Cracking.

o Wear.

o Corrosion.

« Loose attachment points.

« Distortion.

« Incorrect alignment.

31.0 Comparison of aircraft control-system hardware

Component  Description Main function

Control cable Flexible high-strength cable Transmits tensile force and movement
Pulley Grooved rotating wheel Changes direction of cable movement
Fairlead Cable guide or support Maintains cable alignment

Turnbuckle  Adjustable threaded device Adjusts cable tension or effective length
Push-pull rod Rigid mechanical linkage Transmits pushing and pulling forces
Torque tube  Rotating shaft Transmits torque and rotational movement
Bell crank Pivoted lever Changes direction of movement

Quadrant Sector-shaped mechanical component Guides or transfers control movement

PART VI: AIRCRAFT FASTENER SAFETYING AND LOCKING DEVICES
32.0 Meaning of fastener safetying

Fastener safetying refers to the use of approved locking devices or methods to prevent nuts, bolts, screws
and other mechanical connections from loosening or becoming disconnected during aircraft operation.

Aircraft experience vibration, repeated movement and changing loads. These conditions can cause
improperly secured fasteners to loosen.

Safetying is therefore important in maintaining aircraft structural integrity and operational safety.
32.1 Importance of safetying aircraft fasteners

1. Prevents unintended loosening of nuts and bolts.

2. Reduces the risk of components becoming detached.

3. Helps maintain the security of structural joints.
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4. Protects aircraft systems from mechanical failure.
5. Improves reliability under vibration.
6. Maintains the correct position of mechanical components.
7. Promotes safe aircraft operation.
33.0 Safety cotter pins
33.1 Meaning of a cotter pin

A cotter pin is a small metal locking device inserted through a drilled hole in a bolt, pin or other suitable
component to prevent it from coming loose or rotating out of position.

It is also commonly called a split pin.

Castellated nut
with cotter pin

33.2 Main parts and features

Head or loop.

Two projecting legs.

Split construction.

Suitable metal material for the specified application.

33.3 Functions of cotter pins
1. Secure castellated nuts in position.
2. Prevent certain pins from slipping out.
3. Prevent unwanted movement of suitable mechanical connections.
4. Provide a positive locking arrangement.
5. Improve the security of selected aircraft assemblies.

33.4 Working principle

GRADE 11 AVIATION TECHNOLOGY @ LEARNING SUPPORT NOTES



A cotter pin is passed through a prepared hole in a suitable bolt or pin. Its legs are then secured using
the approved method so that the pin cannot easily withdraw.

33.5 Important precautions
1. Use the correct size and type.
2. Do not reuse a cotter pin where replacement is required.
3. Avoid damaging the pin during installation.
4. Ensure it is correctly secured.
5. Follow the manufacturer's specified installation method.

6. Do not substitute a cotter pin for another locking device unless approved.

34.0 Safety wire
34.1 Meaning of safety wire

Safety wire is a metal wire used to secure selected fasteners and fittings so that their tendency to loosen is
resisted by the direction of the wire's tension.

It is also known as locking wire or lockwire.
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NOTE
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IS ROUTED IN THE OPPOSITE DIRECTION FOR LEFT-HAND THREADS

34.2 Functions of safety wire
1. Helps prevent bolts and screws from loosening.

2. Secures selected nuts and fittings.

w

Prevents unwanted rotation of certain components.

4. Provides additional security against vibration.

w

34.3 Common applications
Safety wire may be used on:
o Selected nuts.
« Bolts.
o Cap screws.
o Turnbuckles.
« Selected fittings.
« Certain aircraft system components.
34.4 Characteristics of properly applied safety wire

A correctly applied safety-wire arrangement must:
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o Use the specified wire material and size.

o Be securely attached.

« Be routed in the correct direction.

o Resist the tendency of the fastener to loosen.

« Have suitable tension.

« Avoid sharp or hazardous protruding ends.
34.5 Safety precautions

1. Use the specified safety-wire type.

2. Avoid damaging the fastener.

3. Ensure the wire is correctly tensioned.

4. Avoid leaving sharp ends exposed.

5. Follow the aircraft manufacturer's approved safetying method.

o

Inspect the arrangement after installation.

Important: Safety wire is not a substitute for correct bolt tightening or specified torque. It is an additional
locking method where the design requires it.

35.0 Locking clips
35.1 Meaning of locking clips

Locking clips are specially shaped retaining devices used to hold components, fasteners or mechanical
connections in their required positions.

They may be made from spring steel or another suitable_material.
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35.2 Functions of locking clips

1.

2.

3.

4,

5.

6.

Prevent pins from slipping out.

Retain removable components.

Secure selected mechanical connections.
Prevent unwanted displacement.
Maintain the position of selected fittings.

Improve the reliability of mechanical assemblies.

35.3 Types of locking clips and related retaining devices

Depending on the aircraft design, retaining devices may include:

Spring clips.
Retaining clips.
Circlips or snap rings.
Special locking plates.

Approved retaining pins.

35.4 Characteristics of locking clips

Designed to fit a particular component.
Must have suitable strength and flexibility.

Must remain securely positioned.
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o Must be compatible with the intended assembly.
e Must be inspected for deformation, wear and corrosion.

35.5 Comparison of safetying devices

Device Main purpose Typical application

Cotter pin Prevents a suitable pin or nut from becoming Castellated nut and drilled
unsecured bolt

Safety wire Resists unwanted fastener rotation Selected bolts and

turnbuckles

Locking clip Retains a component in position Pins and mechanical fittings
Locking plate Prevents rotation or loosening Selected fasteners
Self-locking Resists loosening through its design Approved threaded joints
nut

PART VII: CONSTRUCTION OF A MODEL OF AIRCRAFT STRUCTURAL MEMBERS
36.0 Meaning of a model aircraft structure

A model aircraft structure is a simplified physical representation of an aircraft or one of its structural
components, constructed for learning, demonstration, experimentation or training purposes.

It allows learners to observe how structural members are arranged and how they work together to
provide strength and support.

36.1 Importance of constructing models of aircraft structural members

1. Helps learners identify different structural members.

GRADE 11 AVIATION TECHNOLOGY 287 LEARNING SUPPORT NOTES




2. Demonstrates how spars and ribs form a wing.

3. Shows how frames and longerons support a fuselage.
4. Helps learners understand the distribution of loads.

5. Develops creativity and innovation.

6. Promotes teamwork and collaboration.

7. Develops practical construction skills.

8. Encourages problem-solving.

9. Builds confidence in using tools and materials.

10. Connects classroom theory with practical aviation applications.

37.0 Project: Constructing a model aircraft wing
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Lower trailing edge section

37.1 Project title
Construction of a Model Aircraft Wing Using Structural Members
37.2 Project objective

To construct a simple model aircraft wing that demonstrates the arrangement and functions of spars, ribs,
stringers and skin.

37.3 Materials required
Lightweight wooden strips.
Thin cardboard or suitable lightweight sheet material.
Glue suitable for the selected materials.

Ruler.
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Pencil.

Measuring tape.

Cutting mat.

Craft knife or suitable cutting tool.
Sandpaper.

Marker pens.

Small clamps or clips.

37.4 Main structural members to be represented

Component | Model representation Function demonstrated
Front spar | Longitudinal wooden strip Main structural support
Rear spar Second longitudinal strip Supports the rear wing section
Ribs Repeated curved or shaped pieces | Maintain aerofoil shape

Stringers Small longitudinal strips Stiffen the wing

Skin Thin covering material Forms the outer wing surface

Wing root | Inner attachment area Represents wing-to-fuselage connection
Wingtip Outer end Represents the wing's outer boundary

37.5 Procedure

1.

2.

un

Study a diagram of a conventional aircraft wing.
Draw a simple wing planform on paper.
Measure and cut two main spar members.

Prepare a number of ribs of similar profile.

. Mark the positions of the ribs along the spars.
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~

. Add stringers to demonstrate longitudinal stiffening.

(o6

. Allow the joints to dry and stabilise.

9. Attach a light skin covering if required.

10. Label the different structural members.

11. Present the model and explain the function of each part.
37.6 Expected outcome
The completed model should demonstrate:

The arrangement of wing spars.

The position of ribs.

o The role of stringers.

o The shape of an aerofoil.

o The function of wing skin.

« The relationship between structural members.
37.7 Project safety precautions

1. Use cutting tools under appropriate supervision.

2. Cut materials on a suitable cutting surface.

3. Wear appropriate eye protection where necessary.

4. Keep the working area clean.

5. Use adhesives according to their safety instructions.

6. Do not use damaged tools.

7. Store sharp tools safely.

8. Avoid inhaling dust or adhesive fumes.

9. Dispose of waste materials properly.

38.0 Alternative project: Constructing a model aircraft fuselage
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Project objective

To construct a simple fuselage framework demonstrating the arrangement of frames, bulkheads,

longerons and stringers.

Materials required

« Lightweight wooden strips.

e Thin cardboard.

o Adhesive.
« Ruler.
e Pencil.

o Measuring tape.
« Cutting tools.

o Markers.

Main components to include

1. Frames: To represent transverse fuselage members.
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6.

7.

Bulkheads: To represent strong internal partitions.
Longerons: To represent the main longitudinal members.
Stringers: To represent skin-stiffening members.

Skin: To represent the outer fuselage covering.

Cockpit section: To represent the forward aircraft compartment.

Tail section: To represent the rear fuselage.

Procedure

1.

2.

8.

9.

Draw a side view of the proposed fuselage.

Prepare the front, middle and rear framework sections.
Cut the longitudinal members.

Attach the frames at appropriate intervals.

Reinforce the selected sections using bulkheads.

Add stringers along the length of the fuselage.

Apply a light outer covering where appropriate.

Label the main structural members.

Present the model and explain the functions of the members.

Expected learning outcomes

The learner should be able to:

PART VIII: APPLICATION OF CBE COMPETENCIES IN AIRCRAFT STRUCTURES

Identify major fuselage members.

Explain how the framework supports the outer skin.
Distinguish between frames and bulkheads.
Distinguish between longerons and stringers.

Explain how a semi-monocoque fuselage carries loads.

39.0 Core competencies developed
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Competency

How it is developed

Communication and
collaboration

Learners discuss structural members and work together during model
construction.

Critical thinking and problem-
solving

Learners analyse loads and select suitable structural arrangements for
models.

Creativity and imagination

Learners design and construct aircraft structural models.

Digital literacy

Learners use digital diagrams, videos and simulations to study aircraft
structures.

Learning to learn

Learners research different aircraft construction methods.

Self-efficacy

Learners gain confidence through practical construction and
presentations.

Citizenship

Learners appreciate the importance of aviation safety in society.

40.0 Values developed

1. Responsibility: Handling materials and tools safely.

2. Teamwork: Sharing duties during group projects.

3. Integrity: Reporting faults honestly.

4. Respect: Listening to the views and contributions of other learners.

5. Perseverance: Completing structural models despite challenges.

6. Excellence: Producing accurate and well-finished models.

7. Care: Protecting equipment and learning resources.

41.0 Pertinent and contemporary issues (PCls)

A. Safety and security

Learners develop awareness of safe handling of tools, fasteners and construction materials.
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B. Environmental conservation
Learners are encouraged to:

Reduce material wastage.

Reuse suitable model-building materials.

Dispose of waste responsibly.

Avoid unnecessary pollution.
C. Financial literacy
Learners practise:

Preparing a project budget.

Comparing material costs.

Estimating quantities.

Avoiding unnecessary expenditure.
D. Occupational awareness
Learners become familiar with careers such as:
 Aircraft maintenance technician.
« Aeronautical engineer.
 Aircraft structures specialist.
 Aircraft manufacturing technician.
« Aviation safety inspector.
« Aircraft maintenance planner.
PART IX: APPLICATION OF AIRCRAFT STRUCTURES IN THE KENYAN AVIATION INDUSTRY

Aircraft structural knowledge has practical relevance in Kenya because the country has a range of aviation
activities, including passenger transport, cargo operations, flight training, agricultural aviation,
humanitarian operations and aircraft maintenance.

42.1 Areas where aircraft structural knowledge is applied
1. Aircraft maintenance: Inspection of fuselage, wing,.tail.and landing gear structures.
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2. Flight training: Understanding aircraft construction and structural limitations.

3. Aircraft manufacturing and assembly: Identification and joining of structural components.
4. Aircraft inspection: Recognition of cracks, corrosion, deformation and damaged fasteners.
5. Aviation engineering: Understanding structural loads and material selection.

6. Airport operations: Appreciating the need to protect aircraft from ground damage.

7. Aircraft maintenance planning: Understanding the importance of structural inspections and
maintenance records.

42.2 Examples of Kenyan aviation settings
« Jomo Kenyatta International Airport.
o Wilson Airport.
« Moi International Airport.
o Eldoret International Airport.
o Kisumu International Airport.

Flight training and aircraft maintenance facilities in Kenya.

These locations illustrate the wider aviation environment in which aircraft structural knowledge is relevant.
Aircraft maintenance work must always be carried out by appropriately authorised personnel in
accordance with applicable Kenyan aviation requirements and approved technical documentation.

PART X: GENERAL REVISION SUMMARY

43.0 Important concepts to remember

Concept Main point

Aircraft structure | Framework and covering that form the aircraft

Load External force acting on a structure

Stress Internal resisting force per unit area
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Strain

Deformation resulting from stress

Tension

Pulling force that tends to stretch a member

Compression

Pushing force that tends to shorten a member

Shear Force that tends to slide adjacent parts

Bending Force effect that causes a member to curve
Torsion Twisting action around an axis

Fuselage Main body of an aircraft

Truss Framework of interconnected structural members
Monocoque Load-carrying outer shell construction

Semi-monocoque

Construction in which skin and internal members share loads

Spar Major spanwise wing structural member
Rib Member that maintains the wing profile
Stringer Member that stiffens the skin
Longerons Main longitudinal fuselage members
Frame Transverse fuselage structural member
Bulkhead Strong internal structural partition
Monospar Wing with one principal spar
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Multispar

Wing with two or more principal spars

Box beam

Closed structural section with good torsional resistance

Landing gear

Supports aircraft on the ground

Oleo-pneumatic

Shock absorber using compressed gas and hydraulic fluid

Bolt Threaded fastener

Screw Threaded fastener used to secure components

Nut Threaded component that engages with a bolt or stud
Washer Component providing a bearing or other specified function
Rivet Permanent mechanical fastener

Control cable

Flexible linkage transmitting tensile force

Pulley Grooved wheel guiding a cable

Fairlead Cable guide

Turnbuckle Adjustable tensioning device

Push-pull rod Rigid linkage transmitting movement in both directions

Torque tube

Shaft transmitting rotational movement

Bell crank

Pivoted lever changing movement direction

Quadrant

Sector-shaped component used in mechanical control linkages
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Cotter pin Device retaining a suitable pin or nut

Safety wire Wire that resists fastener loosening

Locking clip Retaining device for mechanical components

44.0 Important differences

A. Fuselage structural members

Longerons Stringers

Generally larger structural members Generally smaller stiffening members

Run longitudinally Run longitudinally

Carry significant longitudinal loads Mainly stiffen the skin and help distribute loads
Form part of the main fuselage framework | Support the skin between larger members

B. Frames and bulkheads

Frames Bulkheads

Maintain fuselage cross-sectional shape | Form strong internal partitions

Usually fitted at intervals Located at selected structural positions
Support skin and other members Support major fittings and transfer loads
May be relatively light Often designed for higher local loads or special functions

C. Control cables and push-pull rods

Control cables Push-pull rods
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Flexible Rigid

Primarily transmit tensile forces Transmit both pushing and pulling forces

Use pulleys and fairleads where required | Use pivots, bearings and connecting fittings

Require correct tension Require correct alignment and adjustment

D. Pulley and fairlead

Pulley Fairlead
Has a grooved rotating wheel Usually a stationary guide
Guides a moving cable Supports and guides a cable

Can change the direction of cable movement | Maintains cable routing and alignment

E. Cotter pin and safety wire

Cotter pin Safety wire

A mechanical retaining pin A metal wire locking arrangement

Used with suitable drilled pins and nuts | Used on selected fasteners and fittings

Provides a positive retaining feature Resists the tendency of fasteners to rotate loose

PART XI: LEARNING ACTIVITIES AND ASSESSMENT TASKS
45.0 Individual learning activities
1. Draw and label a conventional fixed-wing aircraft.
2. ldentify five major structural parts of an aircraft.
3. Explain the five main types of stress.

4. Draw and label the main members of a semi-monocoque fuselage.
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8.

9.

Differentiate between monospar and multispar wing designs.
Describe the operation of an oleo-pneumatic shock absorber.
Identify five types of aircraft fasteners.

Explain the functions of control cables, pulleys and fairleads.

Draw and label a turnbuckle.

10. Explain why aircraft fasteners require safetying.

46.0 Group activities

1.

2.

In groups, construct a model aircraft wing using lightweight materials.

Display a labelled model of a semi-monocoque fuselage.

Research the differences between truss, monocoque and semi-monocoque construction.
Prepare a chart showing the five main types of stress.

Display examples or safe training samples of aircraft bolts, nuts, washers and rivets.

Demonstrate the functions of a pulley, bell crank and push-pull rod using simple classroom
models.

Discuss the importance of aircraft structural inspections.

47.0 Practical assessment checklist

Assessment item Yes | No
|dentifies the main aircraft structural parts O O
Identifies the main fuselage structural members O | O
Explains the functions of spars and ribs O O
Distinguishes between truss and semi-monocoque construction | O | O
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Identifies wing structural designs

Explains the functions of landing gear

Identifies common aircraft fasteners

Explains the functions of control-system hardware

Constructs a model of an aircraft structural component

Observes safety precautions during practical work

48.0 Suggested project assessment rubric

Assessment area Marks

Correct identification of structural members | 5

Accuracy of model design 5

Quiality of construction and joining 5
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Correct labelling of components 5
Explanation of functions 5
Creativity and innovation 3
Teamwork and participation 2
Safety and proper use of materials 5
Total 35

REVISION QUESTIONS

STRAND 2.0: BASIC AIRCRAFT CONSTRUCTION

SUB-STRAND 2.1: AIRCRAFT STRUCTURES

SECTION A: MULTIPLE-CHOICE QUESTIONS

Answer all questions by selecting the correct alternative from the choices given.
1. What is the main function of an aircraft structure?

A. To produce fuel for the engine
B. To support loads and maintain the shape of the aircraft
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C. To control air traffic at the airport
D. To generate electrical power

2. Which type of load acts on a structural member by pulling it apart?

A. Compression
B. Bending
C. Tension
D. Torsion

3. A structural member subjected to a pushing force that tends to shorten it experiences:

A. Tension

B. Compression
C. Torsion

D. Shear

4. Which type of stress occurs when two adjacent sections of a material tend to slide past each other?

A. Shear stress

B. Tensile stress

C. Compressive stress
D. Torsional stress

5. The twisting action experienced by an aircraft structural member is known as:

A. Bending
B. Compression
C. Torsion
D. Tension

6. Which aircraft structural member runs longitudinally along the fuselage and provides major structural
support?

A. Rib

B. Longerons
C. Fairlead
D. Pulley
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7. The main function of aircraft frames is to:

A. Generate lift

B. Maintain the cross-sectional shape of the fuselage
C. Control the aircraft's yaw

D. Absorb engine vibration

8. Which aircraft construction method uses a framework of interconnected members arranged in
triangular sections?

A. Monocoque

B. Semi-monocoque
C. Truss

D. Box-beam

9. In monocoque construction, most structural loads are carried by the:

A. External skin

B. Landing gear

C. Control cables

D. Engine mountings

10. Semi-monocoque construction differs from monocoque construction because it:

A. Uses only wooden members

B. Uses the skin together with internal structural members to carry loads
C. Has no external skin

D. Uses only triangular trusses

11. Which aircraft structural member helps maintain the aerofoil shape of a wing?

A. Rib

B. Longeron
C. Bulkhead
D. Turnbuckle
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12. The major spanwise structural member of an aircraft wing is called a:

A. Frame

B. Spar

C. Fairlead
D. Bell crank

13. A wing that uses one principal spar as its main spanwise load-carrying member is known as a:

A. Multispar wing
B. Monospar wing
C. Delta wing

D. Swept wing

14. Which wing design uses a closed box-like structural section to provide good resistance to twisting?

A. Rectangular wing
B. Monospar wing
C. Box-beam wing
D. Parasol wing

15. An aircraft whose wings are attached to the upper part of the fuselage has a:

A. Low-wing configuration
B. Mid-wing configuration
C. High-wing configuration
D. Delta-wing configuration

16. Which landing gear arrangement has one nose wheel positioned ahead of two main wheels?

A. Tailwheel
B. Tricycle
C. Tandem
D. Fixed

17. The main purpose of an oleo-pneumatic shock absorber is to:
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A. Increase engine power

B. Reduce landing impact forces transmitted to the aircraft
C. Control the movement of the rudder

D. Increase the aircraft's cruising speed

18. Which aircraft fastener is commonly used to form permanent mechanical joints?

A. Nut

B. Screw

C. Rivet

D. Turnbuckle

19. Which component is used to adjust the tension of an aircraft control cable?

A. Pulley

B. Turnbuckle
C. Fairlead

D. Bell crank

20. Which aircraft control-system component changes the direction of movement in a mechanical linkage
using a pivoted lever?

A. Bell crank
B. Washer
C. Rivet

D. Cotter pin

SECTION B: STRUCTURED QUESTIONS

50 marks

Answer all questions. Show your understanding clearly.
21. Aircraft structures

a) Define the term aircraft structure. (1 mark)
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b) State four functions of aircraft structures. (2 marks)

22. Loads and stresses

a) Differentiate between load and stress. (2 marks)

b) Identify four types of loads or stress effects that may act on aircraft structural members. (2 marks)
23. Types of stress

a) Explain the following types of stress as experienced in aircraft structures:
i. Tension. (1 mark)

ii. Compression. (1 mark)

iii. Shear. (1 mark)

24. Bending and torsion

a) Explain the meaning of bending stress. (1 mark)

b) Explain the meaning of torsional stress. (1 mark)

c) State two examples of aircraft structural components that may experience bending or torsion during
operation. (2 marks)

25. Fuselage construction

a) Define an aircraft fuselage. (1 mark)

b) State four functions of the fuselage. (2 marks)

26. Methods of fuselage construction

a) Describe the following methods of aircraft fuselage construction:
i. Truss construction. (1 mark)

ii. Monocoque construction. (1 mark)

iii. Semi-monocoque construction. (1 mark)

b) State one advantage of semi-monocoque construction. (1 mark)
27. Fuselage structural members

a) ldentify three structural members found in an aircraft fuselage. (1.5 marks)
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b) State three functions of fuselage structural members. (1.5 marks)

28. Aircraft wing structures

a) Define an aircraft wing. (1 mark)

b) Identify four main structural components of an aircraft wing. (2 marks)
c) State two functions of wing spars. (1 mark)

29. Wing designs

a) Differentiate between a monospar wing and a multispar wing. (2 marks)
b) Explain one structural advantage of a box-beam wing. (1 mark)

30. Wing shapes and attachment positions

a) Name three aircraft wing shapes according to their planform. (1.5 marks)

b) State three wing attachment positions or configurations according to their position on the fuselage.
(1.5 marks)

31. Aircraft landing gear

a) Define aircraft landing gear. (1 mark)

b) State four functions of aircraft landing gear. (2 marks)

c) Name two types of landing gear arrangement according to wheel position. (1 mark)
32. Shock absorption

a) Define shock absorption in aircraft landing gear. (1 mark)

b) Explain how an oleo-pneumatic shock absorber works. (2 marks)
33. Aircraft construction hardware

a) Define aircraft hardware. (1 mark)

b) Identify four examples of aircraft fasteners. (2 marks)

c) State one function of washers in aircraft fastening. (1 mark)

34. Aircraft control-system hardware

a) State the function of each of the following components:
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i. Control cables. (1 mark)

i. Pulleys. (1 mark)

iii. Fairleads. (1 mark)

iv. Turnbuckles. (1 mark)

35. Safetying devices and practical construction

a) State the function of each of the following aircraft safetying devices:
i. Cotter pins. (1 mark)

ii. Safety wire. (1 mark)

iii. Locking clips. (1 mark)

b) Identify two materials that may be used when constructing a simple model aircraft wing. (1 mark)

STRAND 2.0: BASIC AIRCRAFT CONSTRUCTION
SUB-STRAND 2.2: AIRCRAFT PROPULSION

1.0 Introduction to aircraft propulsion

1.1 Meaning of aircraft propulsion

Aircraft propulsion is the process by which an aircraft generates a force known as thrust to move forward
through the air.

« An aircraft engine provides the power needed to produce thrust.

« The engine converts energy from fuel, or another energy source, into mechanical energy and/or a
high-speed flow of air or exhaust gases.

o The thrust produced helps the aircraft overcome drag and move through the atmosphere.

« Aircraft propulsion systems differ depending on the aircraft's design, size, purpose and operating
conditions.

Examples of aircraft propulsion in Kenya:

o Turboprop engines are commonly used in regional and short-haul aircraft serving airports such as
Wilson Airport and Kisumu International Airport.

GRADE 11 AVIATION TECHNOLOGY 310 LEARNING SUPPORT NOTES



Turbofan engines are used by larger passenger aircraft operating at Jomo Kenyatta International
Airport.

Piston engines are used in some light aircraft for training, private flying and recreational aviation.

Turboshaft engines are used in helicopters, including helicopters used for emergency services,
tourism and other operations.

1.2 Meaning of an aircraft engine

An aircraft engine is a machine that converts energy into useful power to drive an aircraft's propeller or

produce a high-speed jet of gases that generates thrust.

1.3 Importance of aircraft engines in propulsion

Aircraft engines are important because they:

1.

2.

Generate thrust: Provide the forward force required to move an aircraft through the air.

Enable take-off: Produce sufficient thrust to accelerate an aircraft along the runway until it can

become airborne.

Maintain flight: Supply the power needed to overcome aerodynamic drag during flight.
Support climbing: Provide additional thrust or power for an aircraft to gain altitude.

Support manoeuvring: Provide the power required for changes in speed and flight conditions.

Drive propellers: In piston and turboprop aircraft, engines rotate propellers that accelerate air
backwards to produce thrust.

Power helicopter rotors: Turboshaft engines provide mechanical power to drive helicopter rotor
systems.

Support electrical generation: Some engine-driven systems provide mechanical power to
generators and other aircraft accessories.

Support hydraulic systems: Engine-driven pumps may supply power to hydraulic systems,
depending on the aircraft design.
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10. Improve aircraft performance: The correct engine type helps determine aircraft speed, range,
payload and operating efficiency.

Remember: An aircraft engine does not make an aircraft fly by itself. Safe flight also depends on the
wings, control surfaces, aerodynamic forces, aircraft structure and the pilot's control.

2.0 Principles that govern aircraft propulsion

Aircraft propulsion is governed by scientific principles that explain how an engine produces thrust and
how an aircraft moves through the air.

2.1 Newton's laws of motion

Fan/
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A. Newton's First Law of Motion — Law of Inertia

The law states that an object remains at rest or continues moving in a straight line at constant speed
unless acted upon by an external unbalanced force.
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Application in aircraft propulsion:
« An aircraft parked on the apron remains at rest until a force causes it to move.

« During flight, an aircraft would continue moving at constant velocity if the forces acting on it were
balanced.

« Engine thrust helps overcome drag, allowing the aircraft to accelerate.
B. Newton's Second Law of Motion — Law of Acceleration

The law states that the acceleration of an object is directly proportional to the resultant force acting on it
and inversely proportional to its mass.

The relationship is expressed as:

F=ma

Where:
e FF=resultant force in newtons (N).
e« m/m = mass in kilograms (kg).
o aag = acceleration in metres per second squared (m/s?).

Application in aircraft propulsion:
« Greater resultant thrust produces greater acceleration if the aircraft's mass remains constant.
« A heavily loaded aircraft requires more force to achieve the same acceleration as a lighter aircraft.
« Engine performance must therefore be considered in relation to aircraft mass.

C. Newton's Third Law of Motion — Action and Reaction

The law states that for every action, there is an equal and opposite reaction.

Application in aircraft propulsion:

A jet engine accelerates air and exhaust gases backwards.

o The backward movement of the gases produces an equal and opposite forward reaction force on
the engine.

e This forward reaction is known as thrust.

« A propeller pushes air backwards, and the reaction produces forward thrust on the aircraft.
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Aerodynamics
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Jet Engine

Newton's Third Law of Motion

2.2 Conservation of momentum
Momentum is the product of an object's mass and velocity.
Momentum=MassxVelocity
Aircraft propulsion operates by changing the momentum of air or exhaust gases.
o A jet engine takes in air from the atmosphere.
« The engine increases the velocity of the air and exhaust gases.
o The gases leave the engine at high speed.

« The change in momentum produces thrust.

Example: When a jet engine accelerates a large mass of air backwards, the aircraft experiences a forward

force.

2.3 Bernoulli's principle and aircraft propulsion

Bernoulli's principle explains the relationship between the speed of a flowing fluid and its pressure under

specified conditions.

It helps explain pressure changes in moving air.

It is not, by itself, the main explanation for how a jet engine produces thrust.

It is useful in understanding airflow around aircraft wings and certain engine components.

Jet thrust is principally explained by momentum change and Newton's laws of motion.
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2.4 Energy conversion in aircraft engines

Aircraft engines convert energy from one form to another.

Energy form Description in aircraft propulsion

Chemical energy  Energy stored in aviation fuel.

Thermal energy Heat released during fuel combustion.

Mechanical energy Energy used to rotate shafts, compressors and propellers.
Kinetic energy Energy associated with moving air and exhaust gases.

Electrical energy May be produced by engine-driven generators.
Learning point: Fuel provides the energy, but the engine's design determines how that energy is

converted into useful propulsion.

3.0 Types and classification of aircraft engines

Aircraft engines can be classified according to their operating principles, construction and method of
producing thrust.

3.1 Main classifications
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A. Reciprocating engines

These are engines in which pistons move backwards and forwards inside cylinders to produce mechanical
power.

They normally operate using the Otto cycle in spark-ignition aircraft engines.

The pistons turn a crankshaft.

The crankshaft drives a propeller through a suitable drive arrangement.
o They are commonly used in light aircraft.

Examples:
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« Single-cylinder piston engine used in some small experimental aircraft.

o Four-cylinder horizontally opposed engine used in many light training aircraft.

« Six-cylinder horizontally opposed engine used in some larger piston aircraft.
B. Gas turbine engines

These are engines that use continuously flowing air and combustion gases to produce thrust or
mechanical power.

« Air enters through an intake.

« A compressor increases the pressure of the air.

o Fuel is mixed with compressed air and burned in a combustion chamber.
« Hot gases expand through a turbine.

o The turbine drives the compressor and, depending on the engine type, a propeller, fan or output
shaft.

« Gas turbine engines operate on the Brayton cycle.
Main types:
1. Turbojet.
2. Turbofan.
3. Turboprop.
4. Turboshaft.
C. Other emerging propulsion technologies
Modern aviation also uses developing propulsion technologies, including:
o Electric propulsion.
« Hybrid-electric propulsion.
« Hydrogen-based propulsion concepts.

These technologies are important in research into cleaner and more efficient aviation. Their suitability
depends on aircraft size, energy storage, range and safety requirements.

4.0 Reciprocating engines

GRADE 11 AVIATION TECHNOLOGY 317 LEARNING SUPPORT NOTES



4.1 Meaning of a reciprocating engine

A reciprocating engine is an internal combustion engine in which one or more pistons move up and down
or back and forth inside cylinders to convert the energy released by burning fuel into mechanical power.

In most light aircraft, the pistons move horizontally in opposed cylinders or vertically in other engine
arrangements.

.......

Cylinder head

4.2 Basic parts of an aircraft reciprocating engine

GRADE 11 AVIATION TECHNOLOGY LEARNING SUPPORT NOTES



Aerospace Dimensions: Airplane Systems — Reciprocating
Engines
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1. Cylinder: A chamber in which the piston moves and fuel combustion takes place.
2. Piston: A moving component that receives pressure from expanding gases.

3. Piston rings: Rings fitted around the piston to help seal the space between the piston and cylinder
wall and control lubricating oil.

4. Connecting rod: Connects the piston to the crankshaft and transmits force.

5. Crankshaft: Converts the piston's reciprocating movement into rotary movement.

6. Crankcase: Houses and supports the crankshaft and other internal components.

7. Inlet valve: Allows the air-fuel mixture or air to enter the cylinder, depending on the engine design.
8. Exhaust valve: Allows burnt gases to leave the cylinder.

9. Spark plug: Produces an electrical spark to ignite the compressed mixture in a spark-ignition

engine.
10. Camshaft: Operates the engine valves at the correct time.
11. Cooling fins: Increase the surface area for heat loss in air-cooled engines.

12. Oil sump: Stores lubricating oil in engines designed with a wet-sump lubrication system.
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4.3 How a reciprocating engine works

In a typical four-stroke spark-ignition aircraft engine:

Air and fuel are supplied to the cylinder.

The piston moves through four strokes.

The spark plug ignites the compressed mixture.

Expanding gases push the piston downwards.

The connecting rod transfers the movement to the crankshaft.

The crankshaft rotates and drives the propeller.

4.4 Advantages of reciprocating engines

1.

2.

5.

6.

They are suitable for small and light aircraft.

They generally have lower initial costs than comparable turbine engines.

They are suitable for low-speed flight.

They are widely used in pilot training aircraft.

Their operating principles are relatively easy to demonstrate in school models.

They can be efficient for suitable low-power applications.

4.5 Limitations of reciprocating engines

1.

2.

3.

4.

5.

6.

They have many moving parts.
They require regular inspection and maintenance.
Their power-to-weight ratio is generally lower than that of gas turbine engines.

Their performance may reduce at high altitude unless suitable induction or turbocharging systems
are fitted.

They are generally less suitable for very high-speed aircraft.

They produce vibration because of the movement of pistons and other reciprocating components.

4.6 Examples of aircraft using reciprocating engines

Small training aircraft.
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 Private light aircraft.
« Some agricultural aircraft.
« Some recreational and experimental aircraft.

In Kenya, light piston-engine aircraft are relevant to flight training and general aviation activities. The
actual engine type used depends on the aircraft model and its approved configuration.

5.0 The Otto cycle and four-stroke piston engines
5.1 Meaning of the Otto cycle

The Otto cycle is the ideal thermodynamic cycle used to explain how a spark-ignition reciprocating
engine converts the energy of a compressed fuel-air mixture into mechanical work.

It is commonly associated with petrol engines, including many aircraft piston engines.

5.2 The four strokes of a piston engine

A four-stroke engine completes one operating cycle in four piston strokes and two revolutions of the
crankshaft.
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Four-stroke engine

Intake Exhaust Valves closed Valves closed Intake Exhaust

valve open plug valve valve valve
\ / closed Spark plug closed\

air-fuel
mixture

Combustion
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l.Intake 2.Compression 3.Power 4 Exhaust
air-fuel mixture air-fuel mixture explosion forces Piston pushes out
is drawn in is compressed piston down burned gases

1. Intake stroke

The piston moves downwards from top dead centre to bottom dead centre.

The inlet valve opens.

The exhaust valve remains closed.

Air-fuel mixture enters the cylinder in a conventional carburetted engine.

In fuel-injected systems, fuel is introduced by the relevant injection arrangement.

2. Compression stroke
o The piston moves upwards.

Both inlet and exhaust valves are closed.

The air-fuel mixture is compressed.

Compression increases the pressure and temperature of the mixture.

o Near the end of the compression stroke, the spark plug produces a spark.

3. Power stroke
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o The spark ignites the compressed mixture.

« Combustion causes the gases to expand rapidly.

o The expanding gases force the piston downwards.

« The connecting rod transfers the force to the crankshaft.

« This is the stroke that delivers useful power to the crankshaft.
4. Exhaust stroke

o The piston moves upwards.

« The exhaust valve opens.

o Burnt gases are forced out of the cylinder.

o The cycle is ready to begin again.

5.3 Summary of the four strokes

Stroke Piston movement | Inlet valve | Exhaust valve | Main activity

Intake Downwards Open Closed Fresh charge enters.
Compression | Upwards Closed Closed Charge is compressed.

Power Downwards Closed Closed Combustion pushes piston down.
Exhaust Upwards Closed Open Burnt gases leave.

5.4 Important terms in piston engine operation
o Top Dead Centre (TDC): The highest position reached by the piston in the cylinder.
o Bottom Dead Centre (BDC): The lowest position reached by the piston in the cylinder.

« Bore: The internal diameter of the engine cylinder.
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Stroke: The distance travelled by the piston between TDC and BDC.
Displacement: The volume swept by the piston as it moves from TDC to BDC.

Compression ratio: The ratio of the cylinder volume before compression to the volume remaining

above the piston at TDC.

Crankshaft revolution: One complete rotation of the crankshaft.

5.5 The four processes of the ideal Otto cycle

The ideal Otto cycle is represented by four thermodynamic processes:

1.

2.

Isentropic compression: The working gas is compressed without heat transfer in the ideal model.

Constant-volume heat addition: Heat is added to the working gas at constant volume, representing

combustion in the ideal cycle.
Isentropic expansion: The hot gas expands and performs work.

Constant-volume heat rejection: Heat is rejected at constant volume to complete the ideal cycle.

Isentropic
1 & Compression
) 3 Constant Volume
= Combustion
Isentropic
3e—e 4 Expansion

Constant Volume

v 4 1 Heat Rejection

Note: The four-stroke engine's intake, compression, power and exhaust strokes describe piston
movement. The ideal Otto cycle's four thermodynamic processes describe changes in pressure, volume

and heat. The two descriptions are related, but they are not identical.

6.0 Gas turbine engines

6.1 Meaning of a gas turbine engine

A gas turbine engine is an internal combustion engine in which air is compressed, mixed with fuel, burned

continuously and expanded through a turbine to produce thrust or mechanical power.
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6.2 Main parts of a gas turbine engine

1.

2.

10.

Air intake: Directs atmospheric air into the engine.

Compressor: Raises the pressure of incoming air.

Combustion chamber: Provides space for fuel-air mixing and continuous combustion.
Fuel injectors: Spray fuel into the combustion chamber.

Ignition system: Initiates combustion during starting; continuous combustion is then sustained
under normal operation.

Turbine: Extracts energy from hot gases to drive the compressor and other engine components.
Exhaust nozzle: Directs exhaust gases out of the engine and contributes to thrust production.
Shaft: Transfers rotational power between engine sections.

Bearings: Support rotating shafts and reduce friction.

Accessory gearbox: Drives engine accessories such as pumps and generators, according to the
design.

6.3 How a gas turbine engine works
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Step 1: Air intake

« Atmospheric air enters through the engine intake.

« The intake helps deliver air smoothly to the compressor.
Step 2: Compression

e The compressor draws in air and increases its pressure.

o The compressed air is delivered to the combustion chamber.
Step 3: Combustion

o Fuelis sprayed into the compressed air.

o The fuel-air mixture burns continuously.

o The combustion process raises the temperature and energy of the gas.
Step 4: Expansion through the turbine

o Hot gases expand through the turbine.

« The turbine extracts energy from the gases.

« This energy drives the compressor through a shaft.

« Depending on the engine type, some energy also drives a fan, propeller or output shaft.

Step 5: Exhaust and thrust
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« The remaining gases leave through the exhaust system.
o In aturbojet, the high-speed exhaust jet produces most of the thrust.
« Inaturbofan, the fan and bypass airflow provide a major part of the thrust.
o In aturboprop, most useful propulsive power is delivered to the propeller.
« In aturboshaft, useful power is delivered through an output shaft.
7.0 The Brayton cycle
7.1 Meaning of the Brayton cycle
The Brayton cycle is the ideal thermodynamic cycle used to explain the operation of gas turbine engines.

It describes how air is compressed, heated, expanded and cooled in a continuous-flow engine.

PV & TS Diagram Gas Turbine Thermodynamic
' Processes

Fuel
= e Process 1 to 2

Combustion Net Isentropic Compression

Chamber Work |-
Out Process 2 to 3

Isobaric Heat Addition
Compressor Turbine:

Process3to 4
Isentropic Expansion

e wer Process4to 1l

- resh Air xhaust Gases - L v

S (Entropy) Isobaric Heat Rejection
\ IRy

7.2 Four processes of the ideal Brayton cycle
1. Isentropic compression

o Airis compressed in the compressor.

o Its pressure and temperature increase.

« Ideally, no heat is transferred during this process.
2. Constant-pressure heat addition

o Fuel burns in the combustion chamber.

o Heatis added to the compressed air.

GRADE 11 AVIATION TECHNOLOGY 327 LEARNING SUPPORT NOTES



« Inthe ideal cycle, the pressure remains constant as temperature and energy increase.
3. Isentropic expansion
« Hot gases expand through the turbine.
o The gases transfer energy to the turbine blades.
o The turbine rotates and drives the compressor and other components.
4. Constant-pressure heat rejection
o Heat is rejected as the working gas returns to its initial state in the ideal open-cycle model.

« Inan actual aircraft engine, exhaust gases are discharged into the atmosphere and fresh air enters
continuously.

7.3 Difference between Otto and Brayton cycles

Otto cycle Brayton cycle

Associated with spark-ignition reciprocating engines. | Associated with gas turbine engines.

Heat addition is ideally at constant volume. Heat addition is ideally at constant pressure.

Uses a piston-cylinder arrangement. Uses a continuous-flow arrangement.

Has intake, compression, power and exhaust strokes | Has compression, heat addition, expansion and
in a four-stroke engine. heat rejection processes.

Common in many light aircraft piston engines. Used in turbojet, turbofan, turboprop and
turboshaft engines.

8.0 Turbojet engines
8.1 Meaning of a turbojet engine

A turbojet engine is a gas turbine engine that produces thrust mainly through the high-speed discharge
of exhaust gases from its nozzle.
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8.2 Main parts of a turbojet engine
1. Air intake.
2. Compressor.
3. Combustion chamber.
4. Fuel injection system.
5. Ignition system.
6. Turbine.
7. Exhaust nozzle.
8. Shaft and bearings.
9. Accessory gearbox.
8.3 How a turbojet engine works
1. Air enters the intake.
2. The compressor raises the pressure of the air.
3. Fuel is injected into the combustion chamber.
4. The fuel burns in the compressed air.
5. Hot gases expand and pass through the turbine.
6. The turbine drives the compressor through a sha
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7. The remaining gases accelerate through the exhaust nozzle.
8. The high-speed exhaust produces forward thrust.

8.4 Advantages of turbojet engines
« They can operate effectively at high speeds.

« They have a relatively simple gas-flow arrangement compared with some other turbine engine
types.

« They are suitable for certain high-speed applications.
o They can produce substantial thrust from a compact engine.
8.5 Limitations of turbojet engines

o They are generally less fuel-efficient than modern turbofan engines in many subsonic passenger-
aircraft applications.

o They can be noisy.
o They are less suitable for many low-speed regional operations.
e Much of the energy is carried away by the fast exhaust jet.
8.6 Uses of turbojet engines
o Some older jet aircraft.
o Certain military aircraft.

« Some specialised high-speed applications.

9.0 Turbofan engines
9.1 Meaning of a turbofan engine

A turbofan engine is a gas turbine engine fitted with a large fan at the front. The fan accelerates a large
quantity of air, some of which passes through the engine core while the rest flows around the core
through a bypass duct.
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9.2 Main parts of a turbofan engine
1. Fan: Accelerates a large mass of air.
2. Fan casing: Encloses and supports the fan assembly.
3. Bypass duct: Provides a passage for air flowing around the engine core.
4. Low-pressure compressor: Further compresses air in some engine designs.
5. High-pressure compressor: Raises the pressure of core air.
6. Combustion chamber: Burns fuel in compressed air.
7. High-pressure turbine: Drives the high-pressure compressor.
8. Low-pressure turbine: Drives the fan and low-pressure compressor.
9. Exhaust system: Directs the core gases out of the engine.

10. Shafts: Transfer power between rotating sections.
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9.3 How a turbofan engine works

Air enters the engine through the intake.

The fan accelerates a large mass of air.

« Some air flows around the core through the bypass duct.

« The remaining air enters the compressor.

o Fuelis added and burned in the combustion chamber.

« Hot gases expand through the turbines.

o The turbines drive the fan and compressors.

o The bypass air and core exhaust contribute to the total thrust.
9.4 Types of turbofan engines
A. High-bypass turbofan

A large proportion of the air passes around the engine core.

e Itis commonly used in modern passenger aircraft.
« Itis generally efficient for subsonic commercial flight.

« It usually produces less noise than older low-bypass designs, although actual noise depends on the
engine and aircraft.

B. Low-bypass turbofan
« A smaller proportion of air bypasses the core.
o Itis used in some military and high-performance aircraft.

e It can support high-speed operation.

9.5 Advantages of turbofan engines
1. Good fuel efficiency in many subsonic passenger aircraft.

2. Suitable for medium- and long-distance flights.
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3. Can produce high thrust.
4. High-bypass designs accelerate a large mass of air at a relatively lower velocity increase.
5. Widely used in modern commercial aviation.
9.6 Limitations of turbofan engines
1. They are technically complex.
2. They require specialised maintenance.
3. They are expensive to manufacture and maintain.
4. They require careful inspection of fan blades and turbine components.
5. They may be unsuitable for some very small aircraft because of their size and cost.
9.7 Applications

Turbofan engines power many commercial passenger aircraft operating between Nairobi and
international destinations.

10.0 Turboprop engines
10.1 Meaning of a turboprop engine

A turboprop engine is a gas turbine engine in which most of the useful power produced by the turbine is
transmitted through a reduction gearbox to drive a propeller.
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10.2 Main parts of a turboprop engine

1.

2.

10.

11.

Air intake.

Compressor.

. Combustion chamber.

Fuel injection system.

. Gas generator turbine.

Power turbine, where fitted.
Reduction gearbox.
Propeller.

Exhaust system.

Shafts and bearings.

Accessory gearbox.
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10.3 How a turboprop engine works
1. Air enters the engine intake.
2. The compressor increases air pressure.
3. Fuel is mixed with compressed air and burned.
4. Hot gases expand through the turbine.
5. Turbine power drives the compressor and propeller system.
6. A reduction gearbox reduces the high turbine rotational speed to a suitable propeller speed.
7. The propeller accelerates air backwards.
8. The reaction produces forward thrust.
9. Exhaust gases also contribute some thrust.
10.4 Importance of the reduction gearbox
A turbine normally rotates at a much higher speed than a propeller can efficiently operate.

The reduction gearbox:

Reduces the rotational speed transmitted to the propeller.

Allows the turbine to operate at a suitable high speed.

Enables the propeller to operate within its designed speed range.

Helps improve the efficiency of the propulsion system.

10.5 Advantages of turboprop engines

« They are efficient for many short- and medium-distance routes.

They provide good take-off performance at suitable operating conditions.
« They are suitable for regional aircraft.

« They can operate effectively from some shorter runways, depending on aircraft design and runway
conditions.

« They are useful for aircraft carrying passengers and cargo over regional routes.
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10.6 Limitations of turboprop engines

They are generally less suitable for very high-speed flight than turbofan engines.

Propeller efficiency reduces as aircraft speed increases beyond its optimum range.

They can produce noticeable propeller noise.

Their reduction gearbox requires specialised maintenance.
10.7 Kenyan applications

Turboprop aircraft are relevant to regional aviation in Kenya because they can serve routes connecting
major towns, smaller airports and airstrips. They are used in passenger, cargo, tourism and other regional
operations.

11.0 Turboshaft engines
11.1 Meaning of a turboshaft engine

A turboshaft engine is a gas turbine engine designed mainly to produce mechanical power through an
output shaft rather than to produce thrust directly from an exhaust jet.

It is commonly used to power helicopters.

Rotor Output shaft Air inlet Cor:t;;rge:sor Turbine Power turbine

Exhaust

Main rotor gearbox

o Combustion
Sprag (over-riding) chamber
clutch

11.2 Main parts of a turboshaft engine
1. Air intake.
2. Compressor.

3. Combustion chamber.
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8.

9.

Fuel system.

Gas generator turbine.
Power turbine.

Output shaft.
Reduction gearbox.

Exhaust system.

10. Lubrication and accessory systems.

11.3 How a turboshaft engine works

Air enters the engine through the intake.

The compressor increases the air pressure.

Fuel is injected and burned in the combustion chamber.

Hot gases expand through the gas generator turbine.

The gas generator turbine drives the compressor.

The gases then transfer additional energy to the power turbine.
The power turbine rotates the output shaft.

The output shaft drives the helicopter transmission system.

The transmission drives the main rotor and, where applicable, the tail rotor.

11.4 Advantages of turboshaft engines

1.

2.

3.

4.

5.

They provide high power for their weight.

They are suitable for helicopter propulsion.

They can provide power for hovering and vertical flight through the rotor system.
They are suitable for many emergency and utility helicopter operations.

They provide smooth rotary power.

11.5 Limitations of turboshaft engines

They are expensive.
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« They require specialised maintenance.

o They have complex transmission arrangements.

« They require careful monitoring of engine temperature, speed and power limits.

11.6 Applications in Kenya

Turboshaft-powered helicopters can be used for:

o Medical evacuation.

o Search and rescue.

« Wildlife monitoring.

e Tourism.

« Police and security operations.

« Transport to remote areas.

12.0 Comparison of the four main gas turbine engine types

Engine Main output Main propulsive feature Common application

type

Turbojet High-speed exhaust jet Exhaust gases produce most Specialised high-speed
thrust. aircraft.

Turbofan Fan airflow and core Fan accelerates a large mass of | Passenger jet aircraft.

exhaust air.

Turboprop | Shaft power to propeller Propeller produces most thrust. | Regional aircraft.

Turboshaft | Mechanical shaft power Drives a rotor or other Helicopters.
machinery.

13.0 Aircraft propeller systems

GRADE 11 AVIATION TECHNOLOGY 338 LEARNING SUPPORT NOTES




13.1 Meaning of a propeller

An aircraft propeller is a rotating device consisting of two or more blades designed to accelerate air

backwards and produce forward thrust.

Rotational Velocity

8 Pitch or
N
D7 St Blade Angle
7 Qﬁ’ Forward
4 S Velocity
X
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13.2 Main parts of a propeller

1.

2.

7.

8.

Propeller blades: Aerofoil-shaped surfaces that produce thrust as they rotate.

Hub: Holds the blades and connects the propeller to the engine or reduction gearbox.
Spinner: A streamlined cover fitted over the propeller hub.

Blade root: The inner part of a blade attached to the hub.

Blade tip: The outer end of the blade.

Blade leading edge: The front edge of the blade as it moves through the air.

Blade trailing edge: The rear edge of the blade.

Blade shank: The section between the blade root and blade airfoil.

13.3 How a propeller produces thrust

The engine rotates the propeller.
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« Each blade acts like a rotating aerofoil.

o The blades accelerate air backwards.

o The momentum of the air changes.

o The reaction force produces forward thrust.
13.4 Types of propellers
A. Fixed-pitch propeller

The blade angle is fixed.

It cannot be adjusted during flight.

It is mechanically simple.

It is used in some light aircraft.

B. Variable-pitch propeller

« The blade angle can be changed.

It helps the engine and propeller operate efficiently under different conditions.
C. Constant-speed propeller

« The blade angle is automatically adjusted by a governing system to maintain a selected rotational
speed within operating limits.

« It improves efficiency across different flight conditions.
D. Feathering propeller
o The blades can be turned nearly parallel to the airflow.

« This reduces drag when the engine fails or is shut down, where the aircraft and propeller system
permit feathering.

E. Reverse-pitch propeller

o The blade angle can be changed to produce reverse thrust.

« It may assist in slowing an aircraft after landing.

 Itis fitted only to aircraft designed and approved for this function.
14.0 Engine systems and their functions
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An aircraft engine relies on several supporting systems to operate safely and efficiently.
14.1 Fuel system

Definition: The fuel system stores, filters, controls and delivers fuel to the engine.

Main functions:

Store fuel in suitable tanks.

Supply fuel to the engine.

Filter contaminants from fuel.

Control fuel flow.

Provide fuel at the pressure required by the engine.

14.2 Lubrication system
Definition: A lubrication system supplies oil to moving engine parts to reduce friction and wear.
Functions:
1. Reduces friction between moving parts.
2. Minimises wear.
3. Helps remove heat from engine components.
4. Carries some contaminants to filters.
5. Helps protect components against corrosion.
14.3 Cooling system

Definition: A cooling system removes excess heat from an engine to keep it within its approved operating
temperature range.

Types:

« Air cooling.

« Liquid cooling.
Air cooling

« Air flows over cooling fins on the cylinders.
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o Heat is transferred from the engine to the surrounding air.
o Itis used in many light aircraft piston engines.

Liquid cooling
« A coolant circulates through passages around the engine.
o Heat is transferred to a radiator or heat exchanger.
o Itisused in certain engine designs.

14.4 Ignition system

Definition: The ignition system produces the spark required to ignite the compressed fuel-air mixture in a
spark-ignition piston engine.

Main parts may include:

o Magnetos.

o Spark plugs.

« Ignition harnesses.

« Ignition switches.
Many aircraft piston engines use dual ignition systems for improved reliability.
14.5 Starting system

Definition: The starting system turns the engine crankshaft or rotating assembly to initiate engine
operation.

Examples of components:

Starter motor.

Starter relay or contactor.

Battery or other electrical supply.

Starter drive mechanism.

14.6 Exhaust system
Functions:
« Directs burnt gases away from the engine.
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« Reduces the risk of exhaust gases entering occupied areas.
e May incorporate noise-reduction features.
« In piston engines, some designs use exhaust gases to drive a turbocharger.
14.7 Air induction system
Functions:
o Supplies air to the engine.
o Filters dust and other contaminants.
« Directs air to the cylinders or compressor.
« Supports efficient combustion.
14.8 Engine control and monitoring instruments
Aircraft engines are monitored using instruments and warning systems. Examples include:
o Engine speed indicator (RPM).
o QOil pressure indicator.
o Oil temperature indicator.
o Cylinder head temperature indicator.
o Exhaust gas temperature indicator.
o Fuel pressure indicator.
o Turbine temperature indicator.
« Torque indicator in some turbine aircraft.
« Fuel flow indicator.
The exact instruments depend on engine and aircraft design.
15.0 Construction of aircraft propulsion systems

Aircraft propulsion systems are constructed by assembling carefully designed components that work
together to produce thrust or mechanical power.

Construction involves:
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« Selecting suitable materials.
« Manufacturing engine components to specified dimensions.
« Machining and finishing components.

« Assembling engine sections.

« Installing fuel, lubrication, cooling and ignition systems where applicable.

« Installing engine controls and monitoring instruments.

« Testing the completed engine according to approved procedures.

15.1 Materials used in aircraft engine construction

Aircraft engines operate under high temperatures, pressure, vibration and rotational forces. Their

components therefore require suitable materials.

Material

Properties

Examples of use

Aluminium alloys

Light, relatively strong and good thermal
conductivity.

Some casings, housings and engine
components.

Titanium alloys

High strength-to-weight ratio and good
heat resistance.

Compressor components and
structural parts.

Nickel-based Retain strength at high temperatures. Turbine blades and other hot-section
superalloys components.
Steel alloys Strong, hard and wear-resistant. Shafts, gears and bearings.

Magnesium alloys

Very light but require careful corrosion and
fire-safety considerations.

Certain approved housings and
components.

Ceramic materials

Can withstand very high temperatures.

Some specialised thermal barrier
coatings and components.

Composite Low weight and good strength for suitable | Some fan blades, casings and
materials applications. propeller components.
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15.2 Construction of a reciprocating engine
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The main construction stages include:

1. Crankcase preparation: The crankcase is manufactured to support and enclose the crankshaft
assembly.

2. Crankshaft installation: The crankshaft is fitted with the required bearings and supporting
components.

3. Connecting rod assembly: Connecting rods are attached to the crankshaft and pistons.
4. Cylinder installation: Cylinders are installed onto the crankcase.
5. Piston installation: Pistons and piston rings are fitted into the cylinders using approved procedures.

6. Valve mechanism installation: Valves, springs, rocker arms and camshaft components are
assembled.

7. Ignition installation: Spark plugs and ignition harnesses are fitted.
8. Accessory installation: Required pumps, magnetos and other accessories are installed.

9. Lubrication system installation: Oil passages, filters, pumps and other components are fitted.
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10. Inspection and testing: The completed assembly is inspected and tested in accordance with
approved technical data.

Important: These stages describe the general construction concept. Actual aircraft engine assembly is
specialised work that must be performed by appropriately qualified personnel using the manufacturer's
approved maintenance instructions, tools and inspection requirements.

15.3 Construction of a gas turbine engine
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General construction features:
1. Engine casing: Provides structural support and encloses internal sections.
2. Compressor assembly: Contains rotating blades and stationary vanes.
3. Combustion chamber: Houses the fuel-air combustion process.
4. Turbine assembly: Contains turbine discs and blades that extract energy from hot gases.

5. Shaft assembly: Connects rotating sections and transfers power.
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6. Bearing assemblies: Support rotating shafts.
7. Fuel system: Supplies and controls fuel delivery.
8. Lubrication system: Supplies oil to bearings and other moving parts.
9. Exhaust assembly: Directs hot gases out of the engine.
10. Accessory systems: Support engine operation and monitoring.
15.4 Important construction considerations
When designing or constructing aircraft propulsion systems, engineers consider:
« Strength: Components must withstand operating forces.
o Weight: Excessive weight reduces aircraft performance.
o Temperature resistance: Hot-section components must withstand high temperatures.
o Vibration resistance: Components must withstand vibration without failure.
« Aerodynamic efficiency: Air passages and blades must allow efficient airflow.
« Corrosion resistance: Materials must withstand environmental exposure.
 Reliability: Components must perform consistently.
« Maintainability: Components should be accessible for inspection and servicing.
« Safety: Design and construction must comply with approved standards.
16.0 Simulation of aircraft propulsion operations
16.1 Meaning of simulation

Simulation is the use of a model, computer programme or practical demonstration to imitate the
behaviour and operation of a real system.

In Aviation Technology, simulation helps learners understand how aircraft engines work without operating
a real aircraft engine.

16.2 Importance of simulating aircraft propulsion
Simulation helps learners to:
1. Understand the sequence of engine operation.
2. ldentify the main parts of an engine.
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8.

9.

Observe airflow through an engine.

Understand how fuel combustion produces energy.
Explain how a turbine drives a compressor.
Compare different types of aircraft engines.
Practise problem-solving.

Develop digital literacy.

Improve technical drawing and modelling skills.

10. Appreciate aviation safety.

16.3 Simulation of a four-stroke piston engine

€ INTAKE € COMPRESSION

Procedure for a classroom simulation

1.

2.

Obtain a four-stroke engine model or an educational animation.
Identify the cylinder, piston, connecting rod and crankshaft.
Identify the inlet and exhaust valves.

Move the model through the intake stroke.

. Observe the movement of the piston.

Demonstrate the compression stroke.

Show the ignition and power stroke using a safe animation or model.
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8.

9.

Demonstrate the exhaust stroke.

Record the four strokes in the correct order.

10. Explain how the crankshaft turns the propeller.

Expected observation: The piston completes four strokes during two crankshaft revolutions, and one

power stroke occurs in each cylinder during that cycle.

16.4 Simulation of a gas turbine engine
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Procedure

1.

2.

Open an educational gas turbine simulation or use a labelled diagram.

Identify the intake, compressor, combustion chamber, turbine and exhaust.

. Trace the direction of airflow.

Observe how the compressor increases air pressure.

Demonstrate the introduction of fuel into the combustion chamber.
Observe the effect of combustion on gas temperature.

Trace the movement of hot gases through the turbine.

Observe how the turbine drives the compressor.
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9. ldentify where useful thrust or shaft power is produced.
10. Compare the operation of a turbojet, turbofan, turboprop and turboshaft.

Expected observation: The engine uses continuous airflow and combustion to produce energy that drives
rotating components and/or produces thrust.

16.5 Digital and physical simulation resources

Learners may use:

Teacher-prepared PowerPoint animations.

« Educational videos showing engine cutaway operation.
« Interactive online engine simulations.

o Computer-based aircraft simulation programmes.

o Cardboard engine models.

o Recycled-material propeller models.

o Hand-operated piston-and-crank models.

The teacher should select resources that are suitable for the learners' age, school facilities and available
technology.

17.0 Comparison of reciprocating and gas turbine engines

Feature Reciprocating engine Gas turbine engine
Main working component | Piston and cylinder. Compressor, combustion chamber and
turbine.
Operating principle Reciprocating piston Continuous-flow gas turbine operation.
movement.
Ideal cycle commonly Otto cycle for spark-ignition Brayton cycle.
used to explain it engines.
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Combustion Usually takes place inside Takes place continuously in the combustion
cylinders. chamber.
Power transmission Crankshaft. Turbine-driven shaft or exhaust jet.

Common aircraft
application

Light aircraft.

Passenger aircraft, regional aircraft and
helicopters.

Main cooling
arrangements

Often air-cooled or liquid-
cooled.

Usually cooled by airflow and specialised
internal cooling arrangements.

Complexity

Generally simpler in small-
engine applications.

Generally more complex.

Maintenance

Requires regular inspection
and servicing.

Requires specialised inspection and
servicing.

18.0 Aircraft engine performance and factors affecting propulsion

18.1 Meaning of thrust

Thrust is the force produced by an aircraft propulsion system that acts to move the aircraft forward.

Thrust is measured in newtons (N).

18.2 Factors affecting aircraft engine performance

1. Air density: Changes in air density affect the mass of air entering an engine.

2. Altitude: As altitude increases, air pressure and density generally decrease, affecting engine

performance.

3. Temperature: High atmospheric temperatures can reduce engine performance in many operating

conditions.

4. Humidity: Humidity can affect air density and the performance of some engines.
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5. Aircraft mass: A heavier aircraft generally requires more thrust or power for a given acceleration
and flight condition.

6. Engine condition: Worn, damaged or poorly maintained components may reduce performance.
7. Fuel quality: Incorrect or contaminated fuel can affect engine operation and safety.
8. Air intake condition: Obstructed or damaged intakes may interfere with airflow.

9. Propeller condition: Damaged blades or incorrect propeller settings may reduce propulsion
efficiency.

10. Maintenance quality: Proper inspection and servicing help maintain safe and reliable operation.
18.3 Relationship between thrust and drag

o Thrust acts generally forward.

« Drag acts opposite to the aircraft's direction of motion.

« When thrust is greater than drag, the aircraft accelerates in the direction of motion.

o When thrust equals drag, the aircraft can maintain constant speed in straight-and-level flight,
assuming other forces are balanced.

o When thrust is less than drag, the aircraft decelerates if other conditions remain unchanged.
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19.0 Aircraft propulsion safety

Aircraft engines contain moving parts, high temperatures, high pressures, flammable fuel and electrical

systems. Safety is therefore essential.

19.1 General safety precautions

1.

2.

Never attempt to start an aircraft engine without proper authorisation and supervision.

Keep learners away from operating propellers and engine intakes.
Never stand behind a running jet engine.

Avoid loose clothing near rotating machinery.

Do not touch hot engine components.

Keep fuel away from naked flames and sparks.

Use only approved fuels for the particular engine.

Do not operate damaged or unserviceable engine equipment.
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9. Use appropriate personal protective equipment during approved practical activities.
10. Follow instructions from the teacher or authorised aviation personnel.

19.2 Propeller safety

Treat every propeller as potentially dangerous.
« Keep a safe distance from propeller blades.
« Never approach an aircraft propeller unless authorised.

« Do not rotate a propeller by hand unless the approved procedure permits it and the required
safety precautions are in place.

o Remember that an engine may start unexpectedly under certain conditions.
19.3 Jet engine safety
« Keep clear of the engine intake because strong suction can draw objects or people towards it.
o Keep clear of the exhaust because hot gases can cause serious injury.
« Observe designated safety zones around operating engines.
« Never place loose objects near an engine intake.
« Follow airport and aircraft ground-handling procedures.
20.0 CBE practical learning activities
Activity 1: Identify parts of a piston engine
Learning task: Learners examine a labelled picture, model or approved non-operational piston engine.
Procedure:
1. Observe the engine.
2. ldentify the cylinder.
3. Identify the piston.
4. l|dentify the connecting rod.
5. ldentify the crankshaft.

6. ldentify the spark plug.
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7. Record the functions of the identified components.

Expected outcome: Learners identify and explain the functions of the major parts of a reciprocating
engine.

Activity 2: Compare aircraft engines
Learning task: Learners compare pictures of a turbojet, turbofan, turboprop and turboshaft.
Procedure:

1. Observe each engine illustration.

2. ldentify the major parts.

3. State how each engine produces thrust or power.

4. Identify aircraft that use each type.

e

Present the findings to the class.
Expected outcome: Learners distinguish the main types of gas turbine engines.
Activity 3: Demonstrate the four-stroke cycle
Learning task: Use a physical model, animation or teacher demonstration.
Procedure:

1. Demonstrate intake.

2. Demonstrate compression.

3. Demonstrate power.

4. Demonstrate exhaust.

w1

Explain the movement of the piston and valves.

Expected outcome: Learners explain the operation of a four-stroke piston engine.
Activity 4. Draw and label a gas turbine engine

Learning task: Learners produce a labelled diagram of a basic gas turbine engine.
Required labels:

e Intake.
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o Compressor.

o Combustion chamber.
o Turbine.

o Exhaust nozzle.

o Shaft.

Expected outcome: Learners develop technical drawing and aircraft-engine identification skills.

21.0 Project: Construct a working model of an aircraft propulsion system
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Project title
Design and Construct a Demonstration Model of an Aircraft Propulsion System
Project objective

To design and construct a simple model that demonstrates how an aircraft propulsion system produces
thrust or mechanical power.

Project options

Option A: Propeller propulsion model

Learners construct a model showing how a rotating propeller produces thrust.
Materials:

Lightweight cardboard or foam board.

Small low-voltage DC motor.

« Suitable propeller designed for the motor.

« Battery holder and appropriate batteries.

« Connecting wires.

« Switch.

o Glue or adhesive.

o Recycled materials for the supporting frame.
Construction procedure:

1. Sketch the proposed model.

2. Prepare a stable base.

3. Make a simple aircraft fuselage from lightweight material.

4. Attach the motor securely to the model.

5. Fit a suitable propeller to the motor shaft.

6. Connect the motor to a low-voltage power source through a switch.

7. Check that the propeller is securely attached and has adequate clearance.
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8. Ask the teacher to inspect the model before testing.
9. Operate it only in a controlled, clear area under supervision.
10. Record observations on the movement of air and the reaction force.

Expected outcome: Learners observe that the rotating propeller accelerates air backwards and produces a
reaction force.

Safety: Use only a low-voltage motor and a suitable guarded or enclosed propeller. Do not use metal
blades, high-speed improvised propellers or mains electricity. Keep fingers, hair and loose clothing away
from rotating parts.

Option B: Non-operational gas turbine model
Learners construct a static model showing the main sections of a gas turbine engine.
Materials:

o Cardboard tubes.

Paper rolls.
o Recycled boxes.

« Lightweight plastic components.

o Adhesive.
o Labels.

« Ruler.

« Scissors.

o Coloured paper.
Construction procedure:
1. Draw the outline of a gas turbine engine.
2. Divide the model into the intake, compressor, combustion chamber, turbine and exhaust sections.
3. Construct each section using recycled materials.
4. Join the sections in the correct order.

5. Use paper or cardboard blades to represent compressor and turbine blades.
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6.

7.

8.

Add arrows to show the direction of airflow.
Label each part.

Explain the operation of the model to classmates.

Expected outcome: Learners demonstrate an understanding of gas turbine construction and airflow

without using real fuel or combustion.

Option C: Four-stroke piston engine model

Learners construct a simple hand-operated demonstration model showing piston movement.

Materials:

Cardboard.

Transparent plastic tube or suitable safe cylinder substitute.

Wooden dowel.

Cardboard disc.

Connecting rod made from lightweight material.
Adhesive.

Labels.

Construction procedure:

1.

2.

7.

8.

Make a cylinder using a suitable tube.

Make a piston that can move freely inside the cylinder.
Connect the piston to a lightweight connecting rod.
Attach the rod to a simple crank mechanism.

Turn the crank by hand.

Observe the piston's upward and downward movement.

Label the four strokes on a display chart.

Explain how the real engine converts piston movement into crankshaft rotation.

Expected outcome: Learners demonstrate the reciprocating motion of a piston and its conversion into

rotary motion.
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Project assessment rubric

Assessment area Marks
Planning and design 5
Selection and use of materials | 5
Accuracy of construction 10
Labelling of parts 5
Explanation of operation 10
Creativity and innovation 5
Safety and teamwork 5
Presentation of findings 5
Total 50

Careers related to aircraft propulsion

The knowledge and skills gained in this sub-strand provide a foundation for further learning and careers
in aviation and engineering.

Examples include:
 Aircraft maintenance engineer.
« Aircraft engine technician.
« Aeronautical engineer.
o Aerospace engineer.

« Propulsion systems engineer.
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e Aviation technician.

 Aircraft inspection specialist.

o Gas turbine technician.

 Aircraft manufacturing technician.

« Aviation safety specialist.

« Flight operations specialist.

In Kenya, learners can explore aviation training and career pathways through recognised aviation training

institutions and organisations, subject to their admission requirements and applicable regulatory

approvals.

24.0 Summary of key concepts

Term

Meaning

Aircraft propulsion

The process of producing thrust or power to move an aircraft.

Thrust

The force that propels an aircraft forward.

Reciprocating
engine

An engine that uses pistons moving inside cylinders to produce mechanical power.

Gas turbine engine

An engine that uses continuous airflow and combustion to produce thrust or shaft
power.

Otto cycle

The ideal thermodynamic cycle associated with spark-ignition reciprocating

engines.

Brayton cycle

The ideal thermodynamic cycle associated with gas turbine engines.

Turbojet A gas turbine engine that produces thrust mainly through high-speed exhaust
gases.
Turbofan A gas turbine engine with a fan that accelerates air through bypass and core
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passages.

Turboprop A gas turbine engine that drives a propeller through a reduction gearbox.

Turboshaft A gas turbine engine that delivers useful mechanical power through an output
shaft.

Propeller A rotating device that accelerates air backwards to produce forward thrust.

Compressor A component that increases the pressure of air entering a gas turbine engine.

Combustion The section where fuel burns in compressed air.

chamber

Turbine A component that extracts energy from hot gases to drive rotating machinery.

Reduction gearbox | A gearbox that reduces rotational speed to a suitable level for the propeller or
driven equipment.

Simulation The imitation of a real system using a model, computer programme or
demonstration.

25.0 Important learning points
Learners should be able to remember the following:
1. Aircraft propulsion produces the thrust or power required for aircraft movement.
2. Newton's Third Law explains the action and reaction principle behind jet and propeller propulsion.
3. Reciprocating engines use pistons and cylinders.
4. Spark-ignition reciprocating engines are commonly explained using the Otto cycle.
5. The four strokes are intake, compression, power and exhaust.
6. Gas turbine engines are explained using the Brayton cycle.
7. The main gas turbine engine types are turbojet, turbofan, turboprop and turboshaft.
8. Turbojets produce most of their thrust from the exhaust jet.
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9. Turbofans produce thrust through fan airflow and core exhaust.
10. Turboprops use turbines to drive propellers.
11. Turboshaft engines provide shaft power, particularly for helicopters.

12. Engine systems include fuel, lubrication, cooling, ignition, starting, air induction and exhaust
systems.

13. Aircraft propulsion systems require regular inspection and specialised maintenance.
14. Simulation and model construction help learners understand the operation of aircraft engines.
15. Safety is essential when studying or demonstrating aircraft propulsion.
26.0 Suggested further learning and research
Learners can undertake the following research activities:
1. Find out the types of engines used by aircraft operating from Wilson Airport.

2. Research the difference between engines used by regional aircraft and international passenger
aircraft.

3. Investigate how a turbofan engine contributes to the operation of a modern passenger aircraft.
4. Find out why helicopters commonly use turboshaft engines.

5. Research how aircraft engines are maintained in Kenya.

6. Investigate how electric propulsion may influence the future of aviation.

7. Compare the fuel efficiency of turboprop and turbofan engines in suitable aircraft applications.

Teacher's guidance: Use approved aircraft-engine diagrams, non-operational engine models, videos and
digital simulations. Do not use live fuel combustion or real aircraft engine starting as an ordinary
classroom practical activity. Real engine maintenance and operation must be undertaken only by
appropriately trained and authorised personnel.

REVISION QUESTIONS

STRAND 2.0: BASIC AIRCRAFT CONSTRUCTION
SUB-STRAND 2.2: AIRCRAFT PROPULSION
SECTION A: MULTIPLE-CHOICE QUESTIONS
Answer all questions. Each question carries 1 mark.
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1. What is the main purpose of an aircraft propulsion system?

A. To control the direction of an aircraft

B. To generate thrust or power for aircraft movement
C. To support the weight of the aircraft

D. To regulate the cabin temperature

2. Which of Newton's laws explains the production of thrust when an engine accelerates gases
backwards?

A. First law of motion

B. Second law of motion
C. Third law of motion
D. Law of gravitation

3. The force produced by an aircraft engine to propel an aircraft forward is known as:

A. Drag

B. Lift

C. Weight
D. Thrust

4. Which of the following engines uses pistons moving inside cylinders to produce mechanical power?

A. Reciprocating engine
B. Turbojet engine

C. Turbofan engine

D. Turboshaft engine

5. The thermodynamic cycle commonly associated with spark-ignition piston engines is:

A. Brayton cycle
B. Otto cycle

C. Diesel cycle
D. Rankine cycle

6. Which of the following is the correct sequence of strokes in a four-stroke piston engine?
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A. Compression, intake, exhaust, power
B. Intake, power, compression, exhaust
C. Intake, compression, power, exhaust
D. Power, exhaust, intake, compression

7. During which stroke of a four-stroke engine does combustion force the piston downwards?

A. Intake stroke

B. Compression stroke
C. Exhaust stroke

D. Power stroke

8. Which component converts the reciprocating movement of the piston into rotary movement?

A. Crankshaft
B. Spark plug
C. Cylinder head
D. Inlet valve

9. Which component ignites the compressed fuel-air mixture in a spark-ignition piston engine?

A. Fuel injector

B. Spark plug

C. Connecting rod
D. Exhaust valve

10. Which thermodynamic cycle explains the ideal operation of gas turbine engines?

A. Otto cycle

B. Rankine cycle
C. Brayton cycle
D. Diesel cycle

11. Which component increases the pressure of incoming air in a gas turbine engine?

A. Turbine

B. Exhaust nozzle

C. Combustion chamber
D. Compressor

12. In a gas turbine engine, the combustion chamber is responsible for:
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A. Burning fuel in compressed air

B. Reducing the rotational speed of the propeller
C. Cooling the exhaust gases

D. Supporting the engine shaft

13. Which type of gas turbine engine produces most of its thrust through high-speed exhaust gases?

A. Turboprop

B. Turbojet

C. Turboshaft

D. Reciprocating engine

14. The large fan fitted at the front of a turbofan engine is mainly used to:

A. Cool the aircraft cabin

B. Drive the landing gear

C. Accelerate a large mass of air
D. Store fuel for combustion

15. Which aircraft engine uses a reduction gearbox to transmit power to a propeller?

A. Turbojet
B. Turboshaft
C. Turbofan
D. Turboprop

16. Which type of gas turbine engine is commonly used to power helicopters?

A. Turboshaft

B. Turbojet

C. Turbofan

D. Reciprocating engine only

17. What is the main function of a propeller in an aircraft propulsion system?

A. To increase fuel pressure

B. To accelerate air backwards and produce thrust
C. To regulate engine temperature

D. To compress air inside the cylinders

18. Which aircraft engine system supplies oil to moving engine components to reduce friction and wear?

GRADE 11 AVIATION TECHNOLOGY 367 LEARNING SUPPORT NOTES



A. Ignition system

B. Fuel system

C. Lubrication system
D. Exhaust system

19. Which of the following is an important safety precaution when working around an operating aircraft
engine?

A. Standing close to the propeller

B. Touching hot engine components

C. Placing loose objects near the intake

D. Maintaining a safe distance from rotating components

20. Which of the following is an emerging aircraft propulsion technology?

A. Hybrid-electric propulsion

B. Manual crank propulsion

C. Steam-powered propeller propulsion
D. Human-powered turbine propulsion

SECTION B: STRUCTURED QUESTIONS

Answer all questions.

21. Aircraft propulsion

a) Define the term aircraft propulsion. (1 mark)

b) State any four importance of aircraft engines in aircraft propulsion. (2 marks)

22. Principles of aircraft propulsion

a) State Newton's Third Law of Motion. (1 mark)

b) Explain how Newton's Third Law applies to the operation of a jet engine. (1 mark)
¢) Define thrust. (1 mark)

23. Aircraft engine classification

a) Differentiate between a reciprocating engine and a gas turbine engine. (2 marks)
b) State one aircraft application of a reciprocating engine. (1 mark)

24. Four-stroke piston engine
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a) Name the four strokes of a four-stroke piston engine. (2 marks)

b) State the function of the spark plug in a spark-ignition piston engine. (1 mark)
25. Parts of a reciprocating engine

a) Identify any four basic parts of an aircraft reciprocating engine. (2 marks)

b) State the function of the crankshaft. (1 mark)

26. Otto cycle

a) Name the thermodynamic cycle associated with a spark-ignition reciprocating engine. (1 mark)
b) State any two processes of the ideal Otto cycle. (2 marks)

27. Gas turbine engines

a) Define a gas turbine engine. (1 mark)

b) Name the four main types of gas turbine engines used in aircraft propulsion. (2 marks)
28. Construction and operation of a gas turbine engine

a) Name four main sections of a basic gas turbine engine. (2 marks)

b) Explain the function of the compressor. (1 mark)

c) Explain the function of the combustion chamber. (1 mark)

29. Brayton cycle

a) Name the thermodynamic cycle associated with gas turbine engines. (1 mark)
b) State any two processes of the ideal Brayton cycle. (2 marks)

30. Turbojet engines

a) Define a turbojet engine. (1 mark)

b) Explain how a turbojet engine produces thrust. (2 marks)

31. Turbofan engines

a) Define a turbofan engine. (1 mark)

b) State two functions or advantages of the fan in a turbofan engine. (2 marks)

c) Name the two broad types of turbofan engines based on bypass ratio. (1 mark)
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32. Turboprop engines

a) Define a turboprop engine. (1 mark)

b) State two functions of the reduction gearbox in a turboprop engine. (2 marks)
33. Turboshaft engines

a) Define a turboshaft engine. (1 mark)

b) State two applications of turboshaft engines. (1 mark)

) Explain how a turboshaft engine drives a helicopter rotor. (2 marks)
34. Aircraft propeller systems

a) Define an aircraft propeller. (1 mark)

b) Identify any three parts of an aircraft propeller. (1.5 marks)

c) State one function of a variable-pitch propeller. (0.5 mark)

35. Aircraft engine systems and safety

a) State the function of each of the following engine systems:

i. Fuel system. (1 mark)

ii. Lubrication system. (1 mark)

b) State any two safety precautions observed when working around aircraft engines. (1 mark)

STRAND 2.0: AIRCRAFT BASIC CONSTRUCTION
SUB-STRAND 2.3: AIRCRAFT-RELATED DRAWING
ORTHOGRAPHIC PROJECTION

1.0 Introduction to aircraft-related drawing

Aircraft construction requires accurate drawings to guide the design, manufacture, assembly, inspection,
repair and maintenance of aircraft components.

Aircraft components have different shapes, sizes and functions. Some components are simple, such as
bolts and brackets, while others are complex, such as wings, fuselage sections, engine casings and
landing gear assembilies.
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Technical drawings enable engineers, aircraft technicians, manufacturers and maintenance personnel to
communicate information about components accurately.

1.1 Meaning of aircraft-related drawing

Aircraft-related drawing is the process of representing aircraft, aircraft components, assemblies and
structures using technical drawing methods and standard conventions.

The drawings communicate information such as:
1. Shape and appearance of an aircraft component.
2. Dimensions and measurements.
3. Position of holes, slots and openings.
4. Location of fasteners and joints.
5. Materials used in construction.
6. Assembly relationships between different components.
7. Manufacturing and inspection requirements.
Examples of aircraft-related drawings
o Fuselage structural drawings.
« Wing construction drawings.
 Aircraft bracket drawings.
« Rivet and bolt installation drawings.
« Engine component drawings.
« Landing gear assembly drawings.
 Aircraft door and window drawings.
« Control surface drawings.
1.2 Importance of aircraft-related drawing
Aircraft-related drawing is important because it:
1. Guides aircraft construction: Provides accurate information required when manufacturing aircraft

parts.
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2. Promotes accuracy: Helps technicians produce components with correct dimensions and shapes.

3. Improves communication: Enables designers, engineers and technicians to understand the same
component.

4. Supports maintenance: Helps maintenance personnel identify the correct position and arrangement
of components.

5. Promotes safety: Reduces errors that may result from incorrect manufacture or assembly.
6. Reduces wastage: Minimises material losses caused by inaccurate measurements.
7. Supports inspection: Provides reference information for checking manufactured components.

8. Promotes standardisation: Ensures components are made according to recognised technical
requirements.

9. Assists repairs: Helps technicians understand how damaged components are constructed and
fitted.

10. Supports innovation: Enables designers to develop and improve aircraft structures.
1.3 Meaning of orthographic projection

Orthographic projection is a technical drawing method used to represent a three-dimensional object on
two-dimensional surfaces by projecting its features onto imaginary projection planes using parallel
projectors perpendicular to the planes.

It represents an object using separate views, commonly:
o Front view.
o Top view.
« Side view.
Each view shows the object as seen from a particular direction.

Example: A rectangular aircraft mounting bracket may be represented using a front view, top view and
side view. Each view reveals details that may not be visible in the other views.
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1.4 Characteristics of orthographic projection

Orthographic projection has the following characteristics:
1. It represents three-dimensional objects using two-dimensional views.
2. Projector lines are parallel to one another.
3. Projectors meet the projection plane at right angles.
4. Different views show different sides of the object.
5. The views are arranged according to an accepted projection method.
6. Measurements are taken from the drawing using stated dimensions, not estimated by eye.
7. The drawing maintains the actual proportions of the object when drawn to full scale.
8. Hidden features can be represented using dashed lines.
9. Centre lines can show axes, centres of holes and symmetrical features.

10. It provides a clear representation of the shape and construction of components.
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2.0 Principles of orthographic projection in aircraft drawing

The principles of orthographic projection are the basic rules that guide the representation of aircraft
components using different views.

2.1 Principle of parallel projection

In orthographic projection, imaginary projectors are drawn parallel to one another from the object
towards the projection plane.

o The projectors do not converge at a single point.

« They are perpendicular to the projection plane.

o They transfer the object's features onto the plane.

« This allows the object's dimensions and proportions to be represented accurately.

Application in aircraft construction: Parallel projection is used to represent flat aircraft components,
structural brackets, ribs, frames and other parts.

2.2 Principle of perpendicular projection
The projectors meet the projection plane at an angle of 90 degrees.
This means that:

1. Projectors are at right angles to the projection plane.

2. The projected view is not affected by perspective convergence.

3. Features parallel to the projection plane appear in their true shape and size when drawn at full
scale.

4. Accurate measurements can be communicated.
2.3 Principle of projection planes
Projection planes are imaginary flat surfaces onto which the different views of an object are projected.

Three principal planes are commonly used:

a) Vertical plane (VP)
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It is the plane used to obtain the front view.
The object is viewed from the front.

It shows the height and width of the object.

It is useful for showing the main profile of an aircraft component.

b) Horizontal plane (HP)

It is the plane used to obtain the top view.
The object is viewed from above.

It shows the length and width of the object.

It is useful for representing the plan shape of wings and fuselage sections.

c) Profile plane (PP)

Front —

view

It is the plane used to obtain a side view.

The object is viewed from the left or right.

It shows the height and depth or length of the object, depending on the viewing direction.

It helps reveal the side profile of aircraft components.

Top view

Horizontal
plane

Profile
/ plane

Frontal Right
plane side view
B

2.4 Principle of projection of views
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An object can be represented by several views to show its different features clearly.
The three principal views are:
a) Front view

Obtained by looking directly at the front of the object.

Projected onto the vertical plane.

Shows the object's height and width.

It is usually selected to show the most informative face of the component.
b) Top view

Obtained by looking directly down onto the object.

Projected onto the horizontal plane.

Shows the object's length and width.

It reveals the position of holes, slots and other features on the upper surface.
¢) Side view

Obtained by looking at the object from its left or right side.

Projected onto the profile plane.

Shows the object's height and depth or length.

It reveals features that may not be clear in the front and top views.

Side Elevation View

Orthographic projections of an
object (plan + elevation views)

Front Elevation View

2.5 Principle of alignment of views
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Alignment means arranging the different views so that corresponding features are directly related to one
another.

For example:

The front view and top view must share the same width.

The front view and side view must share the same height.

The top view and side view must share the same depth or length.

Projected features must be positioned consistently across the views.
Importance of alignment
1. Ensures that the views represent the same object.
2. Makes the drawing easier to interpret.
3. Prevents errors when measuring and manufacturing components.
4. Helps identify the position of holes, slots and edges.
5. Makes it easier to compare different views.
2.6 Principle of scale

Scale is the ratio between a measurement on a drawing and the corresponding actual measurement of an
object.

It enables large aircraft components to be represented on manageable drawing sheets and small
components to be enlarged for clarity.

Common drawing scales

Scale | Meaning Example
1:1 Full scale 50 mm on drawing represents 50 mm actual size
1.2 Half scale 50 mm represents 100 mm actual size

1:5 Reduced scale | 20 mm represents 100 mm actual size
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2.1 Enlarged scale | 100 mm represents 50 mm actual size

5:1 Enlarged scale | 50 mm represents 10 mm actual size

Formula for scale
Scale=Drawing measurementActual measurementScale=Actual measurementDrawing measurement
Example 1

A component has an actual length of 200 mm. It is drawn using a scale of 1:2. Calculate the drawing
length.

Drawing length=2002=100 mmDrawing length=2200=100 mm
Therefore, the drawing length is 100 mm.
Example 2
A small aircraft fastener is 10 mm long. It is represented using a scale of 5:1.
Drawing length=10x5=50 mmDrawing length=10x5=50 mm
Therefore, it will be drawn 50 mm long.
Importance of scale
1. Allows large aircraft structures to fit on drawing sheets.
2. Makes small details easier to see.
3. Maintains the correct relationship between dimensions.
4. Helps technicians understand the actual size of components.
5. Supports accurate manufacture and inspection.
2.7 Principle of proportions
Proportion refers to the correct relationship between the sizes of different parts of an object.
In orthographic projection, the different views must maintain consistent proportions.
For example:

o The width of a wing section must correspond in the front and top views.
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« The height of a bracket must correspond in the front and side views.
o The position of a hole must be consistent in all relevant views.
o The length of a component must be represented consistently.
Importance of correct proportions
1. Prevents distortion of the component.
2. Ensures consistency between views.
3. Helps identify the correct shape of components.
4. Supports accurate manufacture.
5. Prevents confusion during assembly.
3.0 Projection of views and the use of projection planes
3.1 How projection takes place

Projection takes place when imaginary lines called projectors are drawn from important points on an
object towards a projection plane.

The process involves:
1. Selecting the object to be drawn.
2. Choosing the direction from which the object will be viewed.
3. Identifying the appropriate projection plane.
4. Drawing projectors perpendicular to the plane.
5. Marking the points where the projectors meet the plane.
6. Joining the projected points to form the required view.

7. Repeating the process for other views.
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3.2 Relationship between the three principal views

The views must be related geometrically.

View Direction of observation | Dimensions shown

Front view | From the front Width and height

Top view | From above Width and depth/length
Side view | From the side Height and depth/length

Important: The exact meaning of length and depth depends on the orientation of the object and the

chosen front face. The key rule is that corresponding dimensions must agree between the views.

3.3 Projection of a simple aircraft bracket

An aircraft bracket is a component used to support, attach or connect other aircraft components.

A simple L-shaped bracket can be represented using:

« Frontview to show its upright face and height.

« Top view to show the base and its width.

« Side view to show the L-shaped profile and thickness.
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3.4 Hidden details in orthographic projection

Some features cannot be seen directly from a particular viewing direction. Such features are represented
using hidden detail lines.

Hidden lines
o Usually drawn as short, evenly spaced dashes.
« Represent edges or features that are not visible from the viewing direction.
« Can indicate holes, internal slots and concealed edges.
Centre lines
« Usually drawn using a thin chain line consisting of alternating long and short dashes.
 Indicate the centre of circular holes, cylinders and symmetrical features.
o Help locate features accurately.

Visible outlines
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« Drawn using continuous thick lines.

o Represent edges that can be seen directly.

« Define the external shape of the component.
Construction lines

o Drawn lightly during the preparation of a drawing.

« Help establish alignment, shape and position.

« Are normally removed or made unobtrusive in the final drawing.

Type of Lines Appearance Description

Visible line Continuous thick line
Dimension line — — Contmuo#zkt:;r: Il;r::hw;:;:rrows or
Extension lines Two thin lines

Leader line Ve Thin line with a pointer

Hiddenline |  ______ Dash thick line

Center line _ _ Chain thin line

4.0 Methods of orthographic projection

The two main methods of orthographic projection are:
1. First-angle projection.
2. Third-angle projection.

Both methods use the same basic principle of projecting an object onto planes. Their main difference is
the position of the object relative to the projection planes and the arrangement of the views.

4.1 First-angle projection

First-angle projection is a method of orthographic projection in which the object is positioned in the first
quadrant, between the observer and the projection planes.

GRADE 11 AVIATION TECHNOLOGY 383 LEARNING SUPPORT NOTES



In this method, the object is imagined to be between the observer and the projection plane.
Arrangement of views in first-angle projection

o The top view is placed below the front view.

o The bottom view is placed above the front view.

« The right-side view is placed to the left of the front view.

o The left-side view is placed to the right of the front view.

[ SR\ BOTTOM

RIGHT | FRONT | LEFT

TOP

www.GDandTBasics.com

Characteristics of first-angle projection
1. The object is positioned in the first quadrant.
2. The object lies between the observer and the projection plane.
3. The top view is placed below the front view.
4. The right-side view is placed to the left of the front view.
5. The left-side view is placed to the right of the front view.
6. Itis associated with ISO and many European engineering drawing practices.
7. Itis commonly encountered in engineering drawings prepared using ISO-based conventions.

Advantages of first-angle projection
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1. Provides a systematic arrangement of views.

2. Supports accurate interpretation of engineering drawings.

3. Is widely recognised in international engineering practice.

4. Helps represent components using standardised conventions.
4.2 Third-angle projection

Third-angle projection is a method of orthographic projection in which the object is positioned in the
third quadrant, with the projection plane between the observer and the object.

Arrangement of views in third-angle projection
« The top view is placed above the front view.
o The bottom view is placed below the front view.
« The right-side view is placed to the right of the front view.

o The left-side view is placed to the left of the front view.

N\ — TOP
LEFT = FRONT | RIGHT

BOTTOM

Characteristics of third-angle projection

1. The object is positioned in the third quadrant.
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5.

6.

The projection plane lies between the observer and the object.
The top view is placed above the front view.

The right-side view is placed to the right of the front view.

The left-side view is placed to the left of the front view.

It is widely used in the United States and some other engineering systems.

Advantages of third-angle projection

1.

2.

3.

4.

Views are arranged in the same general direction from which they are observed.
Makes the relationship between the object and its views easier for some users to understand.
Provides a recognised method of communicating component details.

Supports accurate interpretation of technical drawings.

4.3 Differences between first-angle and third-angle projection

First-angle projection Third-angle projection

Object is in the first quadrant. Object is in the third quadrant.

Object is between observer and projection plane. | Projection plane is between observer and object.

Top view is below front view. Top view is above front view.
Right-side view is on the left of front view. Right-side view is on the right of front view.
Left-side view is on the right of front view. Left-side view is on the left of front view.

Associated with ISO and many European practices. | Widely used in the United States.

Important aviation drawing practice: Never assume the projection method from the appearance of a

drawing alone. Check the projection symbol, title block, drawing notes or applicable engineering

standard. Aircraft maintenance and manufacturing drawings must be interpreted according to the

standard specified by the manufacturer or approved documentation.

4.4 Projection symbols
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Technical drawings often include a standard symbol to identify the projection method used.

The symbol is based on the front and end views of a truncated cone.

Projection Symbol

First angle

—
\

Third angle @2

M@

The symbol helps the reader avoid confusing first-angle and third-angle arrangements.
5.0 Steps in drawing aircraft components in orthographic projection

Drawing an aircraft component in orthographic projection involves a systematic procedure to ensure
accuracy, neatness and correct representation.

5.1 Preparation before drawing
Before beginning the drawing:
1. ldentify the aircraft component to be represented.

2. Study its shape and purpose.
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3. Examine the component from different directions.

4. Identify its major features.

5. Determine the required number of views.

6. Obtain the actual measurements.

7. ldentify the projection method to be used.

8. Select a suitable drawing scale.

9. Prepare the drawing equipment.

10. Select a suitable drawing sheet.

5.2 Drawing equipment and materials

The following equipment may be used:

Equipment

Use

Drawing board

Provides a flat drawing surface

Drawing paper

Provides the surface for the technical drawing

T-square or parallel rule

Draws horizontal parallel lines

Set squares

Draws vertical and inclined lines

Scale ruler Measures and transfers dimensions
Pencil Produces drawing lines

Eraser Removes unwanted pencil marks
Compass Draws circles and arcs

Divider Transfers distances

GRADE 11 AVIATION TECHNOLOGY 388

LEARNING SUPPORT NOTES



Protractor Measures and constructs angles

Technical drawing templates | Assists in drawing standard shapes and symbols
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5.3 Procedure for drawing a component

Step 1: Study the component

« Observe the component carefully.

« Identify its overall shape.

« Identify holes, slots, curves, edges and bends.

o Determine which face should be selected as the front.

Step 2: Obtain measurements
e Measure the length.
o Measure the width.
o Measure the height.
o Measure the thickness.
o Measure the diameter of holes.

e Record the distances between holes and other features.

GRADE 11 AVIATION TECHNOLOGY LEARNING SUPPORT NOTES



Step 3: Select the projection method

o Determine whether first-angle or third-angle projection is required.

o Check the drawing instructions or relevant standard.
o Plan the arrangement of views.

Step 4: Select the scale

o Use full scale where the component can fit on the drawing sheet.

« Use areduced scale for large components.

« Use an enlarged scale for small features requiring detail.

Step 5: Draw the front view
o Draw the main outline.
« Include visible edges.
« Show relevant holes and openings.
« Maintain correct proportions.
Step 6: Project the top view
« Draw projection lines from the front view.

« Transfer the corresponding widths and positions.

« Complete the top view according to the selected projection method.

Step 7: Draw the side view

o Project the necessary measurements from the other views.

« Transfer the correct heights and depths.
o Complete the side view.
Step 8: Add hidden and centre lines
o Use hidden lines for concealed features.
« Use centre lines for holes and symmetrical features.

o Ensure line types are correctly applied.
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Step 9: Add dimensions

Indicate lengths, widths, heights and diameters.

Use dimension and extension lines.

Add units and tolerances where required.

Step 10: Complete the drawing

Check alignment.

Check proportions.

Check dimensions.
Include the title and scale.

Identify the projection method.

Remove unnecessary construction lines.

5.4 Quialities of a good orthographic drawing

A good orthographic drawing should have:

1.

2.

8.

9.

Correct views.

Accurate measurements.
Proper alignment.
Correct proportions.
Clear visible outlines.
Correct hidden lines.
Appropriate centre lines.
Neat dimensioning.

Correct scale.

10. A clear title and drawing identification.

6.0 Freehand sketching of aircraft components in orthographic projection

6.1 Meaning of freehand sketching
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Freehand sketching is the process of drawing an object without using drawing instruments such as rulers,
set squares and compasses.

The drawing is produced using the hand and pencil while maintaining the correct general shape,
proportions and relationships between features.

In aircraft construction, freehand sketching helps technicians communicate ideas and record component
details quickly.

6.2 Importance of freehand sketching

1. Quick communication: Enables technicians to communicate ideas without preparing a full technical
drawing.

2. Planning: Helps designers develop preliminary component designs.

3. Observation: Develops the ability to study and understand component shapes.

4. Problem-solving: Helps technicians illustrate possible solutions to construction problems.
5. Recording information: Allows quick recording of component features during inspection.
6. Practical learning: Develops technical drawing skills.

7. Design development: Helps learners experiment with different shapes and arrangements.

8. Maintenance communication: Can help explain a component's location or visible damage, although
it does not replace approved maintenance documentation.

6.3 Characteristics of a good freehand orthographic sketch

It should show the correct shape of the component.

o It should include the necessary views.

o The views should be properly aligned.

« The proportions should be reasonable.

« Visible edges should be clear.

« Hidden features should be shown where necessary.

o Centre lines should be used for circular and symmetrical features.
« Important dimensions should be indicated.

o The drawing should be neat and understandable,
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6.4 Steps in freehand sketching
1. Observe the component.
2. ldentify the front, top and side faces.
3. Estimate the proportions carefully.
4. Draw the front view lightly.
5. Draw the top view in the correct position.
6. Draw the side view.
7. Add holes, curves, slots and other details.
8. Add hidden and centre lines.
9. Add important dimensions if known.

10. Darken the final outlines.
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An example :
Make free-hand sketches of front, top and right side views of the
pictorial view shown below.
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6.5 Difference between freehand sketching and instrument drawing
Freehand sketching Instrument drawing
Drawn mainly by hand. Drawn using technical instruments or CAD tools.
Usually prepared quickly. May take longer to prepare.

Measurements may be approximate unless carefully  Measurements are accurately set out.
controlled.

Useful for preliminary ideas. Suitable for formal technical drawings.
Does not necessarily follow a fixed scale. Usually follows a stated scale.
Useful for field observations and communication. Used for detailed manufacture and technical

documentation.
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7.0 Dimensioning of orthographic projection drawings in aircraft construction
7.1 Meaning of dimensioning

Dimensioning is the process of indicating the measurements of an object on a technical drawing using
figures, dimension lines, extension lines, symbols and other standard conventions.

In aircraft construction, dimensioning communicates the exact sizes and positions of components and
their features.

Examples include:

Length of a fuselage bracket.

o Thickness of an aircraft panel.
o Diameter of a rivet hole.
« Distance between mounting holes.
« Width of a wing rib.
« Height of a structural support.
7.2 Importance of dimensioning
1. Provides accurate measurements for manufacturing.
2. Guides the positioning of holes and slots.
3. Ensures components fit correctly during assembly.
4. Supports quality inspection.
5. Reduces errors and material wastage.
6. Helps technicians identify the required size of replacement components.
7. Communicates manufacturing requirements.
8. Supports interchangeability of approved components.
9. Helps ensure compliance with engineering specifications.

10. Promotes safety through accurate construction.

7.3 Elements of dimensioning
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a) Dimension line
« A thin continuous line showing the extent and direction of a measurement.
o Usually has arrowheads at both ends.
« Carries the dimension figure.
b) Extension line
« A thin continuous line extending from the feature being measured.
o Shows the limits between which a dimension applies.
o Usually begins with a small gap from the object outline.
c) Dimension figure
o The numerical value indicating the measurement.
o Commonly expressed in millimetres in mechanical engineering drawings.
o Must be clear and readable.
d) Arrowheads
o Mark the ends of dimension lines.
 Indicate the limits of the measurement.
e) Leader line
« A thin line connecting a note or dimension to a particular feature.
« Often used for notes, material information and hole specifications.
f) Centre line
« Indicates the centre of circular or symmetrical features.

o Helps locate holes and cylindrical parts.
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7.4 Common dimensioning symbols
Symbol | Meaning Application
D Diameter Circular holes and shafts
R Radius Curved surfaces and rounded corners
° Degrees Angular measurements
+ Plus or minus Permitted variation
X Number or multiplication sign Repeated features, for example 4 x @6
M Metric thread designation Threaded holes and fasteners
C Chamfer designation in a stated context | Bevelled edges
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Examples

@8 mm means a diameter of 8 millimetres.

R5 mm means a radius of 5 millimetres.

o 30° means an angle of 30 degrees.
e 4 x 6 means four holes, each with a diameter of 6 mm.

« M8 identifies a metric thread designation; the full thread specification may require additional
information.

7.5 Types of dimensions used in aircraft drawings

1. Linear dimensions: Show length, width, height and thickness.

2. Angular dimensions: Show the angle between two lines or surfaces.

3. Diameter dimensions: Show the diameter of circular features.

4. Radius dimensions: Show the radius of curved features.

5. Location dimensions: Show the position of holes, slots and other features.

6. Overall dimensions: Show the total length, width or height of a component.

7. Toleranced dimensions: Indicate the permitted variation from a specified measurement.
7.6 Tolerance in aircraft construction drawings
Tolerance is the permitted variation in a specified dimension.

No manufacturing process can produce every component with absolutely identical measurements.
Tolerances therefore define the acceptable limits within which a component can be manufactured and
still meet its design requirements.

Example
A dimension is specified as:
50£0.2 mm50+0.2 mm
The acceptable size is:

o Minimum: 49.8 mm.

e  Maximum: 50.2 mm.
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Importance of tolerances

1.

2.

5.

6.

Ensure components fit correctly.

Control manufacturing accuracy.

Support safe assembly.

Allow for normal manufacturing variation.
Promote interchangeability where specified.

Help inspectors determine whether a component is acceptable.

Aviation safety note: Aircraft components must be manufactured and inspected according to approved

drawings, specifications and maintenance instructions. Learners should not invent or modify aircraft

dimensions or tolerances.

7.7 Rules for dimensioning orthographic drawings

1.

2.

10.

11.

12.

Use the correct units.

Place dimensions clearly.

Avoid unnecessary repetition of dimensions.

Avoid dimensioning to hidden lines where a clearer view or section can be used.
Use standard symbols.

Keep dimension figures readable.

Use thin lines for dimension and extension lines.

Avoid crossing dimension lines unnecessarily.

Show the location of holes accurately.

Indicate tolerances where required.

Do not estimate dimensions by measuring a printed drawing when stated dimensions are available.

Follow the drawing standard specified by the manufacturer or engineering authority.

8.0 Interpretation of aircraft component drawings in orthographic projection

8.1 Meaning of interpretation of drawings
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Interpretation of aircraft component drawings is the process of studying and understanding the
information presented in a technical drawing to determine the shape, size, features, position and
construction requirements of a component.

It involves examining the different views, dimensions, symbols, line types, notes and drawing information.
8.2 Importance of interpreting aircraft drawings

1. Helps technicians understand the shape of aircraft components.

2. Guides the manufacture of replacement components.

3. Supports correct assembly.

4. Helps identify the location of holes and fasteners.

5. Assists in aircraft inspection and maintenance.

6. Reduces errors during component installation.

7. Helps identify materials and specifications.

8. Supports communication between engineers and technicians.

9. Helps identify missing or damaged features.

10. Promotes compliance with approved technical instructions.
8.3 Information obtained from orthographic drawings
An aircraft component drawing may provide:

o Component name.

o Drawing number.

« Material specification.

o Overall dimensions.

« Hole positions and diameters.

o Thickness of material.

« Shape of the component.

« Surface finish requirements.

Tolerances.
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o Assembly details.

o Projection method.

o Scale.

« Manufacturing notes.
8.4 Steps in interpreting an aircraft component drawing

1. Read the drawing title.

2. ldentify the component being represented.

3. Check the drawing number and revision information.

4. Identify the projection method.

5. Examine the front view.

6. Examine the top view.

7. Examine the side view.

8. Compare the views to understand the three-dimensional shape.

9. Identify visible and hidden lines.

10. Identify centre lines.

11. Read all dimensions.

12. Interpret symbols and notes.

13. Identify material and tolerance information.

14. Establish how the component relates to other parts.

15. Confirm that the drawing is the correct approved version before it is used for actual aircraft work.
8.5 Common mistakes when interpreting orthographic drawings

« Confusing first-angle and third-angle projection.

« Assuming that the top view is always above the front view.

« Ignoring hidden lines.

« Misreading diameter and radius symbols.
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« Confusing millimetres with inches.
« Ignoring drawing scale.
« Overlooking tolerances.
« Failing to align corresponding features.
« Assuming that a sketch is an approved manufacturing drawing.
« Using an outdated or incorrect drawing revision.
9.0 Orthographic projection of aircraft components

Aircraft structures contain many components that can be represented using orthographic projection.
Learners should be able to identify these components, describe their functions and sketch their principal
views.

9.1 Fuselage

aileron

e
WO i QO fuselage

jet engine (atso landing gear)

undercarriage

GRADE 11 AVIATION TECHNOLOGY 403 LEARNING SUPPORT NOTES



Longerons

Derivative of FAA, Public domain

Meaning of fuselage

The fuselage is the main body of an aircraft. It houses the cockpit, passenger cabin, cargo compartment
and other equipment, depending on the aircraft type.

Main functions of the fuselage
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1. Houses the pilot and flight crew.
2. Provides accommodation for passengers.
3. Provides space for cargo and equipment.
4. Supports and connects major aircraft structures.
5. Transfers loads between aircraft structural components.
6. Provides attachment points for wings, tail surfaces and landing gear.
7. Protects occupants and equipment from the external environment.
Main parts and structural features of a fuselage
a) Nose section
« The forward part of the fuselage.
« May house instruments, sensors, radar equipment or other systems.
o Its shape helps reduce aerodynamic drag.
b) Cockpit
« The area where the pilot controls the aircraft.
« Contains flight instruments, controls and communication equipment.
¢) Cabin
« Provides space for passengers or crew.
 Its size and arrangement depend on the aircraft design.
d) Frames
 Structural members that help maintain the fuselage cross-sectional shape.
« Support the fuselage skin.
« Help distribute structural loads.
e) Stringers
« Longitudinal structural members.

e Run along the length of the fuselage.
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« Support the skin and help resist bending loads.
f) Longerons
« Major longitudinal structural members.
o Help carry significant structural loads.
o Their size and arrangement depend on the fuselage design.
g) Fuselage skin
« The external covering of the fuselage.
o Provides an aerodynamic surface.
« In stressed-skin construction, it also carries structural loads.
h) Bulkheads
« Strong transverse structural partitions.
« Help maintain shape and provide structural support.
« May separate compartments or support major loads.
Orthographic projection of a fuselage
A fuselage can be represented using:
« Side view: Shows the nose, cabin, tail and general longitudinal profile.
« Top view: Shows the fuselage plan shape and changes in width.

« Front view: Shows the cross-sectional shape as seen from the front.
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9.2 Wings
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Meaning of an aircraft wing

A wing is an aerofoil-shaped lifting surface attached to an aircraft. It produces most of the lift required to

support an aeroplane in flight.

Functions of aircraft wings

1.

N

6.

7.

Generate lift.

Support the weight of the aircraft during flight.
Provide attachment points for control surfaces.
House fuel tanks in many aircraft designs.

Support engines on aircraft where engines are wing-mounted.

Provide attachment points for landing gear in some aircraft designs.

Contribute to the aircraft's stability and aerodynamic performance.

Main structural parts of a wing

a) Spars

Main structural members running along the span of the wing.
Carry important bending and shear loads.

Help maintain the structural strength of the wing.

b) Ribs

Transverse members that maintain the aerofoil shape.
Support the wing skin.

Transfer loads to the spars.

c) Stringers

Longitudinal reinforcing members.
Support the skin.

Help resist bending and local deformation.
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d) Wing skin
« Covers the external surface of the wing.
« Provides a smooth aerodynamic surface.
« In stressed-skin designs, carries part of the structural load.
e) Leading edge
o The forward edge of the wing.
o First part of the wing to meet the airflow.
f) Trailing edge
o The rear edge of the wing.
« Provides attachment areas for control surfaces such as ailerons and flaps.
g) Ailerons
« Movable control surfaces commonly located near the outer trailing edge.
« Help control aircraft roll.
h) Flaps
« Movable high-lift devices usually located along the trailing edge.
 Increase lift and drag when extended.
Orthographic projection of wings
o Top view: Shows the planform, wing span, sweep and outline.
« Front view: Shows the wing's position and dihedral or anhedral where applicable.

« Side view: Shows the wing's profile and relationship to the fuselage.
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Meaning of a fairing

A fairing is a shaped external covering fitted around aircraft structures or components to provide a

smoother aerodynamic surface and reduce airflow disturbance.

Functions of fairings

1. Reduce aerodynamic drag.

2. Smooth airflow around aircraft structures.

3. Cover gaps and joints between components.

4. Improve the external appearance of an aircraft.

5. Protect certain components from exposure to the airflow.

6. Reduce turbulence around component junctions.

7. Improve aerodynamic efficiency.
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Examples of aircraft fairings
« Wing-to-fuselage fairing.

Landing gear fairing.

o Engine nacelle fairing.
o Flap-track fairing.
« Antenna fairing.
« Tail-cone fairing.
Common materials used for fairings
Depending on the design, fairings may be made from:

Aluminium alloys.

o« Fibre-reinforced composites.

o Fibreglass.

o Carbon-fibre composite materials.

o Other approved lightweight materials.
Orthographic projection of a fairing
A fairing may be represented using:

« Front view to show its cross-sectional profile.

o Top view to show its plan shape.

« Side view to show its length and curved external profile.
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9.4 Fasteners
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Meaning of fasteners
Fasteners are mechanical devices used to join, attach or secure two or more components together.

In aircraft construction, fasteners are important because aircraft structures experience different types of
loading, vibration and environmental conditions.

Types of aircraft fasteners
a) Rivets
o Permanent mechanical fasteners.

Commonly used to join aircraft skins and structural members.

Installed by forming a second head or using an approved installation method.

Common examples include solid rivets and blind rivets approved for particular applications.

b) Bolts
o Threaded fasteners used with nuts or threaded holes.
« Commonly used where a removable or high-strength joint is required.
« Must have the correct type, size and specification for the application.
¢) Nuts
o Threaded components used with bolts.

o Help secure joints.
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« Different types are used depending on the design and locking requirements.
d) Washers

« Placed beneath bolt heads or nuts where specified.

o May distribute loads or protect the surface.

o Their use and type must follow the approved design.
e) Screws

« Threaded fasteners used to secure components.

« May be used for access panels, equipment and other approved applications.
f) Locking devices

o Help prevent unwanted loosening of fasteners.

 Include approved locking nuts, locking devices and other specified arrangements.
Functions of aircraft fasteners

1. Join structural components.

2. Attach aircraft skins to supporting structures.

3. Secure brackets and fittings.

4. Hold access panels in position.

5. Support assembly and disassembly where removable fasteners are used.

6. Maintain the integrity of structural joints.

7. Help transfer loads between joined components.
Orthographic projection of fasteners
Fasteners can be represented using front, top and side views. The drawings may show:

Head shape.

Shank diameter.

Overall length.

Threaded portion.
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o Hole diameter.

o Head thickness.

« Grip length where specified.
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Aviation safety note: Aircraft fastener selection, installation, replacement and inspection must follow
approved aircraft maintenance data and the manufacturer's specifications. A visually similar fastener is not

necessarily an acceptable substitute.

9.5 Brackets

)3

Meaning of a bracket
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A bracket is a structural or supporting component used to attach, hold, position or connect one part of
an aircraft to another.

Brackets may be flat, L-shaped, U-shaped, angled or specially formed to suit their intended purpose.
Functions of aircraft brackets
1. Support aircraft equipment.
2. Attach components to the fuselage or wing structure.
3. Hold pipes, cables and electrical equipment in position.
4. Connect structural members.
5. Provide mounting points for instruments and accessories.
6. Maintain the correct position of attached components.
7. Transfer loads to supporting structures.
Types of brackets
o L-shaped bracket.

Flat mounting bracket.

Angle bracket.

U-shaped bracket.

Equipment support bracket.

Pipe support bracket.

Electrical equipment mounting bracket.
Common materials used for brackets

Aluminium alloys.

Steel alloys.

Titanium alloys.

Approved composite materials.

The material selected depends on the loads, operating environment, weight requirements and design
specifications.

GRADE 11 AVIATION TECHNOLOGY 419 LEARNING SUPPORT NOTES



Orthographic projection of a bracket
A bracket is commonly represented using:
« Front view to show the upright face and hole positions.
« Top view to show the base and its width.
« Side view to show the angle, thickness and overall profile.
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10.0 Practical activity: drawing an aircraft bracket in orthographic projection
CBE practical learning activity
Activity: Draw the orthographic projections of a simple L-shaped mounting bracket.
Learning resources
« Drawing paper.
« Pencil.
o Eraser.

GRADE 11 AVIATION TECHNOLOGY 420 LEARNING SUPPORT NOTES



Ruler.
Set squares.
Drawing board.

Sample L-shaped bracket or teacher-prepared model.

Vernier calliper or suitable measuring instrument, under teacher supervision.

Procedure

1.

2.

10.

1.

12.

13.

14.

15.

16.

Observe the sample bracket.

Identify its front, top and side faces.

|dentify the base and upright sections.

Identify the holes and their positions.

Measure the sample dimensions where permitted.
Select the projection method specified by the teacher.
Select a suitable scale.

Draw the front view.

Project and draw the top view.

Project and draw the side view.

Add visible outlines.

Add hidden lines where necessary.

Add centre lines for holes.

Add dimensions and units.

Check the alignment of the views.

Present the completed drawing for assessment.

Expected learning outcomes

By completing the activity, the learner should be able to:

Identify the main features of a bracket.
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Select appropriate orthographic views.
Apply projection principles.

Use drawing equipment correctly.
Maintain proportions and alignment.
Add dimensions and symbols.

Interpret the completed drawing.

Safety precautions

1.

2.

5.

6.

Handle drawing instruments carefully.

Keep sharp tools in safe positions.

Handle metal components carefully to avoid cuts.
Do not dismantle or modify aircraft components.
Use only safe, teacher-approved samples.

Follow workshop safety procedures.

11.0 Application of orthographic projection in the Kenyan aviation industry

Orthographic projection is relevant to aircraft maintenance, technical training, manufacturing,

engineering and aviation support services in Kenya.

11.1 Areas of application

1.

Aircraft maintenance training: Learners interpret technical drawings when studying aircraft
structures and components.

Aircraft structural inspection: Drawings help technicians understand component arrangement and
structural features.

Component manufacture: Engineering drawings communicate dimensions and specifications.

Aircraft repair: Drawings help authorised personnel understand the construction and arrangement
of components.

Aviation technical education: Training institutions use orthographic projection to develop technical
drawing and interpretation skills.

Aircraft parts supply: Drawings and part specifications_help identify the correct components.
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7. Aviation engineering: Designers use technical drawings to communicate component designs.

8. Quality assurance: Inspection personnel compare manufactured parts with approved drawings and
specifications.

In Kenya, aircraft-related technical drawing is relevant to activities associated with:
« Aircraft maintenance and repair organisations.
« Aviation technical training institutions.
« Aircraft engineering and manufacturing support.
« Airport and aviation maintenance services.
« Aircraft component inspection and supply.
« Aviation education and skills development.

Summary of key terms

Term Meaning

Orthographic projection | Representing a 3D object using 2D views projected onto planes.

Projector An imaginary line used to transfer a point on an object to a projection plane.
Projection plane An imaginary surface on which a view is formed.

Vertical plane Plane used to obtain the front view.

Horizontal plane Plane used to obtain the top view.

Profile plane Plane used to obtain a side view.

Front view View obtained by looking at an object from the front.

Top view View obtained by looking at an object from above.

Side view View obtained by looking at an object from the side.
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First-angle projection Projection method in which the object is in the first quadrant.
Third-angle projection | Projection method in which the object is in the third quadrant.
Scale Ratio between drawing measurement and actual measurement.
Dimensioning Indicating measurements on a technical drawing.
Tolerance Permitted variation in a specified dimension.
Freehand sketching Drawing without relying on drawing instruments.
Fairing Shaped covering used to improve airflow around aircraft structures.
Fastener Device used to join or secure components.
Bracket Component used to support or attach other components.
Fuselage Main body of an aircraft.
Wing Lifting surface of an aircraft.

Summary

1.0 Introduction

5.0 Main Methods of Orthographic
Orthographic projection is a method of Projection

7.0 Drawing Aircraft Components

A. Fuselage (Body)

representing a 3D object on a 2D drawing A. First Angle Projection |
usmg standard views - front, top and side. + Objectis placed in the first quadrant @40_ A
v i (in front of VP and above HP). : S,

» Common in Kenya and many countries.

First Angle Projection

y BE '[hurd Angle Projection
. Object is placed in the third quadrant

1habian 4118 aadd bicla: L LAY




REVISION QUESTIONS

STRAND 2.0: AIRCRAFT BASIC CONSTRUCTION

SUB-STRAND: AIRCRAFT-RELATED DRAWING

SECTION A: MULTIPLE-CHOICE QUESTIONS (20 MARKS)

Choose the correct answer from the alternatives A, B, C and D.

1. Which one of the following best describes orthographic projection?

A. Representing an object using freehand pictures only.

B. Representing a three-dimensional object using two-dimensional views.
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C. Drawing an object using perspective lines that meet at a point.

D. Representing an object using photographs.

2. Which one of the following projection planes is used to obtain the front view of an object?
A. Horizontal plane

B. Profile plane

C. Vertical plane

D. Inclined plane

3. The top view of an aircraft component is obtained by observing the component from
A. Below.

B. Above.

C. The front.

D. The side.

4. In orthographic projection, projectors are normally drawn

A. Parallel to one another and perpendicular to the projection plane.

B. At random angles.

C. Converging towards a single point.

D. Parallel to the object surface only.

5. Which one of the following views shows the height and width of an aircraft bracket?
A. Top view B. Front view

C. Bottom view D. Rear view

6. In first-angle projection, the top view is placed

A. Above the front view.

B. Below the front view.

C. To the right of the front view.

D. To the left of the front view.
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7. In third-angle projection, the right-side view is placed

A. To the left of the front view.

B. Below the front view.

C. To the right of the front view.

D. Above the front view.

8. Which one of the following is a common characteristic of first-angle projection?
A. The object is positioned in the first quadrant.

B. The object is positioned in the third quadrant.

C. The top view is always above the front view.

D. The side views are not required.

9. A component measuring 200 mm is represented on a drawing using a scale of 1:2. What is its drawing
length?

A. 50 mm
B. 100 mm
C. 200 mm

D. 400 mm

10. Which type of line is commonly used to represent concealed edges in an orthographic drawing?
A. Continuous thick line

B. Continuous thin line

C. Dashed line

D. Freehand thick line

11. The main purpose of a centre line in an engineering drawing is to

A. Show the thickness of the component.

B. Indicate the centre of circular or symmetrical features.
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C. Represent hidden surfaces.
D. Show the overall length of the object.

12. Which one of the following instruments is most suitable for drawing circles?

|o1234'56789100|

e

13. The symbol @ in an aircraft component drawing represents

A. Radius.  B. Angle. C. Diameter. D. Thickness.

14. A dimension written as R10 mm indicates

A. A diameter of 10 mm. B. A radius of 10 mm.

C. A length of 10 mm. D. A thickness of 10 mm.

15. Which one of the following is the main purpose of dimensioning an aircraft component drawing?
A. To decorate the drawing.

B. To show the actual measurements of the component.

C. To increase the number of views.

D. To indicate the colour of the component.

16. Which aircraft component is mainly responsible for producing lift?

A. Fuselage

B. Bracket

C. Wing

D. Fairing

17. A shaped covering fitted around aircraft structures to reduce aerodynamic drag is called a
A. Fastener.

B. Fairing.
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C. Longerons.
D. Bulkhead.

18. Which one of the following aircraft structural members runs longitudinally along the fuselage to
support its skin?

.. o

19. Which one of the following is an example of a permanent mechanical fastener commonly used in
aircraft structures?

A. Rivet B. Compass C. Divider D. Protractor

20. Which one of the following should be checked first when interpreting an unfamiliar orthographic
drawing?

A. Colour of the drawing paper.
B. Drawing title and projection method.
C. Name of the person holding the drawing.

D. Size of the drawing board.

SECTION B: STRUCTURED QUESTIONS (50 MARKS)
Answer all questions. Show all necessary working and make your drawings clear.

21. Define orthographic projection and state four reasons why it is important in aircraft construction. (3
marks)

22. Identify the three principal projection planes used in orthographic projection and state the view
obtained from each plane. (3 marks)

23. State three principles governing orthographic projection in aircraft-related drawing. (3 marks)
24. Differentiate between the front view, top view and side view of an aircraft component. (3 marks)

25. State three characteristics of first-angle projection. (3 marks)
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26. State three characteristics of third-angle projection. (3 marks)
27. Differentiate between first-angle projection and third-angle projection using four points. (4 marks)

28. An aircraft mounting bracket has an actual length of 300 mm. It is represented on a drawing using a
scale of 1:3.

a) Define scale. (1 mark)
b) Calculate the length of the bracket on the drawing. (2 marks)
c) State one reason why reduced scales are used in aircraft drawings. (1 mark)

29. Identify four types of lines commonly used in orthographic projection and state one use of each. (3
marks)

30. Describe three steps followed when preparing an orthographic drawing of an aircraft component. (3
marks)

31. Explain four rules that should be observed when dimensioning aircraft component drawings. (4 marks)
32. State three functions of freehand sketching in aircraft-related drawing. (3 marks)

33. Describe four steps involved in interpreting an aircraft component drawing presented in orthographic
projection. (4 marks)

34.

a) Define an aircraft fairing. (1 mark)

b) State three functions of fairings in aircraft construction. (3 marks)
c) Name two examples of aircraft fairings. (1 mark)

35.

a) Define an aircraft bracket. (1 mark)

b) State two functions of brackets in aircraft construction. (1 mark)

c) Name two types of aircraft fasteners. (1 mark)
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Practical drawing and project-based assessment
Project 1: Orthographic drawing of an aircraft bracket

Task: Obtain a safe sample or teacher-prepared model of an L-shaped bracket and prepare its
orthographic drawing.

Your drawing should include:

Front view.

Top view.

Side view.

Visible outlines.

Hidden lines where necessary.
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« Centre lines for holes.
o Correct dimensions.
o Scale.
« Title and projection method.
Project 2: Aircraft component identification
Task: Study pictures or safe models of the following aircraft components:
1. Fuselage.
2. Wing.
3. Fairing.
4. Rivet.
5. Bolt.
6. Bracket.
For each component, record:
« Name of component.
« Main function.
o General shape.
o Important features.
« Views that would be required to represent it in orthographic projection.
Project 3: First-angle and third-angle comparison
Task: Draw a simple rectangular block using both first-angle and third-angle projection.
Show:
o Frontview.
o Top view.
o Left-side view.

Label each drawing correctly and explain the differences in the arrangement of views.

GRADE 11 AVIATION TECHNOLOGY 432 LEARNING SUPPORT NOTES



Suggested assessment criteria

Assessment area Marks

Correct identification of component 5

Correct application of projection method | 5

Accuracy of views and alignment 5
Correct use of drawing lines 5
Dimensioning and neatness 5
Total 25

GRADE 11 AVIATION TECHNOLOGY
STRAND 3.0: FLIGHT OPERATIONS
SUB-STRAND 3.1: FLIGHT CONTROLS
1.0 Introduction to Flight Controls

Flight controls are among the most important systems in an aircraft. They enable a pilot to control the
direction, attitude, stability and movement of an aircraft during flight.

An aircraft must be capable of changing its direction, climbing, descending, turning and maintaining a
desired flight path. These movements are achieved through flight control systems that allow the pilot to
manipulate different control surfaces.

Flight control systems connect the pilot's cockpit controls to movable surfaces located on the wings and
tail section of an aircraft.
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For example:
« When a pilot wants an aircraft to climb, the pilot moves the control column or sidestick backwards.
« When a pilot wants to turn the aircraft, the pilot uses the ailerons and rudder as appropriate.
« When a pilot wants to descend, the pilot moves the control column or sidestick forwards.

« When a pilot wants to reduce the aircraft's speed during approach and landing, the pilot may
extend the flaps according to the aircraft operating procedures.

Flight controls are essential during all phases of flight, including:
1. Taxiing.
2. Take-off.
3. Climbing.
4. Cruising.
5. Turning and manoeuvring.
6. Descending.
7. Approach.
8. Landing.

In Kenya, flight control systems are used in different types of aircraft operated by commercial airlines,
private operators, flying schools, agricultural aviation operators and government aviation agencies.

Examples of aircraft include:

Cessna 172.

Diamond DAA40.

Piper PA-28.

De Havilland Canada Dash 8.

Boeing 737.
1.1 Definition of Flight Controls

Flight controls are the mechanical, hydraulic, electrical or electronic systems and devices used by a pilot
to control an aircraft's attitude, direction, stability and movement during flight.
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They consist of cockpit control devices, connecting mechanisms, actuators and movable aerodynamic
surfaces that alter the airflow around an aircraft to produce the required movement.

Important terms related to flight controls
1. Control surface

A control surface is a movable part of an aircraft's wing or tail that changes the airflow around the aircraft
to produce a desired movement.

Examples:

Ailerons.

Elevators.

Rudder.

Flaps.

o Trim tabs.
2. Aircraft attitude
Aircraft attitude refers to the orientation of an aircraft relative to the horizon.
It describes whether an aircraft is:
o Nose-up.
o Nose-down.
« Wings-level.
o Banked to the left.
o Banked to the right.
3. Aerodynamic force
An aerodynamic force is a force produced when air flows over an aircraft's surfaces.

The major aerodynamic forces are:

o Lift.
« Weight.
e Thrust.
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o Drag.
4. Actuator

An actuator is a mechanical, hydraulic or electrical device that converts an input command into
movement of an aircraft component.

5. Flight manoeuvre

A flight manoeuvre is a controlled movement or change in the aircraft's flight path or attitude.
Examples include climbing, turning, descending and banking.

2.0 CLASSIFICATION OF FLIGHT CONTROLS

Flight controls can be classified according to their functions and the methods through which they
operate.

The main functional classifications are:
1. Primary flight controls.
2. Secondary flight controls.
The main operational classifications according to the control system technology are:
1. Mechanical flight control systems.
2. Hydraulic flight control systems.
3. Fly-by-wire flight control systems.
2.1 Primary Flight Controls

Primary flight controls are the main movable control surfaces responsible for controlling the three
fundamental rotational movements of an aircraft.

They enable the pilot to control:

e Roll.
° P|tCh
e Yaw.

The three primary flight controls are:

1. Ailerons.
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2. Elevators.

3. Rudder.
A. Ailerons
LEFT RIGHT
AILERON AILERON

DOWN

Definition

Ailerons are movable control surfaces located near the outer trailing edges of an aircraft's wings. They are
used to control the rolling movement of an aircraft around its longitudinal axis.

The word aileron originates from French and means little wing.
Location of ailerons
Ailerons are usually located:

« On the outer sections of the left and right wings.

« Along the trailing edges of the wings.

« Near the wing tips, depending on the aircraft design.
Construction of ailerons

Ailerons are constructed using lightweight but strong materials to withstand aerodynamic forces during
flight.

Common materials include:

e Aluminium alloys.
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« Composite materials.

o Fibre-reinforced plastics.

« Lightweight structural honeycomb materials.
An aileron may contain:

« An outer skin.

Internal ribs.

« Spars or structural supports.
« Hinges.
« Control horns.
« Connecting rods or cables.
« Balancing weights in some designs.
Operation of ailerons
Ailerons operate in opposite directions.
When one aileron moves upwards, the other moves downwards.
This creates a difference in lift between the two wings.
For example:

1. When the pilot moves the control column to the left, the left aileron moves upwards.

N

The right aileron moves downwards.
3. Lift decreases on the left wing.

4. Lift increases on the right wing.

5. The aircraft rolls to the left.

When the pilot moves the control column to the right, the opposite movement occurs.
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More lift

Right aileron moves down

Rolling moment
to left

Left aileron moves up

Less lift

Functions of ailerons

1. Control the rolling movement of an aircraft.

2. Assist the pilot in banking the aircraft.

3. Help the aircraft enter and maintain turns.

4. Assist in maintaining the desired bank angle.

5. Help the pilot correct unwanted rolling movements.
Practical example

When a pilot flying a Cessna 172 wants to turn left, the pilot moves the control yoke to the left. The
ailerons deflect in opposite directions, causing the aircraft to roll to the left.

Important point: Ailerons control roll, not pitch or yaw directly.

B. Elevators
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Vertical stabilizer

Horizontal stabilizer

Rudder

Trim tabs ]

{ Elevator

Definition

Elevators are movable control surfaces attached to the trailing edge of the horizontal stabilizer of an
aircraft. They control the pitching movement of an aircraft around its lateral axis.

Location of elevators
Elevators are commonly located:
o At the rear section of the aircraft.
o On the horizontal tail assembly.
« Along the trailing edge of the horizontal stabilizer.
Some aircraft use an all-moving horizontal tail called a stabilator instead of conventional elevators.
Construction of elevators

Elevators are constructed from lightweight structural materials to enable efficient movement while
maintaining strength.

Their construction may include:
e Aluminium skin.
e Internal ribs.

o Spars.
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o Hinges.

« Control horns.

« Balancing weights.

o Connecting cables or pushrods.
Operation of elevators
Elevators respond to the forward and backward movement of the pilot's control column or sidestick.
1. When the pilot pulls the control column backwards:

1. The elevator moves upwards.

N

The airflow over the tail changes.

w

The aerodynamic force on the tail changes.

4. The aircraft's nose pitches upwards.

5. The aircraft may begin climbing if the resulting flight conditions permit.
2. When the pilot pushes the control column forwards:

1. The elevator moves downwards.

2. The aerodynamic force on the tail changes in the opposite direction.

3. The aircraft's nose pitches downwards.

4. The aircraft may begin descending.

Down elevator = 11
nose down VERE It Up elevator =

a nose up i

Functions of elevators

1. Control the pitching movement of an aircraft.
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2. Assist the aircraft in climbing.

3. Assist the aircraft in descending.

4. Help maintain the required pitch attitude.

5. Assist in controlling the aircraft's longitudinal stability.

6. Enable the pilot to adjust the aircraft's nose position.
Practical example

During a training flight at a Kenyan flying school, a student pilot pulls the control column backwards to
increase the aircraft's nose-up pitch attitude during a climb.

Important point: Elevators control pitch around the lateral axis.

C. Rudder

vertical stabilizer
_ rudder

/"/t// ’LL'

o~

elevator

horizontal stabilizer

Definition

A rudder is a movable vertical control surface attached to the trailing edge of the vertical stabilizer of an

aircraft. It controls the yawing movement of an aircraft around its vertical axis.
Location of the rudder
The rudder is located:

o At the rear of the aircraft.

o On the vertical stabilizer.

« Along the trailing edge of the vertical tail.
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Construction of the rudder
The rudder is constructed using lightweight structural materials and consists of:

o OQuter skin.

e Internal ribs.
o Spars.
« Hinges.

« Control horns.
o Connecting cables or pushrods.
« Balancing components where required.
Operation of the rudder
The rudder is controlled using foot-operated rudder pedals in the cockpit.
1. When the pilot presses the left rudder pedal:
1. The rudder deflects towards the left.
2. The aerodynamic force on the vertical tail changes.
3. The aircraft's nose yaws towards the left.
2. When the pilot presses the right rudder pedal:
1. The rudder deflects towards the right.
2. The aerodynamic force changes in the opposite direction.

3. The aircraft's nose yaws towards the right.
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Airflow hits the deflected
rudder surface and forces
the nose of the plane round

Left rudder cause left yaw Right rudder cause right yaw

Functions of the rudder
1. Controls the yawing movement of an aircraft.
2. Helps maintain directional control.
3. Assists in coordinating turns with ailerons.
4. Helps correct unwanted yawing movements.
5. Assists in maintaining directional stability.

6. Helps compensate for crosswind effects during take-off and landing, according to the aircraft's
operating procedures.

7. Helps counteract adverse yaw during turns.
Practical example

When an aircraft experiences a crosswind during landing, the pilot may use rudder input to maintain the
required runway alignment.

Important point: The rudder controls yaw, not roll directly.

2.2 The Three Primary Aircraft Movements

The three primary control surfaces produce three basic rotational movements.
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) -

€ Vertical Axis
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)

Aircraft movement | Axis of movement | Control surface

Roll Longitudinal axis | Ailerons
Pitch Lateral axis Elevators
Yaw Vertical axis Rudder

Explanation of the three axes

1. Longitudinal axis
e Runs from the nose to the tail of an aircraft.
o Itis the axis around which the aircraft rolls.

 Itis controlled mainly by ailerons.

2. Lateral axis
« Runs from one wing tip to the other.

 Itis the axis around which the aircraft pitches.
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o« Itis controlled mainly by elevators.
3. Vertical axis

« Runs vertically through the aircraft.

 Itis the axis around which the aircraft yaws.

o« Itis controlled mainly by the rudder.
Memory aid

« Ailerons = Roll.

« Elevators = Pitch.

e Rudder = Yaw.

3.0 SECONDARY FLIGHT CONTROLS

Secondary flight controls are additional movable surfaces and devices that assist in improving aircraft

performance, stability, handling characteristics and operational efficiency.

They support the operation of primary flight controls but do not replace them.

Examples include:
1. Flaps.
2. Slats.
3. Spoilers.
4. Speed brakes.
5. Trim tabs.

6. Leading-edge devices.

3.1 Flaps
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Definition

HIGH LIFT ALSO
MEANS MORE DRAG.
X

Flaps are movable aerodynamic surfaces fitted to the trailing edge of an aircraft's wings. They increase
the wing's lift and drag characteristics, particularly during take-off and landing.

Location of flaps
Flaps are normally located:
« On the inner sections of the wings.
« Along the trailing edges.
« Between the wing root and the ailerons in many aircraft.
Construction of flaps
Flaps may be constructed using:
o Aluminium alloys.
« Composite materials.
o Structural ribs.

e Spars.
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Hinges.
Tracks and rollers.
Hydraulic or electric actuators.

Mechanical linkages.

Operation of flaps

When the pilot selects a flap setting:

1.

2.

5.

6.

The flap operating mechanism receives the command.

The flaps move from their retracted position.

. The wing's effective camber increases in many flap designs.

The wing generates more lift at a given angle of attack and airspeed.
Drag also increases, depending on flap design and deflection.

The aircraft can operate at a lower speed within its approved operating limits.

Types of flaps

A. Plain flaps

A plain flap is a simple hinged section of the trailing edge of a wing.

It moves downwards when extended.
It increases the curvature or camber of the wing.

It increases lift and drag.
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o Itis commonly found in simple aircraft designs.

B. Split flaps

SPLIT

A
N

ZAP

FOWLER \\
- —
DOUBLE SLOTTED

DOUBLE SLOTTED FLAP
AND LEADING EDGE SLAT

o A split flap consists of a lower section of the wing's trailing edge that moves downwards.
« The upper wing surface remains relatively unchanged.
« lItincreases drag significantly.

o Itis useful in reducing aircraft speed during approach and landing.

C. Slotted flaps
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\ Increases Energy of Air
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» Slotted flaps are trailing-edge flaps with a gap (slot) between the wing
and the flap

= High-pressure air from below the wing is directed to the upper surface
of the flap

« Slotted flaps have a gap or slot between the flap and the main wing.
« Air flows through the slot when the flap is extended.

o The airflow helps delay boundary-layer separation over the flap.

« This improves lift generation at higher flap deflections.

D. Fowler flaps

Wi

122

Schowane Wysuniete

o Fowler flaps move backwards and downwards.
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o Their movement increases both the wing area and camber.
o They produce significant increases in lift.
o They are commonly used on larger transport aircraft.
Functions of flaps
1. Increase lift during take-off.
2. Reduce the aircraft's stall speed for a given configuration and weight.
3. Assist in maintaining controlled flight at lower speeds.
4. Increase drag during landing.
5. Enable steeper approaches when appropriate.
6. Reduce the length of runway required in suitable operating conditions.
7. Improve aircraft handling during low-speed operations.
Kenyan aviation example

A pilot operating a Cessna 172 at an airfield in Kenya may select an appropriate flap setting during
landing to increase lift and drag and enable a controlled approach.

3.2 Slats

C_—

SLAT RETRACTED

(

SLAT EXTENDED

Definition

Slats are movable aerodynamic surfaces fitted along the leading edge of an aircraft's wings. They improve
airflow over the wing at high angles of attack and help delay aerodynamic stall.

Location
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« At the leading edge of the wings.

« Usually along the outer or selected sections of the wing, depending on aircraft design.
Operation of slats

1. The slats extend forward from the leading edge.

2. A gap is created between the slat and the main wing.

3. Air flows through the gap.

4. The airflow helps maintain attachment over the wing's upper surface.

5. The wing can operate at a higher angle of attack before stalling.
Functions of slats

1. Delay airflow separation.

2. Increase the maximum lift coefficient.

3. Improve low-speed flight performance.

4. Reduce the risk of stall at high angles of attack.

5. Improve handling during take-off and landing.

Difference between flaps and slats

Flaps Slats

Located mainly on the trailing edge. | Located on the leading edge.

Increase wing camber and lift. Help maintain airflow over the wing.

Usually increase drag when extended. | Help delay stall.

Used during take-off and landing. Particularly useful at high angles of attack.

3.3 Spoilers
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Definition

Spoilers are movable panels mounted on the upper surface of an aircraft's wings. They disrupt airflow
over the wing, reducing lift and increasing drag.

Location

o On the upper surface of the wings.

« Usually positioned ahead of the trailing-edge flaps.
Operation
When spoilers are deployed:

1. The panels rise above the wing surface.

2. They disturb the smooth airflow.

3. Liftis reduced.

4. Drag increases.

5. The aircraft may descend more rapidly or slow down, depending on the flight condition.

Functions of spoilers
1. Reduce lift during landing.

2. Assist in slowing down an aircraft.
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3. Help increase the rate of descent.

4. Assist in roll control when used as spoilerons.

5. Help transfer aircraft weight onto the landing gear after touchdown.

6. Reduce the lift remaining on the wings during ground operations.
Practical example

After landing at Jomo Kenyatta International Airport, a suitably equipped passenger aircraft may deploy
ground spoilers to reduce lift and increase wheel loading, improving braking effectiveness.

3.4 Trim Tabs

Rudder Trim Tab

Elevator Trim Tab

Elevator

Definition

A trim tab is a small adjustable control surface attached to the trailing edge of a primary flight control
surface. It helps reduce the continuous control force required from the pilot.

Location

Trim tabs may be fitted to:

e Elevators.
e Rudders.
e Ailerons.

Operation of trim tabs

GRADE 11 AVIATION TECHNOLOGY 454 LEARNING SUPPORT NOTES



1. The pilot selects the desired trim setting.

2. The trim tab moves to the selected position.

3. Airflow over the trim tab produces an aerodynamic force.

4. This force changes the loading on the main control surface.

5. The pilot requires less continuous pressure on the main controls.
Functions of trim tabs

1. Reduce pilot workload.

2. Help maintain a desired aircraft attitude.

3. Reduce continuous pressure on the control column.

4. Improve flight comfort.

5. Assist in balancing aircraft forces.

6. Compensate for changes in aircraft loading and flight conditions.
Types of trim tabs

o Fixed trim tabs.

Adjustable trim tabs.

Spring-loaded trim tabs.

Servo tabs.
e Anti-servo tabs.

Important distinction: Trim tabs do not normally replace the primary flight controls. They assist in
balancing control forces and maintaining a desired condition.

3.5 Speed Brakes
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Definition

Speed brakes are devices designed to increase aerodynamic drag so that an aircraft can reduce speed or
increase its rate of descent without necessarily changing its power setting significantly.

Functions

1. Reduce aircraft speed.

2. Assist in controlling descent.

3. Help maintain the required speed during descent.

4. Assist in energy management.

5. Reduce the need for excessive changes in engine thrust.
4.0 METHODS OF OPERATION OF FLIGHT CONTROL SYSTEMS

Flight control systems can be operated using different technologies depending on the size, design and
performance requirements of the aircraft.

The main methods include:

1. Mechanical flight control systems.
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2. Hydraulic flight control systems.
3. Fly-by-wire flight control systems.

4.1 Mechanical Flight Control Systems

ELEVATOR

AILERON

RUDDER

e/
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CRANK
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ROPE
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? ORE PULLEYS P

RUDDER
PEDALS

Definition

A mechanical flight control system is a system in which the pilot's input is transmitted to the aircraft's
control surfaces through physical mechanical connections such as cables, rods, pulleys, bellcranks and
linkages.

It is one of the traditional methods of operating aircraft flight controls.
How mechanical flight control systems work
1. The pilot moves the control column, control wheel or rudder pedals.
2. The movement is transmitted through mechanical linkages.
3. Cables, pulleys or pushrods transfer the movement towards the control surfaces.
4. The control surface moves around its hinges.

5. The airflow over the surface changes.
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6. The aircraft responds by rolling, pitching or yawing.

Main components of mechanical flight control systems

Control stick

Elevator

Pulleys

Cable Push rod

| S

Figure 6-1. Mechanical flight control system.

A. Control column
o The control column is a cockpit device used by the pilot to control pitch and roll.
« It may be designed as a control wheel or a control stick.
« Moving it forwards or backwards controls the elevators.
« Moving it sideways controls the ailerons.
B. Rudder pedals
« These are foot-operated controls located in the cockpit.
o They are used to control the rudder.
« Pressing the left pedal commands left rudder.

o Pressing the right pedal commands right rudder.
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« In many aircraft, rudder pedals are also connected to nose-wheel steering mechanisms.
C. Control cables

Control cables are flexible metallic wires used to transmit mechanical movement.

They connect cockpit controls to flight control surfaces.

They are commonly made from corrosion-resistant steel.

They must be properly tensioned and inspected.

D. Pulleys

Pulleys are rotating wheels that guide control cables.

They help change the direction of cable movement.

They reduce friction when correctly installed and maintained.

They support smooth operation of mechanical controls.
E. Pushrods
o Pushrods are rigid mechanical rods used to transmit pushing and pulling forces.
« They connect different parts of the control system.
o They are commonly used in smaller aircraft.
F. Bellcranks
o Bellcranks are mechanical levers used to change the direction of movement.
« They transfer motion between different components.
« They help convert rotational movement into linear movement or vice versa.
G. Control horns
« Control horns are attachment points fitted to control surfaces.
« They connect control cables or pushrods to the movable surface.
« They enable mechanical force to be applied to the control surface.
H. Hinges

« Hinges attach movable control surfaces to the aircraft structure.
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« They allow the surfaces to rotate or move around a fixed axis.

o They must be properly lubricated and maintained.
Advantages of mechanical flight control systems

1. Relatively simple construction.

2. Easy to understand and demonstrate.

3. Do not require complex electronic computers for basic operation.

4. Can be relatively inexpensive to manufacture.

5. Suitable for many small training aircraft.

6. Can provide direct mechanical feedback to the pilot.
Disadvantages of mechanical flight control systems

1. Long cable systems may become heavy.

2. Friction can affect smooth operation.

W

. Cables require regular inspection and tension adjustment.
4. Mechanical wear can occur.

5. They may require significant pilot effort in larger aircraft.

6. They may be less suitable for very large aircraft without additional assistance.

Examples of aircraft using mechanical flight control systems
o Cessna172.
o Piper PA-28.

« Many small general aviation aircraft.

Some aircraft use mechanical controls combined with hydraulic assistance.

5.0 HYDRAULIC FLIGHT CONTROL SYSTEMS
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Main components: reservoir, pump, valves, accumulator, filters, and plumbing (hoses/pipes) that
store, pressurize, control, and distribute hydraulic fluid.

Definition

A hydraulic flight control system is a system that uses pressurised hydraulic fluid to transmit force and

operate aircraft flight control surfaces.

Hydraulic systems are particularly useful in large and heavy aircraft because they can generate substantial

force with relatively small actuators.
Principles of hydraulic flight control

Hydraulic systems operate based on Pascal's principle.

Pascal's principle: Pressure applied to an enclosed fluid is transmitted equally in all directions throughout

the fluid.
This principle enables hydraulic systems to transmit force from one location to another.
Main components of a hydraulic flight control system
1. Hydraulic reservoir
« Stores hydraulic fluid.
« Supplies fluid to the hydraulic pump.
o Provides space for fluid expansion.
« Helps separate air from the fluid.
2. Hydraulic pump

« Generates hydraulic pressure.
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« Supplies pressurised fluid to the system.
e May be driven by an aircraft engine or an electric motor.
3. Hydraulic fluid
« Transmits pressure and force.
« Lubricates moving components.
o Helps reduce wear.
o Must meet the aircraft manufacturer's specifications.
4. Hydraulic pipes and hoses
« Transport hydraulic fluid.
« Connect pumps, valves and actuators.
« Must withstand the operating pressure.
5. Control valves
o Direct hydraulic fluid to the required components.
« Control the direction and flow of hydraulic fluid.
« Regulate the movement of actuators.
6. Hydraulic actuators
« Convert hydraulic pressure into mechanical movement.

« Move flight control surfaces.

« Provide the force needed to operate heavy control surfaces.

7. Filters
e Remove contaminants from hydraulic fluid.
« Protect valves, pumps and actuators.
« Help maintain system reliability.

How hydraulic flight controls operate

1. The pilot moves a cockpit control.
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2. The control input is transmitted to the hydraulic control mechanism.
3. A valve directs pressurised hydraulic fluid.

4. The fluid enters the appropriate actuator.

5. The actuator moves.

6. The actuator moves the control surface through a linkage.

7. The aircraft responds to the control input.

Neutral

Control stick (AFT—nose up)

LEGEND
B Hydraulic pressure
I Hydraulic return
& Pivot point

Elevator (UP)

Control cables

: —  —

- % Y=

;

[ [ e Py p—  pa— )

Neutral

i "( !
S50,

Neutral Power cylinder

Power disconnect linkage

Advantages of hydraulic flight control systems
1. Generate high operating forces.
2. Suitable for large aircraft.
3. Can operate heavy control surfaces.

4. Provide smooth control movement.
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5. Reduce the physical effort required from pilots.

6. Can be designed with redundant hydraulic systems for improved reliability.
Disadvantages of hydraulic flight control systems

1. Hydraulic fluid leakage may occur.

2. Systems require regular maintenance.

3. Hydraulic components can be expensive.

4. Pumps and pipes increase system complexity.

5. Contamination can damage system components.

6. Loss of hydraulic pressure can affect flight control operation if redundancy is inadequate.
Aircraft applications
Hydraulic flight control systems are commonly used in:

« Large passenger aircraft.

« Military aircraft.

o Transport aircraft.

« Some advanced general aviation aircraft.

6.0 FLY-BY-WIRE FLIGHT CONTROL SYSTEMS
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Definition

A fly-by-wire system is an electronic flight control system in which the pilot's control inputs are
transmitted as electrical signals to flight control computers, which process the commands and direct the
movement of aircraft control surfaces through suitable actuators.

Unlike traditional mechanical systems, the pilot's input is not transmitted solely through direct mechanical
connections.

Main components of a fly-by-wire system
1. Pilot control interface
« Includes the control stick, control wheel or sidestick.
« Allows the pilot to provide flight commands.
« Contains sensors that detect the pilot's input.
2. Flight control computers
« Receive electrical signals from cockpit controls and aircraft sensors.

o Process the pilot's commands.
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« Calculate the required control surface movements.
« Send commands to the relevant actuators.
3. Sensors
Sensors provide information about aircraft conditions.
Examples include:
« Angle-of-attack sensors.
« Airspeed sensors.
« Attitude sensors.
« Position sensors.
o Acceleration sensors.
4. Electrical wiring
« Transmits electrical signals between system components.
« Connects cockpit controls, computers and actuators.
« Must be protected against damage and electrical interference.
5. Actuators
o Convert electrical or hydraulic commands into physical movement.
« Position the required flight control surfaces.
« May be electrically or hydraulically powered.
6. Power supply
« Supplies electrical power to the control computers and related equipment.
« May include multiple electrical power sources for redundancy.
How fly-by-wire systems operate
1. The pilot moves the sidestick or control wheel.
2. Sensors detect the movement.

3. Electrical signals are sent to the flight control computers.
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4. The computers process the command.

5. The computers consider relevant aircraft sensor information and control laws.
6. Commands are sent to the appropriate actuators.

7. The actuators move the control surfaces.

8. Feedback sensors monitor the resulting movement.

FLY-BY-WIRE CONTROL LOOP

ACTUATORS

AIRCRAFT
RESPONSE
: 70N
FEEDBACK .|
SENSORS 1%
FEEDBACK
SENSORS

Advantages of fly-by-wire systems
1. Reduce the need for extensive mechanical control linkages.
2. Improve control precision.
3. Can reduce aircraft structural weight.
4. Allow advanced flight control functions.

5. Can incorporate flight envelope protection.
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6. Support automatic stabilisation functions.

7. Can reduce pilot workload.

8. Allow sophisticated monitoring and fault detection.
Disadvantages of fly-by-wire systems

1. Depend on electrical power and electronic systems.

2. Require complex computer technology.

3. May be expensive to design and maintain.

4. Require specialised maintenance personnel.

5. Electronic faults can affect system operation.

6. Require reliable backup and redundancy arrangements.
Examples of fly-by-wire aircraft

o Airbus A320.

« Airbus A350.

« Boeing 777.
Kenyan aviation application

Modern commercial aircraft operating in Kenya's aviation sector use advanced flight control technologies.
Pilots and aircraft maintenance engineers must understand how these systems operate to support safe
flight operations.

7.0 COMPARISON OF FLIGHT CONTROL SYSTEMS

Feature Mechanical Hydraulic Fly-by-wire
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Operating Physical mechanical | Pressurised fluid Electronic signals and

principle linkages computers

Main Cables, pulleys, rods | Pumps, valves, actuators Sensors, computers,

components wiring

Pilot input Mechanical Mechanical/electrical command Electrical signal
movement depending on design

Power Mechanical force Hydraulic pressure Electrical signals to

transmission

actuators

Complexity Relatively simple More complex Highly complex
Common Small aircraft Large aircraft Modern advanced
application aircraft

Maintenance

Cable and linkage
inspection

Fluid, pump and actuator inspection

Electronic and system
diagnostics

Important: These technologies are not always mutually exclusive. An aircraft may combine mechanical,

hydraulic and electronic components in its flight control architecture.

8.0 CONSTRUCTION OF MECHANICAL FLIGHT CONTROL SYSTEMS

Mechanical flight control systems are constructed by assembling a series of components that connect

cockpit controls to the aircraft's movable control surfaces.

The construction must ensure that the pilot's input is transmitted accurately and reliably.

8.1 General construction arrangement

The system is constructed through the following stages:

Stage 1: Installation of cockpit controls

o The control column or control wheel is installed in the cockpit.
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« Rudder pedals are installed on the cockpit floor.

« The controls are securely attached to their mounting structures.

« Their movement is checked to ensure proper operation.
Stage 2: Installation of control cables and rods

o Cables or pushrods are connected to the cockpit controls.

o Cables are routed through suitable guides and pulleys.

o Pushrods are connected through appropriate mechanical joints.

o The system is protected from excessive friction and interference.
Stage 3: Installation of bellcranks and linkages

« Bellcranks are fitted at required connection points.

« They help change the direction of movement.

« Linkages transmit movement towards the control surfaces.
Stage 4: Installation of control horns

« Control horns are attached to the movable surfaces.

« They provide attachment points for cables and rods.

« They enable the transmitted force to move the control surfaces.
Stage 5: Installation of hinges

« Hinges attach the control surfaces to the aircraft structure.

o They allow movement around the designed hinge axis.

« Their alignment is checked during installation.

Stage 6: Adjustment and inspection
« Cable tension is adjusted according to manufacturer specifications.
« Control travel is checked.

o The system is inspected for wear and damage.
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o Correct movement and freedom from obstruction are verified.

8.2 Mechanical flight control system from cockpit to control surface

The following sequence illustrates how movement is transmitted:

Mechanical flight control transmission
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8.3 Materials used in constructing flight control components

Different materials are selected depending on the component's function, strength, weight and operating

environment.

Material

Application

Importance

Aluminium alloys

Control surface skins and structures

Lightweight and strong

Stainless steel

Cables and fittings

Corrosion resistance

Titanium alloys

Selected high-strength components

High strength-to-weight ratio

Composite materials

Control surfaces and structural parts

Low weight and high strength

Steel

Hinges, pins and linkages

Strength and durability

Rubber and synthetic seals

Hydraulic systems

Prevent fluid leakage

8.4 Factors considered during construction
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1. Strength: Components must withstand the aerodynamic loads experienced during flight.
2. Weight: Lightweight materials help reduce aircraft weight.
3. Durability: Components must withstand repeated movement.

4. Corrosion resistance: Materials must resist deterioration caused by moisture and environmental
conditions.

5. Reliability: The system must operate consistently.
6. Ease of maintenance: Components should be accessible for inspection and servicing.
7. Safety: Construction must follow approved aircraft design and maintenance requirements.
8. Accuracy: Control movement must correspond to the pilot's input.
9.0 MOVEMENTS OF MECHANICAL FLIGHT CONTROL SYSTEMS IN FLIGHT OPERATIONS

Aircraft control surfaces move in response to the pilot's commands. The direction and amount of
movement determine the aircraft's response.

9.1 Aileron movement

Left roll
« Pilot moves the control wheel left.
« Left aileron moves upwards.
« Right aileron moves downwards.

o Lift decreases on the left wing and increases on the-right wing.
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o Aircraft rolls left.
Right roll
« Pilot moves the control wheel right.
« Right aileron moves upwards.
+ Left aileron moves downwards.
« Lift decreases on the right wing and increases on the left wing.
« Aircraft rolls right.

9.2 Elevator movement

Pitch-down

Elevator

Elevator

© AeroToolbox.net 2017

Nose-up movement
« Pilot pulls the control column backwards.
« Elevator moves upwards.
« Tail aerodynamic force changes.
« Aircraft nose pitches upwards.

Nose-down movement
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 Pilot pushes the control column forwards.

e Elevator moves downwards.

« Tail aerodynamic force changes in the opposite direction.

 Aircraft nose pitches downwards.

9.3 Rudder movement

Airflow hits the deflected
rudder surface and forces
the nose of the plane round

Left rudder cause left yaw Right rudder cause right yaw

Left yaw

Pilot presses the left rudder pedal.

Rudder deflects left.

Aerodynamic force on the vertical tail changes.

Aircraft nose yaws left.

Right yaw
 Pilot presses the right rudder pedal.
o Rudder deflects right.
« Aerodynamic force changes in the opposite direction.
« Aircraft nose yaws right.

9.4 Movement of secondary flight controls
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Control surface

Movement

Result

Flaps Extend downwards or according to design | Increase lift and drag

Slats Extend forwards Delay airflow separation
Spoilers Rise above wing surface Reduce lift and increase drag
Trim tabs Deflect relative to the main control surface | Reduce pilot control force

Speed brakes

Extend into the airflow

Increase drag

10.0 THE ROLES OF FLIGHT CONTROL SYSTEMS IN THE OPERATION OF AN AIRCRAFT

Flight control systems perform several important roles in ensuring effective aircraft operation.

10.1 Maintaining aircraft stability

« Flight controls help maintain the aircraft's required attitude.

o They assist in correcting unwanted movements.

« They help the pilot maintain controlled flight.

« They support the aircraft's stability in different flight conditions.

10.2 Controlling direction

« Flight controls enable the pilot to change the aircraft's direction.

 Ailerons help establish the required bank angle.

o Rudders help control yaw.

o Together, they support coordinated turns.

10.3 Controlling altitude

« Elevators help control pitch attitude.

« Changes in pitch, power and aircraft configuration influence climbing and descending.
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« The pilot uses these controls to achieve the desired vertical flight path.
10.4 Supporting take-off operations

Ailerons help maintain lateral control.

Elevators help control pitch.

Rudders assist directional control.

Flaps may improve lift characteristics during take-off where approved.
10.5 Supporting landing operations
« Flight controls help maintain the approach attitude.

Rudders assist runway alignment.

« Ailerons assist in controlling bank.
« Elevators help control pitch.
o Flaps assist in low-speed approach and landing.
« Spoilers, where fitted, help reduce lift after touchdown.
10.6 Improving aircraft manoeuvrability
o They allow aircraft to turn, bank, climb and descend.
« They enable pilots to change the flight path.
« They support accurate positioning and controlled manoeuvres.
10.7 Reducing pilot workload
« Trim systems reduce the effort required to maintain a selected attitude.
« Hydraulic systems reduce the physical force required.
o« Fly-by-wire systems can incorporate automatic control assistance.
10.8 Supporting flight safety
o Properly functioning controls allow pilots to maintain control of the aircraft.
« Redundant systems in appropriately designed aircraft improve reliability.

« Warning and monitoring systems help identify certain faults.
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« Proper inspection helps identify defects before flight.

11.0 FLIGHT CONTROL SYSTEMS SIMULATION
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11.1 Definition of flight control simulation

Flight control simulation is the use of computer-based software, flight simulators or physical models to

imitate the operation and movement of aircraft flight control systems for learning, training, testing and

demonstration purposes.

Simulation enables learners to understand how different pilot inputs produce aircraft responses without

necessarily operating a real aircraft.

11.2 Importance of flight control simulation

1.

2.

Enables learners to practise aircraft control in a safe environment.

Helps learners understand the movement of primary flight controls.
Demonstrates the relationship between cockpit inputs and aircraft responses.
Reduces the cost of repeated practical training in real aircraft.

Allows learners to practise different flight conditions.

Helps learners understand aircraft coordination.

Improves problem-solving and decision-making skills.

Allows instructors to assess learners' understanding.
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9. Helps learners identify incorrect control inputs.
10. Supports the development of aviation skills before actual flight training.
11.3 Types of flight control simulation
A. Computer-based simulation
« Uses computer software to represent aircraft movement.
« Displays the cockpit, flight instruments and control surfaces.
o Learners use a keyboard, mouse or compatible flight controls.
It helps demonstrate basic flight control principles.
B. Desktop flight simulation
o Uses a computer, monitor and flight control peripherals.
« May include a control yoke, joystick and rudder pedals.
« Enables learners to practise simulated aircraft operations.
C. Full-flight simulation

Uses advanced equipment to reproduce aircraft cockpit operations.

May include motion systems and realistic visual displays.

Used extensively in professional pilot training.

Reproduces many aircraft operating conditions.

D. Physical model simulation
o Uses a physical aircraft model to demonstrate control surface movements.
« May use manually operated linkages.

o Helps learners understand mechanical connections.
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Practical learning activity: Demonstrating primary flight controls

PRACTICAL ACTIVITY

Activity title: Demonstrating the operation of primary flight control surfaces.

Learning resources

Aircraft model.

Computer or flight simulator.
Pictures of aircraft control surfaces.
Control surface demonstration chart.

Drawing materials.

Procedure

1.

2. Move the control wheel or model control left.

Identify the ailerons on an aircraft model.
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3. Observe the movement of the ailerons.

4. Identify the elevators.

5. Move the control column backwards and forwards.
6. Observe the elevator movements.

7. ldentify the rudder.

8. Press the left and right rudder pedals on a simulator.
9. Observe the direction of rudder movement.

10. Record the relationship between pilot input and control surface movement.

Observation table

Pilot input Control surface movement | Aircraft response
Control wheel left Left aileron up, right down | Left roll

Control wheel right Right aileron up, left down | Right roll

Control column backwards | Elevator up Nose-up pitch
Control column forwards | Elevator down Nose-down pitch
Left rudder pedal Rudder left Left yaw

Right rudder pedal Rudder right Right yaw

Expected learning outcomes
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By the end of the activity, the learner should be able to:

Identify primary flight controls.
Demonstrate their movements.
Explain the relationship between pilot input and aircraft response.

Interpret simulated aircraft movement.

Appreciate the importance of flight control systems in aviation safety.

11.5 Safety precautions during simulation activities

1.

2.

6.

7.

Use simulation equipment according to the instructor's instructions.
Do not interfere with electrical connections.

Keep the simulation area free from unnecessary objects.

Handle control equipment carefully.

Avoid making unauthorised changes to simulator settings.

Follow all laboratory and workshop safety procedures.

Understand that a simulator does not replace supervised practical flight training.

12.0 FLIGHT CONTROL SYSTEM INSPECTION AND MAINTENANCE

Flight control systems must be inspected and maintained to ensure safe and reliable operation.

Improperly functioning control surfaces may affect the aircraft's ability to respond correctly to pilot inputs.

12.1 Common flight control system defects

1.

2.

Loose control cables.
Damaged pulleys.

Worn hinges.

Corroded mechanical linkages.
Hydraulic fluid leakage.
Damaged hydraulic hoses.

Faulty electrical sensors.
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8. Damaged wiring.

9. Incorrect control surface alignment.

10. Obstruction of control surface movement.
11. Worn bearings.

12. Loose fasteners.

12.2 General maintenance practices

Inspect control surfaces for visible damage.

o Check mechanical connections for wear.

« Examine cables for fraying and corrosion.

o Check hydraulic systems for leakage.

« Inspect electrical wiring and connectors.

« Ensure control surfaces are free from obstruction.

« Verify that components are properly secured.

« Carry out approved functional checks.

o Record maintenance activities appropriately.
Important aviation safety requirement

Flight control inspection, adjustment, rigging and repair must be performed by appropriately authorised
and qualified personnel using approved aircraft maintenance documentation.

Learners should not attempt to adjust or repair actual aircraft flight control systems without proper
training, supervision and authorisation.

12.3 Environmental factors affecting flight controls in Kenya
Kenya experiences different environmental conditions that can affect aircraft components.
Examples include:
1. Dust
« Dust may accumulate around moving components.
« It may contribute to contamination and wear.
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« Regular inspection and cleaning are important.
2. Moisture

« Moisture can contribute to corrosion.

« Metal components and connections require proper protection.
3. High temperatures

o High temperatures may affect materials and hydraulic fluid performance.

« Aircraft maintenance must follow specified temperature and servicing requirements.
4. Coastal environments

« Salt-laden air can accelerate corrosion.

« Aircraft operating around coastal areas such as Mombasa require appropriate corrosion prevention
and inspection.

5. Rain
« Water may enter areas that require protection.
« Drainage and sealing arrangements must be maintained.

13.0 DIFFERENCES BETWEEN PRIMARY AND SECONDARY FLIGHT CONTROLS

Primary flight controls Secondary flight controls

Control the three fundamental aircraft rotational Improve aircraft performance and handling.
movements.

Essential for basic aircraft attitude control. Assist primary controls and improve flight

characteristics.

Include ailerons, elevators and rudder. Include flaps, slats, spoilers and trim tabs.
Control roll, pitch and yaw. Assist with lift, drag, trim and stall characteristics.
Used throughout normal flight operations. Used according to the phase of flight and aircraft
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design.

14.0 APPLICATION OF FLIGHT CONTROLS IN THE KENYAN AVIATION INDUSTRY
Flight control systems are used throughout Kenya's aviation industry.
1. Commercial passenger aviation

Airlines such as Kenya Airways operate aircraft that use sophisticated flight control systems to support
safe passenger transportation.

2. Flight training
Flying schools use light aircraft and simulators to teach student pilots how to operate flight controls.
3. Agricultural aviation

Aircraft used in agricultural operations rely on flight control systems to maintain the required flight path
during specialised operations.

4. Humanitarian and medical aviation

Aircraft used for emergency medical transport depend on properly functioning flight controls to support
safe operations.

5. Cargo aviation

Cargo aircraft use flight control systems to maintain control during loading, take-off, cruising and landing
operations.

6. Airport operations

Pilots use flight controls when manoeuvring aircraft during take-off, approach and landing at airports
such as:

« Jomo Kenyatta International Airport.

Moi International Airport.

Eldoret International Airport.

Kisumu International Airport.

Wilson Airport.

15.0 SUMMARY OF IMPORTANT FLIGHT CONTROL COMPONENTS
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Component Location Main function

Ailerons Wing trailing edges Control roll

Elevators Horizontal tail Control pitch

Rudder Vertical tail Control yaw

Flaps Wing trailing edges Increase lift and drag

Slats Wing leading edges Delay airflow separation
Spoilers Upper wing surfaces Reduce lift and increase drag
Trim tabs Attached to selected control surfaces Reduce pilot control forces

Speed brakes

Aircraft wings or fuselage, depending on design

Increase drag

Control column

Cockpit

Operates pitch and roll controls

Rudder pedals

Cockpit floor

Operate rudder

Cables Internal aircraft structure Transmit mechanical movement
Pulleys Control cable routing Guide cables

Bellcranks Mechanical linkage system Change direction of movement
Actuators Near controlled components Produce control surface movement

16.0 KEY TERMS AND DEFINITIONS

Term

Meaning

Flight control

A system used to control an aircraft's movement and attitude.
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Aileron A movable wing surface that controls roll.

Elevator A movabile tail surface that controls pitch.

Rudder A movable vertical tail surface that controls yaw.

Flap A movable wing surface used to increase lift and drag.

Slat A leading-edge device that helps delay airflow separation.
Spoiler A device that disrupts airflow to reduce lift and increase drag.
Trim tab A small adjustable surface used to reduce pilot control forces.

Mechanical control

A system that transmits movement through physical linkages.

Hydraulic control

A system that uses pressurised fluid to transmit force.

Fly-by-wire

An electronic system that transmits pilot commands through electrical signals.

Actuator

A device that converts an input into physical movement.

Control cable

A flexible mechanical connection that transmits movemen

t.

Bellcrank

A lever that changes the direction of mechanical moveme

nt.

Flight simulator

Equipment or software used to imitate aircraft operations.

Roll Rotation about the longitudinal axis.

Pitch Rotation about the lateral axis.

Yaw Rotation about the vertical axis.
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REVISION QUESTIONS

STRAND 3.0: FLIGHT OPERATIONS

SUB-STRAND: FLIGHT CONTROLS

SECTION A: MULTIPLE-CHOICE QUESTIONS

Choose the correct answer from the alternatives provided.

1. What is the main purpose of flight control systems in an aircraft?
A. To provide electrical power to the engine.

B. To control the movement and attitude of an aircraft.

C. To store fuel during flight.

D. To regulate cabin temperature.

2. Which one of the following is classified as a primary flight control?
A. Flap.

B. Slat.

C. Aileron.

D. Spoiler.

3. The movement of an aircraft around its longitudinal axis is known as:
A. Pitch.

B. Yaw.
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C. Roll.

D. Descent.

4. Which flight control surface is responsible for controlling yaw?

A. Elevator.

B. Rudder.

C. Aileron.

D. Flap.

5. A pilot moves the control column backwards. Which movement is expected in a conventional aircraft?
A. Elevator moves upwards.

B. Rudder moves left.

C. Ailerons move downwards together.

D. Flaps retract.

6. Which one of the following flight control surfaces is located on the trailing edge of an aircraft's wings?
A. Rudder.

B. Elevator.

C. Aileron.

D. Vertical stabiliser.

7. What happens when an aircraft's ailerons move in opposite directions?

A. The aircraft rolls.

B. The aircraft pitches.

C. The aircraft yaws.

D. The aircraft descends automatically.

8. Which component guides a control cable through a mechanical flight control system?
A. Hydraulic pump.

B. Pulley.

GRADE 11 AVIATION TECHNOLOGY 490 LEARNING SUPPORT NOTES



C. Reservoir.

D. Actuator.

9. The main purpose of a bellcrank in a mechanical flight control system is to:

A. Store hydraulic fluid.

B. Change the direction of mechanical movement.

C. Generate electrical power.

D. Increase engine thrust.

10. Which principle forms the basis of hydraulic flight control systems?
A. Bernoulli's principle.

B. Pascal's principle.

C. Newton's law of cooling.

D. Archimedes' principle.

11. Which component generates pressure in a hydraulic flight control system?
A. Hydraulic pump.

B. Control horn.

C. Pulley.

D. Rudder pedal.

12. A fly-by-wire system transmits pilot commands mainly through:

A. Mechanical cables only.

B. Hydraulic pipes only.

C. Electrical signals.

D. Pneumatic tubes.

GRADE 11 AVIATION TECHNOLOGY 491

LEARNING SUPPORT NOTES



13. Which of the following is a major component of a fly-by-wire system?
A. Flight control computer.  B. Mechanical pulley.

C. Fuel tank. D. Exhaust pipe.

14. Which secondary flight control is fitted along the leading edge of an aircraft's wing?
A. Elevator.

B. Rudder.

C. Slat.

D. Aileron.

15. The main purpose of flaps during landing is to:

A. Increase lift and drag.

B. Eliminate aircraft weight.

C. Increase engine power.

D. Control yaw.

16. Which flight control device is used to reduce lift by disturbing airflow over the wing?
A. Elevator.

B. Spoiler.

C. Rudder.

D. Trim tab.

17. The primary function of a trim tab is to:

A. Increase engine speed.

B. Reduce the pilot's continuous control effort.

C. Increase fuel capacity.

D. Control landing gear movement.
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18. Which component connects a movable control surface to the aircraft structure while allowing
movement?

A. Hinge.

B. Fuel filter.

C. Hydraulic reservoir.

D. Electrical battery.

19. Which aircraft movement is controlled mainly by elevators?

A. Roll. B. Yaw. C. Pitch. D. Bank.

20. What is the main purpose of a flight simulator?

A. To replace all aircraft maintenance procedures.

B. To imitate aircraft operations for training and learning.

C. To manufacture aircraft components.

D. To increase aircraft fuel capacity.

21. Which of the following is an advantage of mechanical flight control systems?
A. They require no inspection.

B. They have relatively simple construction.

C. They cannot experience wear.

D. They always operate without friction.

22. What is one major advantage of hydraulic flight control systems?
A. They produce high operating forces.

B. They do not require fluid.

C. They have no moving components.
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D. They operate without maintenance.

23. Which one of the following is a possible defect in a mechanical flight control system?

A. Frayed control cables.

B. Increased passenger comfort.

C. Improved aircraft stability.

D. Reduced pilot workload.

24. Which control is normally operated using the pilot's feet?
A. Control column.

B. Rudder pedals.

C. Throttle lever.

D. Flap lever.

25. Which of the following materials may be used in the construction of aircraft control surfaces?

A. Aluminium alloy.
B. Paper.
C. Cardboard.

D. Ordinary plastic packaging.

26. Which of the following is an important role of flight control systems during take-off?

A. Controlling aircraft attitude and direction.

B. Controlling airport lighting.

C. Operating passenger entertainment systems.

D. Controlling cabin temperature.

27. Which axis extends from the aircraft's nose to its tail?

A. Lateral axis. B. Vertical axis.
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C. Longitudinal axis. D. Horizontal ground axis.

28. What is the main function of hydraulic actuators in flight control systems?
A. Store fuel.

B. Convert hydraulic pressure into mechanical movement.

C. Generate lift directly.

D. Measure atmospheric pressure.

29. Which one of the following environmental factors may contribute to corrosion of flight control
components?

A. Moisture.

B. Clear visibility.

C. Smooth airflow.

D. Low passenger numbers.

30. Why is regular inspection of flight control systems important?
A. To increase the number of passengers.

B. To ensure reliable and safe operation.

C. To reduce the aircraft's wingspan.

D. To eliminate the need for pilots.

SECTION B: STRUCTURED QUESTIONS

Answer all questions.

31.

a) Define the term flight controls. (2 marks)

b) State four functions of flight control systems in an aircraft. (4 marks)

c) Identify four phases of flight during which flight controls are used. (4 marks)
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32.

a) Name the three primary flight control surfaces. (3 marks)

b) Explain how ailerons control the rolling movement of an aircraft. (3 marks)
) Describe how the elevator controls the pitching movement of an aircraft. (2 marks)
d) State two functions of the rudder. (2 marks)

33.

a) Differentiate between primary and secondary flight controls. (2 marks)

b) Identify four examples of secondary flight controls. (4 marks)

c) Explain three functions of flaps in aircraft operations. (3 marks)

d) State one function of slats. (1 mark)

34.

a) Define a mechanical flight control system. (2 marks)

b) Identify four components of a mechanical flight control system. (4 marks)
c) Explain the functions of the following components:

i. Pulley. (1 mark)

ii. Bellcrank. (1 mark)

iii. Control horn. (1 mark)

iv. Hinge. (1 mark)

35.

a) Explain how a mechanical flight control system transmits movement from the cockpit to the control
surface. (5 marks)

b) State three advantages of mechanical flight control systems. (3 marks)
c) Give two defects that may affect mechanical flight control systems. (2 marks)
36. (10 marks)

a) Define a hydraulic flight control system. (2 marks)
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b) Identify four components of a hydraulic flight control system. (4 marks)

c) Explain how hydraulic pressure is used to move an aircraft control surface. (4 marks)
37.

a) Define a fly-by-wire flight control system. (2 marks)

b) State four components of a fly-by-wire system. (4 marks)

c) Explain two advantages of fly-by-wire systems in modern aircraft. (2 marks)

d) State two disadvantages of fly-by-wire systems. (2 marks)

38.

a) Explain the difference between roll, pitch and yaw. (3 marks)

b) State the axis associated with each of the following movements:

i. Roll. (1 mark)

ii. Pitch. (1 mark)

iii. Yaw. (1 mark)

c) Explain the importance of coordinated use of ailerons and rudder during turning. (4 marks)
39.

a) Define flight control simulation. (2 marks)

b) Identify four types of flight control simulation. (4 marks)

c) Explain four benefits of using flight simulators in aviation training. (4 marks)

40.

A flying school in Kenya intends to train Grade 11 Aviation Technology learners on the operation of
aircraft flight control systems.

a) ldentify three primary flight controls that learners should study. (3 marks)
b) Describe how a learner can demonstrate the operation of ailerons using an aircraft model. (3 marks)
c) State two safety precautions to observe during flight control simulation activities. (2 marks)

d) Explain two reasons why aircraft flight control systems require regular inspection. (2 marks)
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PROJECT ACTIVITIES
The following activities can be used to assess practical competencies.
Activity 1: Identification of flight control surfaces

Task: Using an aircraft model, identify and label the following:

o Ailerons.
« Elevators.
o Rudder.

o Flaps.

o Slats.

« Spoilers.

Expected evidence: Correctly labelled aircraft diagram and explanation of each component's function.
Activity 2: Demonstration of primary flight controls
Task: In groups, demonstrate the movement of primary flight controls using an aircraft model.
Expected evidence:

« Correct identification of control surfaces.

o Demonstration of roll, pitch and yaw.

« Correct explanation of the relationship between pilot input and aircraft movement.
Activity 3: Construction of a mechanical flight control model

Task: Construct a simple working model demonstrating how a cockpit control can operate an aircraft

control surface using mechanical linkages.
Materials:
« Cardboard or lightweight plywood.
« String or suitable wire.

« Small pulleys.
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o Hinges.

o Stiff rods.

o Adhesive.

« Scissors.

o Ruler.
Procedure:

1. Construct a simple aircraft wing and tail model.

2. Attach movable ailerons to the wing.

3. Attach an elevator to the horizontal tail.

4. Attach a rudder to the vertical tail.

5. Connect suitable strings or rods to the control surfaces.

6. Introduce a simple control mechanism.

7. Move the controls and observe the resulting surface movements.
8. Record the observations.

Expected evidence: A functional model demonstrating the transmission of mechanical movement from a
cockpit control to a control surface.

Activity 4: Flight control system comparison
Task: Prepare a comparison chart showing mechanical, hydraulic and fly-by-wire flight control systems.
Expected evidence:
« Correct identification of the systems.
« Description of their operating principles.
« ldentification of their components.
« Comparison of advantages and limitations.
Activity 5: Digital flight control simulation

Task: Use a computer-based flight simulator to demonstrate the movement of primary flight controls.
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Expected evidence:
 Ability to identify control inputs.
« Correct interpretation of simulated aircraft movements.

« Explanation of the role of each control surface.
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STRAND 3.0: FLIGHT OPERATIONS

SUB-STRAND 3.2: FLIGHT INSTRUMENTS
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1.0 INTRODUCTION TO FLIGHT INSTRUMENTS

Aircraft flight instruments are essential devices used by pilots to obtain information about the aircraft's
flight condition, altitude, speed, direction, engine performance and the operation of different aircraft
systems.

GRADE 11 AVIATION TECHNOLOGY 501 LEARNING SUPPORT NOTES



During flight, pilots cannot rely entirely on what they can see outside the aircraft. Clouds, darkness, poor
visibility, rain, haze and other weather conditions may make it difficult to determine the aircraft's exact
position, altitude, speed and attitude.

Flight instruments provide reliable information that helps pilots monitor aircraft performance, navigate
safely and make appropriate operational decisions.

For example, when an aircraft is flying from Jomo Kenyatta International Airport in Nairobi to Moi
International Airport in Mombasa, the pilot uses flight instruments to monitor:

« Aircraft altitude.

o Airspeed.

« Direction of flight.

« Rate of climb or descent.
« Engine performance.

o Fuel quantity.

« Navigation information.
 Aircraft system conditions.

Flight instruments are therefore important in both visual flight operations and instrument flight
operations.

1.1 Definition of flight instruments

Flight instruments are devices installed in an aircraft's cockpit to measure, display and communicate
information about the aircraft's flight condition, position, direction, speed, altitude, engine performance
and operating systems.

They enable pilots to monitor aircraft behaviour and maintain controlled flight.
1.2 Importance of flight instruments in aviation
Flight instruments perform several important roles:

1. Monitoring aircraft performance: They provide information about the aircraft's speed, altitude and
attitude.

2. Supporting navigation: They help pilots determine the aircraft's direction, position and route.
3. Maintaining flight safety: They alert pilots to abnormal operating conditions.

GRADE 11 AVIATION TECHNOLOGY 502 LEARNING SUPPORT NOTES



4. Supporting instrument flight: They enable pilots to operate aircraft when external visual references
are limited, subject to appropriate qualifications and procedures.

5. Monitoring engines: They display engine operating conditions such as temperature, pressure and
rotational speed.

6. Monitoring aircraft systems: They provide information about electrical, hydraulic and fuel systems.

7. Supporting take-off and landing: They help pilots monitor speed, altitude, descent rate and other
important flight parameters.

8. Supporting decision-making: They provide information needed to make appropriate flight
adjustments.

9. Detecting abnormalities: Warning indicators and system displays help identify faults.
10. Improving operational efficiency: They assist pilots in maintaining appropriate flight conditions.
2.0 CLASSIFICATION OF AIRCRAFT INSTRUMENTS

Aircraft instruments can be classified according to the type of information they provide and the physical
principles through which they operate.

The main functional classifications are:

1. Flight instruments.

2. Navigation instruments.

3. Engine instruments.

4. Aircraft system instruments.

5. Warning and alerting instruments.
They can also be classified according to their operating principles, including:

« Pitot-static instruments.

o Gyroscopic instruments.

« Magnetic instruments.

o Electronic instruments.

« Engine-monitoring instruments.
2.1 Flight instruments
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Flight instruments are devices used to monitor the aircraft's movement, attitude, speed, altitude and rate
of climb or descent.

They provide the pilot with information needed to maintain the required flight condition.
Main flight instruments

1. Airspeed indicator.

2. Attitude indicator.

3. Altimeter.

4. Turn coordinator.

5. Heading indicator.

6. Vertical speed indicator.
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These six instruments are traditionally known as the basic six-pack in many conventional aircraft cockpits.

A. Airspeed Indicator (ASI)
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Definition

An airspeed indicator is an aircraft instrument that measures and displays the speed of an aircraft relative

to the surrounding air.

The speed is normally displayed in knots (nautical miles per hour).
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Location
o Usually installed on the main cockpit instrument panel.

« In conventional instrument arrangements, it is positioned on the upper-left side of the basic six-
pack.

Operating principle
The airspeed indicator operates using the difference between pitot pressure and static pressure.
It receives:

« Total pressure from the pitot system.

« Static pressure from the static pressure system.

The difference between these pressures represents dynamic pressure, which is related to the aircraft's
airspeed.

q=Pt—Ps
Where:
e Q= dynamic pressure.
o Pt= total pressure.
o Ps = static pressure.
The instrument uses this pressure difference to indicate airspeed.
Main components
1. Pitot tube — receives total pressure.
2. Static ports — receive atmospheric static pressure.
3. Pressure pipes — transmit pressure to the instrument.
4. Diaphragm or capsule — responds to pressure differences.
5. Mechanical linkage — transfers movement.
6. Pointer and dial — display the airspeed.
How the airspeed indicator operates
1. As the aircraft moves through the air, the pitot tube receives total pressure.
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2. Static ports receive ambient atmospheric pressure.
3. The pressure difference acts on the sensing mechanism.
4. The diaphragm or capsule expands or contracts.
5. Mechanical movement is transmitted to the pointer.
6. The pointer indicates the aircraft's airspeed.
Importance and functions
« Monitors aircraft speed.
o Helps pilots maintain appropriate operating speeds.
« Supports take-off and landing speed monitoring.
« Helps prevent operation outside approved speed limitations.
« Assists in identifying changes in aircraft performance.
« Supports flight manoeuvres.
Colour markings on an airspeed indicator

Many conventional aircraft airspeed indicators have coloured arcs.

Colour marking | Meaning

White arc Flap operating range in aircraft for which this marking applies

Green arc Normal operating range

Yellow arc Caution range; operation requires smooth air and compliance with limitations
Red line Maximum operating speed limitation, usually VNE VNE

Note: Exact markings and meanings must be interpreted using the aircraft's approved flight manual.
Practical example

A pilot operating a Cessna 172 monitors the airspeed indicator during take-off to ensure that the aircraft
accelerates appropriately before rotation, following the aircraft's approved procedures.
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B. Attitude Indicator
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Definition

An attitude indicator is a flight instrument that displays the aircraft's orientation relative to the natural
horizon.

It shows whether the aircraft is:
o Nose-up.
o Nose-down.
o Wings-level.
o Banked to the left.
o Banked to the right.
It is also known as the artificial horizon.
Operating principle
Traditional attitude indicators operate using gyroscopic rigidity in space.

A gyroscope maintains its orientation relative to an inertial reference while the aircraft moves around it.
The instrument uses this reference to show changes in aircraft pitch and bank.
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Modern electronic attitude indicators use sensors such as accelerometers, gyroscopes and computer
processing to display aircraft attitude.

Main components

1. Gyroscope or electronic attitude sensor.

2. Artificial horizon display.

3. Miniature aircraft symbol.

4. Pitch reference markings.

5. Bank angle markings.

6. Power supply in electrically operated systems.

7. Supporting instrument mechanism or display computer.
How the attitude indicator operates

1. The instrument establishes an artificial horizon reference.

2. The aircraft changes its pitch or bank attitude.

3. The instrument detects or represents the change.

4. The miniature aircraft symbol and horizon display show the aircraft's attitude.

w1

The pilot interprets the display to maintain the desired orientation.
Functions

« Displays aircraft pitch attitude.

« Displays aircraft bank angle.

« Helps pilots maintain wings-level flight.

 Assists in controlled turns.

o Supports instrument flight.

« Helps pilots avoid unintended unusual attitudes.
Practical example

When flying in clouds, a pilot may not be able to see the natural horizon. The attitude indicator provides
an artificial reference to help the pilot maintain the required. aircraft attitude.
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C. Altimeter

Definition

An altimeter is an aircraft instrument that measures and displays the aircraft's altitude or height based on
atmospheric pressure.

A conventional barometric altimeter operates by sensing changes in atmospheric static pressure.
Operating principle

The altimeter operates on the principle that atmospheric pressure generally decreases as altitude
increases.

It uses an aneroid mechanism containing sealed capsules that expand or contract as the surrounding
static pressure changes.

Main components
1. Static pressure connection.

2. Aneroid capsules.
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3. Mechanical linkages.
4. Pointer mechanism.
5. Altitude scale.
6. Barometric pressure adjustment knob.
7. Pressure-setting window.
How the altimeter operates
1. Static pressure enters the instrument through the static system.
2. Atmospheric pressure changes as the aircraft climbs or descends.
3. The aneroid capsules expand or contract.
4. The movement is transferred through mechanical linkages.
5. The pointer moves across the calibrated scale.
6. The pilot reads the indicated altitude.
Barometric pressure setting
An altimeter can be adjusted to reflect a specified atmospheric pressure reference.
Important pressure settings include:

« QNH: Pressure setting that enables the altimeter to indicate altitude above mean sea level when
the aircraft is on the aerodrome, subject to standard instrument conventions.

« QFE: Pressure setting associated with the atmospheric pressure at a specified aerodrome reference,
allowing the altimeter to indicate height above that reference.

« QNE: Standard pressure setting of 1013.25 hPa (29.92 inHg), used for flight levels.
Functions
1. Indicates aircraft altitude.

2. Helps pilots maintain assigned altitudes.

W

. Supports terrain and obstacle clearance.
4. Assists in controlled climbing and descending.
5. Supports safe approach and landing.
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6. Helps maintain vertical separation between aircraft.
Practical example

An aircraft flying between Nairobi and Mombasa uses the altimeter to monitor its assigned cruising
altitude and comply with air traffic control instructions.

D. Turn Coordinator

Turn Needle

2 MIN TURN

Balance Ball
Definition

A turn coordinator is a gyroscopic flight instrument that indicates the direction and approximate rate of
an aircraft's turn. It also provides information about coordination through an inclinometer ball.

Operating principle
It operates using gyroscopic principles.

The gyro is mounted at an angle so that it responds to both turning movement and, to some extent,

rolling movement.
Main components
1. Gyroscope.
2. Miniature aircraft symbol.

3. Turn-rate markings.
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4. Inclinometer.
5. Ball indicator.
6. Instrument casing.
How it operates
1. The aircraft begins turning.
2. The gyroscope responds to the turning movement.
3. The miniature aircraft symbol moves towards the direction of the turn.

4. The ball moves according to the balance of forces acting on the aircraft.

w1

The pilot uses the indications to assess turn rate and coordination.
Functions

 Indicates direction of turn.

« Indicates approximate turn rate.

o Helps identify a coordinated or uncoordinated turn.

« Assists in maintaining controlled turns.

o Supports instrument flying.
Understanding the inclinometer ball

o When the ball is centred, the turn is coordinated.

« When the ball moves away from the centre, the turn is uncoordinated.

o Pilots use rudder inputs as appropriate to maintain coordination, following approved training
procedures.

E. Heading Indicator
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Definition

A heading indicator is a flight instrument that displays the direction in which the aircraft's nose is
pointing, expressed in degrees.

It is also called a directional gyro in traditional aircraft.

Operating principle

Traditional heading indicators operate using gyroscopic rigidity in space.

The gyro provides a stable directional reference relative to the aircraft's movement.

Modern electronic systems use magnetometers, inertial sensors and computer processing to provide
heading information.

Main components
1. Gyroscope or electronic heading sensor.

2. Compass card.
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3. Heading pointer.
4. Adjustment knob.
5. Instrument display.
6. Power supply where required.
How it operates
1. The instrument establishes a directional reference.
2. The aircraft changes its heading.
3. The gyroscope or electronic sensor detects the change.
4. The compass card or digital display responds.
5. The pilot reads the new heading.
Functions
 Indicates aircraft heading.
« Assists in maintaining a selected direction.
o Supports navigation.
o Helps pilots follow assigned headings.

« Assists in making accurate turns.

Important point

A conventional directional gyro may drift over time and therefore requires periodic comparison and
adjustment using the magnetic compass.

F. Vertical Speed Indicator (VSI)
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Definition

A vertical speed indicator is a flight instrument that shows the rate at which an aircraft is climbing or

descending.

It normally displays vertical speed in feet per minute (ft/min).

Operating principle

The VSI operates using the rate of change of static atmospheric pressure.

It contains a diaphragm and a calibrated leak that creates a pressure difference as the aircraft climbs or

descends.

Main components
1. Static pressure connection.
2. Diaphragm.

3. Calibrated leak.
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4. Instrument casing.
5. Pointer.
6. Graduated scale.
How it operates
1. Static pressure enters the instrument.
2. As the aircraft climbs, atmospheric pressure decreases.
3. Pressure inside the diaphragm changes at a different rate from pressure in the surrounding casing.
4. The resulting pressure difference causes the diaphragm to move.
5. The pointer indicates the rate of climb.
6. During descent, the pressure changes in the opposite direction.
Functions
« Indicates rate of climb.

Indicates rate of descent.

Helps maintain a controlled vertical flight path.

Assists during approach and landing.

Helps pilots monitor altitude changes.
Important distinction

An altimeter shows the altitude at which the aircraft is operating, while a VSI shows how quickly the
aircraft is climbing or descending.

2.2 Summary of the six basic flight instruments

Instrument Main information provided | Operating principle
Airspeed indicator Airspeed Pitot-static pressure difference
Attitude indicator Pitch and bank Gyroscopic action or electronic sensing
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Altimeter Altitude Static atmospheric pressure

Turn coordinator Turn rate and coordination | Gyroscopic action
Heading indicator Aircraft heading Gyroscopic or electronic sensing
Vertical speed indicator | Rate of climb or descent Rate of change of static pressure

3.0 PRINCIPLES OF OPERATION OF AIRCRAFT FLIGHT INSTRUMENTS

Aircraft instruments operate using different scientific and engineering principles. Understanding these
principles enables learners to explain how instruments detect, measure and display information.

The major operating principles include:
1. Pressure differentials.
2. Gyroscopic action.
3. Magnetism.
4. Electronic sensing.
5. Radio and satellite navigation.

6. Temperature and electrical resistance.

3.1 Pressure Differential Principle
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Figure 7-1. Piror-siatic system and insmuments.
Definition

Pressure differential is the difference between two pressure measurements. In aircraft instrumentation,
pressure differences are used to determine airspeed and changes in atmospheric pressure are used to
determine altitude and vertical speed.

The pitot-static system is one of the most important pressure-based systems in aircraft.
3.1.1 Understanding atmospheric pressure
Atmospheric pressure is the force exerted by the weight of air on a given area.
It changes with altitude and weather conditions.
Important characteristics include:
« Atmospheric pressure generally decreases as altitude increases.
o Atmospheric pressure varies with weather conditions.

o Pressure measurements are essential in aircraft flight operations.
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« Aircraft instruments use pressure changes to determine important flight parameters.
3.1.2 The Pitot-static system
Definition

A pitot-static system is an aircraft pressure-measuring system that uses pitot pressure and static pressure
to provide information to selected flight instruments.

It consists mainly of:

« Pitot tube.

Static ports.

Pressure pipes.

Drain holes.

Associated instruments.

A. Pitot tube
] -

PITOT TUBE

STATIC PORTS - /

FLIGHT INSTRUMENT SENSORS
[ =
Definition

A pitot tube is a pressure-sensing device fitted to an aircraft to measure total pressure from the airflow
entering its opening.

Location

It is commonly mounted:
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On the wing.

On the aircraft fuselage.

On another approved external location where airflow can be sampled.

Functions

1.

Receives total pressure from the airflow.

2. Supplies pressure information to the airspeed indicator.

3. Supports the measurement of aircraft airspeed.

4. Provides pressure input for other systems where designed.

Factors affecting pitot tube operation

Blockage by dirt.
Insects.

Ice formation.
Water accumulation.
Physical damage.

Incorrect installation.

B. Static ports

Pitot Tubes

Definition
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Static ports are openings on an aircraft's exterior that sense the surrounding atmospheric pressure.
Functions

1. Supply static pressure to the altimeter.

2. Supply static pressure to the vertical speed indicator.

3. Supply static pressure to the airspeed indicator.

4. Provide pressure information for other aircraft systems where applicable.
Importance
Static ports must remain unobstructed because blockage can cause inaccurate instrument indications.
C. Pressure transmission pipes

These are pipes or tubes that transmit pressure from the pitot tube and static ports to the appropriate
instruments.

Functions include:

Transmitting pressure accurately.

Connecting pressure-sensing devices to instruments.

Supporting reliable pressure measurement.

Maintaining the integrity of the pitot-static system.

3.1.3 Pressure relationships in aircraft instruments
The relationship between total pressure, static pressure and dynamic pressure is expressed as:
Pt=Ps+q
Where:
o Pt= total pressure.
o Ps = static pressure.

¢ = dynamic pressure.

Dynamic pressure is calculated as:
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Where:

e p = air density.

o V = true airspeed under the simplified aerodynamic relationship.
Importance of pressure differential in aviation

1. Enables airspeed measurement.

2. Supports altitude measurement.

3. Helps determine vertical speed.

4. Supports aircraft performance monitoring.

5. Helps pilots maintain appropriate flight conditions.

6. Supports instrument flight operations.

3.1.4 Common pitot-static system failures

Fault Possible effect

Pitot opening blocked | Incorrect airspeed indication

Static port blocked Incorrect altimeter and VSl indications; airspeed indication may also be affected

Pressure pipe leakage | Erroneous pressure readings

Water in pressure lines | Unreliable instrument readings

Ice formation Interference with pressure sensing

Safety point: Aircraft pitot and static system inspections, tests and repairs must be performed in
accordance with approved maintenance procedures.

4.0 GYROSCOPIC ACTION IN AIRCRAFT INSTRUMENTS
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4.1 Definition of a gyroscope

A gyroscope is a rotating device that uses the angular momentum of a spinning rotor to provide a
directional or rotational reference.

Traditional aircraft gyroscopic instruments use the behaviour of a rapidly rotating rotor to detect or
display aircraft movements.

4.2 Principles of gyroscopic action

Gyroscopic action is based on two major principles:
1. Rigidity in space.
2. Precession.

A. Rigidity in space

Rigidity in space is the tendency of a rapidly spinning gyroscope to maintain the orientation of its
rotational axis.

Explanation
« A gyroscope contains a rotating mass called a rotor.
« When the rotor spins rapidly, it develops angular momentum.
« Its rotational axis tends to maintain its direction.

« When the aircraft changes its attitude, the instrument uses the relative movement to show the
change.

Applications in aircraft
Rigidity in space is applied in:
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o Attitude indicators.
« Traditional heading indicators.
o Some turn indicators.
B. Precession
Precession is the movement of a gyroscope's rotational axis in response to an applied force or torque.

In a gyroscope, the resulting movement occurs approximately 90 degrees ahead in the direction of
rotation from the point where the force is applied, under the conventional idealised model.

Applications

o Turn indicators.

o Turn coordinators.

« Certain gyroscopic instrument mechanisms.
4.3 Main components of a traditional gyroscopic instrument
1. Rotor

« A rotating mass within the instrument.

o Provides angular momentum.

o Helps maintain a stable reference.

2. Gimbal rings

« Support the gyroscope.

« Allow movement around selected axes.

« Help isolate the rotor from aircraft movements.
3. Bearings

e Reduce friction.

« Support smooth rotor movement.

« Improve instrument performance.

4. Casing
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Protects the internal components.
Provides structural support.

Houses the instrument mechanism.

5. Power source

Traditional gyroscopes may be driven by:

Vacuum or pneumatic systems.

Electrical motors.

Modern electronic attitude and heading systems may use solid-state sensors rather than a spinning

mechanical rotor.

4.4 Gyroscopic instruments and their functions

Instrument Gyroscopic application

Attitude indicator | Shows pitch and bank

Heading indicator | Provides directional reference

Turn indicator Indicates turning movement

Turn coordinator | Indicates turn rate and coordination

4.5 Advantages of gyroscopic instruments

1.

2.

5.

6.

Provide useful references for aircraft attitude.
Assist flight in poor visibility.

Help pilots maintain controlled flight.

Support accurate turns.

Reduce dependence on external visual references.

Improve situational awareness.

4.6 Limitations of gyroscopic instruments
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1. Traditional mechanical gyros may experience drift.

2. They require a suitable power source.

3. Bearings and moving parts may wear.

4. Some instruments require periodic alignment.

5. Mechanical gyro systems require proper maintenance.

5.0 MAGNETISM IN AIRCRAFT INSTRUMENTS

5.1 Definition of magnetism

Magnetism is a physical phenomenon associated with magnetic fields and magnetic forces produced by

certain materials and moving electric charges.

In aviation, magnetism is used mainly in magnetic direction-finding instruments such as the magnetic

compass.
5.2 The magnetic compass
Definition

A magnetic compass is an aircraft navigation instrument that uses the Earth's magnetic field to indicate
magnetic direction.

It helps pilots determine the direction in which the aircraft is heading.
5.2.1 Operating principle of the magnetic compass

The magnetic compass operates through the interaction between a magnetised element and the Earth's
magnetic field.

How it operates
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1. The compass contains a magnetised element.
2. The magnetised element aligns itself with the Earth's magnetic field.
3. The compass card displays directional information.
4. The pilot reads the indicated magnetic direction.
5. The compass provides a reference for navigation.
5.2.2 Main components of a magnetic compass
1. Compass housing.
2. Magnetised element.
3. Compass card.
4. Pivot.
5. Lubber line.
6. Damping fluid.
7. Suspension mechanism.
Functions of the magnetic compass

Indicates magnetic heading.

« Provides a basic navigation reference.
o Helps verify the heading indicator.
« Supports navigation when other directional instruments are unavailable.

o Provides a backup directional reference.

5.2.3 Compass directions
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Aviation directions are commonly expressed in degrees from 000° to 360°.

Direction Magnetic compass bearing

North 000° or 360°

North-east | 045°

East 090°

South-east | 135°

South 180°

South-west | 225°

West 270°

North-west | 315°

5.2.4 Magnetic variation and deviation
A. Magnetic variation
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Magnetic variation is the angular difference between true north and magnetic north at a particular

location.
o« Itvaries geographically.

e Itis shown on aeronautical charts.

« It must be considered when converting between true and magnetic directions.

B. Compass deviation

Compass deviation is the error in a magnetic compass caused by magnetic influences within the aircraft

itself.
Possible sources include:

Electrical equipment.

Ferromagnetic aircraft components.

Electrical wiring.

Other magnetic materials.

Difference between variation and deviation

Magnetic variation

Compass deviation

Caused by differences between true north and
magnetic north.

Caused by magnetic influences within the aircraft.

Depends on geographical location.

Depends on the aircraft's magnetic environment and
heading.

Indicated on aeronautical charts.

Determined and recorded through compass
adjustment procedures.

5.2.5 Limitations of the magnetic compass
1. May show errors during acceleration.

2. May show turning errors.
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3. Can be affected by aircraft magnetic materials.
4. May be difficult to read during turbulence.

5. Requires correction for magnetic variation and deviation when appropriate.

6.0 ELECTRONIC FLIGHT INSTRUMENTS

6.1 Definition

Electronic flight instruments are instruments that use electronic sensors, computer processing and digital
displays to measure and present aircraft flight information.

They are commonly used in modern aircraft cockpits.

6.2 Main components of electronic flight instruments
1. Sensors

« Measure aircraft movement and operating conditions.
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Detect changes in pressure, temperature, acceleration and orientation.

2. Data processing units

Receive information from sensors.
Process and convert signals into useful information.

Send processed information to cockpit displays.

3. Display units

Present information to the pilot.
May use LCD or other electronic display technology.

Show numerical values, symbols, maps and warning messages.

4. Electrical power supply

Provides electrical energy to electronic instruments.

Supports instrument operation.

5. Data communication systems

- Transfer information between aircraft sensors, computers and displays.

6.3 Examples of electronic flight instruments

Primary Flight Display (PFD).
Multi-Function Display (MFD).
Electronic attitude display.
Electronic heading display.
Digital airspeed display.
Electronic navigation display.

Engine indication and crew alerting displays.

6.4 Primary Flight Display (PFD)
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Definition

A Primary Flight Display is an electronic cockpit screen that combines important flight information into
one display.

It commonly presents:
o Airspeed.
o Attitude.
o Altitude.
e Heading.
« Vertical speed.
« Flight director guidance.

Selected navigation information.

Functions
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1. Presents essential flight information.

2. Improves pilot awareness.

3. Reduces the need to scan several separate instruments.
4. Supports aircraft control.

5. Helps pilots monitor flight parameters.

6.5 Multi-Function Display (MFD)
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Definition

A Multi-Function Display is an electronic cockpit screen used to present different types of aircraft
information according to the selected display mode.

Information displayed may include:
« Moving maps.
« Navigation routes.
o Terrain information.

o Weather information where supported.
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Traffic information where supported.
Aircraft systems information.

Engine monitoring information.

Functions

1.

2.

3.

4.

5.

Displays navigation information.

Assists in route monitoring.

Supports situational awareness.

Displays selected aircraft system information.

Helps pilots monitor the surrounding operational environment.

7.0 CLASSIFICATION OF NAVIGATION INSTRUMENTS
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7.1 Definition of aircraft navigation

Aircraft navigation is the process of determining and controlling the position, direction and route of an

aircraft as it travels from one location to another.
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Navigation enables pilots to follow planned routes, maintain situational awareness and reach their
intended destinations safely.

In Kenya, aircraft navigation is essential for flights between airports such as:

« Nairobi.

« Mombasa.
o Kisumu.

o Eldoret.

o Malindi.

« Ukunda.

o Lodwar.

« Lokichogio.

7.2 Importance of aircraft navigation instruments
1. Help determine aircraft position.
2. Assist in maintaining the correct route.
3. Help pilots determine direction.
4. Support route planning.
5. Assist in avoiding restricted or prohibited airspace.
6. Help pilots identify navigation points.
7. Support approaches to airports.
8. Assist in maintaining situational awareness.

9. Support communication with air traffic services through the broader navigation and avionics
environment.

10. Help pilots manage changes in route and weather conditions.
7.3 Main navigation instruments

A. Magnetic compass
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« Indicates magnetic direction.

« Helps pilots maintain a selected heading.

o Provides a basic directional reference.

« Can serve as a backup for other heading instruments.

B. Global Positioning System (GPS)
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Definition

GPS is a satellite-based navigation system that enables an aircraft receiver to determine its position,

speed and time by processing signals from navigation satellites.
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Operating principle

1. Satellites transmit coded radio signals.

N

. The aircraft's GPS receiver receives signals from multiple satellites.
3. The receiver calculates the distances to the satellites using signal travel times.
4. It determines the aircraft's position.
5. Navigation equipment displays the position and related navigation information.
Functions
1. Determines aircraft geographical position.

2. Supports route navigation.

w

Provides groundspeed information.

4. Supports waypoint navigation.

5. Assists in determining estimated arrival times.

6. Supports navigation displays and flight management systems.
Practical example

An aircraft travelling from Nairobi to Mombasa may use approved GPS navigation equipment to monitor
its position along its planned route.

Important point: GPS is a satellite navigation system, not a substitute for checking the aircraft's approved
navigation database, navigation procedures and operational requirements.

C. VHF Omnidirectional Range (VOR)
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Definition

VOR is a ground-based radio navigation system that provides an aircraft with directional information
relative to a VOR ground station.

Operating principle
« A ground station transmits radio signals.
« The aircraft's VOR receiver processes the signals.
« The instrument determines the aircraft's position relative to a selected magnetic radial.
« The pilot uses the indication to track towards or away from the station.
Main components
1. Ground VOR station.
2. Aircraft VOR antenna.
3. Radio receiver.
4. Navigation display or course deviation indicator.

5. Course selector.
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Functions
« Provides directional navigation.
« Helps pilots follow selected radials.
« Supports route navigation.
« Assists in determining the aircraft's position relative to a ground station.

D. Distance Measuring Equipment (DME)
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Definition

DME is a radio navigation system that provides the slant-range distance between an aircraft and a
ground-based DME station.

Operating principle
1. The aircraft transmits interrogation signals.

2. The ground station receives the signals.

w

The ground station sends response signals.
4. The aircraft equipment measures the elapsed time.

5. The system calculates the distance.

Functions
« Displays distance to a ground station.

o Supports navigation.
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 Assists in position determination when used with other navigation information.
o Helps pilots monitor progress along a route.

Important point: DME provides slant-range distance, not necessarily the aircraft's horizontal ground

distance from the station.

E. Automatic Direction Finder (ADF)

Definition

ADF is a radio navigation instrument that indicates the direction of a suitable non-directional radio

beacon (NDB) relative to the aircraft.

Operating principle
1. A ground-based NDB transmits radio signals.
2. The aircraft's ADF receiver receives the signals.
3. The receiver processes the signals.

4. The instrument needle indicates the relative direction of the beacon.

Functions
o Helps locate an NDB station.

e Provides directional information.
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« Supports radio navigation.
« Can assist in identifying navigation references where the service is available.

F. Inertial Navigation System (INS)

Definition

An Inertial Navigation System is an aircraft navigation system that uses motion sensors and computer
processing to calculate the aircraft's position, velocity and orientation.

Operating principle
The system uses:
o Accelerometers.
o Gyroscopes.
o Inertial reference sensors.
o Computer processing.
How it operates
1. Sensors measure aircraft acceleration and rotation.
2. The computer processes the measured movements.
3. The system calculates changes in velocity.
4. It calculates changes in position.

5. The resulting information is supplied to navigation displays.
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Functions

1. Provides aircraft movement information.

N

. Supports navigation.

. Provides attitude and orientation information.

w

4. Can operate without continuous external radio navigation signals after alignment.
5. Supports advanced aircraft navigation systems.

Limitation: Inertial navigation systems may accumulate position errors over time and are often updated
using other navigation sources.

G. Instrument Landing System (ILS)
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Definition

An Instrument Landing System is a ground-based radio navigation system that provides precision
approach guidance to aircraft approaching a suitably equipped runway.

Main components

1. Localizer.
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N

Glide slope.

w

Marker beacons where installed and used.

4. Aircraft ILS receiver.

5. Course and glide path display.
Functions

« Provides lateral approach guidance.

« Provides vertical approach guidance.

« Helps pilots maintain the required approach path.

o Supports precision instrument approaches when authorised and available.
A. Localizer

o Provides lateral guidance.

« Helps the pilot maintain alignment with the runway centreline.
B. Glide slope

« Provides vertical guidance.

« Helps the pilot maintain the prescribed descent path.
Kenyan context

Instrument approach systems and procedures at Kenyan airports depend on the facilities installed,
published procedures and current aeronautical information. Pilots must use the applicable official charts
and operational notices.

8.0 ENGINE INSTRUMENTS
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8.1 Definition of engine instruments

Engine instruments are devices installed in an aircraft to monitor and display the operating conditions
and performance of its engine.

They help pilots ensure that the engine operates within the manufacturer's specified limits.

Engine instruments are important because engine malfunction may affect the safety and performance of
an aircraft.

8.2 Main types of engine instruments

A. Tachometer

o 1 B 35\:
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Definition

A tachometer is an instrument used to measure and display the rotational speed of an aircraft engine or
propeller shaft, usually in revolutions per minute (RPM).

Operating principle

Depending on the engine and instrument design, a tachometer may use mechanical, electrical or
electronic sensing.

Functions
1. Monitors engine rotational speed.
2. Helps prevent engine overspeed.
3. Supports power setting.
4. Assists in monitoring engine performance.
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5. Helps pilots maintain approved operating limits.

B. QOil Pressure Indicator

Definition

An oil pressure indicator measures and displays the pressure of lubricating oil circulating within an aircraft
engine.

Functions
« Monitors engine lubrication pressure.
« Helps identify abnormal oil pressure.

« Supports early detection of lubrication system problems.
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« Helps protect engine components from damage.
Importance

Insufficient oil pressure may indicate a serious lubrication problem that requires immediate action
according to the aircraft's approved procedures.

C. Oil Temperature Indicator
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Definition

An oil temperature indicator measures and displays the temperature of the engine lubricating oil.

Functions
1. Monitors oil temperature.
2. Helps identify overheating.
3. Supports engine performance monitoring.
4. Helps ensure that oil temperature remains within approved limits.

D. Cylinder Head Temperature (CHT) Indicator
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Definition

A cylinder head temperature indicator measures and displays the temperature of an engine cylinder

head.

Functions

« Monitors engine operating temperature.

« Helps identify overheating.
« Assists in managing engine power.

« Supports engine protection.

E. Exhaust Gas Temperature (EGT) Indicator
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Definition
An exhaust gas temperature indicator measures the temperature of gases leaving an aircraft engine.
Functions

1. Monitors exhaust gas temperature.

2. Helps identify abnormal combustion conditions.

3. Supports mixture management in applicable piston engines.

4. Assists in monitoring turbine engine operating conditions where applicable.

F. Fuel Quantity Indicator
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Definition
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A fuel quantity indicator displays the amount of fuel available in the aircraft's fuel tanks.
Functions

 Indicates available fuel.

o Helps pilots monitor fuel consumption.

« Supports fuel planning.

o Helps determine whether sufficient fuel is available for the planned flight and required reserves.

G. Fuel Pressure Indicator

Definition
A fuel pressure indicator measures and displays the pressure of fuel supplied to the engine.
Functions

1. Monitors fuel delivery pressure.

2. Helps identify fuel supply problems.

3. Supports engine performance monitoring.

4. Helps detect abnormal fuel pressure conditions.
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H. Manifold Pressure Indicator
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Definition
A manifold pressure indicator measures the absolute pressure in the intake manifold of a piston engine.
Functions

« Indicates engine intake manifold pressure.

« Helps pilots set engine power.

« Supports engine performance monitoring.

« Works with engine RPM indications in applicable aircraft.

. Turbine engine instruments
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Aircraft with turbine engines use specialised engine instruments.
Examples include:
1. NTindicator

« Displays the rotational speed of the low-pressure compressor or fan spool, depending on engine
design.

« Helps monitor engine operation.

2. N2 indicator
« Displays the rotational speed of the high-pressure compressor spool in applicable turbine engines.
« Supports engine monitoring.

3. Engine Pressure Ratio (EPR) indicator

« Displays a pressure ratio used as an engine thrust-setting parameter in engines designed to use
EPR.

« Helps monitor engine thrust.
4. Fuel flow indicator

« Displays the rate at which fuel is supplied to the engine.
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o Helps monitor fuel consumption.
5. Turbine temperature indicator

« Displays specified turbine-section gas temperature measurements, depending on engine design.

o Helps prevent operation beyond temperature limitations.
8.3 Importance of engine instruments

1. Monitor engine performance.

2. Help detect abnormal operating conditions.

3. Assist in preventing engine damage.

4. Support correct power management.

5. Help monitor fuel consumption.

6. Assist in maintaining engine operating limitations.

7. Support safe flight operations.

8. Provide early indications of certain engine faults.

9.0 AIRCRAFT SYSTEM INSTRUMENTS
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9.1 Definition
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Aircraft system instruments are devices and electronic displays used to monitor the condition, operation
and performance of various aircraft systems apart from the basic flight and engine parameters.

They provide information that enables pilots to determine whether the aircraft's supporting systems are
operating correctly.

9.2 Main types of aircraft system instruments

A. Hydraulic Pressure Indicator
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Definition

A hydraulic pressure indicator is an instrument used to measure and display the pressure of hydraulic
fluid within an aircraft hydraulic system.

Functions
1. Monitors hydraulic pressure.
2. Helps identify pressure loss.
3. Supports monitoring of hydraulic pumps.
4. Helps identify abnormalities in hydraulic operations.

5. Supports the safe operation of hydraulically powered systems.

B. Electrical System Indicators
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Electrical system instruments monitor the condition and performance of the aircraft's electrical power
system.

Examples

o Voltmeter.

o Ammeter.

« Battery charge indicator.

« Generator or alternator warning indicator.

o Electrical system status display.
Functions

1. Monitor electrical voltage.

2. Indicate electrical current flow.

3. Monitor battery charging.

4. Help identify electrical system faults.

5. Support reliable operation of electrical equipment.
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Voltmeter

A voltmeter measures electrical potential difference, expressed in volts.

Ammeter

An ammeter measures electric current flowing through a circuit, expressed in amperes.

C. Landing Gear Position Indicator

Gear selected down.

Gear selected up. Red indication, main
Red indication, up or wheels (up or in

in transit. transit). Green nose
wheel, (down).

e

Gear selected down.
Green indication.

Definition

A landing gear position indicator is a cockpit instrument that displays the position and locking status of
an aircraft's landing gear.

Common indications
o Green light: landing gear down and locked, where the aircraft uses this convention.

« Red or warning indication: gear is in transit or an unsafe condition exists, depending on aircraft

design.
« No light: may indicate gear retracted, a warning condition or an indicator fault, depending on the
system.
Functions

1. Displays landing gear position.
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2. Helps pilots verify gear extension.

3. Provides warning of unsafe gear conditions.

4. Supports landing preparation.

5. Helps prevent landing with improperly configured landing gear.

D. Fuel System Indicators
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Fuel system instruments provide information about the aircraft's fuel supply and distribution.
Examples include:

« Fuel quantity indicator.

Fuel pressure indicator.

Fuel temperature indicator where fitted.

Fuel transfer indicators.

Fuel pump warning indicators.
Functions
1. Monitor fuel availability.

2. Show fuel distribution between tanks.
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3. Monitor fuel pressure.
4. Help identify abnormal fuel conditions.
5. Support fuel management.

E. Cabin Pressure Indicator

Cabin differential
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Cabin pressure
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Cabin/differential pressure indicator

Definition

A cabin pressure indicator is an instrument that displays information about the pressure conditions within
a pressurised aircraft cabin.

Functions
1. Monitors cabin altitude.
2. Displays cabin pressure differential where fitted.
3. Helps pilots monitor the cabin pressurisation system.

4. Provides information about cabin pressure changes.

@2

. Supports passenger and crew safety.
F. Temperature Indicators
Temperature indicators monitor the temperatures of selected aircraft systems.

Examples include:
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« Cabin temperature indicator.

o Outside air temperature indicator.

« Hydraulic fluid temperature indicator.
o Fuel temperature indicator.

Engine temperature indicators.

Functions

Monitor temperature changes.

Help identify overheating.

Support system efficiency.

« Assist in maintaining operating limits.

G. Warning and Alerting Instruments
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Definition

Warning and alerting instruments are devices or displays that provide visual, audible or other alerts when
aircraft operating conditions require pilot attention.

Types of alerts

1. Warning alerts — indicate conditions requiring immediate attention.

2. Caution alerts — indicate abnormal conditions requiring timely action.

3. Advisory alerts — provide information about aircraft status or system conditions.
Examples

o Low oil pressure warning.

« Engine temperature warning.
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« Fire warning.

« Landing gear warning.

o Electrical system warning.

o Hydraulic system warning.
Importance

1. Alert pilots to abnormal conditions.

2. Improve situational awareness.

3. Support timely decision-making.

4. Help prevent equipment damage.

5. Contribute to flight safety.
10.0 PRINCIPLES OF OPERATION OF DIFFERENT AIRCRAFT INSTRUMENTS
Aircraft instruments use different scientific principles depending on the physical quantity being measured.

The following table summarises the main principles.

Operating principle | Explanation Instruments using the principle
Pressure differential | Uses differences between measured Airspeed indicator
pressures
Static pressure Uses changes in atmospheric pressure Altimeter
Rate of pressure Measures changes in static pressure over VSI
change time

Gyroscopic rigidity | Uses the stable rotational axis of a spinning | Attitude indicator, traditional

rotor heading indicator
Gyroscopic Uses the response of a spinning gyro to Turn indicator
precession applied torque
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Magnetism Uses alignment with the Earth's magnetic Magnetic compass
field

Satellite positioning | Processes signals from navigation satellites | GPS

Radio navigation Uses radio signals from ground-based VOR, DME, ADF, ILS
navigation stations

Inertial sensing Measures acceleration and rotation INS and inertial reference systems

Electrical resistance | Uses changes in electrical resistance Certain temperature and quantity
sensors

Electrical potential Measures voltage Voltmeter

Electrical current Measures current flow Ammeter

10.1 Electrical resistance principle
Electrical resistance is the opposition offered by a material to the flow of electric current.

Some aircraft sensors use changes in electrical resistance to measure temperature or the position of a

component.

For example, a resistance temperature detector (RTD) changes its electrical resistance as its temperature
changes.

Applications

« Temperature measurement.

« Engine monitoring.

« Selected fuel and fluid monitoring systems.
10.2 Radio wave principle

Radio navigation systems use electromagnetic waves to transmit information between ground stations
and aircraft receivers.

Applications
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« VOR.

- DME.
« ADF.
o ILS.

The aircraft receives and processes radio signals to obtain navigation information.
10.3 Satellite navigation principle
Satellite navigation relies on signals transmitted by satellites.

The aircraft receiver uses the timing and information contained in the signals to calculate its geographical
position.

Applications
o GPS navigation.
« Route tracking.
« Position determination.

« Navigation database displays.

11.0 MODEL AIRCRAFT FLIGHT INSTRUMENTS
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11.1 Definition of an aircraft instrument model
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An aircraft instrument model is a physical or digital representation of an actual aircraft instrument or

instrument system developed to demonstrate its appearance, construction, operating principles and

functions.

Models help learners understand aircraft instrumentation without necessarily using actual aircraft

equipment.

11.2 Importance of making instrument models

1.

2.

8.

9.

Makes abstract aviation concepts easier to understand.
Develops creativity and innovation.

Promotes practical learning.

Improves observation skills.

Develops problem-solving abilities.

Promotes teamwork.

Helps learners identify instrument components.
Demonstrates how instruments provide information to pilots.

Encourages interest in aviation careers.

10. Provides a low-cost alternative for classroom demonstrations.

11.3 Types of aircraft instrument models

A. Static instrument model

A static model is a non-moving representation of an aircraft instrument.

Examples:

Cardboard altimeter.
Magnetic compass model.
Printed airspeed indicator.

Gyroscope illustration.

B. Functional instrument model

A functional model is designed to demonstrate selected movements or operating principles.
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Examples:
« A rotating compass card.
« A moving airspeed indicator pointer.
« A working model of a mechanical gyroscope.
« A simulated altimeter with adjustable readings.
C. Digital instrument model
A digital model uses computer software to represent aircraft instruments.
Examples:

Digital airspeed indicator.

Simulated attitude indicator.

Digital heading display.

Electronic engine monitoring display.

11.4 Construction of a simple aircraft instrument panel model
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Learning activity: Constructing a basic flight instrument panel
Materials required
1. Cardboard or plywood.

2. Printed pictures of aircraft instruments.
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10.

11.

Transparent plastic sheets.

Ruler.

Pencil.

Adhesive.

Scissors.

Markers.

Circular paper discs.

Small split pins or paper fasteners.

Optional battery-powered electronic components.

Procedure

1.

2.

10.

1.

12.

13.

Obtain a suitable piece of cardboard or plywood.
Draw a rectangular cockpit instrument panel.
Divide the panel into six instrument positions.
Draw or attach the airspeed indicator.

Draw or attach the attitude indicator.

Draw or attach the altimeter.

Draw or attach the turn coordinator.

Draw or attach the heading indicator.

Draw or attach the vertical speed indicator.

Label each instrument correctly.

Where possible, attach movable pointers using paper fasteners.

Present the completed model to other learners.

Explain the function and operating principle of each instrument.

Expected product

A labelled aircraft instrument panel model showing the six basic flight instruments.
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11.5 Model of a pitot-static system

Materials
« Transparent plastic tubes.
« Two small containers or pressure chambers.
« Balloons or suitable flexible membranes.
o Cardboard.
o Labels.

o Connecting pipes.

A simple air pressure demonstration device.

Procedure
1. Construct a simple model showing a pitot pressure source.
2. Construct another connection representing static pressure.

3. Connect both sources to a demonstration pressure-difference indicator.
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4. Label the pitot and static pressure connections.
5. Demonstrate how a pressure difference can move a flexible membrane.
6. Explain how this principle is applied in an airspeed indicator.
Expected learning outcome
The learner should explain how pressure differences are used to determine airspeed.

Safety: This is a low-pressure classroom demonstration, not a certified aircraft instrument or a device for

testing an actual aircraft.

11.6 Model of a gyroscope

Materials

A suitable small gyroscope.

Supporting frame.

Stand.

Protective covering where appropriate.

Procedure
1. Mount the gyroscope on a suitable frame.
2. Spin the rotor according to the manufacturer's instructions.

3. Observe the orientation of the rotating axis.
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4. Gently change the position of the supporting frame.

5. Observe the gyroscopic response.

6. Relate the observations to traditional aircraft gyroscopic instruments.
Expected learning outcome
The learner should explain rigidity in space and gyroscopic precession.

12.0 SIMULATION OF AIRCRAFT INSTRUMENT OPERATIONS
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12.1 Definition of flight instrument simulation

Flight instrument simulation is the use of computer programs, digital displays or physical equipment to

imitate the operation of aircraft instruments and demonstrate how pilots use instrument information

during flight.

Simulation helps learners understand how instruments respond to changes in speed, altitude, heading,

attitude, engine performance and navigation conditions.

12.2 Types of flight instrument simulation
A. Computer-based instrument simulation
o Uses computer software to display aircraft instruments.
« Allows learners to observe changes in instrument readings.
o Can demonstrate climbing, descending and turning.
o Supports classroom learning.
B. Flight simulator cockpit

o Uses a cockpit-like arrangement of flight instruments.

« May include a control yoke, rudder pedals and throttle controls.
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o Provides a more realistic training environment.
C. Digital instrument simulation
« Uses electronic displays to represent modern aircraft instruments.
« Demonstrates the interaction between sensors and displays.
o Helps learners understand glass cockpit technology.
D. Physical instrument demonstration
o Uses actual demonstration equipment or working models.
o Helps learners observe how instruments respond to movement or pressure changes.

« Can be used to explain gyroscopic and magnetic principles.

12.3 Simulation activity: Operation of the six basic flight instruments

PRACTICAL CBE ACTIVITY

Activity title: Demonstrating the operation of aircraft flight instruments using a flight simulator.
Learning resources

Computer.

Flight simulation software.

 Flight instrument model.
o Projector or display screen.
« Exercise book.

e Aircraft instrument chart.
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Procedure

1. Start the flight simulator under the instructor's guidance.

2. ldentify the airspeed indicator.

3. Observe how airspeed changes when the simulated aircraft accelerates.

4. |dentify the attitude indicator.

5. Observe how the display changes during a simulated climb and turn.

6. ldentify the altimeter.

7. Observe the indicated altitude as the aircraft climbs.

8. Identify the heading indicator.

9. Observe the heading as the aircraft turns.

10. Identify the vertical speed indicator.

11. Observe its indication during climbing and descending.

12. Identify the turn coordinator.

13. Observe its response during simulated turns.

14. Record the observations.

Observation table

Simulated aircraft operation

Instrument observed

Expected indication

Acceleration

Airspeed indicator

Airspeed increases

Climbing Altimeter Altitude increases

Climbing VSI Positive climb indication
Descending Altimeter Altitude decreases
Descending VS Negative descent indication
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Turning left

Heading indicator

Heading changes left

Turning right

Heading indicator

Heading changes right

Banking

Attitude indicator

Bank indication changes

12.4 Simulation activity: Navigation instruments

Task: Use a computer-based navigation simulator to follow a planned route.

Procedure

1. Identify the simulated aircraft's starting position.

2. Select a destination.

3. ldentify the route and navigation points.

4. Observe the GPS display.

5. Monitor the aircraft's heading.

6. Observe changes in groundspeed.

7. ldentify the distance to the destination.

8. Record the information displayed.

9. Explain how the navigation instruments assist the pilot.

Expected learning outcomes

The learner should be able to:

 Identify common navigation instruments.

12.5 Safety precautions during instrument simulation

Interpret basic navigation information.
Explain how GPS determines aircraft position.

Describe the role of radio navigation systems.

1. Follow the instructor's directions.
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2. Handle computers and simulation equipment carefully.

3. Avoid interfering with electrical connections.

4. Maintain a safe working environment.

5. Use appropriate simulation software.

6. Do not treat simulated readings as actual aircraft operating data.

7. Do not use classroom simulations as a substitute for authorised pilot training.
13.0 ROLES AND FUNCTIONS OF FLIGHT INSTRUMENTS IN FLIGHT OPERATIONS
Flight instruments are used throughout the different phases of aircraft operations.
13.1 During pre-flight preparation
Flight instruments help pilots:

1. Check that the required instruments are available.

2. Confirm that instrument displays are functioning.

3. Check selected instrument settings.

4. Monitor relevant warning indications.

5. Verify navigation equipment readiness.

6. Identify possible instrument abnormalities before flight.

13.2 During taxiing
Flight and system instruments assist pilots in:

« Monitoring engine performance.

o Checking electrical system indications.

« Monitoring fuel quantity.

« Checking aircraft heading where relevant.

« Monitoring system warnings.

« Supporting awareness of aircraft operating conditions.

13.3 During take-off
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Important instruments include:
o Airspeed indicator.

Attitude indicator.

Altimeter.

Engine instruments.

Heading indicator.

Their functions include:
1. Monitoring acceleration.
2. Checking aircraft speed.
3. Monitoring engine power.
4. Maintaining directional awareness.
5. Monitoring the aircraft's initial climb.

13.4 During climbing

The altimeter shows increasing altitude.

The VSI displays the rate of climb.

The airspeed indicator shows airspeed.

The attitude indicator shows pitch and bank.

Engine instruments monitor engine performance.

13.5 During cruising
Instruments help pilots:
1. Maintain assigned altitude.
2. Maintain appropriate airspeed.
3. Monitor heading.
4. Follow the planned navigation route.

5. Monitor fuel consumption.
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6.

7.

Monitor engine performance.

Check aircraft systems.

13.6 During turning

The attitude indicator shows bank.

The turn coordinator indicates the direction and rate of turn.

The heading indicator shows the changing heading.
The airspeed indicator monitors speed.

The altimeter helps monitor altitude.

13.7 During descending

The altimeter indicates decreasing altitude.
The VSl indicates the rate of descent.

The airspeed indicator monitors speed.

The attitude indicator shows aircraft attitude.

Engine instruments monitor power settings.

13.8 During approach and landing

Flight instruments assist pilots in:

1.

2.

3.

4.

Monitoring approach speed.
Maintaining the required altitude.
Monitoring descent rate.

Maintaining runway alignment.
Monitoring engine performance.
Following published approach guidance.

Confirming aircraft system conditions.

13.9 During emergencies
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Instruments help pilots identify abnormal conditions and make decisions using approved emergency

procedures.

Examples include:

Low oil pressure.

High engine temperature.
Electrical failure.
Hydraulic system failure.
Abnormal cabin pressure.

Navigation equipment malfunction.

Important: Instruments provide information, but the pilot must interpret that information correctly and

follow the applicable aircraft checklist and emergency procedures.

14.0 IMPORTANCE OF AIRCRAFT INSTRUMENTS IN AVIATION SAFETY

Aircraft instruments contribute to safety in several ways.

1.

2.

3.

4.

9.

Accurate flight monitoring: They provide information about aircraft operating conditions.
Early fault detection: Warning systems may alert pilots to abnormal conditions.

Navigation accuracy: Navigation equipment helps pilots follow approved routes.

Altitude control: Altimeters help pilots maintain assigned altitude.

Speed control: Airspeed indicators assist in maintaining approved speed ranges.

Attitude awareness: Attitude indicators help pilots maintain controlled aircraft orientation.
Engine protection: Engine instruments help prevent operation beyond specified limitations.

Weather-related operations: Flight instruments support operations when external visibility is
reduced, subject to flight rules and pilot qualifications.

Emergency response: Instruments help pilots identify and assess abnormal operating conditions.

10. Operational efficiency: Accurate monitoring supports effective aircraft operation.

15.0 COMPARISON OF FLIGHT, NAVIGATION, ENGINE AND SYSTEM INSTRUMENTS
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Classification Examples Main purpose

Flight instruments ASI, altimeter, attitude indicator, VSI Monitor flight condition

Navigation instruments | GPS, VOR, DME, ADF, ILS Support navigation

Engine instruments Tachometer, oil pressure, EGT, fuel flow Monitor engine performance

Aircraft system Hydraulic pressure, voltmeter, landing gear Monitor aircraft systems

instruments indicator

Warning instruments Fire warning, low oil pressure warning Alert pilots to abnormal
conditions

16.0 COMMON DEFECTS AND MAINTENANCE OF AIRCRAFT INSTRUMENTS
Aircraft instruments must be maintained to ensure that they provide accurate and reliable information.

16.1 Common instrument defects

Instrument/system Possible defect Possible effect

Airspeed indicator Pitot blockage Incorrect airspeed indication

Altimeter Static port blockage Incorrect altitude indication

Attitude indicator Gyro or sensor failure Incorrect attitude display

Heading indicator Gyro drift or sensor fault Incorrect heading information

Magnetic compass Magnetic interference Incorrect compass indication

VSI Blocked static system or internal Incorrect vertical speed indication
defect
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GPS Signal loss or receiver fault Loss or degradation of position
information

Engine instruments | Sensor failure Incorrect engine readings

Electrical Wiring fault Incorrect or absent readings

instruments

Hydraulic indicators | Pressure sensor fault Incorrect hydraulic pressure information

16.2 General maintenance practices
1. Carry out approved instrument inspections.
2. Check instrument displays for damage.
3. Ensure that pitot tubes and static ports are unobstructed.
4. Check electrical connections.
5. Inspect instrument wiring.
6. Confirm that instruments are properly secured.
7. Check for warning indications.
8. Carry out approved functional tests.
9. Calibrate instruments at specified intervals where required.
10. Record inspection and maintenance results.

16.3 Importance of proper instrument maintenance

Improves measurement accuracy.

Increases instrument reliability.

Reduces the likelihood of undetected faults.

Supports safe flight operations.

Extends the useful service life of equipment.

Ensures compliance with applicable aviation maintenance requirements.
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REVISION QUESTIONS

STRAND 3.0: FLIGHT OPERATIONS

SUB-STRAND 3.2: FLIGHT INSTRUMENTS

SECTION A: MULTIPLE-CHOICE QUESTIONS

Choose the correct answer from the alternatives provided.
1. What is the main purpose of aircraft flight instruments?
A. To increase aircraft passenger capacity.

B. To provide information about aircraft flight conditions.
C. To manufacture aircraft components.

D. To control airport lighting.

2. Which instrument measures and displays aircraft airspeed?
A. Altimeter.

B. Tachometer.

C. Airspeed indicator.

D. Heading indicator.
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3. Which of the following instruments is used to determine aircraft altitude?
A. Altimeter.

B. Turn coordinator.

C. Tachometer.

D. Ammeter.

4. The attitude indicator operates traditionally using which principle?
A. Magnetism.

B. Gyroscopic rigidity.

C. Electrical resistance.

D. Hydraulic pressure.

5. Which instrument indicates the rate of climb or descent?

A. Airspeed indicator.

B. Magnetic compass.

C. Vertical speed indicator.

D. Fuel quantity indicator.

6. Which of the following instruments uses the Earth's magnetic field?
A. Altimeter.

B. Magnetic compass.

C. Tachometer.

D. VSI.

7. What is the main function of a pitot tube?

A. To measure engine temperature.

B. To receive total air pressure.

C. To measure fuel quantity.

D. To indicate aircraft heading.
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8. Which instrument uses the difference between pitot pressure and static pressure?

A. Airspeed indicator. B. Magnetic compass.

C. Heading indicator. D. Tachometer.

9. Which aircraft instrument is used to indicate the direction in which an aircraft is heading?

A. Vertical speed indicator.
B. Oil pressure indicator.
C. Heading indicator.

D. Altimeter.

10. The principle of rigidity in space is associated with:

A. Hydraulic systems.

B. Gyroscopic instruments.

C. Fuel systems.

D. Electrical systems.

11. What is gyroscopic precession?

A. The reduction of atmospheric pressure.

B. The response of a spinning gyroscope to an applied torque.
C. The increase in aircraft fuel consumption.

D. The movement of aircraft landing gear.

12. Which instrument helps a pilot identify whether a turn is coordinated?
A. Fuel pressure indicator.

B. Turn coordinator.

C. Altimeter.

D. Tachometer.

13. What is the function of an altimeter's barometric pressure setting?
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A. To adjust the engine speed.

B. To select a pressure reference for altitude indication.

C. To measure fuel consumption.

D. To indicate aircraft heading.

14. Which pressure setting is the standard pressure setting used for flight levels?
A. QNH. B. QFE.

C. QNE. D. QDM.

15. Which instrument is used to measure engine rotational speed?
A. Tachometer.

B. Altimeter.

C. Magnetic compass.

D. Airspeed indicator.

16. What does an oil pressure indicator measure?

A. Atmospheric pressure.

B. Engine lubricating oil pressure.

C. Aircraft cabin temperature.

D. Fuel quantity.

17. Which instrument measures exhaust gas temperature?
A. VSI.

B. EGT indicator.

C. Heading indicator.

D. Ammeter.

18. What is the function of a fuel quantity indicator?

A. To measure aircraft altitude.

GRADE 11 AVIATION TECHNOLOGY 583 LEARNING SUPPORT NOTES



B. To indicate the amount of fuel available.

C. To measure engine rotational speed.

D. To determine aircraft heading.

19. Which instrument is used to measure electrical voltage?
A. Ammeter. B. Voltmeter.

C. Altimeter. D. Tachometer.

20. Which system uses satellite signals to determine an aircraft's geographical position?
A. VOR.

B. ADF.

C. GPS.

D. VSI.

21. What is the main function of a VOR system?

A. To measure engine oil temperature.

B. To provide directional radio navigation information.

C. To measure cabin pressure.

D. To indicate fuel quantity.

22. Which aircraft navigation equipment measures slant-range distance to a ground station?
A. DME. B. VSI.

C. EGT. D. ASI.

23. Which instrument is associated with an Instrument Landing System?

A. Tachometer.

B. Localizer.

C. Fuel pressure gauge.

D. Voltmeter.
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24. What is the main function of a Primary Flight Display?

A. To display only engine temperature.

B. To combine essential flight information on an electronic display.
C. To store aircraft fuel.

D. To control airport navigation lights.

25. Which of the following is a component of a traditional gyroscopic instrument?

A. Gimbal ring.

B. Fuel tank.

C. Hydraulic reservoir.

D. Exhaust pipe.

26. What causes magnetic deviation in an aircraft compass?

A. Changes in aircraft altitude only.

B. Magnetic influences within the aircraft.

C. Changes in fuel quantity.

D. Increased airspeed.

27. What is the main purpose of an aircraft landing gear position indicator?
A. To display aircraft heading.

B. To indicate landing gear position and locking status.

C. To measure aircraft speed.

D. To monitor engine temperature.

28. What is the main purpose of a flight instrument simulator?

A. To replace all aircraft instruments.

B. To demonstrate instrument operations in a simulated environment.

C. To manufacture aircraft engines.
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D. To increase aircraft fuel capacity.
29. Which of the following may cause an incorrect airspeed indication?
A. Blocked pitot tube. B. Clean instrument panel.

C. Correct instrument calibration. D. Properly functioning static ports.

30. Why is regular inspection of aircraft instruments important?

A. To increase passenger numbers.

B. To ensure accuracy and reliability.

C. To reduce aircraft wingspan.

D. To eliminate the need for navigation.

SECTION B: STRUCTURED QUESTIONS

Answer all questions.

31.

a) Define aircraft flight instruments. (2 marks)

b) Identify four classifications of aircraft instruments according to their functions. (4 marks)
c) State four importance of aircraft instruments in flight operations. (4 marks)

32.

a) Identify the six basic flight instruments found in a conventional aircraft cockpit. (6 marks)
b) State two functions of an airspeed indicator. (2 marks)

c) Differentiate between an altimeter and a vertical speed indicator. (2 marks)

33.

a) Define the term pitot-static system. (2 marks)

b) Identify four components of a pitot-static system. (4 marks)

) Explain how the pitot-static system enables an airspeed indicator to measure aircraft airspeed. (4
marks)
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34.

a) Define a gyroscope. (2 marks)

b) Explain the following principles of gyroscopic action:

i. Rigidity in space. (2 marks)

ii. Precession. (2 marks)

c) Identify four aircraft instruments that use gyroscopic principles or their electronic equivalents. (4 marks)
35.

a) Define magnetism. (2 marks)

b) Explain how a magnetic compass operates in an aircraft. (3 marks)
c) Differentiate between magnetic variation and compass deviation. (4 marks)
d) State one limitation of a magnetic compass. (1 mark)

36.

a) Define aircraft navigation. (2 marks)

b) Identify four aircraft navigation systems or instruments. (4 marks)
c) Explain the functions of the following:

i. GPS. (2 marks)

i. VOR. (2 marks)

37.

a) Define aircraft engine instruments. (2 marks)

b) Identify four engine instruments used in aircraft. (4 marks)

c) Explain the functions of the following:

i. Tachometer. (1 mark)

ii. Oil pressure indicator. (1 mark)

iii. Fuel quantity indicator. (1 mark)

iv. Exhaust gas temperature indicator. (1 mark)
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38.

a) Define aircraft system instruments. (2 marks)

b) Identify four examples of aircraft system instruments. (4 marks)

c) Explain two functions of warning and alerting instruments in aircraft operations. (4 marks)
39.

a) Define an aircraft instrument model. (2 marks)

b) Identify four materials that can be used to construct a classroom aircraft instrument panel model. (4
marks)

c) Explain four benefits of constructing aircraft instrument models. (4 marks)

40.

a) Define flight instrument simulation. (2 marks)

b) Identify four types of flight instrument simulation. (4 marks)

c) Explain four benefits of using flight instrument simulation in aviation training. (4 marks)
18.0 COMPETENCY-BASED PRACTICAL ACTIVITIES

Practical Activity 1: Identification of aircraft instruments
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Task: Using an aircraft instrument panel photograph or model, identify the six basic flight instruments.

Instructions

1. Identify the airspeed indicator.
2. ldentify the attitude indicator.
3. ldentify the altimeter.
4. ldentify the turn coordinator.
5. Identify the heading indicator.
6. ldentify the vertical speed indicator.

7. Explain the function of each instrument.

Assessment criteria

Correct identification.
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o Correct naming.

« Explanation of functions.

o Proper interpretation of instrument information.
Practical Activity 2: Construction of an aircraft instrument panel

Task: In groups, construct a model aircraft instrument panel using locally available materials.

Materials
o Cardboard.
o Plywood.

« Printed instrument faces.
« Transparent plastic.

o Paper fasteners.

e Ruler.
o Adhesive.
o Markers.

Expected product: A labelled model aircraft cockpit instrument panel.
Practical Activity 3: Demonstration of pressure differences
Task: Demonstrate how pressure differences are used in aircraft instrumentation.
Instructions
1. Identify a pitot tube.
2. ldentify static ports.
3. Explain the difference between total and static pressure.
4. Demonstrate a simple pressure difference using a low-pressure classroom model.
5. Explain how the airspeed indicator uses pressure differences.
Practical Activity 4: Gyroscopic demonstration

Task: Demonstrate the principle of gyroscopic rigidity using an educational gyroscope.
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Expected evidence:
« Correct explanation of gyroscopic rigidity.
« Correct explanation of precession.
« ldentification of aircraft instruments using gyroscopic principles.
Practical Activity 5: Navigation simulation
Task: Use a computer-based navigation simulator to demonstrate how GPS supports aircraft navigation.
Expected evidence:
« ldentification of aircraft position.
 Interpretation of heading information.
« ldentification of navigation points.

« Explanation of route monitoring.

CAREER OPPORTUNITIES RELATED TO AIRCRAFT INSTRUMENTATION

Studying aircraft instruments introduces learners to several aviation careers.

1. Commercial Pilot

Operates aircraft and interprets flight, navigation and engine instruments to maintain safe flight
operations.
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2. Aircraft Avionics Technician

Installs, tests, inspects and maintains aircraft electronic systems and instruments.

3. Aircraft Maintenance Engineer

Inspects and maintains aircraft systems, instruments and components in accordance with approved
technical requirements.

4. Air Traffic Controller

Uses surveillance and communication systems to assist in the safe and orderly movement of aircraft.
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5. Avionics Engineer

Designs, develops, tests and improves electronic systems used in aircraft.

QUICK REVISION: IMPORTANT FACTS TO REMEMBER

Question Correct response
Instrument used to measure airspeed? Airspeed indicator
Instrument used to measure altitude? Altimeter
Instrument used to show pitch and bank? Attitude indicator
Instrument used to show rate of climb and descent? VSI

Instrument used to indicate heading? Heading indicator
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Instrument used to show turn rate? Turn coordinator

Instrument based on Earth's magnetic field? Magnetic compass
Instrument used to measure engine RPM? Tachometer
Instrument used to monitor oil pressure? Oil pressure indicator
Instrument used to determine position using satellites? GPS

Radio navigation system using ground stations and radials? | VOR

Instrument used to measure distance to a DME station? DME

System used for precision runway approach guidance? ILS

Principle associated with traditional attitude indicators? Gyroscopic rigidity
Principle associated with the airspeed indicator? Pressure differential
Standard pressure setting for flight levels? 1013.25 hPa

Device receiving total pressure? Pitot tube

Device sensing atmospheric pressure? Static port

Display combining essential flight information? Primary Flight Display
Display providing multifunction information? Multi-Function Display
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GRADE 11 AVIATION TECHNOLOGY
STRAND 3.0: FLIGHT OPERATIONS
SUB-STRAND 3.3: NAVIGATION

1.0 Introduction to Navigation

1.1 Meaning of navigation

Navigation is the process of planning, directing and controlling the movement of an aircraft from one
geographical position to another safely, accurately and efficiently.

In aviation, navigation enables a pilot to determine:
o The aircraft's present position.
o The direction in which the aircraft should travel.
« The route to be followed.

e The distance to the destination.
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« The aircraft's speed over the ground.

o The estimated time of arrival.

« The amount of fuel required for the journey.

« The position of other aircraft, obstacles and restricted areas.

Navigation is an essential part of flight operations because an aircraft travels in three dimensions: forward
and backward, sideways, and vertically.

Example in the Kenyan context: A pilot flying from Wilson Airport in Nairobi to Kisumu International
Airport must plan a route, determine the required heading, estimate the flight time and fuel, observe the
applicable airspace rules and maintain communication with the relevant Air Traffic Services (ATS).

1.2 Importance of navigation in flight operations
Navigation is important for the following reasons:

1. Maintaining the correct route: Helps pilots follow the planned flight path and avoid drifting away
from the intended route.

2. Preventing collisions: Helps pilots maintain safe separation from other aircraft and avoid obstacles.

3. Improving flight safety: Enables pilots to identify their position and make informed decisions when
conditions change.

4. Saving fuel: Accurate route planning helps reduce unnecessary detours and excessive fuel
consumption.

5. Estimating arrival time: Enables pilots and ground personnel to predict when an aircraft will reach
its destination.

6. Avoiding restricted airspace: Helps pilots remain clear of prohibited, restricted and danger areas
unless authorised.

7. Supporting air traffic control: Enables pilots and controllers to coordinate aircraft movements.

8. Operating in poor visibility: Radio navigation and satellite-based systems can support navigation
when visual references are limited, subject to the aircraft's equipment and operating approvals.

9. Supporting emergency response: Accurate position information helps pilots communicate their
location during emergencies.

10. Improving operational efficiency: Helps airlines and other aviation operators plan schedules, routes
and aircraft utilisation.
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2.0 Classification of Airspace in Flight Operations
2.1 Meaning of airspace

Airspace is the portion of the atmosphere above a particular geographical area within which aircraft
operate and aviation activities are regulated.

Airspace is divided into different areas to organise aircraft movement, promote safety, control traffic and
protect sensitive locations.

Airspace may be classified according to:
o The level of air traffic control provided.
« The rules governing aircraft entry and operation.
« The geographical location.
o The vertical and horizontal limits.

o The purpose for which the airspace is established.
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2.2 Main classifications of airspace

Airspace is broadly classified into two main categories:
1. Controlled airspace.
2. Uncontrolled airspace.

Other special-use airspace arrangements include prohibited, restricted and danger areas. These are
designated for particular safety, security or operational purposes and should not be confused with the
controlled/uncontrolled classification.

2.3 Controlled airspace

Controlled airspace is an airspace of defined dimensions within which Air Traffic Control (ATC) service is
provided in accordance with the applicable airspace classification and operational requirements.

In controlled airspace, pilots may be required to:
« Obtain an ATC clearance before entering or operating in the airspace.
« Maintain two-way radio communication with the relevant ATC unit.
« Follow assigned routes, levels and instructions.
» Report their position when required.
« Comply with applicable instrument or visual flight rules.
Examples of controlled airspace arrangements:
« Control areas around major airports.
« Control zones around aerodromes.
« Airways established for aircraft travelling between locations.

o Terminal control areas serving busy airports.
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Characteristics of controlled airspace

1.

2.

6.

7.

It has defined lateral and vertical boundaries.
ATC services are provided according to the airspace class.
Entry may require prior clearance.

Radio communication is normally required where specified.

. Aircraft movements are coordinated to reduce collision risks.

Specific routes, altitudes and operating procedures may apply.

It is commonly established around busy airports and along major air traffic routes.

Purpose of controlled airspace

To manage high volumes of air traffic.
To provide separation between aircraft where required.
To protect aircraft operating near busy aerodromes.

To organise arrivals, departures and en-route traffic.
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« To improve the orderly flow of air traffic.
2.4 Uncontrolled airspace

Uncontrolled airspace is airspace in which ATC does not provide an air traffic control service to separate
aircraft in the same way as in controlled airspace.

Pilots remain responsible for operating safely, maintaining appropriate separation in accordance with the
applicable rules and observing the relevant flight information and communication requirements.

Characteristics of uncontrolled airspace

1. ATC does not issue control clearances for normal operations in the same way as in controlled
airspace.

2. Pilots are responsible for maintaining safe operation and collision avoidance as required by the
applicable rules.

3. Pilots must comply with relevant visual or instrument flight rules.

4. Communication may be available through an aerodrome or flight information service, depending
on the location.

5. Pilots must observe airspace restrictions and other applicable regulations.

6. It may be found in areas with lower traffic density, depending on the national airspace structure.
Purpose of uncontrolled airspace

« To allow aircraft to operate in areas where full ATC control is not provided.

« To support general aviation activities.

o To accommodate suitable local and cross-country flights.

« To allow flexible operations while maintaining applicable safety requirements.

2.5 Differences between controlled and uncontrolled airspace

Feature Controlled airspace Uncontrolled airspace
ATC service ATC service provided according to No ATC control service for normal separation
class
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Entry Clearance may be required ATC clearance is not normally required solely
because it is uncontrolled
Pilot responsibility | Pilot follows ATC instructions and Pilot has greater responsibility for collision
retains responsibilities avoidance and safe operation
Communication Required where prescribed Depends on applicable rules and local
arrangements
Traffic Coordinated by ATC Primarily managed by pilots under applicable
management rules
Typical use Busy aerodromes and established Areas where full ATC control is not provided
routes

Important: Uncontrolled airspace does not mean unregulated airspace. Pilots must still comply with
aviation laws, right-of-way rules, flight rules, weather minima and restrictions.

3.0 Classes of Airspace in Flight Operations
3.1 Meaning of airspace classes

Airspace classes are internationally recognised categories used to determine the type of air traffic services
provided and the operating rules applicable to aircraft in particular areas.

The ICAQ airspace classification system uses Classes A, B, C, D, E, F and G.
o Classes A to E are controlled airspace.
« Classes F and G are classified as uncontrolled airspace under the ICAO system.
« Class F is designated for advisory service arrangements where implemented.
o Class G is uncontrolled airspace.

Note for Kenyan textbook use: The existence and actual use of a particular class, its altitude limits,
boundaries, entry requirements and services in Kenya must be confirmed from the current Kenya
Aeronautical Information Publication (AIP), NOTAMs and applicable Kenya Civil Aviation Authority (KCAA)
requirements. The general ICAO descriptions below explain the classification system; they should not be
interpreted as a list of every class currently established in-Kenya.
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3.2 Summary of ICAO airspace classes

Class | Controlled or General flight operations
uncontrolled
A Controlled IFR flights only
B Controlled IFR and VFR flights; all receive ATC control service
C Controlled IFR and VFR flights; ATC provides specified separation
D Controlled IFR and VFR flights; ATC service and instructions apply
E Controlled IFR flights controlled; VFR operations permitted under specified
conditions
F Uncontrolled Advisory service may be provided where established
G Uncontrolled IFR and VFR flights permitted subject to applicable rules

3.3 Class A airspace

Definition: Class A is controlled airspace in which only Instrument Flight Rules (IFR) flights are permitted.

Characteristics

1.

2.

3.

4.

5.

Only IFR flights are permitted.

ATC clearance is required before entry.

Continuous two-way radio communication is required.

ATC provides separation between aircraft in accordance with the applicable rules.

It is normally used where strict control of aircraft movement is required.

Purpose

To manage aircraft operating under instrument flight rules.

To provide organised traffic flow in high-density airspace.
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« To support safe operations in areas requiring controlled instrument traffic.
Users: Commercial airliners, cargo aircraft and other aircraft approved for IFR operations.
3.4 Class B airspace

Definition: Class B is controlled airspace in which both IFR and VFR flights are permitted, with ATC
providing control service to all aircraft.

Characteristics
1. IFR and VFR flights are allowed.
2. ATC clearance is required before entry.
3. Two-way radio communication is required.
4. ATC provides separation between aircraft in accordance with the applicable procedures.
5. Itis designed for areas with very high traffic density.
Purpose
« To manage heavy aircraft traffic.
« To provide organised movement around very busy airports.
« To improve separation and traffic coordination.
Users: Commercial aircraft, general aviation aircraft and other authorised flights.
3.5 Class C airspace

Definition: Class C is controlled airspace in which IFR and VFR flights are permitted, and ATC provides
specified separation services.

Characteristics
1. IFR and VFR flights are permitted.
2. ATC clearance is required before entry.
3. Two-way radio communication is required.
4. IFR flights are separated from other IFR flights and from VFR flights as prescribed.
5. VFR flights receive traffic information and, where practicable, traffic avoidance advice concerning

other flights.
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6. Itis commonly associated with busy terminal areas.
Purpose

« To organise arrivals and departures.

o To coordinate IFR and VFR aircraft.

o To reduce collision risks in busy airspace.
Users: Commercial aircraft, training aircraft and other authorised aircraft.
3.6 Class D airspace

Definition: Class D is controlled airspace where IFR and VFR flights are permitted and ATC provides
control services, including instructions and traffic information as applicable.

Characteristics
1. Both IFR and VFR flights are allowed.
2. ATC clearance is required before entry.
3. Two-way radio communication is required.
4. IFR flights are separated from other IFR flights.
5. VFR flights receive traffic information about other flights as prescribed.
6. Traffic avoidance advice may be provided where practicable.
Purpose
« To manage aircraft movements around controlled aerodromes.
« To coordinate aircraft arriving at and departing from airports.
« To provide an organised operating environment.
Users: Passenger aircraft, training aircraft, private aircraft and other authorised operators.
3.7 Class E airspace

Definition: Class E is controlled airspace in which IFR and VFR flights are permitted, but ATC control
requirements differ for the two categories.

Characteristics
1. IFR and VFR flights are permitted.
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2. IFR flights require ATC clearance.
3. ATC provides separation between IFR flights.
4. VER flights are not normally required to obtain ATC clearance solely because they are in Class E.
5. VFR aircraft receive traffic information as prescribed and as far as practicable.
6. It may be used along controlled air routes or in other designated areas.
Purpose
« To provide controlled services for IFR traffic.
« To permit VFR operations under specified conditions.
o To support organised traffic movement in suitable areas.
Users: Commercial IFR aircraft, general aviation and VFR aircraft subject to applicable requirements.
3.8 Class F airspace

Definition: Class F is airspace in which advisory service may be provided to IFR flights, while IFR and VFR
flights are permitted under the applicable rules.

Characteristics
1. Itis classified as uncontrolled under the ICAO system.
2. Advisory service may be available to participating IFR flights.
3. IFR and VFR flights may operate.
4. Pilots remain responsible for safe separation as required by the rules.
5. Its use depends on the airspace arrangements established by the State.
Purpose
« To provide advisory support where full ATC control is not established.
« To improve awareness of other aircraft.
« To support suitable operations in less congested areas.
3.9 Class G airspace

Definition: Class G is uncontrolled airspace in which IFR and VFR flights are permitted, subject to the
applicable operating rules.
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Characteristics
1. Itis uncontrolled airspace.
2. Both IFR and VFR flights may operate.
3. ATC clearance is not required solely for entry into Class G.

4. Pilots are responsible for safe operation and collision avoidance in accordance with the rules.

e

Flight information services may be available.

6. Pilots must observe applicable weather minima and operating restrictions.
Purpose

« To permit aircraft operations where full ATC control is not provided.

« To support general aviation and training flights.

o To allow suitable local and cross-country operations.
Users: Private pilots, flying schools, light aircraft operators and other authorised aircraft.

3.10 General comparison of airspace classes

Class | IFR allowed | VFR allowed | ATC clearance

A Yes No Required

B Yes Yes Required

C Yes Yes Required

D Yes Yes Required

E Yes Yes Required for IFR; not normally for VFR
F Yes Yes Not required as uncontrolled airspace
G Yes Yes Not required as uncontrolled airspace
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Key learning point: Airspace class determines the services and rules that apply. It does not, by itself,
specify one universal altitude or geographical location. These are established by the State and published

in its aeronautical information documents.
4.0 Other Special-Use Airspace Areas

Apart from controlled and uncontrolled airspace, certain areas are designated to protect people, aircraft,

property and national security.
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4.1 Prohibited area

Definition: A prohibited area is a defined area of airspace above the land or territorial waters of a State

within which aircraft flight is prohibited.
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Characteristics

« Aircraft are not permitted to enter during the period the prohibition is in force.

« Itis established for security, safety or national-interest reasons.

 Its boundaries and identification are published in aeronautical information documents.
Purpose: To protect sensitive locations and activities.
4.2 Restricted area

Definition: A restricted area is a defined area of airspace within which aircraft flight is restricted according
to specified conditions.

Characteristics

Entry may require permission or special authorisation.

Restrictions may apply at particular times or altitudes.

Aircraft must observe the published conditions.

Restrictions may be temporary or permanent.
Purpose: To protect sensitive operations, people and property.
4.3 Danger area

Definition: A danger area is a defined portion of airspace within which activities dangerous to aircraft may
exist at specified times.

Examples of activities

Military exercises.

Live firing exercises.

Explosive testing.

Rocket launching.

Other activities that may create hazards to aircraft.

Characteristics
o The area is published in aeronautical information documents.
« Pilots are warned about the potential hazards.
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« The activity may occur only during published or notified periods.

« Pilots should avoid the area when necessary for safety.

4.4 Temporary restricted or reserved airspace

This is airspace temporarily established or activated for a particular operation, event or safety
requirement.

Examples include:

Major national ceremonies.

Military exercises.

Emergency operations.

Special aerial displays.

Pilots must check current NOTAMs and relevant official publications before flight.
5.0 Air Traffic Services (ATS)

5.1 Meaning of Air Traffic Services

Air Traffic Services (ATS) are services provided to aircraft to promote safe, orderly and efficient flight
operations.

ATS supports aircraft from departure to arrival by providing information, instructions, warnings and
coordination where required.
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5.2 Main types of Air Traffic Services

1. Air Traffic Control Service (ATC)

This service is provided to:
o Prevent collisions between aircraft.
o Prevent collisions between aircraft and obstructions on the manoeuvring area of an aerodrome.
« Expedite and maintain an orderly flow of air traffic.

ATC is divided into three main services:

a) Aerodrome Control Service

Provided by an aerodrome control tower.

Controls aircraft and vehicle movements on or near the aerodrome as applicable.

Issues instructions for take-off and landing at controlled aerodromes.

Provides information about runway conditions and other relevant traffic.
b) Approach Control Service

« Manages arriving and departing aircraft in the vicinity of an airport.

« Coordinates aircraft joining the approach sequence.

« Organises departures into the wider air traffic system.
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« Helps maintain safe separation as required.
¢) Area Control Service
« Provides control service to aircraft operating in designated control areas.
« Coordinates aircraft travelling along air traffic routes.
« Manages traffic over wider geographical areas.
2. Flight Information Service (FIS)

Flight Information Service provides information and advice useful for the safe and efficient conduct of
flights.

Information may include:

Weather conditions.

Changes in aerodrome conditions.

Relevant airspace activity.

Navigation aid status.

Traffic information.

Hazards along the route.

3. Alerting Service

Alerting Service notifies appropriate organisations when an aircraft is believed to require search and
rescue assistance.

It supports the activation of emergency response when:

An aircraft is overdue.

An aircraft reports a serious emergency.

« Communication is lost under circumstances that cause concern.

Information indicates that an aircraft may be in danger.
4. Air Traffic Advisory Service
This service provides advice and information to assist pilots in maintaining appropriate separation,

particularly in designated advisory airspace where such a service is established.
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5.3 Importance of ATS in Kenya

ATS is important in Kenya because it supports:

Aircraft movement around major airports such as Jomo Kenyatta International Airport, Wilson
Airport, Moi International Airport and Kisumu International Airport.

Coordination of domestic and international flights.

Safe aircraft operations in the Nairobi Flight Information Region (FIR).
Communication between pilots and air traffic service units.

Management of aircraft arriving in and departing from Kenyan aerodromes.

Provision of relevant weather, traffic and hazard information.

Remember: ATS services and airspace arrangements differ according to location and airspace class. Pilots

must use the current Kenya AIP, NOTAMs and instructions from the appropriate ATS unit.

-
]

KCAA | Kenya Civil Aviation Authority+1

6.0 Types and Methods of Air Navigation

6.1 Meaning of air navigation methods

Air navigation methods are the different techniques and systems used by pilots to determine an aircraft's

position and guide it along a planned route.

The main methods include:

1.

2.

Pilotage.

Dead reckoning.
Radio navigation.
Satellite navigation.
Inertial navigation.

Celestial navigation.

GRADE 11 AVIATION TECHNOLOGY 612 LEARNING SUPPORT NOTES



s 111«kts GPS AGL 2750Ft
Dtk KPSP VOR OR GPS-B
TKDist NM NS
ETE M:S i O
Next MAPNN o s w}\@ b
Nxt Dtk 294° RSN - )\
TkDist 15.6 Nm <\ W ‘:\'
ETE 8:41m:s | \_', B NS
Active GPS App | : .
VOR-B
KPSP

Nav Mode
LNAV

Chart
Procedure

View
Plan

3008

Select — —
Chart 'CH
AVIDYNE

\

A - -

GRADE 11 AVIATION TECHNOLOGY 613 LEARNING SUPPORT NOTES



Course index

Approximately 2 degrees

in the VOR mode

OBS knob

6.2 Pilotage

Definition: Pilotage is a method of air navigation in which a pilot determines the aircraft's position and

direction by observing visible geographical features on the ground and comparing them with an

aeronautical chart or map.

The pilot identifies landmarks and uses them to confirm the aircraft's location.

Examples of landmarks used in pilotage

Rivers.

Lakes.

Mountains.

Roads and highways.
Railways.

Towns and settlements.
Airports and airstrips.

Coastlines.
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« Large forests and distinctive terrain features.

Example in Kenya: A pilot on a training flight may use clearly identifiable features such as Lake Naivasha,
the Rift Valley escarpment, Mount Kenya or a major road to help confirm the aircraft's position. The pilot

must still use approved charts and comply with airspace and flight rules.

How pilotage is carried out

1. Obtain an appropriate aeronautical chart.

N

. Study the route before departure.

3. ldentify prominent geographical landmarks along the route.

4. Mark suitable checkpoints on the chart.

5. Observe the ground from the cockpit during flight.

6. Compare visible features with the chart.

7. Confirm the aircraft's position using more than one reliable feature where possible.

8. Make appropriate corrections if the aircraft is drifting away from the planned route.
Advantages of pilotage

o ltiseasy to understand and learn.

o It does not depend entirely on electronic equipment.

« It helps develop a pilot's geographical awareness.

GRADE 11 AVIATION TECHNOLOGY @ LEARNING SUPPORT NOTES



It provides a useful cross-check for other navigation methods.

It can be used in suitable weather conditions with adequate visibility.

Limitations of pilotage

It depends on good visibility.

Clouds, haze, fog and darkness may make landmarks difficult to identify.

Some geographical features may look similar.

Landscapes may change due to construction, flooding or vegetation.
It may be difficult over forests, deserts and large water bodies.

It requires concentration and good chart-reading skills.

6.3 Dead reckoning

Definition: Dead reckoning is a method of navigation in which an aircraft's expected position is

determined by calculating its direction, speed and elapsed time from a known starting position, while

accounting for the effect of wind.

It enables a pilot to estimate where the aircraft should be at a particular time.

Main information required

1.

2.

Starting position.

Planned route or true course.
True airspeed (TAS).

Wind direction.

Wind speed.

Heading.

Ground speed (GS).

Distance to be travelled.

Time required.
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10.

Fuel consumption rate.

How dead reckoning is carried out

1.

2.

10.

11.

12.

Identify the departure point.

Select the destination and intermediate checkpoints.
Measure the distance between checkpoints.
Determine the planned course.

Obtain forecast wind information.

Determine the aircraft's true airspeed from approved aircraft performance information.
Calculate the wind correction angle and heading.
Determine the expected ground speed.

Calculate estimated time for each route leg.
Calculate the fuel required.

Record the results in a navigation log.

Compare actual progress with the plan during flight and revise estimates when necessary.

Advantages

It can be used where visual landmarks are limited.

It supports accurate pre-flight planning.

It enables calculation of heading, ground speed and estimated arrival time.
It helps estimate fuel requirements.

It is useful when combined with pilotage and electronic navigation.

Limitations

Errors in wind forecasts affect calculations.
Incorrect airspeed information affects the planned route.
Small errors can accumulate over long distances.

It requires accurate calculations and regular monitoring.

GRADE 11 AVIATION TECHNOLOGY 617 LEARNING SUPPORT NOTES



« It does not independently confirm the aircraft's actual position.
6.4 Radio navigation

Definition: Radio navigation is a method of determining an aircraft's position or direction by using radio
signals transmitted by ground-based navigation stations or other approved radio navigation systems.

Examples of radio navigation systems
1. VOR (VHF Omnidirectional Range): Provides bearing information from a ground station.

2. DME (Distance Measuring Equipment): Provides slant-range distance between an aircraft and a
ground station.

3. NDB (Non-Directional Beacon): Transmits radio signals that can be used with an aircraft's Automatic
Direction Finder (ADF).

4. ILS (Instrument Landing System): Provides precision approach guidance using localiser and glide
path signals.

Course index

Approxifnately 2 degrees
in the VOR mode

OBS knob
Advantages
« Supports navigation when visual references are limited.
« Provides information that can be used to confirm position or direction.
« Supports instrument flight procedures where approved.

« Can provide guidance for en-route navigation and approaches.
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Limitations

o Some systems have limited range.

Terrain and other interference may affect signals.

Ground stations require maintenance.

Equipment must be serviceable and correctly selected.

Pilots must understand the limitations and coverage of each system.

6.5 Satellite navigation

Definition: Satellite navigation is a method of determining an aircraft's geographical position, speed and
direction of movement by receiving signals from navigation satellites.

A common example is the Global Navigation Satellite System (GNSS). GPS is one system within GNSS.
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How satellite navigation works
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1. Navigation satellites transmit signals containing timing and orbital information.

2. The aircraft's GNSS receiver receives signals from several satellites.

3. The receiver calculates the aircraft's position using the travel time of the signals.
4. The system determines the aircraft's geographical coordinates.

5. It may display track, ground speed, distance and estimated time to destination.

6. The pilot uses the information in accordance with the approved aircraft equipment and operational
procedures.

Advantages

Provides accurate position information when signals are reliable.

Covers large geographical areas.

Supports route planning and tracking.

Can provide ground speed and estimated arrival information.

Reduces dependence on some ground-based navigation stations.
Limitations

Signals may be affected by interference or obstruction.

Equipment or satellite-system failure may affect availability.

Incorrect database information can lead to navigation errors.

GNSS information must be cross-checked as required.

Use for a particular operation depends on aircraft approval, navigation specifications and
applicable regulations.

6.6 Inertial navigation

Definition: Inertial navigation is a method of navigation in which an aircraft uses onboard sensors, such as
accelerometers and gyroscopes, to calculate changes in movement and estimate its position without
depending continuously on external navigation signals.

Main components

e Accelerometers.
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o Gyroscopes.

« Navigation computer.

« Display unit.

 Initial alignment system.
Advantages

« Does not require continuous ground station signals.

« Can support navigation over remote areas and oceans.

« Provides continuous movement information.

« Can be integrated with other navigation systems.
Limitations

« Small sensor errors accumulate over time.

o The system requires accurate initial alignment.

« Equipment may be expensive.

« Position accuracy may reduce if errors are not corrected.
6.7 Celestial navigation

Definition: Celestial navigation is a method of navigation that uses the observed positions of celestial
bodies, such as the sun, moon and stars, to determine geographical position.

Applications

 Historically used for long-distance navigation.

o Can be used as a supplementary method in specialised operations.

« Helps explain the relationship between astronomy, time and geographical position.
Limitations

« Requires specialised knowledge and instruments.

o Clouds may obstruct celestial bodies.

« Itisless convenient for routine modern aircraft navigation.
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o Accurate time and observation data are needed.

6.8 Comparison of navigation methods

Method

Main reference

Equipment or information

Main limitation

Pilotage

Visible ground features

Chart and visual observation

Poor visibility

Dead reckoning

Speed, direction, time
and wind

Flight log and flight computer

Errors accumulate

Radio Radio signals VOR, DME, NDB, ILS receivers | Signal coverage and
navigation interference

Satellite Navigation satellites GNSS receiver Signal interference or loss
navigation

Inertial Aircraft movement Gyroscopes and Accumulating drift
navigation accelerometers

Celestial Sun, moon and stars Celestial observations and Weather and visibility
navigation instruments

7.0 Flight Route Planning

7.1 Meaning of a flight route

A flight route is the planned path that an aircraft follows from its departure point to its destination.

The route may be defined using:

Aerodromes.

Navigation aids.

o Published waypoints.

« Reporting points.

o Airways.

« Geographical coordinates.
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o Other approved navigation references.

s UREL

7.2 Meaning of flight route planning

Flight route planning is the process of selecting and preparing a safe and suitable route for an aircraft to
travel from the departure aerodrome to the destination aerodrome.

It involves considering:
1. Departure and destination aerodromes.
2. Distance between locations.
3. Airspace restrictions.
4. Weather conditions.
5. Terrain and obstacles.
6. Aircraft performance.
7. Fuel requirements.
8. Navigation facilities.

9. Communication facilities.

e
.
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10. Applicable aviation regulations.
7.3 Importance of flight route planning
1. Safety: Helps avoid dangerous weather, restricted areas and terrain hazards.
2. Fuel management: Helps calculate fuel required for the planned journey.
3. Time management: Helps estimate flight duration and arrival time.
4. Airspace compliance: Ensures that the selected route observes applicable airspace rules.
5. Efficient operations: Reduces unnecessary distance and delays.
6. Emergency preparedness: Helps identify suitable diversion aerodromes.
7. Communication planning: Identifies relevant ATS units and communication requirements.
8. Weather assessment: Helps identify adverse weather along the route.

9. Aircraft performance: Ensures that the aircraft can safely operate at the planned altitude and
weight.

10. Operational coordination: Supports flight crew, dispatchers and air traffic service coordination.
7.4 Factors considered when planning a flight route

A. Weather conditions

Wind direction and speed.

Visibility.

o Cloud cover and cloud base.

« Rainfall.

o Thunderstorms.

o Turbulence.

o Temperature.

+ lcing conditions where relevant.
B. Airspace

« Controlled airspace.
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Uncontrolled airspace.
Prohibited areas.

Restricted areas.

Danger areas.

Temporary airspace restrictions.

Published air traffic routes.

C. Terrain and obstacles

Mountains.

Hills.

High buildings.
Communication masts.
Power lines.

Other tall structures.

D. Aircraft performance

Maximum operating altitude.
Climb performance.

Cruise speed.

Aircraft weight.

Fuel capacity.

Range.

Engine limitations.

E. Aerodrome information

Runway length and direction.
Runway surface.

Aerodrome elevation.
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« Auvailable navigation facilities.

o Weather conditions.

o Operating hours and restrictions.

o Emergency and diversion facilities.
F. Fuel planning

o Fuel required for the planned route.

Taxi fuel.

o Trip fuel.

« Contingency fuel.

o Alternate fuel where required.

o Final reserve fuel.

« Additional fuel where operationally necessary.
8.0 Construction of a Triangle of Velocity to Determine a Flight Route
8.1 Meaning of velocity in aviation

Velocity is the rate of change of an object's position in a particular direction. In aviation, velocity describes
both the speed and direction of aircraft movement or wind movement.

Flight planning involves understanding three important velocities:

1. Aircraft velocity through the air.

2. Wind velocity.

3. Aircraft velocity over the ground.
These velocities combine to determine the aircraft's actual direction and speed over the ground.
8.2 Meaning of the triangle of velocity

The triangle of velocity, also called the wind triangle, is a vector diagram used to show the relationship
between aircraft airspeed, wind velocity and aircraft ground velocity.

It helps pilots determine:
« The heading required to maintain a planned ground. track.
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o The wind correction angle.
e The ground speed.
o The effect of wind on the aircraft's route.

e The estimated time needed to reach a destination.

North
/N

8.3 Three main components of the velocity triangle

1. Aircraft velocity (True Airspeed — TAS)

This is the speed at which an aircraft moves through the surrounding air mass.

o Itis normally expressed in knots (kt).

« Itis affected by aircraft performance and operating conditions.

« It does not, by itself, show the aircraft's speed over the ground.

2. Wind velocity
Wind velocity is the movement of air relative to the ground.
It has two components:

o Wind direction.

o Wind speed.
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Wind can affect the aircraft by:
« Pushing it sideways across the intended route.
 Increasing ground speed when it is a tailwind.
« Reducing ground speed when it is a headwind.
3. Ground velocity (Ground Speed — GS)
Ground velocity is the actual speed and direction of the aircraft relative to the earth's surface.
It determines how quickly the aircraft covers the planned geographical distance.

8.4 Important terms used in the velocity triangle

Term Meaning

True Course (TC) Intended direction of travel over the ground, measured from true north
True Heading (TH) Direction the aircraft's nose points, measured from true north

True Airspeed (TAS) Speed of the aircraft through the surrounding air

Ground Speed (GS) Speed of the aircraft relative to the ground

Wind Direction Direction from which the wind is blowing

Wind Speed Speed at which the air is moving

Wind Correction Angle Angle through which the aircraft heading is adjusted to compensate for
(WCA) wind drift

Drift The sideways displacement of the aircraft from its intended ground track

Important distinction: Course is the intended direction over the ground, while heading is the direction in
which the aircraft's nose points. They are not necessarily the same because of wind.

8.5 How wind affects aircraft movement

A. Headwind
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A headwind blows towards the aircraft's front.
Effects:
¢ Reduces ground speed.
« Increases the time required to reach the destination.

« May increase fuel used for a given distance because the aircraft remains airborne longer.

) ‘Heading

Wind

B. Tailwind
A tailwind blows in the same general direction as the aircraft's movement.
Effects:

« Increases ground speed.

o Reduces the time needed to cover a given distance.

« May reduce trip fuel for a given distance, subject to the aircraft's operating conditions.
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20 KTS

Tailwind

C. Crosswind
A crosswind blows across the aircraft's intended route.
Effects:
« Causes the aircraft to drift sideways.
« Changes the difference between heading and ground track.

« Requires a wind correction angle to maintain the planned track.

8.6 Construction of the triangle of velocity

A velocity triangle is constructed using vector lines. The vectors must be drawn to scale and in their
correct directions.

Materials required
o Pencil.

e Ruler.
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« Protractor.
o Eraser.
o Graph paper.
o Wind information.
« Aircraft true airspeed information.
o Calculator or flight computer.
Steps followed when constructing the triangle
1. Identify the intended true course of the aircraft.
2. Obtain the wind direction and wind speed.
3. Obtain the aircraft's true airspeed.
4. Select a suitable scale for drawing the vectors.

5. Draw the wind vector in the direction towards which the wind is blowing. Remember that wind is
reported by the direction it comes from.

6. Draw the aircraft airspeed vector in the direction required to compensate for wind.
7. Complete the vector triangle using the head-to-tail method.

8. Measure the angle between the intended course and the aircraft heading to determine the wind
correction angle.

9. Determine the ground speed from the resultant ground velocity vector.

10. Use the ground speed to calculate the estimated flight time.
lllustrative vector relationship
Wind triangle: relationship of the three velocities

In a vector triangle, the wind vector and aircraft-through-air vector combine to produce the aircraft's

ground velocity. The exact vector directions depend on the wind and intended track.
8.7 Worked example: Determining heading and ground speed
A training aircraft is planned to fly on a true course of 090° (due east). Its true airspeed is 100 knots. The

wind is reported as 180° at 20 knots (wind blowing from the south towards the north).
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Determine:

1. The wind correction angle.

2. The approximate true heading.

3. The approximate ground speed.
Step 1: Identify the given information

o True course = 090°.

o True airspeed = 100 knots.

« Wind direction = 180°.

o Wind speed = 20 knots.
Step 2: Understand the wind effect
The wind blows from the south towards the north. It therefore pushes the aircraft northwards.
To maintain a due-east ground track, the aircraft must point slightly south of east.
Step 3: Calculate the wind correction angle

For this simple crosswind example:

20
WCA=sin' | —
sin (100)

WCA =~ 11.5°

The correction is towards the south, so it is subtracted from the intended course.

Step 4: Calculate the true heading
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TH=TC-WCA

TH = 090" —11.5°

TH ~ 078.5°

Step 5: Calculate the approximate ground speed

The aircraft's eastward airspeed component is:
GS = /1002 — 202
GS = /10000 — 400

GS = v9600

(G S =~ 98 knots

Worked answer
« Wind correction angle: approximately 11.5° left.
o True heading: approximately 078.5°.
o Ground speed: approximately 98 knots.

Interpretation: The aircraft points slightly south of east to counteract the northward wind. Its resulting
ground track is approximately due east.

This is a simplified classroom example using a steady, perpendicular crosswind. Actual flight planning
requires approved performance data, accurate wind information, full vector calculations where necessary,
and applicable operational procedures.

9.0 Determining Heading, Ground Speed and Flight Time
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9.1 Determining heading

Heading is the direction in which the longitudinal axis or nose of the aircraft points, measured from a
reference direction, normally true or magnetic north.

Types of heading include:
1. True heading: Direction measured clockwise from true north.
2. Magnetic heading: Direction measured clockwise from magnetic north.

3. Compass heading: Direction indicated by the aircraft's magnetic compass after compass errors are
considered.

Importance of heading

Guides the pilot in directing the aircraft.

Helps maintain the intended route.

Supports accurate navigation.

Enables communication of aircraft direction.

Helps the pilot make corrections for wind.

9.2 Determining ground speed
Ground speed is the speed at which an aircraft travels over the surface of the earth.
It is affected by:

o True airspeed.

o Wind speed.

« Wind direction.

« The angle at which the wind acts on the aircraft's route.

In a direct headwind or tailwind situation:
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GS =TAS — Headwind

GS = TAS + Tailwind

Example 1: Headwind

An aircraft has a true airspeed of 120 knots and encounters a direct headwind of 20 knots.

GS =120 —-20

|GS = 100 knots

Example 2: Tailwind

An aircraft has a true airspeed of 120 knots and experiences a direct tailwind of 15 knots.

GS =120+15

|GS = 135 knots

9.3 Determining flight time

Flight time is the estimated duration required for an aircraft to travel from one point to another.

The formula is:

Ti Distance
Ground Speed

Where:

+ Time is measured in hours.
+ Distance is measured in nautical miles (NM).
« Ground speed is measured in knots (NM per hour).

Worked example

An aircraft is required to cover a distance of 180 NM at a ground speed of 120 knots.

180

Time = —
120

Time = 1.5 hours

Convert 0.5 hours into minutes:

0.5 = 60 = 30 minutes

Answer: 1 hour 30 minutes.
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9.4 Other useful flight planning formulas

Distance — Ground Speed = Time

Distance
Ground Speed = ———
Time
Distance

Time = ———
e = Ground Speed

The flight planning formula triangle

GS T

Distance = GS x Time

Zover the quantity you want to calculate: D =G5S =TG5 =D+ T T =D = GS.
10.0 Determining Fuel Required for a Flight
10.1 Meaning of fuel planning

Fuel planning is the process of calculating the amount of fuel an aircraft needs for a planned flight,
including applicable reserves and additional fuel requirements.

Accurate fuel planning is essential because an aircraft must carry sufficient usable fuel to complete the
flight safely and meet applicable regulations.

10.2 Types of fuel considered during flight planning
1. Taxi fuel
Fuel expected to be used while starting the engine, taxiing and preparing for take-off.

2. Trip fuel
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Fuel required from take-off or the appropriate trip-fuel reference point to landing at the planned
destination.

3. Contingency fuel

Additional fuel carried to cater for unforeseen variations such as changes in routing, wind or flight
conditions, according to applicable rules.

4. Alternate fuel

Fuel required to fly from the destination to the planned alternate aerodrome when an alternate is
required.

5. Final reserve fuel

Fuel that must remain available for the required final reserve period in accordance with the applicable
operational rules.

6. Additional fuel

Extra fuel carried when required by the type of operation, aircraft performance, operational circumstances
or applicable regulations.

10.3 Formula for calculating trip fuel
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T'rip Fuel = Flight Time x Fuel Consumption Rate

Where:

*  Trip fuel is measured in litres or kilograms.
s Flight time is measured in hours.

s Fuel consumption rate is measured in litres per hour (L/hr} or kilograms per hour (kg/hr).

10.4 Worked example: Calculating trip fuel

A light aircraft is expected to fly for 2 hours 30 minutes. Its average fuel consumption is 32 litres per hour.

Determine the trip fuel required.
Step 1: Convert flight time into hours

2 hours 30 minutes:

30
2+ 60 2.5 hours

Step 2: Apply the formula

Trip Fuel = Time x Fuel Consumption

= 2.5 x 32

"Til’"ip Fuel = 80 1itrc5|

The aircraft requires approximately 80 litres for the calculated trip fuel under the stated assumptions.

Important: This is not the total dispatch fuel. Taxi, contingency, alternate, final reserve and any other

applicable fuel must be considered separately.
10.5 Worked example: Total planned fuel

A training exercise provides the following illustrative fuel figures:

Fuel category Amount
Taxi fuel 5 litres
Trip fuel 80 litres

Contingency fuel | 8 litres

Alternate fuel 20 litres
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Final reserve fuel | 15 litres

Additional fuel 5 litres

Calculate the total planned fuel.
Total=5+80+8+20+15+5
Total=133 litres

Answer: 133 litres.

The actual fuel required for an operational flight must be calculated under the applicable rules and
approved aircraft documentation. These example figures are for learning arithmetic and must not be used
as real dispatch fuel figures.

10.6 Importance of accurate fuel calculations
1. Prevents fuel exhaustion.
2. Supports safe completion of planned flights.
3. Helps determine whether the aircraft's fuel capacity is adequate.
4. Supports diversion planning.
5. Helps pilots monitor fuel consumption.
6. Supports compliance with aviation regulations.
7. Improves flight planning and operational efficiency.
8. Helps identify unexpected fuel consumption.
11.0 Preparation of a Flight Navigation Log
11.1 Meaning of a navigation log

A navigation log is a document used by a pilot to record important information relating to a planned
flight route and the progress of the aircraft during the journey.

It is used to compare planned flight information with actual flight information.
11.2 Information recorded in a navigation log

« Departure aerodrome.
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« Destination aerodrome.

« Intermediate checkpoints.

« Planned course.

o Heading.

« Distance between checkpoints.
o Wind direction and speed.

o True airspeed.

o Ground speed.

o Estimated time en route.

« Estimated time of arrival.

o Fuel consumption.

o Fuel remaining.

 Altitude or flight level.

« Relevant communication and navigation information.

11.3 Sample classroom navigation log

The following is a fictional training exercise and is not an operational route or approved flight plan.

Item Leg 1 Leg 2
Departure point A B

Next checkpoint B C
Distance 60 NM 90 NM
Planned ground speed 100 kt 120 kt
Estimated time 36 min 45 min
Fuel consumption 24 L/hr 24 L/hr
Estimated trip fuel 1441 18L

Total distance:

60+90=150 NM

Total estimated time:
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36+45=81 minutes
Total estimated trip fuel:
14.4+18=32.4 litres

Interpretation: The training route covers 150 NM and has a calculated trip time of 1 hour 21 minutes. The
estimated trip fuel is 32.4 litres, excluding other required fuel categories.

11.4 Practical activity: Preparing a navigation log

Activity: Learners work in groups to prepare a navigation log for a fictional flight between two imaginary
aerodromes.

Requirements
1. Identify the departure and destination points.
2. Select two intermediate checkpoints.
3. Assign a distance to each route leg.
4. Provide a fictional wind direction and speed.
5. Calculate the estimated ground speed.
6. Calculate the estimated time for each leg.
7. Calculate trip fuel using a supplied fuel consumption rate.
8. Present the completed navigation log to the class.

Expected learning outcome: Learners should demonstrate the ability to organise flight information,
calculate basic navigation quantities and explain the importance of accurate flight planning.

12.0 Altitude, Location, Purpose and Users of Airspace
12.1 Meaning of altitude in aviation

Altitude is the vertical distance of an aircraft above a specified reference level, commonly mean sea level
(MSL).
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Altitude is important because aircraft operate at different heights to maintain safe separation, avoid
terrain and comply with airspace requirements.

12.2 Common altitude references

1. Above Ground Level (AGL)

The vertical distance between an aircraft and the ground directly below it.
Example: An aircraft flying 2,000 feet above the local terrain is at 2,000 feet AGL.
2. Above Mean Sea Level (AMSL)

The vertical distance between an aircraft and the average level of the sea.
Example: An aerodrome may have an elevation of 5,000 feet AMSL.

3. Flight Level (FL)

A flight level is a surface of constant atmospheric pressure related to the standard pressure setting of
1013.25 hPa.

It is expressed in hundreds of feet.

Example: FL100 represents a pressure altitude of 10,000 feet on the standard pressure setting.

FLIGHT
HEIGHT ALTITUDE LEVEL

1000 ft
ELEVATION

12.3 How altitude relates to airspace classes

Airspace classes are assigned to defined areas with specific vertical and horizontal limits.
The vertical limits may be described using:

« Feet above mean sea level (AMSL).
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o Feet above ground level (AGL).
« Flight levels (FL).

« Other published vertical references.

Important textbook point: There is no universal altitude for Class A, B, C, D, E, F or G. The State establishes

the actual limits and publishes them in its AIP. A pilot must not assume that a particular class begins at

the same altitude in every country.

12.4 Location, purpose and users of different airspace classes

Class | General location or application Main purpose

Typical users

A Designated high-level controlled | Control IFR traffic
airspace where established

IFR commercial and other
approved aircraft

B Very busy controlled terminal or | Manage high-density traffic
en-route airspace where
established

IFR and VFR aircraft
authorised to enter

C Designated controlled terminal or | Coordinate IFR and VFR traffic
en-route areas

Commercial, training and
private aircraft

D Controlled aerodrome zones or Organise aerodrome traffic
other designated areas

Commercial, private and
training aircraft

E Designated controlled routes and | Provide control service to IFR IFR and VFR aircraft
areas traffic while permitting VFR
operations
F Designated advisory airspace Provide advisory support IFR and VFR aircraft

where established

G Uncontrolled airspace Permit operations under
applicable flight rules

General aviation, training
and other authorised
aircraft
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The table explains general ICAO applications. It does not identify actual Kenyan airspace boundaries or
confirm that every class is used in Kenya.

12.5 Airspace information pilots must check in Kenya
Before conducting a flight in Kenya, pilots must use current official aeronautical information to establish:
1. The airspace class along the route.
2. The lateral boundaries of each airspace area.
3. The lower and upper vertical limits.
4. The entry and communication requirements.
5. The responsible ATS unit and applicable frequencies.
6. Published airways and reporting points.
7. Prohibited, restricted and danger areas.
8. Temporary restrictions and NOTAM information.
9. Aerodrome operating requirements.
10. Applicable flight rules and clearance requirements.

The Kenya AIP and associated aviation publications are important references for these details. Kenya's
aviation regulations provide for the publication of ATS airspace classification and descriptions in the AIP.

13.0 Relationship Between Navigation and Flight Operations in Kenya
Navigation is used in different aviation activities in Kenya.
13.1 Commercial passenger transport
Airlines use navigation to:
« Plan routes between airports.
o Determine suitable flight levels.
« Calculate flight time and fuel.
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Follow published routes and procedures.
Coordinate with ATS units.

Monitor aircraft position during flight.

13.2 Flight training

Flying schools use navigation to:

Teach learners how to read aeronautical charts.
Develop pilotage skills.

Practise dead reckoning.

Understand wind correction.

Calculate ground speed and flight time.

Develop safe flight planning habits.

13.3 Cargo operations

Cargo operators use navigation to:

Plan efficient routes.

Estimate delivery times.
Monitor aircraft progress.
Coordinate aircraft movements.

Plan fuel and diversion requirements.

13.4 Agricultural and aerial work operations

Aircraft conducting approved aerial work may use navigation to:

Identify the authorised working area.
Maintain awareness of geographical boundaries.
Avoid restricted airspace.

Coordinate with relevant authorities.

Monitor the aircraft's position in relation to the assigned area.
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13.5 Emergency and humanitarian operations
Navigation supports:

Medical evacuation flights.

o Search and rescue operations.

« Disaster response.

o Delivery of emergency supplies.

« Movement of aircraft to affected areas.
14.0 Competency-Based Learning Activities
The following activities allow learners to develop practical knowledge and skills in aviation navigation.
Activity 1: Identifying airspace classifications
Learning task: Learners examine a simplified airspace chart showing different airspace classifications.
Procedure

1. Observe the chart provided by the teacher.

2. ldentify controlled airspace.

3. ldentify uncontrolled airspace.

4. Identify special-use airspace.

5. ldentify the vertical limits shown.

6. Discuss the purpose of each area.

7. Present findings to classmates.
Expected competencies

Critical thinking and problem-solving.

« Communication and collaboration.

Digital literacy where electronic charts are used.

Learning to learn.

Activity 2: Demonstrating pilotage
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Learning task: Learners use a map showing geographical features to demonstrate how a pilot identifies
checkpoints.

Procedure
1. Obtain a suitable map.
2. ldentify visible landmarks.
3. Select three checkpoints.
4. Draw a fictional route.
5. Explain how a pilot would identify each checkpoint.

6. Discuss the limitations of pilotage.

Materials
« Map.
« Ruler.
o Pencil.

o Coloured pencils.

« Aeronautical chart sample.

Activity 3: Practising dead reckoning calculations
Learning task: Learners calculate distance, ground speed and time using supplied data.

Example:

An aircraft covers 120 NM in 1.5 hours.

Calculate its ground speed.

Distance

G5 =

Time

—
b
=

GS =

—
on

G5 = 80 knots
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Learners should explain what the result means.
Activity 4. Constructing a velocity triangle

Learning task: Learners use a ruler and protractor to draw a simple wind triangle from supplied
information.

Procedure
1. Identify the intended course.
2. ldentify wind direction.
3. ldentify wind speed.
4. Identify true airspeed.
5. Select a drawing scale.
6. Draw the wind vector.
7. Draw the aircraft velocity vector.
8. Complete the resultant vector triangle.
9. Estimate the heading correction.

10. Explain the effect of wind on ground speed.

Activity 5: Calculating flight fuel
Learners are provided with a fictional flight time and fuel consumption rate.

They calculate trip fuel and explain why other fuel categories must also be considered before an actual
flight.

Activity 6: Digital navigation simulation
Learners use a suitable computer-based aviation simulator or teacher demonstration to observe:
« Aircraft heading.
« Ground track.
o Ground speed.
o Position.
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« Waypoints.
e Wind effects.
o Estimated arrival time.

Safety: Classroom simulations and paper exercises are learning activities. They must not be treated as
authority to operate an aircraft or as substitutes for approved flight training.

15.0 Values, Pertinent and Contemporary Issues and Core Competencies
15.1 Values developed through navigation

1. Responsibility: Learners appreciate the importance of accurate flight planning.

A

Integrity: Learners record correct navigation and fuel information.
3. Respect: Learners understand the need to follow aviation rules and instructions.
4. Cooperation: Learners work together during navigation exercises.

5. Patriotism: Learners appreciate the contribution of aviation to Kenya's transport and economic
development.

6. Perseverance: Learners practise calculations carefully and correct mistakes.

7. Peace: Learners appreciate the role of aviation in connecting communities and supporting
humanitarian operations.

REVISION QUESTIONS

STRAND 3.0: FLIGHT OPERATIONS
SUB-STRAND 3.3: NAVIGATION

Section A: Multiple-choice questions

Choose the correct answer in each question.

1. What is the meaning of navigation in aviation?

A. The process of repairing aircraft engines. B. The process of
planning and directing an aircraft from one location to another. C. The process of
loading passengers into an aircraft. D. The process of inspecting

aircraft tyres.

2. Which one of the following is a method of air navigation that uses visible geographical features?
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A. Satellite navigation. B. Inertial navigation. C. Pilotage. D. Radio navigation.

3. Which one of the following is an example of a geographical feature used in pilotage?

A. Engine temperature. B. Lake. C. Fuel pressure. D. Cabin temperature.
4. Dead reckoning mainly involves calculations based on:

A. Aircraft colour and engine type.  B. Time, speed, distance and direction. C.
Passenger weight only. D. Runway markings only.

5. Which organisation provides Air Traffic Control services in designated airspace?

A. Aircraft manufacturer. B. Air Traffic Services unit. C. Airport
restaurant. D. Aircraft maintenance workshop.

6. Which one of the following is classified as controlled airspace under the ICAO classification system?
A. Class G. B. Class F. C. Class E. D. None of the above.
7. Which airspace class permits IFR flights only under the ICAO classification system?

A. Class A. B. Class B. C. Class C. D. Class G.

8. Which of the following is an example of uncontrolled airspace under the ICAO system?
A. Class A. B. Class C. C. Class D. D. Class G.
9. What is the main purpose of controlled airspace?

A. To prevent all aircraft from flying. B. To organise and control aircraft movements.
C. To allow aircraft to ignore ATC instructions. D. To provide aircraft with fuel.

10. Which service provides information useful for the safe and efficient conduct of flights?

A. Flight Information Service. B. Aircraft cleaning service. C.
Passenger handling service. D. Catering service.

11. Which navigation system uses signals transmitted by navigation satellites?
A. Pilotage. B. GNSS. C. Dead reckoning. D. Magnetic compass only.
12. Which instrument or system is associated with VOR navigation?

A. Radio navigation receiver. B. Fuel quantity indicator. C. Qll
temperature gauge. D. Engine tachometer.
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13. What is the meaning of ground speed?

A. Speed of an aircraft relative to the ground. B. Speed of an
aircraft while parked. C. Speed of wind above the aircraft
only. D. Speed of an aircraft through the air only.

14. Which one of the following describes true airspeed?

A. Aircraft speed relative to the ground. B. Aircraft speed
through the surrounding air mass. C. Speed of the wind over the
runway. D. Speed of the aircraft during taxiing.

15. What is a wind correction angle?

A. The angle used to compensate for wind drift. B. The angle of the
aircraft's wings during parking. C. The angle of a runway slope.
D. The angle between the pilot and passenger seats.

16. Which type of wind generally increases an aircraft's ground speed when it blows in the direction of

travel?
A. Headwind. B. Tailwind. C. Crosswind. D. Variable wind from the side.

17. Which type of wind generally reduces an aircraft's ground speed when it blows directly against the
direction of travel?

A. Tailwind. B. Crosswind. C. Headwind. D. Calm wind.

18. Which instrument is used to measure angles when constructing a velocity triangle?

®

\

P, — =z

19. Which fuel category represents the fuel expected to be used from the departure to the destination?
A. Trip fuel. B. Taxi fuel. C. Alternate fuel. D. Final reserve fuel.
20. Which one of the following is a major purpose of preparing a navigation log?

A. Recording passenger meals.  B. Recording route, heading, speed, time and fuel information.
C. Recording aircraft paint colours. D. Recording the number of airport buildings.
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21. What does AGL stand for?

A. Above Ground Level. B. Aircraft Guidance Line. C. Aviation
Ground Location. D. Above General Landing.

22. A flight level is referenced to:

A. Local ground temperature. B. Standard atmospheric pressure setting. C.
The height of airport buildings.  D. The aircraft's fuel quantity.

23. Which service alerts relevant organisations when an aircraft is believed to require search and rescue
assistance?

A. Alerting Service. B. Catering Service. C. Passenger Service. D. Aircraft Refuelling Service.

24. Which one of the following is a special-use airspace designation?
A. Prohibited area. B. Taxiway. C. Apron. D. Hangar.

25. Which one of the following should a pilot consult for current Kenyan airspace boundaries and
restrictions?

A. A school geography textbook only. B. Current Kenya AIP and relevant NOTAMs. C.
An ordinary road map only. D. An aircraft advertisement.

Section B: Structured questions

Answer all questions.

26. a) Define the term navigation as used in aviation. (2 marks)

b) State four reasons why navigation is important in flight operations. (4 marks)

c) ldentify four types of air navigation methods. (4 marks)

27. a) Define controlled airspace. (2 marks)

b) State four characteristics of controlled airspace. (4 marks)

) Give two examples of activities or operations commonly supported by controlled airspace. (2 marks)
d) State two reasons why controlled airspace is important. (2 marks)

28. a) Define uncontrolled airspace. (2 marks)
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b) State four characteristics of uncontrolled airspace. (4 marks)

) Give two responsibilities of pilots operating in uncontrolled airspace. (2 marks)
d) Differentiate between controlled and uncontrolled airspace. (2 marks)

29. a) List the seven ICAO airspace classes. (3¥2 marks)

b) State the type of flights permitted in Class A airspace. (1 mark)

c) State two characteristics of Class C airspace. (2 marks)

d) Explain one major difference between Class E and Class G airspace. (1%2 marks)

e) Explain why pilots should not assume that all airspace classes have identical altitude limits in every
country. (2 marks)

30. a) Define pilotage. (2 marks)

b) List four geographical features that can be used during pilotage. (2 marks)

c) Explain three advantages of pilotage. (3 marks)

d) State three limitations of pilotage. (3 marks)

31. a) Define dead reckoning. (2 marks)

b) State four pieces of information required when carrying out dead reckoning. (4 marks)

c) Explain two limitations of dead reckoning. (2 marks)

d) State two ways of checking the accuracy of a dead-reckoning plan during flight. (2 marks)
32. a) Define the term triangle of velocity. (2 marks)

b) Name the three main velocity components considered in the wind triangle. (3 marks)

) Explain the effect of each of the following on aircraft ground speed:

i. Headwind. (2 marks)

ii. Tailwind. (2 marks)

iii. Crosswind. (2 marks)

33. An aircraft has a true airspeed of 120 knots. It is flying directly into a headwind of 25 knots.

a) Define ground speed. (2 marks)
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b) Calculate the aircraft's ground speed. (2 marks)

) Explain how the headwind affects the time required to cover a given distance. (2 marks)

d) State four factors that may affect the accuracy of a flight navigation plan. (4 marks)

34. An aircraft is planned to cover a distance of 240 nautical miles at a ground speed of 120 knots.

a) State the formula used to calculate flight time. (2 marks)
b) Calculate the estimated flight time in hours. (2 marks)

c) Convert the answer into hours and minutes. (2 marks)

d) State four reasons why pilots calculate estimated flight time before departure. (4 marks)

35. An aircraft is expected to fly for 3 hours at a fuel consumption rate of 28 litres per hour.

a) Define trip fuel. (2 marks)

b) Calculate the trip fuel required. (2 marks)

c) Name four other fuel categories considered during flight planning. (4 marks)

d) Explain two reasons why accurate fuel planning is important. (2 marks)

36. a) Define Air Traffic Services. (2 marks)

b) Identify four main types of Air Traffic Services. (4 marks)
c) Explain the functions of the following:

i. Aerodrome Control Service. (2 marks)

ii. Approach Control Service. (2 marks)

iii. Area Control Service. (2 marks)

iv. Alerting Service. (2 marks)

Section C: Practical and application-based questions

37. Airspace classification exercise

Study a teacher-provided airspace diagram and:
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a) ldentify controlled and uncontrolled areas. (2 marks)
b) Identify two special-use airspace areas. (2 marks)
C) State the purpose of airspace classification. (2 marks)
d) Explain why pilots must check current aeronautical information before flight. (4 marks)
38. Pilotage exercise
Using a map of a selected area in Kenya:
a) Identify five geographical features that may be used as checkpoints. (5 marks)
b) Draw a simple fictional route connecting the features. (2 marks)
) Explain how a pilot can use the features to confirm position. (3 marks)
39. Triangle of velocity exercise
A training aircraft has:
o True course: 090°.
o True airspeed: 100 knots.
« Wind: 180° at 20 knots.
a) Draw a labelled wind triangle. (4 marks)
b) Determine the approximate wind correction angle. (2 marks)

) Calculate the approximate true heading. (2 marks)
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d) Determine the approximate ground speed. (2 marks)
40. Flight planning exercise

A fictional aircraft has to cover 180 NM at a ground speed of 90 knots. Its fuel consumption rate is 24
litres per hour.

a) Calculate the estimated flight time. (2 marks)
b) Calculate the trip fuel. (2 marks)
c) State four other factors that must be considered when preparing a real flight plan. (4 marks)

d) Explain why the figures from a classroom exercise cannot be used as actual flight dispatch instructions.
(2 marks)

Quick Revision Summary

Key term Main point to remember
Navigation Planning and directing aircraft movement
Airspace Defined portion of the atmosphere where aircraft operate

Controlled airspace Airspace where ATC service is provided according to its class

Uncontrolled airspace = Airspace without an ATC control service for normal aircraft separation

Class A IFR flights only

Class B IFR and VFR; ATC control service to all flights

Class C IFR and VFR; specified separation services

Class D IFR and VFR; ATC service and traffic information

Class E IFR controlled; VFR permitted under specified conditions
Class F Advisory service where established

Class G Uncontrolled airspace

Pilotage Navigation using visible geographical features

Dead reckoning Navigation using direction, speed, distance, time and wind
Radio navigation Navigation using radio signals
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Satellite navigation Navigation using satellite signals

Inertial navigation Navigation using onboard movement sensors
True course Intended ground direction

Heading Direction the aircraft nose points

Ground speed Speed over the ground

Wind correction angle Heading adjustment to compensate for wind

Navigation log Record of planned and actual flight information
Trip fuel Fuel required for the planned journey
ATS Services supporting safe and efficient aircraft operations
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GRADE 11 AVIATION TECHNOLOGY
STRAND 4.0: AIRPORT OPERATIONS
SUB-STRAND: TERMINAL OPERATIONS
1.0 Introduction to Terminal Operations

Airports are important facilities in the aviation industry. They provide infrastructure and services that
enable passengers, baggage, cargo, aircraft and airport personnel to move safely and efficiently.

One of the most important areas of an airport is the airport terminal. The terminal is where passengers
begin and end their air journeys and where baggage and cargo are processed.

Terminal operations involve several coordinated activities carried out by airport operators, airlines,
ground handling companies, security agencies, customs authorities, immigration officers and other
service providers.

In Kenya, terminal operations support domestic and international air transport through airports such as:
« Jomo Kenyatta International Airport.

Wilson Airport.

Moi International Airport.

Kisumu International Airport.

Eldoret International Airport.

The scale and facilities available differ from one airport to another. However, the main principles of safe
passenger, baggage and cargo processing apply across airports.

1.1 Meaning of an airport terminal
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An airport terminal is a building or group of connected facilities at an airport where passengers are

processed before departure and after arrival, and where related services such as check-in, security

screening, baggage handling, boarding, customs and passenger assistance are provided.

An airport terminal may contain:

Check-in counters.

Self-service check-in kiosks.
Baggage drop-off points.
Passenger security screening areas.
Immigration control points.
Customs inspection areas.
Departure lounges.

Boarding gates.

Arrival halls.

Baggage reclaim halls.

Airline offices.

Passenger information desks.
Shops, restaurants and waiting areas.

Special assistance facilities.
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1.2 Meaning of terminal operations

Terminal operations are the coordinated activities and procedures carried out within an airport terminal to
process departing, arriving and transferring passengers, baggage and cargo safely, securely and
efficiently.

These operations ensure that:
1. Passengers are correctly identified and processed.
2. Travel documents are checked where required.
3. Baggage is accepted, tagged and handled correctly.
4. Passengers and baggage undergo the required security procedures.
5. International passengers complete applicable immigration and customs formalities.
6. Passengers board the correct aircraft.

7. Arriving passengers leave the airport through the correct procedures.
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8.

Cargo is received, screened, documented, stored and dispatched appropriately.

1.3 Main objectives of terminal operations

The main objectives include:

1.

2.

10.

Passenger facilitation: To make travelling through the airport convenient and orderly.
Safety: To protect passengers, staff, aircraft and airport property from harm.

Security: To prevent prohibited items and unauthorised persons from entering restricted areas or
aircraft.

Efficiency: To reduce unnecessary delays and congestion.

Accurate identification: To ensure that passengers and baggage are correctly identified and
processed.

Regulatory compliance: To ensure that airport procedures comply with applicable aviation,
immigration, customs and public health requirements.

Baggage management: To ensure baggage is correctly tagged, sorted, loaded, transferred and
delivered.

Cargo management: To facilitate the safe movement of goods through the airport.
Customer service: To provide assistance and information to passengers.

Coordination: To ensure airlines, airport operators and government agencies work together
effectively.

2.0 Types of Terminal Operations

Terminal operations can be classified according to the activity being performed and the people or items

being processed.

The major types include:

1.

2.

3.

4.

5.

Passenger terminal operations.

Baggage terminal operations.

Cargo terminal operations.

Aircraft and ground-handling coordination.

Passenger transfer and transit operations.
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6. Arrival and departure operations.

2.1 Passenger terminal operations

Definition: Passenger terminal operations are activities involved in processing and assisting travellers as
they enter, move through and leave an airport terminal.

They cover the passenger journey from arrival at the airport to boarding the aircraft, and from aircraft
arrival to exit from the terminal.

Main passenger terminal activities
1. Passenger arrival at the airport
o Passengers arrive at the terminal using private vehicles, taxis, buses or other transport.
« They identify the correct airline and departure area.
« Airport information screens guide them to the appropriate check-in counters.
« Passengers prepare their tickets, booking details and travel documents.
2. Check-in

o Passengers report to an airline check-in counter or use an approved self-service kiosk.
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« Their booking and identity details are checked.

o Travel documents are verified as required.

« Their baggage is weighed and accepted where applicable.

o A boarding pass is issued or made available electronically.
3. Security screening

« Passengers pass through the designated security checkpoint.

« Hand baggage and personal belongings are screened.

« Passengers may undergo screening using approved security equipment.

« Any additional checks are conducted according to security procedures.
4. Immigration processing

« International passengers departing or arriving may be required to complete immigration
procedures.

« Officers examine passports, visas and other required documents.

« Entry and exit requirements are checked by the responsible authority.

5. Waiting in the departure lounge

Passengers wait in the designated departure area.

Flight information displays provide updates.

Airline announcements inform passengers about boarding.

Passengers remain alert to changes in gate numbers and departure times.
6. Boarding

Passengers proceed to the correct boarding gate.

Airline or ground-handling staff check boarding passes and other required documents.

Passengers board the aircraft using the designated boarding method.

Boarding staff confirm that the correct passengers are boarding the correct flight.

GRADE 11 AVIATION TECHNOLOGY 663 LEARNING SUPPORT NOTES



7. Arrival processing

Passengers leave the aircraft and follow arrival signs.

International passengers complete immigration procedures where applicable.

Passengers proceed to baggage reclaim.

Customs procedures are completed where required.

Passengers exit through the appropriate arrival area.
Importance of passenger terminal operations

« Promotes orderly passenger movement.

o Reduces confusion and congestion.

« Helps prevent unauthorised boarding.

« Improves passenger experience.

o Supports compliance with travel requirements.

o Helps airlines depart on schedule.

« Ensures passengers receive the required assistance.
2.2 Baggage terminal operations

Definition: Baggage terminal operations are the activities involved in accepting, identifying, screening,
sorting, transporting, loading, transferring and delivering passengers' baggage at an airport.

Baggage operations ensure that each passenger's baggage is associated with the correct flight and
destination.
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Types of passenger baggage
1. Checked baggage

Checked baggage is baggage handed over to the airline or its authorised ground handler for transport in
the aircraft's baggage compartment.

Examples:

Suitcases.

Travel bags.

Large bags.

Other permitted travel items accepted under airline baggage rules.
Characteristics:

« Itis weighed or measured according to airline requirements.

It is assigned a baggage tag.

It is transported separately from the passenger cabin.

It is screened according to applicable security requirements.
o Itis delivered at the baggage reclaim area after arrival, unless special arrangements apply.

2. Cabin baggage (hand baggage)
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Cabin baggage is baggage that a passenger is permitted to carry into the aircraft cabin, subject to airline
and security restrictions.

Examples:

o Small backpacks.

« Handbags.

o Small travel cases.

o Personal items permitted by the airline.
Characteristics:

It remains with the passenger during the flight.

It must meet applicable size and weight limits.

It undergoes the required security screening.

It must be stored in approved cabin storage spaces.

Prohibited and restricted items are not permitted.

3. Special baggage

Special baggage refers to items requiring particular handling arrangements because of their size, shape,
value, fragility or nature.

Examples:

Musical instruments.

o Sports equipment.
« Wheelchairs and mobility aids.
o Fragile items.
« Oversized baggage.
o Certain permitted medical equipment.
Special baggage must be handled according to airline, safety and security requirements.

2.2.1 Baggage handling process
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The main stages include:
Stage 1: Baggage acceptance

« The passenger presents checked baggage at the airline counter or designated baggage drop-off
point.

« Staff confirm the passenger's flight details.

« The baggage is weighed or assessed according to the airline's baggage policy.

« The baggage is accepted if it meets the applicable requirements.
Stage 2: Baggage tagging

« A baggage tag is attached to each accepted bag.

« The tag contains information used to identify the bag and its intended journey.

« A baggage receipt or corresponding electronic record may be provided to the passenger.
Stage 3: Security screening

« Checked baggage is screened using approved security procedures.

« Screening helps identify prohibited or dangerous items.

« Baggage requiring further examination is handled according to security procedures.
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Stage 4: Baggage sorting
« Screened baggage is directed to the appropriate sorting area.
« Itis sorted according to flight number, destination or other operational information.
o Automated systems or trained personnel may be used.
Stage 5: Baggage transportation
« Baggage is moved from the sorting area to the aircraft loading point.
« Conveyor belts, baggage carts and other approved equipment may be used.
« Staff ensure that baggage is moved safely and efficiently.
Stage 6: Baggage loading
« Baggage is loaded into the aircraft's designated baggage compartment.
« Itis handled in accordance with aircraft loading requirements.
« Special baggage may require separate arrangements.
Stage 7: Baggage unloading
« After arrival, baggage is removed from the aircraft.
« Itis transported to the baggage handling area.
« Transfer baggage is directed to the appropriate onward-flight process.
Stage 8: Baggage reclaim
« Passengers collect their checked baggage from the assigned carousel or collection point.
« Baggage is matched to the correct flight and destination.
« Passengers leave the baggage reclaim area after completing applicable arrival procedures.
2.2.2 Importance of baggage terminal operations
1. Ensures baggage reaches the correct destination.
2. Reduces the risk of baggage loss.
3. Helps prevent baggage from being loaded onto the wrong aircraft.

4. Supports aviation security.
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5. Protects baggage from unnecessary damage.

6. Improves passenger satisfaction.

7. Supports timely aircraft turnaround.

8. Facilitates the transfer of baggage between connecting flights.
2.3 Cargo terminal operations

Definition: Cargo terminal operations are the activities involved in receiving, documenting, inspecting,
screening, storing, handling, loading, unloading and releasing goods transported by air.

Air cargo includes goods carried in the aircraft's cargo compartments or in dedicated cargo aircraft.

%t v

Examples of air cargo

Fresh flowers.

o« Fresh fruits and vegetables.

o Medicines and medical supplies.
o« Electronics.

o Clothing and textiles.

o Documents and parcels.

« Industrial equipment.

o Spare parts.
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« Perishable food products.
e Humanitarian supplies.

Kenyan context: Air cargo is important for transporting fresh horticultural produce, flowers,
pharmaceuticals, urgent documents and other goods to domestic and international markets.

2.3.1 Types of air cargo

1. General cargo

Goods that do not require special handling beyond normal cargo procedures.
Examples:

Clothes.

Books.

Electronics.

Household products.

Spare parts.
2. Perishable cargo
Goods that can spoil or deteriorate if not transported or stored under suitable conditions.
Examples:
o Fresh flowers.
o Fruits.
o Vegetables.
« Fish.
o Meat.
« Certain food products.
Special handling requirements:
« Appropriate temperature control where required.

« Rapid processing.
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« Suitable packaging.

o Proper storage conditions.

« Timely transportation.
3. Valuable cargo
Cargo that has a high monetary value or requires enhanced security arrangements.
Examples:

Precious stones.

Certain electronic equipment.

High-value jewellery.

Special financial documents.

4. Dangerous goods

Dangerous goods are articles or substances that may pose risks to health, safety, property or the
environment during air transport.

Examples include:

Certain chemicals.

Flammable substances.

Compressed gases.

Corrosive substances.

Certain batteries.

Explosive materials.

Dangerous goods must be classified, packaged, marked, labelled, documented and handled according to
applicable aviation regulations. Some are forbidden or subject to strict conditions.

5. Live animal cargo
Animals transported by air under approved arrangements.
Examples:

o Livestock.
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Pets.

Specially approved wildlife movements.

Requirements may include:

Suitable animal containers.

Adequate ventilation.

Appropriate temperature.

Food and water arrangements where required.
Veterinary and legal documentation.

Compliance with animal welfare requirements.

6. Humanitarian and emergency cargo

Goods transported to support emergency or relief operations.

Examples:

Medical supplies.
Food aid.
Emergency equipment.

Disaster response materials.

2.3.2 Cargo handling process
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Stage 1: Cargo booking
o The shipper or authorised agent arranges transportation with an airline or cargo operator.
o The cargo's nature, weight, dimensions and destination are provided.
o Special handling requirements are identified.

Stage 2: Cargo acceptance

Cargo is delivered to the cargo terminal.

Staff check whether the cargo meets acceptance requirements.

Packaging and labelling are examined.

Required documentation is checked.

Stage 3: Documentation Cargo documentation may include:
o Air Waybill (AWB).
« Commercial invoice.

« Packing list.

GRADE 11 AVIATION TECHNOLOGY LEARNING SUPPORT NOTES



Export permits where required.

Import permits where required.

Dangerous goods declaration where applicable.

Other regulatory documents.

Stage 4: Security screening
o Cargo is screened or subjected to approved security controls.
« Screening helps identify prohibited or unauthorised items.
« Additional inspection may be required.
Stage 5: Customs processing
o Customs authorities assess cargo declarations and supporting documents.
« Duties, taxes and other requirements are dealt with where applicable.
« Cargo may be examined before release.
Stage 6: Cargo storage

Accepted cargo is placed in the appropriate storage area.

Perishable cargo may require temperature-controlled storage.

Valuable cargo may require secure storage.

Dangerous goods are handled in accordance with their specific requirements.

Stage 7: Cargo build-up and loading
« Cargo is organised for the planned flight.
« It may be placed in approved unit load devices (ULDs) or other suitable loading units.
« Weight, balance and loading requirements are observed.
« Cargo is transferred to the aircraft loading area.
Stage 8: Cargo transportation
- Cargo is carried to the destination according to the flight and handling arrangements.

Stage 9: Cargo unloading and release
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o Cargo is unloaded at the destination.
 Itis transferred to the appropriate cargo terminal.
o Customs and other release procedures are completed where applicable.
« The authorised consignee or agent collects the cargo.
2.3.3 Importance of cargo terminal operations
1. Facilitates international and domestic trade.
2. Supports the export of Kenyan agricultural and horticultural products.
3. Enables quick movement of urgent goods.
4. Supports the transport of medicines and medical supplies.
5. Promotes economic development.
6. Creates employment in logistics and aviation.
7. Supports humanitarian and disaster response operations.
8. Helps maintain cargo security and traceability.
9. Protects perishable goods through suitable handling.
10. Supports compliance with customs and aviation regulations.
3.0 Process of Terminal Operations in an Airport

Terminal operations follow an organised sequence to ensure that passengers, baggage and cargo are
processed correctly.

The process can be divided into three main operational stages:
1. Departure terminal operations.
2. Arrival terminal operations.
3. Transfer and transit terminal operations.

3.1 Departure terminal operations

Definition: Departure terminal operations are the activities carried out to prepare passengers, baggage
and cargo for an aircraft's departure.
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3.1.1 Main stages of departure terminal operations

Stage 1: Passenger arrival at the terminal

Passengers arrive at the airport terminal.

They check the flight information displays.

They identify the airline and check-in area.

They prepare their booking information and travel documents.

Passengers requiring assistance may contact the airline or airport assistance desk.

Stage 2: Check-in
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Definition: Check-in is the process through which an airline confirms a passenger's reservation and
eligibility to travel on a particular flight, records the passenger's presence and issues or confirms a
boarding pass.

Check-in may be conducted:

« At an airline counter.

« Through an approved self-service kiosk.

o Online using an airline's website or mobile application.

o Through other airline-approved check-in arrangements.
Activities carried out during check-in

1. The passenger presents booking details or an electronic ticket.

2. Airline staff retrieve the passenger's booking.

3. The passenger's identity is checked.
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8.
9.

10. The passenger is advised about the next stage of the departure process.

Travel documents are checked where required.

The passenger's destination and flight details are confirmed.
Checked baggage is weighed and accepted if applicable.
The passenger is assigned a seat where applicable.

A boarding pass is issued or confirmed.

Baggage is tagged and directed into the baggage handling system.

Importance of check-in

Confirms the passenger's booking.

Establishes that the passenger has reported for the flight.
Helps verify travel eligibility.

Provides information for passenger and baggage processing.
Supports accurate flight passenger records.

Helps airlines manage boarding and departure arrangements.

Stage 3: Baggage weighing and acceptance

Checked baggage is placed on a weighing scale.

Staff check the baggage against the airline's permitted allowance.
Excess baggage may attract additional charges under airline policy.
Baggage that meets the acceptance conditions is accepted.

Special baggage is handled according to the required procedures.

Stage 4: Baggage tagging
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Definition: Baggage tagging is the process of attaching an identification label or electronic identification

device to checked baggage to enable it to be identified, sorted and directed to the correct destination.

A baggage tag commonly contains:

« A unique baggage identification number.

Flight information.

Destination airport information.

Routing information where applicable.

A barcode or other machine-readable information.

Steps in baggage tagging
1. The baggage is accepted by the airline.

2. The passenger's flight information is retrieved.
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3. A baggage tag is generated.
4. The tag is attached securely to the bag.
5. The baggage identification details are recorded electronically or otherwise.
6. A corresponding baggage receipt or identification record is made available to the passenger.
7. The bag enters the baggage handling process.
Importance of baggage tagging
o Identifies individual bags.
o Helps direct bags to the correct aircraft.
« Supports baggage tracking.
« Reduces the risk of baggage mix-ups.
o Helps reunite passengers with delayed or misplaced baggage.

« Supports transfer baggage handling.

Stage 5: Security screening

Definition: Security screening is the process of examining passengers, baggage, cargo and other items
using approved security procedures to identify prohibited articles, dangerous items or possible security
threats.

Passenger screening may involve:
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Walk-through metal detectors.

Hand-held metal detectors.

Body scanners where approved.

Physical inspection where required.

Verification of passenger access to restricted areas.

Cabin baggage screening may involve:

X-ray screening equipment.

Explosive detection technology where available and applicable.

Manual examination when required.

Verification of permitted and prohibited items.

Checked baggage screening may involve:

« Approved baggage X-ray systems.

« Explosive detection systems.

« Additional examination where necessary.

« Security reconciliation procedures as required.
Importance of security screening

1. Prevents prohibited items from being carried onto aircraft.

2. Helps protect passengers and crew.

3. Protects aircraft from unlawful interference.

4. Supports airport security regulations.

5. Helps detect dangerous items.

6. Protects airport facilities and operations.

Stage 6: Immigration control
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Definition: Immigration control is the process through which authorised government officers examine the
travel and entry or exit documents of people crossing national borders.

It is especially relevant to international travel.
During departure immigration procedures:
« Passengers present their passports and other required documents.
« Officers check identity and travel eligibility.
« Visas, permits or other requirements may be checked where applicable.
o The required departure records are completed.
During arrival immigration procedures:
o Passengers present their passports.
« Officers establish identity and assess entry requirements.
« Visas, residence permits and other required documents are checked where applicable.
o Entry is processed according to national immigration laws.
Importance of immigration control
« Helps regulate entry into and departure from a country.
« Supports border security.

« Helps detect fraudulent travel documents.
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« Supports enforcement of immigration laws.
« Provides official records of international movement.

Stage 7: Customs procedures
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Definition: Customs procedures are official processes through which goods entering or leaving a country
are declared, assessed and examined to ensure compliance with customs laws and regulations.

Customs is concerned mainly with goods, not the permission of a person to enter a country. Passenger
immigration and customs are therefore different processes.

Customs procedures may include:

Declaration of goods where required.

« Inspection of passenger baggage.

o Assessment of customs duties and taxes.

« Verification of import or export permits.

« ldentification of restricted or prohibited goods.

« Release of goods after applicable requirements have been met.
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Customs channels
At airports that operate a red/green channel system:
« Green channel: For travellers who have nothing to declare under the applicable rules.

o Red channel: For travellers carrying goods that must be declared or who require customs
assistance.

The availability and use of these channels depend on the airport and the customs procedures in force.
Examples of items that may require declaration or special authorisation

Goods exceeding applicable duty-free allowances.

Commercial goods.

« Certain controlled medicines.

« Wildlife products.

« Certain agricultural products.

o Firearms and other regulated items.

Large amounts of currency where declaration is required.

Importance of customs procedures

1. Protects national economic interests.

N

Helps collect legally payable duties and taxes.
3. Prevents illegal importation and exportation.
4. Protects public health and safety.
5. Helps control restricted and prohibited goods.
6. Supports international trade regulations.
Stage 8: Passenger movement to the departure lounge
« After completing the required procedures, passengers proceed to the departure lounge.
o They follow the airport signs.

« They observe flight information displays.
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« They wait for boarding announcements.
o They remain within the permitted passenger areas.

Stage 9: Boarding
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Definition: Boarding is the process through which passengers are authorised to enter an aircraft before

departure.
Boarding procedures
1. Airline or ground-handling staff announce boarding.
2. Passengers proceed to the assigned gate.
3. Boarding passes are checked.
4. Travel documents may be checked again where required.
5. Passenger identity or boarding entitlement is verified.
6. Passengers are directed to the aircraft.
7. Passengers board using a passenger boarding bridge, stairs or another approved method.

8. Cabin crew or authorised staff assist passengers to their seats.
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9. Passenger boarding information is reconciled according to airline procedures.
Methods of boarding

o Passenger boarding bridge (aerobridge).

« Mobile passenger stairs.

« Apron bus followed by aircraft stairs.

« Direct walking access where permitted and safely controlled.
Importance of boarding procedures

o Ensures passengers board the correct aircraft.

Prevents unauthorised access.

Supports accurate passenger accounting.

Helps ensure that passengers are seated safely.

Contributes to timely aircraft departure.
3.2 Arrival terminal operations

Definition: Arrival terminal operations are the activities performed after an aircraft lands to process
passengers, baggage and cargo arriving at an airport.
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Main stages of arrival terminal operations
Stage 1: Aircraft arrival and passenger disembarkation

« The aircraft arrives at its assigned parking position.

The aircraft is secured according to ground-handling procedures.

Passengers are permitted to leave the aircraft when authorised.

Passengers follow the marked route into the terminal.

Special assistance is provided where required.
Stage 2: Arrival immigration
 International passengers proceed to the immigration area.
o Passports and other required documents are checked.
« Entry requirements are assessed.
« Passengers are processed according to immigration procedures.

Domestic passengers normally do not pass through international immigration on arrival within the same
country.
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Stage 3: Baggage reclaim

Definition: Baggage reclaim is the process through which arriving passengers collect their checked
baggage from a designated collection area.

Activities involved

1. Baggage is unloaded from the aircraft.

2. Itis transferred to the baggage handling area.

3. Itis delivered to the correct baggage carousel or collection point.

4. Passengers identify their baggage.

5. Passengers collect their bags.

6. Missing or damaged baggage is reported to the airline or its handling agent.
Importance of baggage reclaim

o Enables passengers to recover their checked baggage.

« Provides an organised collection process.

o Helps identify missing or damaged baggage.
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« Supports passenger satisfaction.
o Completes the checked-baggage delivery process.

Stage 4: Customs inspection

« Passengers proceed to customs after baggage collection where required.

Goods are declared where necessary.

Customs officers may examine baggage.

Duties or taxes are assessed where applicable.

Goods are released when the relevant requirements have been satisfied.

Stage 5: Passenger exit
« Passengers proceed to the arrival hall.
« They meet relatives, friends or representatives.
« They access taxis, buses, private vehicles or other ground transport.

« They leave the airport through the designated exit.

Arrival operations flow diagram
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3.3 Transfer and transit terminal operations
Passengers may arrive at an airport and continue their journey on another flight.

Transfer passenger: A passenger who changes from one flight to another at an intermediate airport to
continue the journey.

Transit passenger: A passenger who stops at an intermediate airport during a journey but continues on
the same aircraft or under an arrangement defined by the airline and airport procedures.

Transfer passenger operations
1. The passenger arrives on the first flight.
2. The passenger follows the transfer signs.
3. Airline or airport staff provide directions where necessary.
4. The passenger's onward-flight details are checked.
5. Security screening is completed again where required.

6. Immigration and customs procedures are completed where required by the route and airport
arrangements.

7. The passenger proceeds to the onward departure gate.
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8. The passenger boards the connecting aircraft.

Importance of transfer and transit operations

Supports connecting journeys.

« Helps passengers reach destinations without requiring a direct flight.
o Supports airline network operations.

« Reduces unnecessary passenger movement.

« Helps coordinate connecting flights.

Improves airport efficiency.

4.0 lllustration of Terminal Operations

Terminal operations involve different facilities that are connected to form an organised passenger and
baggage processing system.

4.1 Main areas of a passenger terminal
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1. Departure ha
The area where passengers enter the terminal and prepare for their flights.

2. Check-in area
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The area where passengers confirm their bookings, present travel documents and hand over checked
baggage.

3. Security screening area

The designated area where passengers and their baggage undergo required security checks.
4. Immigration area

The area where international passengers undergo border-control procedures.

5. Departure lounge

The waiting area where passengers remain before boarding.

6. Boarding gate

The designated point where passengers are checked and directed to the aircraft.

7. Arrival corridor

The passage through which passengers enter the terminal after leaving the aircraft.

8. Baggage reclaim area

The area where arriving passengers collect checked baggage.

9. Customs area

The area where customs officers carry out relevant inspections and clearance procedures.
10. Arrival hall

The area where passengers meet visitors, arrange ground transport and exit the terminal.

4.2 Simplified terminal layout
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4.3 Main personnel involved in terminal operations

Personnel or organisation Main responsibility

Airport operator Manages airport facilities and terminal infrastructure

Airline staff Manage passenger check-in, flight information and boarding

Ground handling staff Handle baggage, aircraft servicing and passenger assistance as
contracted

Aviation security personnel Conduct or coordinate aviation security screening and access control

Immigration officers Manage international entry and exit procedures

Customs officers Inspect and process goods entering or leaving the country

Airport information staff Direct passengers and provide terminal information

Cargo handlers Receive, store, process and transfer air cargo

Cleaning and maintenance Maintain terminal cleanliness and serviceable facilities

staff

Airport emergency services Respond to emergencies within their assigned responsibilities

5.0 Simulations of Terminal Operations
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5.1 Meaning of simulation

Simulation is the use of a model, demonstration, role-play activity or computer programme to imitate
real-life operations in a controlled learning environment.

In Aviation Technology, terminal operations simulations help learners understand how passengers,
baggage, cargo and airport personnel interact during airport activities.

Simulations allow learners to practise procedures without interfering with actual airport operations.

5.2 Types of terminal operations simulations
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1. Passenger check-in simulation

Learners imitate the check-in process at an airline counter.

Materials required

A table to represent a check-in counter.
Sample boarding passes.

Mock passports or identity cards.
Sample booking records.

Suitcases or bags.

A weighing scale.

Sample baggage tags.

A computer or printed passenger list.

Procedure

1.

2.

8.

9.

Arrange a table as an airline check-in counter.
Assign learners different roles.

One learner acts as an airline check-in agent.
Another learner acts as a passenger.

The passenger presents sample booking details.

The agent checks the passenger's identity and booking information.

The agent checks baggage weight using the demonstration scale.

The agent attaches a mock baggage tag.

The agent issues a mock boarding pass.

10. The passenger is directed to the next stage.

Expected learning outcomes

Learners should be able to:
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Explain the meaning of check-in.
|dentify the information required during check-in.
Demonstrate baggage acceptance.

Explain the purpose of a boarding pass.

Describe the importance of accurate passenger records.

2. Baggage tagging simulation

Materials required

Suitcases or sample bags.

Sample baggage tags.

Marker pens.

Printed fictional flight information.

A sorting table.

Procedure

1.

2.

6.

7.

Prepare three or more sample bags.

Give each bag a fictional destination and flight number.
Prepare a corresponding baggage tag.

Attach the correct tag to each bag.

Sort the bags according to their assigned flights.

Ask learners to identify any incorrectly tagged bags.

Discuss the consequences of baggage being directed to the wrong aircraft.

Expected learning outcomes

Learners understand baggage identification.
Learners appreciate the importance of correct tagging.

Learners develop accuracy and teamwork.

Learners understand how baggage sorting supports airport efficiency.
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3. Security screening simulation
Materials required

A table representing a security checkpoint.

Empty sample bags.

Pictures of permitted and prohibited items.

A sample screening checklist.

A computer or projector where available.
Procedure
1. Set up a mock passenger screening point.
2. Assign learners the roles of passengers and security personnel.
3. Give learners pictures of different items.
4. Ask them to classify the items according to the teacher-provided security guidance.
5. Demonstrate how baggage is presented for screening.
6. Discuss the need for additional examination where an item raises concern.
7. Explain why actual airport security procedures must be followed.
Expected learning outcomes
o Learners explain the purpose of screening.
« Learners recognise that aviation security protects passengers and aircraft.
o Learners appreciate the importance of following security instructions.

This is an educational demonstration only. It does not replace official aviation security training or disclose
operational screening procedures.

4. Passenger boarding simulation
Materials required
o A classroom arranged to represent a departure gate.

« Sample boarding passes.
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o A passenger list.
« Chairs representing aircraft seats.
« A ssign showing a fictional gate number.
Procedure
1. Arrange the classroom to represent a boarding gate.
2. Assign roles to learners.
3. One learner acts as the gate agent.
4. Other learners act as passengers.
5. The gate agent announces boarding.

6. Passengers present their sample boarding passes.

7. The agent checks each passenger against the fictional passenger list.

8. Passengers proceed to the aircraft seating area.
9. Learners discuss the importance of correct boarding procedures.

5. Cargo handling simulation

—
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Materials required
o Empty cartons.
o Sample cargo labels.

e A mock Air Wayhbill.
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« A table representing a cargo acceptance counter.
« A weighing scale.
« A cargo sorting chart.
Procedure
1. Arrange a table as a cargo acceptance counter.
2. Assign learners roles as cargo agents, shippers and handlers.
3. Present sample cargo.
4. Examine the packaging and labels.
5. Complete a mock cargo record.
6. Sort cargo according to destination and handling requirements.
7. Discuss the need for security screening and customs processing.
8. Explain how cargo is prepared for aircraft loading.
6. Computer-based terminal operations simulation

Learners may use suitable digital learning software, videos or teacher-prepared presentations to observe
airport terminal operations.

They should identify:

« Passenger check-in counters.

Baggage conveyor systems.
« Security screening points.

« Immigration counters.

o Customs areas.

o Boarding gates.

« Cargo warehouses.

« Baggage reclaim systems.

Benefits of computer-based simulations
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1. Provide visual understanding of airport operations.

2. Allow learners to observe processes that may not be available in their locality.

3. Encourage digital literacy.

4. Support collaborative learning.

5. Enable learners to repeat demonstrations.

6. Reduce the need for expensive physical equipment.

5.3 Sample classroom terminal operations role-play

Activity: Simulating an international passenger's journey through an airport terminal.

Mock airport terminal exercise

lllustrative classroom arrangement
1. Passenger entrance

Passengers arrive and check flight information.
2. Airline check-in counter

Booking and travel information are checked; baggage is accepted.
3. Baggage tagging point

Checked baggage receives a sample identification tag.
4. Security screening point

Passengers and baggage are processed in a mock security exercise.
5. Immigration counter

Travel documents are checked in a simulated international departure.
6. Departure lounge

Passengers wait for the boarding announcement.

7. Boarding gate

Boarding passes are checked and passengers proceed to the mock aircraft.

Assessment checklist for the teacher
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Skill demonstrated Yes | Not yet

Identifies the correct check-in counter O | O
Explains the purpose of check-in O d
Demonstrates baggage tagging 0O O
Explains security screening O d

Differentiates immigration from customs | O | O

Explains the boarding process O d

Works cooperatively with others O | O

Follows the correct sequence of activities | O | O

6.0 Importance of Terminal Operations in Airport Operations

Terminal operations are essential for the successful functioning of an airport. They connect passengers,
airlines, baggage, cargo, government agencies and ground service providers.

6.1 Promotes passenger safety

Ensures that passengers follow designated routes.

Supports controlled movement within airport facilities.

Reduces congestion and confusion.

Helps identify safety hazards.

Provides organised access to aircraft.

6.2 Enhances aviation security
« Supports passenger and baggage screening.
o Helps prevent prohibited items from entering aircraft.
« Controls access to restricted areas.
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« Supports baggage identification and reconciliation.
o Helps detect suspicious activities.
6.3 Facilitates efficient passenger movement

o Reduces unnecessary delays.

Provides organised check-in and boarding.

Helps passengers locate departure gates.

Improves passenger flow between terminal sections.

Supports passengers with special assistance needs.

6.4 Supports efficient baggage handling

« Helps ensure baggage is correctly tagged.

« Reduces the possibility of baggage being sent to the wrong destination.

« Supports baggage tracking.

o Helps prevent damage and loss.

« Improves the collection of arriving baggage.
6.5 Facilitates international trade

« Supports import and export operations.

Enables movement of goods between countries.

Supports Kenyan horticultural exports.

Facilitates the transportation of medicines and other urgent supplies.

« Promotes international business.
6.6 Promotes economic development

« Creates employment opportunities.

o Supports tourism.

« Encourages investment.

« Supports trade and logistics.
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« Contributes to national economic growth.
6.7 Supports regulatory compliance

Helps airlines and passengers comply with aviation requirements.

Supports immigration procedures.

Facilitates customs inspections.

Promotes adherence to airport security requirements.

Helps maintain appropriate records.

6.8 Improves customer service
o Provides passenger information.
o Assists elderly travellers and persons with disabilities.
« Provides directions and guidance.
« Helps resolve baggage and travel-related problems.
« Improves the overall travel experience.

6.9 Supports emergency management

Provides organised evacuation routes.

o Supports emergency communication.

o Helps airport personnel coordinate responses.

 Facilitates access for emergency response teams.

« Supports passenger accounting during emergencies.
6.10 Supports timely aircraft departures

Coordinates passenger check-in and boarding.

Ensures baggage is processed and transferred appropriately.

Supports communication between airlines and ground handlers.

Helps reduce avoidable operational delays.

Supports efficient aircraft turnaround.
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7.0 Terminal Operations Equipment and Facilities

Airport terminals use various equipment and facilities to support passenger, baggage and cargo

operations.

SELF
CHECK-IN

7.1 Passenger processing equipment

1. Check-in counter
A designated workstation where airline staff process passengers and accept checked baggage.
2. Self-service check-in kiosk

An electronic machine that allows passengers to complete approved check-in activities without using a
traditional staffed counter.

3. Boarding pass scanner
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A device used to read the information on a boarding pass during boarding or at other authorised
checkpoints.

4. Passport reader
An electronic device used to read information fromm machine-readable travel documents.
5. Flight information display system (FIDS)

An electronic display system that provides information about flight departures, arrivals, gate numbers,
delays and other operational updates.

AR

% Arrival Ketibaan ‘ Rkt
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7.2 Baggage handling equipment

1. Weighing scale

Used to determine the weight of checked baggage or cargo.

2. Baggage conveyor belt

A moving belt used to transport baggage between different processing areas.

3. Baggage carousel

A rotating conveyor system used to deliver checked baggage to passengers in the arrival area.

4. Baggage trolley
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A wheeled cart used to transport baggage between the terminal and aircraft handling areas.
5. Baggage scanner

Equipment used to screen checked or cabin baggage according to approved aviation security
requirements.

6. Baggage tag printer

A device used to print baggage identification tags.
7.3 Cargo handling equipment

1. Forklift

A powered industrial vehicle used to lift and move cargo and pallets in approved warehouse and
handling areas.

2. Cargo pallet
A platform used to support and organise goods for storage and transportation.
3. Unit Load Device (ULD)

A container or pallet designed to hold cargo or baggage for loading into an aircraft that is approved to
use that ULD.

4. Cargo weighing scale
Used to establish cargo weight for documentation and aircraft loading planning.
5. Cargo storage racks
Structures used to organise cargo within a warehouse.
6. Refrigerated storage equipment
Used to maintain required temperatures for suitable perishable goods.
7.4 Safety and emergency equipment
« Fire extinguishers.
o« Fire detection systems.
« Emergency exit signs.

o First-aid kits.

GRADE 11 AVIATION TECHNOLOGY 706 LEARNING SUPPORT NOTES



« Emergency lighting.
o Public address systems.
o CCTV systems.
« Emergency communication equipment.
« Evacuation route signs.
8.0 Safety and Security in Terminal Operations

Terminal operations involve large numbers of people, baggage, machinery and goods. Safety and
security procedures must therefore be followed at all times.

8.1 Meaning of safety in terminal operations

Safety refers to measures taken to prevent accidents, injuries, damage to property and other
unintentional harm during airport operations.

Examples:
« Preventing passengers from entering restricted operational areas.

Keeping walkways free of obstacles.

Using baggage-handling equipment correctly.

Maintaining clear emergency exits.

Preventing slips and falls.

8.2 Meaning of security in terminal operations

Security refers to measures taken to protect aviation operations against unlawful interference,
unauthorised access and deliberate acts that may threaten passengers, staff, aircraft or airport facilities.

Examples:

Passenger screening.

Baggage screening.

Staff identification checks.

Access control.

Surveillance.
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Security inspections.

8.3 Difference between safety and security

Safety

Security

Prevents accidental harm

Prevents deliberate or unlawful harm

Focuses on hazards and accidents

Focuses on threats and unauthorised activities

Includes safe handling of equipment

Includes access control and screening

Examples include preventing slips and falls

Examples include preventing unauthorised access

Protects people and property from accidental

incidents

Protects people, aircraft and facilities from unlawful
interference

8.4 Common hazards in airport terminals

1.

2.

8.
9.

10. Unauthorised access to restricted areas.

Wet floors.

Poorly arranged baggage.

Moving conveyor belts.

Unattended luggage.

Congested passenger walkways.
Incorrect use of handling equipment.
Electrical faults.

Fire hazards.

Poor lighting.
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8.5 Safety precautions

Follow airport signs and instructions.

« Keep emergency exits clear.

« Do not interfere with baggage conveyor systems.

« Use equipment only when authorised and trained.

« Report suspicious items to the appropriate authorities.

« Do not enter restricted areas without permission.

« Maintain clean and dry walkways.

« Use appropriate personal protective equipment when handling cargo.
o Follow manual handling procedures.

o Observe emergency evacuation instructions.

9.0 Challenges Facing Terminal Operations

Despite improvements in airport technology, terminal operations may face various challenges.

Challenge Explanation Possible control measure

Passenger congestion = Large numbers of passengers may crowd Improve passenger flow and
check-in and departure areas staffing

Flight delays Delays may cause congestion and missed Provide timely flight information
connections

Lost baggage Baggage may be misdirected or delayed Accurate tagging and tracking

Damaged baggage Poor handling may damage passenger Proper handling and staff
belongings training

Equipment failure Conveyor belts or scanners may stop working  Regular maintenance and backup

arrangements

Security threats Unlawful activities may threaten airport Effective security measures
operations

Cargo delays Documentation or inspection problems may  Accurate documentation and
delay goods coordination

Communication Poor coordination may affect passenger Clear communication systems

breakdown processing
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Staff shortages Insufficient personnel may slow processing Effective staffing and scheduling

System outages Computer or network failures may interrupt Contingency plans and system
processing maintenance

9.1 Ways of improving terminal operations

1. Using modern passenger processing technology.
2. Improving staff training.
3. Maintaining baggage handling systems.
4. Providing clear signs and information displays.
5. Improving coordination among airport stakeholders.
6. Using reliable communication systems.
7. Maintaining adequate security measures.
8. Improving accessibility for persons with disabilities.
9. Providing sufficient passenger waiting facilities.
10. Developing emergency and contingency plans.
Careers Related to Airport Terminal Operations
Terminal operations provide employment opportunities in different areas of the aviation industry.

1. Passenger Service Agent: Assists passengers during check-in, boarding and other terminal
procedures.

2. Baggage Handling Officer: Supports baggage acceptance, sorting, transfer and delivery.

3. Cargo Handling Officer: Receives, documents, stores and prepares cargo for transportation.

4. Airport Operations Officer: Supports the coordination and monitoring of airport activities.

5. Airport Security Officer: Performs authorised airport security duties.

6. Customs Officer: Examines goods and enforces customs laws.

7. Immigration Officer: Processes international travellers in accordance with immigration laws.

8. Ground Handling Agent: Provides contracted passenger, baggage and aircraft ground services.

9. Airline Customer Service Officer: Provides information and assistance to passengers.
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10. Airport Facilities Technician: Maintains terminal equipment and facilities.
11. Cargo Documentation Clerk: Prepares and checks cargo records and related documents.

12. Airport Emergency Response Officer: Supports emergency response within the airport.

Revision Questions

STRAND 4.0: AIRPORT OPERATIONS
SUB-STRAND: TERMINAL OPERATIONS
Section A: Multiple-choice questions

Choose the correct answer in each question.

1. What is an airport terminal?

A. A building where aircraft engines are manufactured. B. A facility
where passengers and their baggage are processed before departure and after arrival. C. An area
used exclusively for aircraft parking. D. A place where aircraft
are painted.

2. Which one of the following best describes terminal operations?

A. Activities involved in constructing airport runways. B. Activities
involved in processing passengers, baggage and cargo at an airport. C. Activities
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involved in manufacturing aircraft. D. Activities involved in training
pilots only.

3. Which one of the following is a major activity carried out during passenger check-in?

A. Aircraft engine inspection. B. Passenger booking
verification. C. Aircraft refuelling.
D. Runway maintenance.

4. What is the main purpose of a boarding pass?

A. To identify the aircraft's engine type. B. To provide evidence of
a passenger's authorisation to board a particular flight. C. To show the aircraft's fuel
quantity. D. To identify the airport's runway.

5. Which document or identification label is attached to checked baggage to help direct it to the correct
destination?

A. Cargo invoice.  B.Baggage tag.  C. Passenger visa. D. Flight timetable.

6. Which one of the following is an example of checked baggage?

A. A suitcase handed over to the airline at check-in. B. A small handbag
carried by a passenger into the cabin. C. A pilot's flight manual.
D. An aircraft maintenance tool.

7. What is the main purpose of baggage screening?

A. To determine the passenger's age. B. To identify prohibited
or dangerous items. C. To calculate the aircraft's speed.
D. To allocate passenger seats.

8. Which equipment is commonly used to transport baggage within an airport terminal?
A. Baggage conveyor belt. B. Aircraft altimeter. C. Magnetic compass. D. Pitot tube.
9. Which one of the following is a function of immigration officers?

A. Repairing aircraft engines. B. Checking international
travellers' entry and exit documents. C. Loading aircraft fuel.
D. Preparing aircraft flight plans.

10. Which government agency is primarily responsible for customs procedures in Kenya?

GRADE 11 AVIATION TECHNOLOGY 712 LEARNING SUPPORT NOTES



A. Kenya Revenue Authority. B. Kenya National Highways
Authority. C. Kenya Meteorological Department.
D. Kenya Forest Service.

11. What is the main responsibility of customs officers at an international airport?

A. Issuing boarding passes. B. Processing and inspecting
goods entering or leaving the country. C. Directing aircraft during take-off.
D. Maintaining aircraft navigation systems.

12. Which one of the following is an example of perishable air cargo?

A. Fresh flowers.  B. Steel bolts. C. Plastic chairs. D. Metal tools.

13. What does the abbreviation AWB represent in air cargo operations?

A. Aircraft Weight Balance. B. Air Waybill. C. Airport Weather Bulletin. D. Aviation Warning Board.
14. Which one of the following is a dangerous goods category?

A. Ordinary clothing. B. Certain flammable substances. C. Printed books. D. Fresh flowers.

15. What is the main function of a baggage reclaim carousel?

A. To weigh departing passengers. B. To deliver checked baggage to arriving passengers. C. To
screen passengers before boarding. D. To issue boarding passes.

16. Which one of the following activities normally takes place in the departure lounge?

A. Passengers wait for boarding. B. Aircraft engines are repaired. C.
Cargo is loaded into containers. D. Aircraft tyres are inspected.

17. Which one of the following is a method of boarding an aircraft?

A. Passenger boarding bridge. B. Baggage weighing scale. C. Cargo storage
rack. D. Customs inspection desk.

18. What is a transfer passenger?

A. A passenger who changes from one flight to another at an intermediate airport. B.
A passenger who has cancelled a flight. C. A passenger who works
at an airport. D. A passenger who travels without baggage.

19. Which one of the following is a major responsibility of an airport operator?
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A. Managing airport facilities and infrastructure. B. Issuing national
passports. C. Manufacturing aircraft engines.
D. Producing aviation fuel.

20. What is the main purpose of a flight information display system in an airport terminal?

A. To display passenger medical records. B. To provide flight
departure and arrival information. C. To calculate aircraft engine
temperature. D. To measure baggage weight.

21. Which one of the following is an example of special baggage?

A. An ordinary paper ticket. B. A musical instrument requiring special handling. C. A
boarding pass. D. A passenger's passport.

22. What is the main purpose of a cargo terminal?

A. To accommodate aircraft pilots during training. B. To receive,
process, store and dispatch air cargo. C. To provide accommodation for
passengers. D. To repair airport vehicles.

23. Which equipment is used to lift and move heavy cargo in a warehouse?
A. Forklift. B. Altimeter. C. Protractor. D. Thermometer.

24. Which one of the following best describes safety in terminal operations?

A. Measures taken to prevent accidents and injuries. B. Measures
taken to increase ticket prices. C. Measures taken to advertise
airlines. D. Measures taken to decorate airport buildings.

25. Which one of the following is an example of an airport terminal security measure?

A. Passenger and baggage screening. B. Passenger entertainment. C.
Restaurant decoration. D. Aircraft painting.

Section B: Structured questions

Answer all questions.

26. a) Define the term airport terminal. (2 marks)
b) Define terminal operations. (2 marks)

c) State six objectives of terminal operations. (6 marks)
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27. a) Identify four major types of terminal operations. (4 marks)

b) Explain three activities involved in passenger terminal operations. (6 marks)

28. a) Define passenger check-in. (2 marks)

b) Outline six activities carried out during passenger check-in. (6 marks)

c) State two reasons why check-in is important. (2 marks)

29. a) Define baggage tagging. (2 marks)

b) State five pieces of information or identification features that may appear on a baggage tag. (5 marks)
) Explain three reasons why baggage tagging is important. (3 marks)

30. a) Differentiate between checked baggage and cabin baggage. (4 marks)

b) Identify three examples of special baggage. (3 marks)

c) Explain three stages involved in checked baggage handling. (3 marks)

31. a) Define security screening in airport terminal operations. (2 marks)

b) State four types of equipment or methods used in approved airport security screening. (4 marks)
c) Explain four reasons why passenger and baggage screening is important. (4 marks)
32. a) Differentiate between immigration control and customs procedures. (4 marks)
b) State three functions of immigration officers at an international airport. (3 marks)
c) State three functions of customs officers at an international airport. (3 marks)

33. a) Define air cargo. (2 marks)

b) Identify four types of air cargo. (4 marks)

c) Explain four stages involved in cargo handling at an airport. (4 marks)

34. a) Define the term boarding. (2 marks)

b) Describe five procedures followed during passenger boarding. (5 marks)

c) State three reasons why proper boarding procedures are important. (3 marks)

35. a) Define arrival terminal operations. (2 marks)
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b) Describe five stages followed by international passengers after an aircraft arrives at an airport. (5
marks)

C) State three functions of the baggage reclaim area. (3 marks)

36. a) Define transfer passenger. (2 marks)

b) Explain four activities involved in processing transfer passengers. (4 marks)

c) State four benefits of efficient transfer and transit operations. (4 marks)

37. a) Define the term simulation. (2 marks)

b) Identify four types of terminal operations simulations that can be conducted in a classroom. (4 marks)
¢) Explain four benefits of using simulations when teaching terminal operations. (4 marks)
38. a) Identify five pieces of equipment used in passenger terminal operations. (5 marks)
b) Explain the function of each of the following:

i. Baggage conveyor belt. (1 mark)

i. Flight information display system. (1 mark)

iii. Boarding pass scanner. (1 mark)

iv. Baggage weighing scale. (1 mark)

v. Self-service check-in kiosk. (1 mark)

39. a) Differentiate between safety and security in airport terminal operations. (4 marks)
b) Identify three hazards that may occur within an airport terminal. (3 marks)

C) State three safety precautions that should be observed in an airport terminal. (3 marks)

40. a) Explain five ways through which terminal operations contribute to the development of the aviation
industry in Kenya. (5 marks)

b) Identify five career opportunities related to airport terminal operations. (5 marks)
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Section C: Practical -based assessment
41. Passenger check-in simulation
Your teacher has organised a classroom activity to demonstrate passenger check-in at an airport.
a) ldentify five materials required for the activity. (5 marks)
b) Describe the procedure followed during the simulation. (5 marks)
42. Baggage tagging activity
You have been provided with three suitcases and sample baggage tags.
a) Demonstrate how to attach a baggage tag to each suitcase. (3 marks)
b) Explain four reasons why baggage must be tagged correctly. (4 marks)
c) State three possible consequences of incorrect baggage tagging. (3 marks)
43. Airport terminal layout
Using a drawing sheet, construct a simple airport passenger terminal layout.
Your drawing should include:
o Departure hall.

Check-in counters.

« Security screening area.
o Immigration area.

o Departure lounge.

o Boarding gate.
 Arrival corridor.

« Baggage reclaim.

o Customs area.

e Arrival hall.
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Assessment: 10 marks
o Correct identification of terminal areas. (5 marks)
« Logical arrangement of facilities. (3 marks)
o Neatness and labelling. (2 marks)
44. Cargo handling simulation
Your group has been assigned to demonstrate cargo acceptance at an airport.
a) ldentify five materials needed for the simulation. (5 marks)
b) Demonstrate the acceptance and documentation of fictional cargo. (3 marks)
c) State two safety precautions that should be observed during cargo handling. (2 marks)
45. Passenger arrival process

Draw a flow chart showing the stages followed by an international passenger from leaving the aircraft to
exiting the airport terminal.

Assessment: 10 marks
« Correct sequence of activities. (5 marks)
« Correct identification of immigration and customs procedures. (3 marks)

« Neatness and presentation. (2 marks)
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Quick Revision Summary

Key concept
Airport terminal
Terminal operations

Passenger operations

Check-in
Boarding pass
Baggage tagging
Checked baggage
Cabin baggage
Security screening
Immigration
Customs
Boarding
Baggage reclaim
Air cargo

Air Waybill
Transfer passenger
Simulation
Airport operator
Ground handling
Terminal safety
Terminal security

GRADE 11

Main point

Facility where passengers and related services are processed
Activities involving passengers, baggage and cargo

Check-in, screening, immigration, boarding and arrival processing
Confirmation of passenger booking and travel eligibility
Document or electronic record authorising a passenger to board
Attaching identification to checked baggage

Baggage transported in the aircraft baggage compartment
Baggage carried by the passenger into the cabin

Examination of passengers and items for security threats
Processing people entering or leaving a country

Processing goods entering or leaving a country

Process of passengers entering the aircraft

Collection of checked baggage after arrival

Goods transported by aircraft

Transport document used in air cargo operations

Passenger changing aircraft or flight at an intermediate airport
Imitation of real terminal operations for learning

Organisation responsible for managing airport facilities

Services supporting aircraft, passengers and baggage on the ground

Measures preventing accidents and injuries
Measures protecting aviation from unlawful interference
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STRAND 4.0: AIRPORT OPERATIONS
SUB-STRAND 4.2: RAMP SERVICES
1.0 Introduction to ramp services

1.1 Meaning of ramp services

Ramp services are the activities and support services carried out on the airport apron to prepare an
aircraft for departure, assist it after landing, and ensure that passengers, baggage, cargo, fuel, supplies
and equipment are handled safely and efficiently.

o Ramp services are provided while an aircraft is parked at an airport stand or being moved around
the apron.

« They support the quick and safe turnaround of aircraft between arrival and departure.

« They involve coordination among pilots, ground-handling staff, airline personnel, airport operators,
security officers and other service providers.

o They must be performed according to approved procedures because the apron is a busy area with
moving aircraft, vehicles, equipment and people.

Examples of ramp services include:

1. Aircraft towing and pushback.

2. Aircraft parking and positioning.

3. Aircraft chocking and securing.

4. Aircraft refuelling.

5. Passenger boarding and disembarkation support.

6. Loading and unloading baggage and cargo.

7. Aircraft cleaning.

8. Catering services.

9. Potable water servicing.

10. Waste and toilet servicing.

11. Ground power and air-conditioning support.
1.2 Meaning of an airport ramp
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An airport ramp is the paved or prepared area of an airport where aircraft are parked, loaded, unloaded,
serviced and prepared for their next flight.

The ramp is usually part of the larger airport apron.

It provides space for aircraft stands, service vehicles, ground-support equipment and personnel.

It is designed to allow aircraft and service vehicles to move safely.

It is normally located near passenger terminals, cargo facilities or hangars.
1.3 Meaning of an apron

An apron is a designated area of an airport where aircraft are parked for loading, unloading, refuelling,
boarding, disembarking, servicing and maintenance.

Examples in Kenya:

« Jomo Kenyatta International Airport (JKIA) has apron areas serving domestic, regional and
international flights.

« Moi International Airport has apron facilities supporting passenger and cargo aircraft.
« Kisumu International Airport has apron facilities used for aircraft parking and ground handling.
« Wilson Airport supports domestic and regional aviation operations.

1.4 Difference between ramp and apron

Ramp Apron

Commonly refers to the aircraft servicing The formally designated airport area for aircraft parking
and handling area. and ground operations.

Often used in everyday ground-handling Is the standard aviation term used in airport planning and
language. regulations.

May refer to a working section of the apron. | Can include several aircraft stands and service areas.

In many airports, the words ramp and apron are used interchangeably.
2.0 Objectives of ramp services

Ramp services are provided to achieve the following objectives:
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1. Ensure aircraft safety: Prevent damage to aircraft during parking, servicing, loading and movement.

2. Support timely departures: Ensure that aircraft receive the necessary services within the planned
turnaround time.

3. Facilitate passenger movement: Support safe boarding and disembarkation.

4. Handle baggage and cargo: Ensure that baggage and cargo are correctly loaded, unloaded and
accounted for.

5. Provide essential aircraft supplies: Supply fuel, potable water, catering and other required services.
6. Maintain aircraft cleanliness: Remove waste and clean aircraft interiors between flights.

7. Protect airport workers: Reduce accidents involving aircraft, vehicles, machinery and personnel.

8. Improve operational efficiency: Coordinate different ground-handling activities to minimise delays.
9. Protect the environment: Prevent fuel spills, improper waste disposal and unnecessary pollution.

10. Support airline operations: Help airlines maintain reliable flight schedules and quality passenger

service.
3.0 Main areas and facilities in an airport ramp layout

An airport ramp layout is the arrangement of aircraft stands, apron taxi lanes, service roads, terminal
boarding facilities and equipment areas that support aircraft ground operations.

3.1 Main components of a ramp layout
a) Aircraft parking stand

An aircraft parking stand is a designated position on the apron where an aircraft is parked for boarding,
disembarkation, loading, unloading and servicing.

Each stand is designed to accommodate particular aircraft sizes and types.

Stand markings guide pilots and ground staff when positioning an aircraft.

Some stands have passenger boarding bridges while others use mobile passenger stairs.

Stands may be numbered to help identify their locations.

b) Apron
« Provides the paved area for aircraft parking and ground handling.
« Accommodates aircraft, service vehicles and ground-support equipment.
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« Must have adequate strength to support the weight of aircraft and vehicles.
e Must provide safe clearance between parked aircraft.
) Apron taxi lane

An apron taxi lane is a designated route on the apron used by aircraft when taxiing between aircraft
stands and taxiways.

It guides aircraft movement.
It helps prevent conflicts between aircraft.
o It must be kept clear of unauthorised vehicles and equipment.
d) Aircraft service road
« A marked route used by ground-service vehicles.
« Allows catering trucks, fuel vehicles, baggage tractors and maintenance vehicles to reach aircraft.
o Helps separate vehicle movement from aircraft movement.
o Must be observed by all authorised drivers.
e) Passenger boarding area
This is the area through which passengers move from the terminal building to the aircraft.
« It may connect to an aerobridge.
« At remote stands, passengers may be transported by apron buses.
« Mobile passenger stairs may be used where no aerobridge is available.

« Passenger movement must be supervised to prevent entry into unsafe areas.

f) Ground-support equipment (GSE) holding area
This is a designated area where ground-handling equipment is parked when it is not in use.
Examples include:

« Baggage tractors.

e Belt loaders.
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« Aircraft tow tractors.

o Ground power units.

o Passenger stairs.

« Catering trucks.

« Water-service vehicles.

« Lavatory-service vehicles.
g) Fuel service area

o Provides access for approved refuelling vehicles or fixed fuel systems.

o Must allow safe positioning of fuel equipment.

o Must be controlled to reduce the risk of fire, fuel leakage and unauthorised access.
h) Equipment staging area

« A designated location where equipment is temporarily arranged before use.

« Helps prevent obstruction of aircraft movement.

« Allows ground-handling teams to access the required equipment quickly.
4.0 Ramp layout and aircraft servicing arrangement

The following is a simplified teaching illustration. Actual airport layouts vary depending on aircraft size,
terminal design and airport operating procedures.

STRAND 4.0: AIRPORT OPERATIONS
SUB-STRAND 4.2: RAMP SERVICES
1.0 Introduction to ramp services

1.1 Meaning of ramp services
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Ramp services are the activities and support services carried out on the airport apron to prepare an
aircraft for departure, assist it after landing, and ensure that passengers, baggage, cargo, fuel, supplies
and equipment are handled safely and efficiently.

o Ramp services are provided while an aircraft is parked at an airport stand or being moved around
the apron.

o They support the quick and safe turnaround of aircraft between arrival and departure.

« They involve coordination among pilots, ground-handling staff, airline personnel, airport operators,
security officers and other service providers.

o They must be performed according to approved procedures because the apron is a busy area with
moving aircraft, vehicles, equipment and people.

Examples of ramp services include:

1. Aircraft towing and pushback.

2. Aircraft parking and positioning.

3. Aircraft chocking and securing.

4. Aircraft refuelling.

5. Passenger boarding and disembarkation support.

6. Loading and unloading baggage and cargo.

7. Aircraft cleaning.

8. Catering services.

9. Potable water servicing.

10. Waste and toilet servicing.

11. Ground power and air-conditioning support.
1.2 Meaning of an airport ramp

An airport ramp is the paved or prepared area of an airport where aircraft are parked, loaded, unloaded,
serviced and prepared for their next flight.

o The ramp is usually part of the larger airport apron.

« It provides space for aircraft stands, service vehicles, ground-support equipment and personnel.
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« Itis designed to allow aircraft and service vehicles to move safely.
« Itis normally located near passenger terminals, cargo facilities or hangars.
1.3 Meaning of an apron

An apron is a designated area of an airport where aircraft are parked for loading, unloading, refuelling,
boarding, disembarking, servicing and maintenance.

Examples in Kenya:

« Jomo Kenyatta International Airport (JKIA) has apron areas serving domestic, regional and
international flights.

« Moi International Airport has apron facilities supporting passenger and cargo aircraft.
o Kisumu International Airport has apron facilities used for aircraft parking and ground handling.
« Wilson Airport supports domestic and regional aviation operations.

1.4 Difference between ramp and apron

Ramp Apron

Commonly refers to the aircraft servicing The formally designated airport area for aircraft parking
and handling area. and ground operations.

Often used in everyday ground-handling Is the standard aviation term used in airport planning and
language. regulations.

May refer to a working section of the apron. | Can include several aircraft stands and service areas.

In many airports, the words ramp and apron are used interchangeably.
2.0 Objectives of ramp services
Ramp services are provided to achieve the following objectives:
1. Ensure aircraft safety: Prevent damage to aircraft during parking, servicing, loading and movement.

2. Support timely departures: Ensure that aircraft receive the necessary services within the planned
turnaround time.

3. Facilitate passenger movement: Support safe boarding and disembarkation.
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4. Handle baggage and cargo: Ensure that baggage and cargo are correctly loaded, unloaded and
accounted for.

5. Provide essential aircraft supplies: Supply fuel, potable water, catering and other required services.
6. Maintain aircraft cleanliness: Remove waste and clean aircraft interiors between flights.

7. Protect airport workers: Reduce accidents involving aircraft, vehicles, machinery and personnel.

8. Improve operational efficiency: Coordinate different ground-handling activities to minimise delays.
9. Protect the environment: Prevent fuel spills, improper waste disposal and unnecessary pollution.

10. Support airline operations: Help airlines maintain reliable flight schedules and quality passenger

service.
3.0 Main areas and facilities in an airport ramp layout

An airport ramp layout is the arrangement of aircraft stands, apron taxi lanes, service roads, terminal
boarding facilities and equipment areas that support aircraft ground operations.

3.1 Main components of a ramp layout
a) Aircraft parking stand

An aircraft parking stand is a designated position on the apron where an aircraft is parked for boarding,
disembarkation, loading, unloading and servicing.

« Each stand is designed to accommodate particular aircraft sizes and types.
« Stand markings guide pilots and ground staff when positioning an aircraft.
« Some stands have passenger boarding bridges while others use mobile passenger stairs.
« Stands may be numbered to help identify their locations.
b) Apron
« Provides the paved area for aircraft parking and ground handling.
« Accommodates aircraft, service vehicles and ground-support equipment.
« Must have adequate strength to support the weight of aircraft and vehicles.
« Must provide safe clearance between parked aircraft.

) Apron taxi lane
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An apron taxi lane is a designated route on the apron used by aircraft when taxiing between aircraft
stands and taxiways.

It guides aircraft movement.
It helps prevent conflicts between aircraft.
« It must be kept clear of unauthorised vehicles and equipment.
d) Aircraft service road
« A marked route used by ground-service vehicles.
« Allows catering trucks, fuel vehicles, baggage tractors and maintenance vehicles to reach aircraft.
« Helps separate vehicle movement from aircraft movement.
e Must be observed by all authorised drivers.
e) Passenger boarding area
This is the area through which passengers move from the terminal building to the aircraft.
« It may connect to an aerobridge.
« At remote stands, passengers may be transported by apron buses.
« Mobile passenger stairs may be used where no aerobridge is available.

« Passenger movement must be supervised to prevent entry into unsafe areas.

f) Ground-support equipment (GSE) holding area
This is a designated area where ground-handling equipment is parked when it is not in use.

Examples include:

Baggage tractors.

o Belt loaders.
 Aircraft tow tractors.
o Ground power units.

o Passenger stairs.
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« Catering trucks.

« Water-service vehicles.

« Lavatory-service vehicles.
g) Fuel service area

« Provides access for approved refuelling vehicles or fixed fuel systems.

o Must allow safe positioning of fuel equipment.

« Must be controlled to reduce the risk of fire, fuel leakage and unauthorised access.
h) Equipment staging area

« A designated location where equipment is temporarily arranged before use.

« Helps prevent obstruction of aircraft movement.

« Allows ground-handling teams to access the required equipment quickly.
4.0 Ramp layout and aircraft servicing arrangement

An airport ramp layout shows how aircraft parking stands, service roads, passenger boarding facilities and
ground-support equipment are arranged to support aircraft operations.

4.1 Simplified airport ramp layout

The following is a simplified teaching diagram. Actual airport layouts differ depending on airport size,
aircraft types and terminal design.

AIRPORT RAMP LAYOUT
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4.2 Importance of proper ramp layout

1.

2.

6.

7.

Prevents accidents: Provides adequate space for aircraft, vehicles and personnel.
Improves traffic flow: Guides the movement of aircraft and service vehicles.
Reduces delays: Enables ground teams to access aircraft efficiently.

Improves security: Helps control access to restricted operational areas.

Protects aircraft: Provides adequate clearance between aircraft and equipment.
Supports emergency response: Allows emergency vehicles to access aircraft stands.

Improves coordination: Enables different ground-handling teams to work systematically.

5.0 Aircraft parking and aircraft stands

5.1 Meaning of aircraft parking

Aircraft parking is the process of positioning an aircraft at a designated parking stand after landing so

that passengers can disembark and the aircraft can receive the necessary ground services.

5.2 Meaning of an aircraft stand
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An aircraft stand is a designated position on an airport apron where an aircraft is parked for boarding,
disembarkation, loading, unloading and servicing.

5.3 Types of aircraft stands
a) Contact stand
« A parking stand located close to the passenger terminal.
o Usually connected to the terminal by an aerobridge.
« Allows passengers to board or disembark without walking across the apron.
o Commonly used at busy passenger terminals.
b) Remote stand
« A parking position located away from the passenger terminal building.

o Passengers are transported between the terminal and aircraft using apron buses or designated
walking routes.

« Mobile passenger stairs are commonly used.
« It provides additional parking capacity where contact stands are limited.

¢) Nose-in stand

An aircraft parks with its nose facing towards the terminal.

It may be connected to an aerobridge.

It is common in airports with passenger boarding bridges.

Aircraft normally require pushback equipment to move away from the stand.
d) Angled stand
« An aircraft is positioned at an angle to the terminal or apron reference line.
« The arrangement may support specific aircraft movement and apron-space requirements.

o The aircraft movement procedure depends on the stand design.

e) Parallel stand
« Aircraft are parked parallel to a terminal building or.apron reference line.
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« It may be suitable for certain airport layouts.
It requires adequate space for aircraft clearance and service access.
5.4 Procedures for aircraft parking
1. Stand allocation: Airport operations or the authorised coordinator assigns an appropriate stand.

2. Stand inspection: Ground personnel check that the stand is clear of obstacles, equipment and
foreign objects.

3. Stand preparation: The parking guidance system, markings and necessary equipment are checked.
4. Aircraft approach: The aircraft taxis towards the stand under the direction of approved procedures.

5. Guidance: A marshaller or visual docking guidance system assists the pilot in positioning the
aircraft.

6. Aircraft positioning: The aircraft is brought to the correct stopping position.

7. Engine shutdown: The pilot shuts down the engines according to the aircraft and airline
procedures.

8. Chocking: Wheel chocks are placed to prevent unintended movement.

9. Safety confirmation: Ground personnel confirm that the aircraft is safely parked before approaching
it.

10. Servicing: Approved ground services begin according to the turnaround plan.
5.5 Meaning of aircraft marshalling

Aircraft marshalling is the process of guiding an aircraft on the ground using standardised hand signals or
approved electronic guidance systems.

Duties of an aircraft marshaller:
o Guide the pilot towards the parking stand.
 Indicate the correct direction of movement.
« Signal when the aircraft should slow down or stop.
o Ensure that the aircraft is correctly positioned.
« Observe the surrounding area for obstacles.
o Communicate with the flight crew using approved_signals and procedures.
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6.0 Aircraft towing and pushback

6.1 Meaning of aircraft towing

Aircraft towing is the process of moving an aircraft on the ground using a specialised towing vehicle

known as an aircraft tug or tow tractor.
« Towing may be used to move aircraft between s
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« It can also be used to reposition aircraft within designated airport areas.

« Aircraft towing requires trained personnel and approved equipment.

o The procedure must follow aircraft-specific instructions.

6.2 Meaning of pushback

Pushback is the controlled movement of an aircraft backwards from its parking stand using a specialised

tug or approved pushback system.

o Itis commonly used where an aircraft cannot safely taxi forward directly from its parking position.

o The aircraft is moved away from the terminal building or stand.

o After pushback, the aircraft may taxi towards the runway using its engines, according to the

approved procedure.

6.3 Difference between towing and pushback

Towing

Pushback

General movement of an aircraft using a tug.

Specific movement of an aircraft backwards from its
stand.

May take place between a hangar, stand or
maintenance area.

Usually takes place when preparing an aircraft to leave
its parking stand.

May involve longer repositioning distances.

Usually involves moving the aircraft clear of the stand.

6.4 Equipment used in aircraft towing
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1. Aircraft tug: A powerful ground vehicle designed to move aircraft.

2. Towbar: A specialised connecting bar used between certain tugs and aircraft nose landing gear.
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6.

7.

Towbarless tug: A tug that lifts and supports the aircraft nose landing gear using an approved
mechanism.

Communication headset: Used by authorised ground personnel to communicate with the flight
crew.

Safety cones: Used to identify restricted areas around the aircraft.
Wheel chocks: Used to prevent aircraft movement when parked.

Warning lights: Help make the tug and aircraft movement visible.

6.5 Procedures for aircraft towing and pushback

1.

2.

10.

11.

12.

Authorisation: Obtain permission from the relevant airport or ground operations authority.
Personnel preparation: Ensure that trained and authorised personnel are assigned.
Equipment inspection: Check the tug, towbar, connections and safety equipment.

Aircraft preparation: Ensure that the aircraft is configured for towing according to the aircraft
manufacturer's instructions.

Area inspection: Check the movement path for vehicles, people, obstacles and other aircraft.
Communication: Establish communication between the flight crew and ground personnel.
Connection: Attach the tug or approved towing equipment correctly.

Brake coordination: Follow the prescribed procedure for releasing and applying aircraft brakes.
Movement: Move the aircraft slowly and smoothly along the authorised route.

Monitoring: Observe the aircraft, towing equipment and surrounding area throughout the
movement.

Disconnection: Disconnect the towing equipment according to the approved procedure.

Final confirmation: Confirm that the aircraft is ready to taxi or remain parked.

Safety precautions during towing and pushback

Never tow an aircraft using an unauthorised vehicle.
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o Never exceed the aircraft's approved towing limits.
o Use trained and authorised personnel.
« Maintain effective communication.
o Keep the towing path free from obstacles.
« Avoid sudden acceleration, braking or sharp turns.
o Observe the aircraft manufacturer's towing instructions.
« Stop immediately if an unsafe condition develops.
7.0 Aircraft chocking
7.1 Meaning of aircraft chocking

Aircraft chocking is the process of placing specially designed blocks, called wheel chocks, against aircraft
wheels to prevent unintended movement while the aircraft is parked.

o Chocks are normally placed against the wheels of the aircraft's landing gear.
o They help prevent movement caused by wind, uneven surfaces or other external forces.
o Chocking is an important part of aircraft parking safety.

o The number and position of chocks depend on aircraft requirements and approved procedures.

7.2 Types of aircraft wheel chocks

a) Rubber chocks

e Made from strong rubber material.
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« Provide good grip against the aircraft tyres.
e Are commonly used in ground-handling operations.
b) Wooden chocks
« Made from strong, treated wood.
« Used in some ground-handling environments.
o Must be in good condition and suitable for the aircraft.
C) Plastic or composite chocks
o Manufactured using durable synthetic materials.
« May be lightweight and resistant to certain weather conditions.
o Must be approved for the intended application.
7.3 Procedures for aircraft chocking
1. Confirm that the aircraft has stopped completely.
2. Obtain confirmation that the aircraft is safe to approach.
3. Approach the landing gear using the designated safe route.
4. Inspect the wheel area for hazards.
5. Select suitable chocks.
6. Position the chocks as specified by the aircraft or airline procedure.
7. Confirm that the chocks are properly placed.
8. Inform the relevant ground personnel that chocking is complete.
9. Leave the chocks in position until authorised removal.
10. Remove the chocks only when instructed under the approved aircraft departure procedure.
7.4 Importance of aircraft chocking
1. Prevents unintended aircraft movement.
2. Improves safety during loading and unloading.

3. Protects workers and equipment.
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4. Supports safe refuelling and servicing.

5. Helps secure aircraft during adverse weather.

6. Reduces the risk of aircraft collision with nearby equipment.
8.0 Aircraft refuelling
8.1 Meaning of aircraft refuelling

Aircraft refuelling is the process of supplying the correct type and quantity of aviation fuel to an aircraft
before a flight or during an approved operational requirement.

« Refuelling is a specialised activity carried out by trained and authorised personnel.
« It ensures that the aircraft has adequate fuel for its intended flight.
o The fuel type must be compatible with the aircraft engine.

o Fuel quantity is determined by the flight plan, aircraft requirements, weather, operational
conditions and airline procedures.

8.2 Common types of aviation fuel
a) Jet A-1
« A kerosene-type aviation turbine fuel.
o Used by many commercial jet aircraft and some turboprop aircraft.
o Commonly used in international and domestic commercial aviation.
b) Aviation Gasoline (AVGAS)
« A specialised aviation fuel used by many piston-engine aircraft.
 Itis different from ordinary automotive petrol.
o The correct grade must be used according to the aircraft engine requirements.
) Sustainable Aviation Fuel (SAF)
« Aviation fuel produced from approved sustainable feedstocks or processes.
« Can be blended with conventional aviation fuel according to applicable specifications.

« Itisintended to help reduce aviation's lifecycle greenhouse gas emissions.
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8.3 Methods of aircraft refuelling

a) Fuel tanker refuelling
o Fuelis transported to the aircraft using a specialised fuel tanker.

« The tanker is positioned at an approved location near the aircraft.
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o Fuelis delivered through approved hoses and connections.
o The method is useful at airports where fuel hydrant systems are not available at the stand.
b) Hydrant refuelling

Fuel is supplied through an underground airport fuel distribution system.

A hydrant dispenser connects the underground supply to the aircraft.

It is common at larger airports with extensive fuel infrastructure.

It reduces the need for individual fuel tankers to transport fuel to each stand.
8.4 General stages of aircraft refuelling

Refuelling must always be carried out by authorised fuel-service personnel following airport, airline,
aircraft and fuel-supplier procedures.

1. Refuelling request: The airline or authorised representative requests the required fuel quantity.
2. Aircraft identification: Confirm the correct aircraft and approved fuel type.

3. Fuel quality checks: Conduct required checks to confirm fuel quality and suitability.

4. Equipment inspection: Inspect the fuel vehicle, hoses, nozzles and safety equipment.

5. Area preparation: Ensure that the refuelling area is safe and controlled.

6. Positioning: Position the refuelling vehicle or hydrant equipment at the approved location.

7. Safety confirmation: Establish required fire precautions, bonding/earthing arrangements where
applicable, and other safety controls according to approved procedures.

8. Fuel connection: Connect the equipment to the designated aircraft refuelling point.
9. Fuel delivery: Deliver the specified fuel quantity under controlled conditions.
10. Monitoring: Monitor the operation for leaks, equipment faults or other unsafe conditions.
11. Disconnection: Disconnect the equipment using the approved procedure.
12. Documentation: Record the fuel quantity supplied and complete the required service records.
13. Final inspection: Confirm that the equipment is removed and the area is safe.
8.5 Safety precautions during refuelling
« Refuelling must only be conducted by trained and.authorised personnel.
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« Smoking and open flames are prohibited in designated fuel-handling areas.
o Use approved fuel and equipment.

o Prevent fuel spills and report any spill immediately.

« Keep suitable firefighting equipment available.

o Observe airport fuel safety procedures.

« Avoid unauthorised vehicle and personnel movement near the operation.

« Do not operate equipment with visible leaks or defects.

« Follow the aircraft-specific rules on refuelling with passengers on board or boarding. Such
operations require specific safeguards and authorisation; they must never be assumed to be
automatically permitted.

8.6 Importance of aircraft refuelling
1. Provides energy for aircraft engines.
2. Enables aircraft to complete planned flights.
3. Supports flight range and operational requirements.
4. Helps maintain airline schedules.
5. Supports emergency fuel requirements where necessary.

6. Contributes to efficient aircraft turnaround.

9.0 Aircraft cleaning services
9.1 Meaning of aircraft cleaning

Aircraft cleaning is the process of removing dirt, waste, stains and unwanted materials from an aircraft's
interior and exterior to maintain hygiene, passenger comfort, safety and the aircraft's appearance.

9.2 Types of aircraft cleaning

a) Cabin cleaning
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This involves cleaning the passenger and crew areas inside an aircraft.

Activities include:

Removing rubbish from seat pockets and floors.
Cleaning passenger seats and armrests.

Wiping tray tables.

Cleaning windows and interior surfaces.
Vacuuming carpets.

Cleaning galleys and lavatories.

Replacing approved disposable items.

Ensuring that emergency equipment is not obstructed or disturbed.

b) Exterior cleaning

This involves cleaning the external surfaces of an aircraft.

Activities may include:

Removing dirt and dust.

Cleaning aircraft windows using approved materials.
Washing approved exterior surfaces.

Removing insects and other contaminants.

Cleaning the aircraft fuselage and other approved areas.

Exterior cleaning must follow aircraft maintenance instructions. Some surfaces and sensors require

specialised cleaning methods.

c) Deep cleaning

Involves thorough cleaning of aircraft interior sections.
May include detailed seat, carpet, galley and lavatory cleaning.
Usually requires more time than routine turnaround cleaning.

Is planned according to airline maintenance and hygiene schedules.
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9.3 Procedures for aircraft cabin cleaning

1. Obtain authorisation to enter the aircraft.
2. Confirm that the aircraft is safe for cleaning.
3. Wear appropriate personal protective equipment.

4. Collect approved cleaning materials and equipment.

5. Remove rubbish from the cabin.

6. Clean passenger seats and tray tables.
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7. Wipe approved interior surfaces.

8. Vacuum or clean the floor.

9. Clean lavatories and galleys using appropriate products.

10. Replace approved passenger-service materials.

11. Inspect the cabin for cleanliness.

12. Report any damage, suspicious items or defects.

13. Ensure that all cleaning equipment and materials are removed.

14. Hand over the cabin to the responsible airline or ground operations representative.
9.4 Importance of aircraft cleaning

« Promotes passenger health and hygiene.

« Improves passenger comfort.

« Maintains the professional appearance of the airline.

o Reduces the spread of germs through proper cleaning.

« Removes waste that could cause unpleasant smells.

o Helps identify damaged seats and other interior defects.

« Improves the overall passenger experience.

10.0 Aircraft catering services
10.1 Meaning of aircraft catering

Aircraft catering is the preparation, handling, transportation and delivery of food, beverages and other
approved passenger-service supplies to an aircraft.

« Catering is provided according to airline requirements and passenger needs.
« Food is prepared and handled under hygiene and food-safety standards.
« Catering supplies are transported using specialised catering vehicles.

« The service helps ensure that passengers and crew receive the required refreshments during a
flight.
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10.2 Examples of aircraft catering supplies
1. Meals and snacks.
2. Bottled drinking water.
3. Tea and coffee.
4. Juices and other beverages.
5. Special dietary meals.
6. Disposable cups, plates and cutlery.
7. Napkins and food-service items.
8. Approved galley supplies.
10.3 Types of aircraft meals
a) Standard meals
« Meals provided as part of the airline's normal catering service.
« Their contents depend on the airline and route.
b) Special meals
o Meals prepared to meet specific dietary requirements.

« Examples include vegetarian meals, meals for passengers with allergies, and meals meeting specific
religious dietary requirements.

« The airline must manage special-meal requests accurately.
¢) Crew meals
o Meals supplied for pilots and cabin crew.
o They must be handled according to airline procedures.
« Their provision may be subject to flight duration and crew requirements.

10.4 Equipment used in aircraft catering
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5.

6.

Catering truck: A specialised vehicle used to deliver food to aircraft.

High-lift platform: Raises the catering vehicle platform to the height of the aircraft service door.
Meal trolley: Used to store and transport meals.

Food containers: Used to protect food during transportation.

Refrigerated storage: Maintains suitable temperatures for perishable food.

Protective equipment: Helps staff maintain food hygiene and personal safety.

10.5 Procedures for aircraft catering

1.

2.

3.

4.

Receive the airline's catering order.
Prepare meals according to the approved menu and passenger requirements.
Conduct food hygiene and quality checks.

Pack meals and supplies in suitable containers.
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5. Load the supplies into the catering vehicle.

6. Transport the vehicle to the assigned aircraft stand.

~

Position the vehicle at the approved service location.
8. Raise the platform safely to the aircraft service door.
9. Transfer catering supplies into the aircraft galley.
10. Remove used catering items when authorised.
11. Confirm that the required supplies have been delivered.
12. Record and report any shortages or discrepancies.
10.6 Safety and hygiene precautions during catering

Maintain food at safe temperatures.

Prevent contamination of food.

o Use clean food containers and equipment.

o Wear appropriate protective clothing.

o Observe food hygiene requirements.

« Secure catering trolleys inside the aircraft.

« Operate high-lift vehicles only by trained personnel.

« Ensure that the catering vehicle does not damage the aircraft.
10.7 Importance of aircraft catering

« Provides food and refreshments to passengers.

« Supports passenger comfort on long flights.

o Meets special dietary needs.

« Supports crew welfare.

« Enhances airline service quality.

« Promotes customer satisfaction.

11.0 Aircraft potable water services
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11.1 Meaning of potable water
Potable water is water that is safe for human consumption.

Aircraft potable water services involve supplying safe drinking water to the aircraft for use by passengers

and crew.
11.2 Uses of potable water on aircraft
o Drinking water.
« Handwashing.
o Food and beverage preparation where the aircraft system permits.
o Other approved cabin water-system uses.

11.3 Equipment used in potable water servicing

1. Potable water service truck: Carries approved drinking water to the aircraft.
2. Water hose: Transfers water from the service vehicle to the aircraft.
3. Water tank: Stores potable water.
4. Approved water connectors: Connect the service equipment to the aircraft water system.
5. Protective equipment: Helps prevent contamination during servicing.
11.4 Procedures for potable water servicing
1. Receive authorisation to service the aircraft.
2. Confirm the correct aircraft and water-service point.
3. Inspect the service vehicle and equipment.

4. Confirm that the water supply is approved and safe:
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5. Ensure that hoses and connectors are clean and protected.

6. Position the vehicle safely at the designated service point.

~

Connect the water hose using the approved procedure.

oo

Supply the required quantity of water.

9. Disconnect the hose carefully.

10. Secure and protect the connectors after use.

11. Record the service where required.

12. Report any suspected contamination or equipment defect.
11.5 Precautions during potable water servicing

« Use only approved potable water.

Keep water hoses clean.

« Prevent contact between drinking-water equipment and contaminated surfaces.
« Do not use wastewater equipment for potable water.

« Protect hose ends from dirt.

« Follow water-quality testing and monitoring requirements.

o Report any suspected contamination immediately.

11.6 Importance of potable water servicing

Provides safe drinking water.

« Promotes passenger hygiene.

« Supports food and beverage preparation.

« Improves passenger comfort.

o Protects the health of passengers and crew.
12.0 Aircraft waste and lavatory servicing

12.1 Meaning of aircraft waste servicing
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Aircraft waste servicing is the process of removing waste from aircraft systems and disposing of it through
approved airport waste-management facilities.

Aircraft waste may include:

Lavatory waste.

General cabin rubbish.

Food waste.

Used packaging.

Other operational waste.
12.2 Meaning of lavatory servicing

Lavatory servicing is the process of emptying aircraft toilet waste tanks and replenishing the system with
the approved servicing fluid or materials, according to the aircraft design.

« Aircraft toilets use specialised waste systems.
o Waste is collected in dedicated holding tanks.
o The waste must be removed using approved lavatory-service equipment.

« It must be transported and disposed of in accordance with environmental and public-health
requirements.
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12.3

1.

2.

6.

12.4

1.

2.

w

Equipment used in waste and lavatory servicing

Lavatory service truck: Removes waste from aircraft toilet tanks.

Waste hose: Transfers waste from the aircraft system to the service vehicle.
. Waste storage tank: Temporarily holds collected waste.

Approved cleaning equipment: Used to maintain the service equipment.

Personal protective equipment: Includes gloves, protective clothing and eye protection where
required.

Waste disposal facility: Receives waste for approved treatment and disposal.
Procedures for lavatory servicing

Obtain authorisation to carry out the service.

Identify the aircraft and correct lavatory service point.

Inspect the lavatory service vehicle and hoses.

. Wear the required personal protective equipment.

Position the service vehicle at the designated location.
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10.

11.

12.

13.

Connect the approved waste hose.

Remove waste from the aircraft holding tank according to the prescribed procedure.
Replenish the system using the approved servicing materials where required.
Disconnect and secure the service equipment.

Clean and disinfect equipment as prescribed.

Transport collected waste to the approved disposal facility.

Complete the required service records.

Report any leakage or equipment fault.

12.5 General cabin waste removal

Cabin waste removal involves collecting rubbish from passenger areas and transferring it to approved

waste containers.

Examples include:

Food wrappers.

Empty beverage containers.
Used napkins.

Packaging materials.

Other non-hazardous cabin rubbish.

Waste must be separated where required by airport or airline environmental procedures.

12.6 Safety precautions during waste servicing

Wear suitable personal protective equipment.

Avoid direct contact with waste.

Use approved hoses and equipment.

Prevent waste leakage onto the apron.

Clean and disinfect equipment according to procedures.

Dispose of waste only at approved facilities.
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o Report spills immediately.
« Never mix potable-water equipment with lavatory-service equipment.
12.7 Importance of aircraft waste servicing

Maintains hygiene in aircraft lavatories.

o Prevents unpleasant smells.
o Protects passengers and workers from biological hazards.
« Prevents environmental contamination.
o Ensures that the aircraft is ready for the next flight.
13.0 Aircraft loading and unloading services
13.1 Meaning of aircraft loading

Aircraft loading is the process of placing baggage, cargo, mail, catering supplies and other approved
items into the designated compartments or storage areas of an aircraft.

13.2 Meaning of aircraft unloading

Aircraft unloading is the process of removing baggage, cargo, mail and other items from an aircraft after
arrival.

13.3 Items loaded onto aircraft
1. Passenger checked baggage.
2. Cargo.
3. Mail.
4. Airline supplies.
5. Catering supplies.
6. Approved operational equipment.
7. Special baggage such as wheelchairs and sports equipment.
8. Live animals, where accepted under applicable requirements.

13.4 Equipment used during aircraft loading and unloading

GRADE 11 AVIATION TECHNOLOGY 754 LEARNING SUPPORT NOTES



il
P ® ® ® ® ¢ o o

a) Belt loader
« A motorised conveyor belt used to move baggage into or out of aircraft cargo compartments.
« Reduces manual lifting.
« Improves the speed of baggage handling.
b) Baggage tractor
« A vehicle used to tow baggage carts between the terminal and aircraft.
« Helps transport large quantities of baggage.
c) Baggage cart
« A wheeled platform or trailer used to carry baggage.

« Itis normally connected to a baggage tractor.
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d) High loader
« Specialised equipment used to load and unload cargo containers or pallets on suitable aircraft.
« It raises cargo to the required aircraft cargo-door height.
e) Forklift
« Used to lift and move suitable cargo loads.
« Must only be operated by trained personnel.
« The correct lifting capacity must be observed.
f) Unit Load Device (ULD)

A ULD is a specialised aircraft container or pallet used to consolidate baggage or cargo for loading into
compatible aircraft.

« It helps organise cargo.
« Itimproves handling efficiency.
o It reduces individual-item handling.
o ULDs must be compatible with the aircraft's cargo system.
13.5 Procedures for aircraft unloading
1. Confirm that the aircraft is safely parked.
2. Confirm that the required safety conditions have been met.
3. Obtain permission to approach the aircraft.
4. Position the required ground-handling equipment.
5. Open the designated cargo compartment under the approved procedure.
6. Unload baggage and cargo carefully.
7. Separate items according to destination and handling requirements.
8. Check baggage tags and cargo documentation.
9. Transfer items to the designated baggage or cargo handling area.

10. Report missing, damaged or suspicious items.

GRADE 11 AVIATION TECHNOLOGY 756 LEARNING SUPPORT NOTES



11. Clear equipment from the aircraft stand when finished.

12. Record any required discrepancies.
13.6 Procedures for aircraft loading

1. Obtain the approved loading instructions.

2. Confirm the aircraft identity and destination.

3. Verify baggage and cargo documentation.

4. Inspect baggage and cargo for damage and prohibited items through the required procedures.

5. Sort baggage according to destination and loading instructions.

6. Position the correct loading equipment.

7. Load baggage and cargo into designated compartments.

8. Observe weight and balance instructions.

9. Secure items using approved restraint systems.

10. Confirm that all loading activities are complete.

11. Close cargo doors according to aircraft procedures.

12. Complete loading documentation and provide required information to the flight crew.
13.7 Importance of correct aircraft loading

1. Maintains aircraft weight within approved limits.

2. Ensures correct aircraft centre of gravity.

3. Prevents movement of baggage and cargo during flight.

4. Protects passengers and crew.

5. Prevents damage to aircraft structures.

6. Ensures that baggage reaches the correct destination.

7. Improves turnaround efficiency.

13.8 Aircraft weight and balance
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Aircraft weight and balance refer to the distribution of aircraft weight in relation to its permitted loading
limits and centre of gravity.

o Every aircraft has approved weight limitations.

Cargo and baggage must be loaded according to the approved loading instructions.
« Incorrect distribution of weight can affect aircraft stability and control.
o The authorised load-control personnel prepare or verify the loading information.

« Ground-handling staff must follow the approved loading plan rather than making independent
decisions about load distribution.

Example: If heavy cargo is placed in the wrong compartment, the aircraft's centre of gravity may move
outside the permitted range. This can affect safe aircraft operation.

14.0 Passenger boarding and disembarkation services

14.1 Meaning of passenger boarding

Passenger boarding is the process of allowing passengers to enter an aircraft before departure.
14.2 Meaning of passenger disembarkation

Passenger disembarkation is the process through which passengers leave an aircraft after landing.
14.3 Passenger boarding facilities

a) Aerobridge

An aerobridge is a movable enclosed passage that connects the terminal building directly to an aircraft

door.

Advantages:
« Protects passengers from adverse weather.

« Provides convenient access to aircraft.
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o Reduces the need for passengers to walk across the apron.
« Improves passenger movement at busy terminals.

b) Passenger stairs

Passenger stairs are movable or fixed steps used to enable passengers to enter or leave an aircraft.

Advantages:
« Useful at remote aircraft stands.
« Can serve aircraft where aerobridges are unavailable.
« Can be moved to different aircraft positions.
) Apron buses
Apron buses transport passengers between the terminal and aircraft parked at remote stands.

d) Boarding gate
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A boarding gate is the designated point in the terminal where passengers are checked and organised

before boarding their aircraft.

14.4 Procedures for passenger boarding

1.

2.

8.

9.

Receive boarding authorisation from the airline.

Confirm that the aircraft is ready to receive passengers.

Ensure that the boarding route is safe.

Prepare the aerobridge, passenger stairs or apron buses.
Announce boarding according to airline procedures.

Check passengers' boarding passes.

Verify passenger identity where required.

Give priority assistance to passengers who require special support.

Guide passengers through the approved boarding route.

10. Ensure that passengers do not enter restricted areas.

11. Reconcile passenger numbers with the airline's records.

12. Confirm completion of boarding to the responsible airline personnel.

14.5 Procedures for passenger disembarkation

1.

2.

Confirm that the aircraft has parked safely.

Ensure that the aircraft is secured as required.

Confirm that the aerobridge or passenger stairs are correctly positioned.

Open the designated aircraft door under approved procedures.
Guide passengers safely out of the aircraft.

Assist passengers requiring special assistance.

Guide passengers towards the terminal or apron bus.

Maintain safe separation from service vehicles and aircraft hazards.

Ensure that passengers follow the designated route.
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10. Report any passenger-related safety incidents.
14.6 Safety precautions during boarding and disembarkation
« Passengers must use designated routes.

Never allow passengers to walk under aircraft wings or near engines.

« Keep passengers away from moving vehicles.

« Ensure that stairs and aerobridges are properly positioned.

« Provide assistance to children, elderly passengers and persons with reduced mobility.
o Follow airport instructions during adverse weather.

Keep unauthorised people away from restricted apron areas.

15.0 General procedures for ramp services

Ramp services are coordinated activities. Each service must be performed in the correct order to ensure
that aircraft turnaround is safe and efficient.

15.1 Aircraft turnaround process
An aircraft turnaround is the period between an aircraft's arrival at a stand and its subsequent departure.
AIRCRAFT TURNAROUND FLOW
1. Aircraft arrival and parking
Aircraft taxis to the allocated stand and is guided into position.
2. Aircraft securing
Engines are shut down as prescribed, and the aircraft is secured using approved procedures.
3. Passenger disembarkation
Passengers leave the aircraft through the approved route.
4. Unloading
Baggage, cargo and other items are removed.
5. Aircraft servicing

Cleaning, catering, refuelling, water and waste services are coordinated.
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6. Loading
Outbound baggage, cargo and supplies are loaded according to the approved plan.
7. Passenger boarding
Passengers board through the designated boarding facility.
8. Final checks and departure preparation
Ground equipment is removed, service doors are closed and required confirmations are completed.
9. Pushback and taxi
The aircraft is moved from the stand and proceeds under the appropriate movement clearance.

Important: Some turnaround activities take place simultaneously. For example, cleaning, baggage
unloading and catering may occur at the same time, provided that the aircraft's safety procedures, service
coordination and required clearances are observed.

16.0 Other important ramp services
16.1 Ground power supply
Ground power supply involves providing electrical power to an aircraft while it is parked at the stand.
« It may be provided through a fixed airport ground power system or a mobile ground power unit.

« It allows aircraft electrical systems to operate without relying solely on the aircraft's auxiliary power
unit.

« It can help reduce fuel consumption, noise and emissions while the aircraft is on the ground.
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16.2 Pre-conditioned air services

Pre-conditioned air (PCA) is conditioned air supplied to an aircraft while it is parked.

« It helps maintain a comfortable cabin temperature.

« It reduces the need to use the aircraft's own systems for cabin cooling or heating while parked.

« It may be supplied through fixed terminal equipment or mobile units.
16.3 Aircraft maintenance support

« Supports minor approved inspections and servicing activities.

o Helps identify technical defects.

« Enables authorised maintenance personnel to attend to aircraft problems.

o Ensures that aircraft maintenance work is conducted according to approved technical procedures.
16.4 Foreign Object Debris (FOD) inspection

Foreign Object Debris (FOD) refers to objects or materials in an airport operational area that could
damage aircraft or interfere with safe operations.

Examples:

GRADE 11 AVIATION TECHNOLOGY @ LEARNING SUPPORT NOTES



« Loose bolts.
o Stones.
« Metal pieces.
o Plastic materials.
« Broken equipment parts.
« Tools.
« Packaging materials.
Foreign Object Damage (FOD) refers to damage caused by such objects.
Importance of FOD inspections:
1. Prevents damage to aircraft engines.
2. Protects aircraft tyres.
3. Reduces risks to airport personnel.
4. Prevents damage to ground equipment.
5. Promotes apron cleanliness and safety.
17.0 Safety management during ramp operations
The airport ramp is a high-risk operational area. Ground personnel must understand and control hazards.

17.1 Common hazards on the ramp

Hazard Possible effect

Moving aircraft Collision or serious injury

Aircraft engines Engine ingestion, blast injuries or burns

Propellers Severe injury or fatality

Fuel spills Fire, slipping and environmental pollution
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Moving vehicles Collision with people or aircraft

High noise levels | Hearing damage

Loose objects Aircraft or equipment damage

Working at height | Falls and injuries

Poor visibility Collision and movement errors

Hazardous waste | Infection or contamination

17.2 Safety precautions

1.

2.

10.

1.

12.

Wear approved personal protective equipment.
Wear high-visibility clothing.

Use hearing protection where required.

Observe apron speed limits.

Follow marked vehicle routes.

Keep clear of aircraft engines and propellers.
Maintain communication with relevant personnel.
Do not operate equipment without authorisation.
Remove FOD from designated areas.

Report unsafe conditions immediately.

Keep emergency access routes clear.

Follow airport safety procedures and instructions.

17.3 Personal protective equipment (PPE)
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PPE used during ramp operations includes:
« High-visibility reflective jackets.
« Safety boots.
« Protective gloves.
« Hearing protection.
« Safety helmets where required.

« Eye protection.

« Respiratory protection where specified by the risk assessment.

« Protective clothing for handling waste and chemicals.

17.4 Environmental protection during ramp operations
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Ramp workers must protect the airport environment by:

Preventing fuel and oil spills.

« Reporting chemical leaks.
« Disposing of waste through approved facilities.
« Separating recyclable materials where required.
« Avoiding unnecessary engine running.
« Using ground power and pre-conditioned air where available and operationally appropriate.
o Preventing contamination of stormwater drains.
« Following airport environmental-management procedures.
18.0 Coordination of ramp services
18.1 Meaning of ramp coordination

Ramp coordination is the organisation and communication of different ground-handling activities to
ensure that all required aircraft services are completed safely and within the planned turnaround time.

18.2 Personnel involved in ramp operations
a) Ramp supervisor
« Coordinates ground-handling activities.
« Assigns duties to ground staff.
« Monitors service progress.
« Reports operational delays and safety concerns.
b) Aircraft marshaller
« Guides aircraft into the parking stand.
« Uses approved hand signals or electronic guidance equipment.
« Ensures that aircraft positioning is safe.
) Baggage handlers

« Load and unload baggage.
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« Sort baggage according to destination.
e Report damaged or missing baggage.
d) Aircraft refuelling personnel
o Supply the correct type and quantity of fuel.
« Inspect fuel equipment.
« Follow fuel safety procedures.
e) Catering personnel
o Deliver food and beverages.
« Maintain food hygiene.
o Load supplies into the aircraft galley.
f) Aircraft cleaners
o Clean the cabin and approved aircraft surfaces.
e Remove rubbish.
« Report damaged equipment and suspicious items.
g) Ground-support equipment operators
« Operate tractors, belt loaders and other specialised vehicles.
o Ensure equipment is used safely.
« Keep equipment in good working condition.
h) Load control personnel
o Prepare or verify aircraft loading information.

« Ensure that baggage and cargo are distributed according to approved weight-and-balance
requirements.

« Communicate loading information to the relevant flight operations personnel.
18.3 Importance of communication in ramp operations

o Prevents misunderstandings.
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« Reduces the risk of accidents.

o Helps coordinate simultaneous activities.

« Supports timely aircraft departure.

o Ensures that all teams know their responsibilities.

« Enables rapid reporting of emergencies and defects.
19.0 Challenges affecting ramp services

1. Poor weather: Rain, wind, lightning and low visibility can affect ground operations.

2. Equipment breakdown: Faulty tugs, belt loaders and catering vehicles may delay services.

3. Staff shortages: Insufficient personnel can slow down turnaround activities.

4. Poor communication: Misunderstandings can cause operational delays and safety risks.

5. Congestion: Too many aircraft and service vehicles may compete for apron space.

6. Fuel spills: May interrupt operations and create environmental hazards.

7. Baggage handling errors: Can lead to delayed, lost or misrouted baggage.

8. Unplanned aircraft defects: Technical problems may delay departure.

9. Security threats: Unauthorised access and suspicious items may disrupt operations.

10. Limited infrastructure: Inadequate parking stands or equipment areas may reduce efficiency.
19.1 Measures for improving ramp services

« Train ground-handling personnel regularly.

e Maintain ground-support equipment.

e Improve communication systems.

« Use technology for baggage tracking and turnaround monitoring.

« Provide adequate aircraft parking stands.

« Conduct regular safety inspections.

« Improve coordination between airlines and service providers.

« Strengthen environmental management.
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« Maintain clear apron markings and service roads.
« Follow approved airport and airline procedures.
20.0 Competency-based learning activities
Activity 1: Identify ramp-service equipment
Learning activity:
Learners observe pictures, videos or actual ground-support equipment at an approved airport visit.
Tasks:
1. Identify five pieces of ground-support equipment.
2. State the function of each piece of equipment.
3. Explain two safety precautions when operating each selected item.

Expected learning outcome: Learners identify ramp-service equipment and explain its use in aircraft
ground handling.

Activity 2: Simulate aircraft parking and chocking
Materials:
« Toy aircraft or aircraft model.
e Model aircraft stand.
o Miniature wheel chocks.
« Marshalling signal cards.
Procedure:
1. Arrange a model aircraft apron.
2. Assign learners roles as marshallers and ramp personnel.
3. Guide the model aircraft into the stand.
4. Demonstrate the placement of wheel chocks.
5. Discuss the safety precautions observed.

Expected learning outcome: Learners demonstrate understanding of aircraft parking and securing
procedures.
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Activity 3: Simulate aircraft turnaround
Divide learners into teams and assign the following responsibilities:

Team A: Aircraft parking and marshalling.

Team B: Baggage unloading and loading.

Team C: Aircraft cleaning.

Team D: Catering and water servicing.

Team E: Passenger boarding.

Team F: Ramp safety inspection.

Each team should explain its responsibilities and demonstrate how its activity contributes to safe aircraft

turnaround.
Activity 4: Ramp safety inspection

Learners study a picture of an airport apron and identify possible hazards such as:

Loose objects.

o Fuel spills.

o Poorly parked equipment.

« Unauthorised people.

o Blocked service roads.

« Vehicles positioned too close to aircraft.

Learners recommend appropriate corrective actions.

Career opportunities related to ramp services

Learners who develop skills in ramp services may pursue careers such as:
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1. Airport ground-handling officer.
2. Ramp operations supervisor.

3. Aircraft marshaller.

4. Baggage handling officer.

5. Aircraft loading officer.

6. Aircraft refuelling operator.

7. Aircraft cleaning technician.

8. Aircraft catering officer.

9. Ground-support equipment operator.
10. Airport operations officer.

11. Aircraft turnaround coordinator.

12. Cargo handling officer.

REVISION QUESTIONS
Section A: Multiple-choice questions
Choose the correct answer from the alternatives provided.

1. Which one of the following best describes ramp services?

GRADE 11 AVIATION TECHNOLOGY 773

LEARNING SUPPORT NOTES



A. Activities carried out to control aircraft during flight.

B. Activities performed on the airport apron to support aircraft ground operations.

C. Activities concerned with selling airline tickets.

D. Activities involved in constructing airport runways.

2. The area of an airport where aircraft are parked, loaded, unloaded and serviced is called the:
A. Runway.

B. Control tower.

C. Apron.

D. Passenger lounge.

3. Which one of the following is the main function of an aircraft stand?

A. Providing a designated parking position for an aircraft.

B. Providing accommodation for airport workers.

C. Storing passengers' personal documents.

D. Controlling aircraft during flight.

4. The specialised vehicle used to move an aircraft backwards from its parking stand is called a:
A. Catering truck.

B. Fuel tanker.

C. Ambulance.

D. Pushback tug.

5. What is the main purpose of aircraft chocking?
A. To increase aircraft speed.

B. To prevent unintended aircraft movement.

C. To clean aircraft tyres.

D. To load baggage.
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6. Which one of the following is commonly used to supply fuel to a parked aircraft?
A. Belt loader.

B. Passenger bus.

C. Fuel tanker.

D. Catering trolley.

7. Which type of aviation fuel is commonly used by commercial jet aircraft?

A. Jet A-1.

B. Diesel.

C. Ordinary petrol.

D. Kerosene for domestic lamps.

8. The process of removing waste from an aircraft lavatory system is known as:

A. Aircraft catering.

B. Aircraft marshalling.

C. Aircraft towing.

D. Lavatory servicing.

9. Which equipment is commonly used to load baggage into an aircraft cargo compartment?
A. Aerobridge. B. Belt loader.

C. Fuel tanker. D. Aircraft tug.

10. An aerobridge is mainly used to:

A. Connect the passenger terminal to an aircraft.
B. Transport aviation fuel.

C. Remove aircraft waste.

D. Tow an aircraft.

11. Which one of the following is an example of ground-support equipment?
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A. Weather satellite.

B. Aircraft flight recorder.

C. Baggage tractor.

D. Passenger passport.

12. The process of supplying safe drinking water to an aircraft is called:

A. Refuelling.

B. Catering.

C. Waste servicing.

D. Potable water servicing.

13. Which one of the following is the main purpose of aircraft catering?
A. To guide aircraft into parking stands.

B. To provide food and beverages to passengers and crew.

C. To remove fuel from aircraft tanks.

D. To control aircraft movement on taxiways.

14. Which of the following is a possible hazard during ramp operations?
A. Fuel spill. B. Clean apron markings.

C. Properly parked equipment. D. Correctly positioned wheel chocks.

15. Which personnel member guides an aircraft into its parking position using approved hand signals?
A. Caterer.

B. Baggage handler.

C. Marshaller.

D. Passenger service agent.

16. Which one of the following is the main function of a baggage tractor?

A. To provide electricity to aircraft.
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B. To supply drinking water.

C. To clean aircraft cabins.

D. To tow baggage carts.

17. A designated position away from the passenger terminal where aircraft are parked is called a:
A. Runway holding point. B. Remote stand.

C. Boarding gate. D. Taxiway intersection.

18. What is Foreign Object Debris (FOD)?

A. Objects or materials that may damage aircraft or interfere with safe operations.

B. A type of aviation fuel.

C. A passenger boarding document.

D. A system for aircraft navigation.

19. Which one of the following is an important safety precaution during aircraft refuelling?
A. Allowing smoking near the fuel tanker.

B. Leaving fuel hoses unattended.

C. Preventing ignition sources in the designated refuelling area.

D. Allowing unauthorised vehicles near the aircraft.

20. What is an aircraft turnaround?

A. The process of changing an aircraft's registration.

B. The process of changing an aircraft's destination during flight.

C. The process of repairing an aircraft engine.

D. The period and activities between aircraft arrival at a stand and its subsequent departure.
21. Which one of the following is a function of a ground power unit?

A. Loading passengers.
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B. Supplying electrical power to a parked aircraft.

C. Removing aircraft waste.

D. Guiding aircraft into a stand.

22. Which one of the following is a suitable personal protective equipment item for ramp workers?
A. High-visibility jacket. B. School uniform.

C. Ordinary sandals. D. Fashion sunglasses.

23. Which one of the following is the main function of a high loader?

A. Guiding passengers to the terminal.

B. Supplying potable water.

C. Loading and unloading compatible cargo containers or pallets.

D. Cleaning aircraft windows.

24. Which one of the following is a major benefit of proper aircraft loading?
A. Increasing the number of passengers beyond aircraft capacity.

B. Eliminating the need for flight planning.

C. Reducing the need for aircraft maintenance.

D. Maintaining aircraft weight and balance within approved limits.

25. Which one of the following practices helps protect the airport environment during ramp operations?
A. Discharging waste onto the apron.

B. Reporting and controlling fuel spills.

C. Leaving rubbish near aircraft stands.

D. Allowing wastewater to enter stormwater drains.

Section B: Structured questions

26. a) Define the term ramp services. (2 marks)

b) State four objectives of ramp services in airport operations. (4 marks)

c) Explain four examples of ramp services. (8 marks)
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27. a) Define an airport apron. (2 marks)

b) State six components of an airport ramp layout. (6 marks)

C) Explain four reasons why a proper ramp layout is important. (8 marks)
28. a) Differentiate between an aircraft stand and an apron. (4 marks)

b) Describe four types of aircraft parking stands. (8 marks)

c) State four procedures followed when parking an aircraft. (4 marks)

29. a) Define aircraft towing. (2 marks)

b) Differentiate between towing and pushback. (4 marks)

c) Identify four pieces of equipment used during aircraft towing. (4 marks)
d) Explain five safety precautions observed during aircraft towing. (5 marks)
30. a) Explain the meaning of aircraft chocking. (2 marks)

b) State four importance of aircraft chocking. (4 marks)

c) Describe the procedures followed when chocking an aircraft. (6 marks)
31. a) Define aircraft refuelling. (2 marks)

b) Name two types of aviation fuel. (2 marks)

C) Explain two methods of aircraft refuelling. (4 marks)

d) State six safety precautions observed during aircraft refuelling. (6 marks)
32. a) Define aircraft cleaning. (2 marks)

b) Explain three types of aircraft cleaning. (6 marks)

c) State four importance of aircraft cleaning. (4 marks)

33. a) Define aircraft catering. (2 marks)

b) Identify six supplies delivered through aircraft catering services. (6 marks)
c) Explain four safety and hygiene precautions observed during aircraft catering. (4 marks)
34. a) Explain the meaning of potable water. (2 marks)

b) Identify four pieces of equipment used during aircraft potable water servicing. (4 marks)

GRADE 11 AVIATION TECHNOLOGY 779 LEARNING SUPPORT NOTES



c) Describe six procedures followed when supplying potable water to an aircraft. (6 marks)
35. a) Define aircraft waste servicing. (2 marks)
b) Identify four types of waste that may be generated during aircraft operations. (4 marks)
c) Explain four precautions observed during aircraft lavatory servicing. (4 marks)
36. a) Differentiate between aircraft loading and unloading. (4 marks)
b) Identify six pieces of equipment used during aircraft loading and unloading. (6 marks)
c) Explain five reasons why correct aircraft loading is important. (5 marks)
37. a) Explain the meaning of passenger boarding. (2 marks)
b) Identify four facilities used during passenger boarding. (4 marks)
c) Describe six procedures followed during passenger boarding. (6 marks)
38. a) Define an aircraft turnaround. (2 marks)
b) Outline eight major activities involved in aircraft turnaround. (8 marks)
c) Explain five benefits of efficient aircraft turnaround. (5 marks)
39. a) Define Foreign Object Debris (FOD). (2 marks)
b) Identify five examples of FOD found on an airport apron. (5 marks)
c) Explain four ways of preventing FOD-related incidents. (4 marks)
40. a) Identify five personnel involved in ramp services. (5 marks)
b) Explain the role of each of the personnel identified in (a). (10 marks)
Section C: Practical and application-based questions
41. Your class has been assigned to design a model airport ramp.
a) Draw and label a simple airport ramp layout showing:
o Passenger terminal.
 Aircraft parking stand.
o Apron.

« Service road.
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« Ground-support equipment holding area.
o Passenger boarding area.
(6 marks)
b) Explain four safety considerations when designing the ramp layout. (4 marks)

42. During an aircraft turnaround at a Kenyan airport, the ground-handling team notices a fuel spill near
the aircraft stand.

a) ldentify four possible dangers associated with the fuel spill. (4 marks)

b) Explain four immediate actions that should be taken according to approved airport emergency and
spill-response procedures. (4 marks)

c) State two ways of preventing future fuel spills. (2 marks)
43. An aircraft has arrived at a remote stand at an airport in Kenya.
a) Explain why passengers may require apron bus services. (2 marks)

b) Identify four facilities or equipment needed to support passenger disembarkation at the remote stand.
(4 marks)

c) State four safety precautions observed during passenger disembarkation. (4 marks)

44. Learners are conducting a practical simulation of aircraft loading and unloading.

a) ldentify four pieces of equipment needed for the simulation. (4 marks)

b) Describe four procedures for loading baggage into an aircraft. (4 marks)

c) Explain two reasons why aircraft weight and balance must be considered. (2 marks)

45. During a school aviation practical activity, learners are assigned different ramp-service duties.
a) ldentify five ramp services that can be demonstrated using models or simulations. (5 marks)

b) Explain five values learners develop when performing ramp-service activities. (5 marks)
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QUICK REVISION SUMMARY

Term

Ramp services
Apron

Aircraft stand
Towing

Pushback
Chocking
Refuelling

Aircraft cleaning
Catering

Potable water servicing
Lavatory servicing
Loading

Unloading
Aerobridge
Aircraft turnaround
FOD

GSE

ULD

GRADE 11

Meaning

Activities supporting aircraft while on the ground.

Area where aircraft are parked and serviced.

Designated aircraft parking position.

Moving an aircraft using a specialised tug.

Moving an aircraft backwards from its stand.

Placing wheel blocks to prevent aircraft movement.

Supplying the correct aviation fuel to an aircraft.

Removing dirt and waste from aircraft surfaces and interior.
Supplying food, beverages and other approved service items.
Supplying safe drinking water to an aircraft.

Emptying and replenishing aircraft toilet systems.

Placing baggage and cargo into an aircraft.

Removing baggage and cargo from an aircraft.

Enclosed passage connecting a terminal to an aircraft.

Activities between aircraft arrival and subsequent departure.
Foreign Object Debris that may cause aircraft damage or operational hazards.
Ground-Support Equipment used to service aircraft.

Unit Load Device used to consolidate aircraft baggage or cargo.
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